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Appendix 9.1 Impact Significance Criteria 

Impact 
Significance 

Criteria 

Very Large 

Within cultural heritage it is highly unlikely this category will be assigned to a 
beneficial effect. Cultural heritage features assigned this level of impact 
significance will represent key factors in the decision making process.  
Adverse – Assets of international or national importance which are partially 
damaged, or assets of national or regional value which are almost wholly 
damaged or destroyed, leading to an almost complete loss of integrity or 
information. Mitigation measures will have had minimal effect in reducing the 
significance of impact. 
Beneficial – These effects will virtually restore an asset or its setting and re-
establish its significance. Previous negative impacts will be reversed. Effects 
will significantly contribute to international, national, regional and local policies 
for the enhancement and promotion of heritage. 

Large 

These effects are considered to be very important in the decision making 
process. These effects are important at a national level and to statutory 
bodies.  
Adverse – these effects will damage cultural heritage assets, their setting or 
context, so that their integrity or understanding is destroyed or is severely 
compromised, such that the resource can no longer be appreciated or 
understood. Effects will seriously conflict with national, regional and local 
policies. Mitigation measures may not deal appropriately with all aspects of 
the impact. 
Beneficial – these effects will halt rapid degradation or erosion of assets of 
national or regional importance, or result in significant restoration of setting 
and reestablishment of significance to heritage assets. Effects will significantly 
contribute to national, regional and local policies for the enhancement and 
promotion of heritage.  

Moderate 

These effects are likely to be important to considerations, but not key factors, 
in the decision making process, unless cumulative effects combine to raise the 
overall significance. These impacts are likely to be important at a regional 
level and to statutory bodies.  
Adverse – these effects will damage cultural heritage assets, or their setting, 
so that their integrity or understanding is compromised but not destroyed. 
Effects will be at odds with local and regional policies for heritage. Adequate 
mitigation measures can be specified. 
Beneficial – these effects are likely to result in the halting of degradation or 
erosion of heritage assets or result in the restoration of characteristic features 
or setting so that understanding and appreciation is improved. Effects will 
positively contribute to local and regional heritage policies. 

Slight 

These effects are unlikely to be critical factors in the decision making process, 
but are likely to be important factors in the design of a project. These effects 
are important at a local level. There may be some contribution to, or variance 
with local heritage policies. 
Adverse – the proposals will damage cultural heritage assets, or their setting, 
so that their integrity or understanding is diminished but not compromised. 
Adequate mitigation measures can be specified. 
Beneficial – the proposals will stabilise cultural heritage assets or enhance 
their setting, so that their integrity is maintained or understanding is improved. 

Neutral 
No effects upon cultural heritage or the effects are negligible. There is no 
conflict with, or contribution to, policies for protection of heritage resources. 
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Reference Grid Reference Period Description 

No. on 

Figs 9.1 

& 9.2 

SM29956 
458891 M589 

29956 
1258916 

SK 5472 3484 Post-Medieval 

Clifton Dovecote. The dovecote stands on the village green 600m east of Home Farm. It is 
early 18

th
 century in origin and built of red brick with rendered, coped gables and a shingle 

roof. It is rectangular in plan. A roll of honour for soldiers killed in World War II was added 
in 1970 as a memorial. Scheduled Monument, Listed Building Grade II.  

1 

M468 29987 
317538 

SK 5526 3877 Medieval 

Lenton Priory. Founded as a Cluniac Priory in 1102-8. It was dissolved in 1538. The 
chancel of what is now St Anthony’s Church is thought to be the remains of the monastic 
infirmary chapel. A fair was held in the outer court of the priory in an area now known as 
Lenton Priory Park. The above ground remains are listed. A number of excavations have 
taken place at the priory Scheduled Monument, Listed Building Grade II. 

2 

GD2771 
1142712 

M620 M8923 
SK 5419 3793 

Post-Medieval & 
Modern 

Highfields Park. Former 19
th
 century landscape park and estate to Highfields House. 

Developed as a public park in the early 1920s, it opened to the public in 1923. The park 
includes a boating lake which replaced a fish pond built around 1830, formal terraces and 
a tea pavilion. Register of Parks and Gardens Grade II. 

3 

GD5306 
1408904 

SK 54435 35014 Post-Medieval 
Terraced gardens at Clifton Hall. They were first created in the 1630s and altered before 
1748. Further changes took place in the mid 19

th
 century and in 1874. Register of Parks 

and Gardens Grade II.  
4 

1366126 LINEAR Post-Medieval Mansfield Railway. A Midlands Railway feeder line, it was authorised in 1846.  5 

M419 317531 
631592 

SK 558 359 (centre 
point) 

Bronze Age 
Cropmarks of five possible barrow sites. One has been partially excavated prior to road 
construction and a cremation in a collared urn was recovered.  

6 

M544 M1011 
M8028-M8031 

317544 
SK 5520 3598 

Bronze Age, 
Roman & Early 

Medieval 

Bronze Age pile settlement. Revealed during dredging of the River Trent in 1931 and 
excavated in 1961. It consisted of wooden piles in rows forming 4ft squares. Finds 
included human skulls, deer antlers, bronze spearheads and three dug-out canoes. 
Artefacts of later date included Roman coins and an Anglo-Saxon shield boss were also 
found.  

7 

M569 317565 SK 5629 3534 Prehistoric Find spot of four flint arrowheads. Exact date uncertain. 8 

M553 317582 SK 560 367 Roman Find spot of a Roman coin of Gallienus. 9 

317583 SK 559 366 Bronze Age Find spot of a Bronze Age spearhead.  10 

317705 SK 535 375 Palaeolithic 
Flint axes and flakes of Palaeolithic date found at Tottle Beck gravel pit in Beeston in the 
late 19

th
/early 20

th
 century. Finds comprised 16 axes and 30 flakes. 

11 
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No. on 
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& 9.2 

M5221 
317720 

SK 5478 3502 Medieval? Possible site of a homestead moat at Clifton. A rectangular cropmark may be this site.  12 

M415 M7945 
317724 
632511 
632512 

1356936 
M414 

1249664 

SK 543 382 Medieval 

Keighton in Lenton. Deserted medieval settlement in Highfields Park. First documented in 
1106. Excavations revealed evidence of 12

th
 to 15

th
 century date. The settlement formed 

house platforms which contained several buildings and a sunken trackway. Evidence of 
early 14

th
 century iron working was also found. Kilns, pottery and brick found during 

excavations at Keighton in Lenton deserted medieval settlement. Three kilns were 
uncovered. One has been interpreted as a 16

th
 century brick or tile kiln and the other two 

as 16
th
 century pottery kilns. 

13 

M505 317725 SK 547 373 Medieval 
Site of Deserted Medieval Village at Morton in Lenton. The area has since been built over 
and Morton is unknown. 

14 

317729 SK 538 376 Roman Find spot of Romano-British pottery. 15 

317730 SK 5477 3612 Unknown 
Site of a cropmark of a rectangular enclosure with second enclosure adjoining to the north. 
At least one hut circle can be seen within the enclosure and several more are hinted at on 
aerial photographs. Presumed to be Iron Age but may even be of late Bronze Age origin.  

16 

M416 317736 SK 542 380 Bronze Age Find spot of a late Bronze Age sword. Found in the lake at Highfields Park. 17 

M443 317838 SK 537 342 Roman Find spot of Romano-British pottery of 2
nd

 to 3
rd

 century AD. 18 

519553 SK 54057 34830 Post-Medieval Lodge at Clifton Hall. 19 
519554 SK 54057 34830 Post-Medieval Garden temple at Clifton Hall. 20 

519563 SK 548 347 Post-Medieval The Old Forge. Built 1879. 21 

M5917 
894378 

SK 567 373 Neolithic Find spot of a Neolithic stone axe. 22 

894382 SK 5570 3775 Early Medieval 
Possible site of a second burh built by Edward the Elder at WIlford. A rectangular 
earthwork encompassing an area of 4.5 hectares is recorded in the area. It is a similar 
form to other burhs in the region.  

23 

1078630 
SK 566 377 to SK 

580 380 
Early Medieval 

Second burh at Nottingham on the south bank of the River Trent and connected to the old 
burh by a bridge. Wilford and West Bridgford have been suggested as alternate locations 
for the burh.  

24 

131441 SK 5573 33711 Modern 
John Player Horizon Factory. Tobacco factory in Lenton Industrial Estate, designed in 
1968-71.  

25 

M463 M464 
1368753 

SK 5324 3612 
Post-Medieval & 

Modern 
Beeston Maltings. Built around 1878 and remodelled in 1924. It closed in 2000 and was 
the last operational floor malting in Nottinghamshire.  

26 
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& 9.2 

1411896 SK 574 372 Modern Remains of a World War II air raid shelter at Gresham playing fields.  27 

1442194 SK 54649 38257 Modern 
Highfields Lido. Opened in 1924 in Highfields Park. At the time of construction it was the 
largest inland swimming pool in Britain. The buildings were in a Romanesque style. It 
closed in 1981 and has been demolished. 

28 

1473130 SK 549 353 Modern Site of a World War II heavy anti-aircraft battery at Clifton.   29 

1473134 SK 573 355 Modern 
Site of a World War II heavy anti-aircraft battery near Wilford Hill Cemetery. It was listed as 
unarmed in 1942. 

30 

1474119 SK 551 344 Modern Site of a World War I heavy anti-aircraft battery at Clifton.  31 

1474123 SK 564 376 Modern Site of a World War I heavy anti-aircraft battery at Wilford 32 

M6977 SK 566 374 Modern Site of a World War II anti-aircraft battery.  33 

M6978 SK 536 361 Modern Site of a World War II anti-aircraft battery.  34 

1476633 SK 53370 37379 Post-Medieval 
44 & 46 Broadgate. Orange brick with Welsh slate roof. Created by the conversion and 
extension of a smaller building of c.1765. Extended in the later 19

th
 century, The buildings 

were assessed for listing but of local significance rather than national. 
35 

M418 SK 5570 3612 Unknown Parallel ditches or lines of pits close to the river. 36 

M462 SK 5532 3804 Post-Medieval 
Chain Lane Bridge. Bridge on the Beeston Canal. Original red brick bridge with some later 
additions.  

37 

M465 SK 5412 3569 Post-Medieval Bridge on the Beeston Canal. Built of red brick with cement renderings. 38 

M507 SK 5365 3700 Post-Medieval 
Humber Works, Beeston. Built in 1880 the works mainly comprised brick buildings. 
Originally used for construction of bicycles and cars it was used for lace making in the 
early 20

th
 century. Now largely demolished.  

39 

M512 SK 538 367 Post-Medieval 
Robin Hood Works, Beeston. Iron foundry established in 1897. Built against the railway it 
had its own branch line. Demolished and built over. 

40 

M514 SK 2589 3688 Post-Medieval Silk Mill of c.1832. Rebuilt following reform riots in 1831. Demolished in 1992.  41 

M516 SK 5282 3706 Post-Medieval Lace and net factory, Villa Street, Beeston. Built c. 1820-1830s. Demolished in 1989. 42 

M524 SK 570 356 Post-Medieval 
Wilford Brickyard and clay pits. Area included a brick kiln, two brick drying sheds, a brick 
plant, three chimneys and a partially filled in clay pit. The site has been built over.  

43 

M525 SK 5408 3491 Post-Medieval Icehouse. 6m circumference and approximately 4m deep.  44 

M575 SK 542 350 Post-Medieval Find spot of two 17
th
 century gilt brass cross-belt fittings.  45 

M601 SK 568 352 Post-Medieval? Well at Wilwell Farm.  46 

M606 SK 566 367 Post-Medieval Pinfold or pound at Wilford.  47 
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M607 SK 566 368 Post-Medieval Blacksmith’s work shop. 48 

M608 SK 555 373 Post-Medieval? Series of wells. 49 

M609 SK 5615 3555 Post-Medieval? Flood defence. 50 

M610 SK 5635 3644 Unknown Boundary embankment. 51 

M612 SK 571 367 Post-Medieval Well at West Bridgford. 52 

M617 SK 5485 3476 Post-Medieval Blacksmith’s work shop. 53 

M618 SK 5461 3482 Post-Medieval Wells Almshouses. Founded in 1709. 54 

M619 SK 542 349 Post-Medieval Ice house. 55 

M621 SK 541 375 Post-Medieval Well at Hassock Farm. The area is now used as a sports ground. 56 

M622 SK 549 372 Post-Medieval Well. 57 

M623 SK 562 372 Post-Medieval Series of 24 wells on Allotment Gardens. 58 

M624 SK 563 367 Post-Medieval Well. 59 

M629 SK 535 352 Post-Medieval Pump house.  60 

M634 SK 534 363 Post-Medieval Creosote works, Beeston. 61 

M635 SK 5269 3670 Post-Medieval Trough. 62 

M693 
1493345 

SK 536 345 Post-Medieval 
Holme Pit. Fish pond and boat house. Monitoring of de-silting uncovered a 19

th
 century jar 

and two undated stakes.  
63 

M716 SK 528 370 Post-Medieval Smith recorded on OS map. 64 

M717 SK 5290 3685 Post-Medieval Lace factory, Beeston. 65 

M753 SK 5516 3871 Post-Medieval Waste mill. 66 

M754 SK 5489 3874 Post-Medieval Lace factory. No longer extant. 67 

M755 SK 5480 3870 Post-Medieval Cotton mill. No longer extant.  68 

M766 SK 567 378 Post-Medieval Wilford Brick Works.  69 

M772 SK 569 381 Bronze Age Bronze Age spearhead found from the river at Wilford.  70 

M773 SK 556 363 Bronze Age Bronze Age spearhead found from the river at Wilford.  71 

M774 SK 563 379 Bronze Age Bronze Age spearhead found from the river at Wilford.  72 

M5226 SK 5354 3627 Post-Medieval 
Beeston Observatory. Built early 19

th
 century for metrological observations. Later used as 

a storehouse and dovecote. Demolished in 1963. 
73 

M5916 SK 555 361 Medieval Find spot of four uniface tokens.  74 

M6810 SK 563 367 Bronze Age Find spot of a Bronze Age axe.  75 

M8919 SK 536 370 Post-Medieval Leopold Cottages. Workers cottages and houses built in 1882, likely for workers at 76 
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adjoining Humber Works. 

M18269 SK 5669 3757 Post-Medieval Wilford Grange. A small late Georgian villa. Demolished in 1963. 77 

917709 SK 542 383 Medieval Excavation uncovered a medieval well. 78 

1043137 SK 551 388 
Medieval and 

later 
Medieval ditch and gully and post-medieval deposits uncovered during evaluation 
excavation.  

79 

1373372 SK 563 386 Modern Ordnance depot.  80 

1430880 
1438414 

SK 563 364 
Iron Age, 

Roman & Post-
Medieval 

Evaluation at Wilford House gardens uncovered Iron Age and Roman field system features 
and 19

th
 century walled garden features.  

81 

1441209 
1482712 

SK 528 367 
Prehistoric & 

Medieval 
Excavations in advance of development uncovered a probable prehistoric boundary ditch 
and the remains of a building of medieval date. 

82 

1441221 SK 528 367 Post-Medieval Post-medieval field boundary uncovered during evaluation excavation.  83 

1455620 SK 53125 36864 Post-Medieval 
The Cow. Public house. Building recording undertaken in 2006 on the public house, stable 
and coach house.  

84 

1459967 SK 565 373 Unknown Pit and gully of uncertain date uncovered during an archaeological watching brief.  85 

1485765 SK 5661 3673 Medieval 
Ditch of medieval date and a stone-built oven of uncertain date were uncovered during 
evaluation excavation.  

86 

M461 317573 
1028348 

LINEAR SK 5356 
3535 to SK 5534 

3859 
Post-Medieval 

Beeston Canal. Runs between Beeston and Lenton. It opened in 1796. It closed to 
commercial traffic in 1928, except for the Lenton to Trent lock section.  

87 

1024353 LINEAR Post-Medieval 
Great Central Railway (London Extension). Railway built in 1898-99 and closed in 1966-
69. It is now largely dismantled.  

88 

1028348 LINEAR Post-Medieval 
Nottingham Canal. Extended from Langley Mill to the Trent lock near Trent Bridge. It 
opened in 1796 and closed to commercial traffic in 1928.  

89 

1364690 LINEAR Post-Medieval 
Midlands Counties Railway. The Derby to Nottingham section opened in 1839 and the 
Trent Junction to Leicester section opened in 1840.  

90 

317700 
M5215 
429332 

SK 5282 3674 Medieval 
Village cross. Resited here in 1860. Original location unknown. Probably 14

th
 century in 

date. Built of dressed stone with a square base and tapered shaft, three feet high. Listed 
Building Grade II. 

91 

317829 M563 
519548 
457258 

SK 5411 3481 Medieval 
Church of St Mary the Virgin. Built late 12

th
 century with a Secular College of 1476 to c. 

1547 and a chantry chapel from 1349-14760. Restored 19
th
 century. Built of stone and 

ashlar with slate roofs. Listed Building Grade I. 
92 
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317834 M558 
457260 

SK 54022 34839 Post-Medieval 

Clifton Hall. A late 16
th
 century country house with alterations in 1632, late 17

th
 century and 

1731-62. It was remodelled in 1779 and altered again in the 19
th
 century. Used as a girls’ 

grammar school in 1958. Later used as part of Nottingham Trent Polytechnic and 
converted to flats in 2002. The building is constructed of brick and ashlar with a slate roof. 
It is C-shaped in plan and of three storeys. Listed Building Grade I.  

93 

M508 508987 
429428 

SK 5334 3623 Post-Medieval 
Beeston Station. Railway station opened in 1847 on the Midlands County Railway. Listed 
Building Grade II. 

94 

519550 
894380 
455819 

SK 5663 3785 Medieval 
Church of St Wilfred. Built in the 14

th
 century with chancel, clerestory and tower added in 

the 15
th
 century. Restored 1868 and 1890, when the aisles were rebuilt and the vestry 

added. Built of stone with ashlar dressings and lead roofs. Listed Building Grade II*. 
95 

1035033 SK 544 366 Modern 
Building D12, built 1938, at Boots Pharmaceutical Factory. Notable for use of reinforced 
concrete and glass cladding Listed Building Grade II*. 

96 

894365, 
457273, 
429348 

SK 544 366 Modern 
Building D10, built 1932, at Boots Pharmaceutical Factory. Notable for use of reinforced 
concrete and glass cladding Listed Building Grade I. 

97 

894366 
519521 

SK 5288 3662 Post-Medieval 
Beeston Manor House. Early 17

th
 century in date. Rebuilt 1675 and east wing added in the 

early 18
th
 century. 20

th
 century alterations, now a restaurant. Listed Building Grade II.  

98 

M532 894372, 
429329 

SK 5276 3674 
Medieval & 

Post-Medieval 
St John the Baptists Church. Originally 15

th
 century in date it was rebuilt, apart from the 

nave, in 1842. Listed Building Grade II.  
99 

1028500 
1028508 

SK 5361 3792 Post-Medieval 
Lenton Grove. Early to mid 19

th
 century plain stuccoed villa. Two-storeys with bracketed 

eaves to a hipped slated roof. Stone gate piers with wrought iron gate are also listed. 
Listed Building Grade II. 

100 

1037716, 
429350, 
457272 

SK 543 367 Modern 
Building D6 at Boots Pharmaceutical Factory. Built of reinforced concrete and notable for 
the use of an external concrete frame to support the roof and cantilevered wings. Listed 
Building Grade II*. 

101 

1058215 SK 5450 3499 
Medieval & 

Post-Medieval 
Thatched brick cottage. Interior shows that it was originally a base cruck house. The wood 
dates to 1319. The brickwork is dated to 1707. Listed Building Grade II. 

102 

1063817 SK 5495 3690 Modern 
D90 Headquarters Building at Boots Pharmaceutical Factory. Built 1966-68. Forms a 
rectangular open-plan office with zinc-sprayed matt-black steel frame. Listed Building 
Grade II*.  

103 

458503 SK 55290 38720 Post-Medieval Base of pier at Lenton Priory ruins, Priory Street. Listed Building Grade II. 104 

457221 SK 55310 38789 Post-Medieval Churchyard wall and gates to north and east of Priory Church. Listed Building Grade II. 105 
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457219 SK 55288 38800 Post-Medieval Priory Church of St Anthony. Listed Building Grade II. 106 

458504 SK 55232 38728 Post-Medieval 
Fragment of north aisle wall and north transept of Lenton Priory ruins. Listed Building 
Grade II. 

107 

457220 SK 55271 38780 Post-Medieval Chest tomb 50 metres south west of Priory Church. Listed Building Grade II. 108 

457222 SK 55248 38759 Post-Medieval Sarcophagus 50 metres south west of Priory Church. Listed Building Grade II. 109 

457223 SK 55216 38739 Post-Medieval Wright family vault 100 metres south west of Priory Church. Listed Building Grade II. 110 

458897 SK 54756 34859 Post-Medieval School House, The Green. Listed Building Grade II. 111 

458896 SK 54770 34852 Post-Medieval Clifton School. Listed Building Grade II. 112 

429425 SK 53341 37501 Post-Medieval Dagfa House School, Salthouse Lane. Listed Building Grade II. 113 

457260 SK 54034 34842 Post-Medieval Clifton Hall, Holgate. Listed Building Grade I. 114 

455822 SK 56646 37778 Post-Medieval 
Tomb of Captain John Deane, 10 metres south east of Church of St Wilfrid. Listed 
Building Grade II. 

115 

458908 SK 54264 37863 Post-Medieval Bridge, pedestals and screen walls at entrance to boating lake. Listed Building Grade II. 116 

458913 SK 54312 37833 Post-Medieval Gateway and pavilions at entrance to boating lake. Listed Building Grade II. 117 

457109 SK 54110 37983 Post-Medieval Trent Building, University Of Nottingham. Listed Building Grade II. 118 

458914 SK 54182 37961 Post-Medieval Lakeside terraces and steps on north side of boating lake. Listed Building Grade II. 119 

429356 SK 54134 36776 Post-Medieval Building D34 (Fire Station) at Boots Factory site. Listed Building Grade II. 120 

455821 SK 56627 37829 Post-Medieval 
Gazebo in churchyard 30 metres north of Church of St Wilfrid, Church Lane. Listed 
Building Grade II. 

121 

455823 SK 56690 37775 Post-Medieval Wilford Rectory. Listed Building Grade II. 122 

455820 SK 56628 37752 Post-Medieval 
Churchyard gateway, wall and railings 30 metres south of Church of St Wilfrid. Listed 
Building Grade II. 

123 

455824 SK 56667 37743 Post-Medieval Dovecote and attached mounting block at entrance to Rectory. Listed Building Grade II. 124 

457491 SK 56746 37821 Post-Medieval Ferry Inn, Main Road. Listed Building Grade II. 125 

458941 SK 54464 34997 Medieval 56 Village Road. Listed Building Grade II*. 126 

458940 SK 54475 34968 Post-Medieval Clematis Cottage (27) and Fern Cottage (29), Village Road. Listed Building Grade II. 127 

457952 SK 54295 34814 Post-Medieval 
Yew Tree Grange and attached outbuildings and walls, 2 Nethergate. Listed Building 
Grade II. 

128 

457954 SK 54265 34816 Post-Medieval Privy 20 metres west of Yew Tree Grange. Listed Building Grade II. 129 

457492 SK 56688 37608 Post-Medieval K6 telephone kiosk at junction with Holly Avenue, Main Road. Listed Building Grade II. 130 

457490 SK 56678 37582 Post-Medieval Gate piers and boundary fence at Dorothy Boot Homes. Listed Building Grade II. 131 
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457485 SK 56635 37549 Post-Medieval 93 Main Road. Listed Building Grade II. 132 

463265 SK 53376 36225 Post-Medieval 
Wooden platform shelter to south east of Beeston Railway Station. Listed Building Grade 
II. 

133 

458892 SK 54618 34818 Post-Medieval George Wells Almshouses, The Green. Listed Building Grade II. 134 

458894 SK 54618 34802 Post-Medieval 
Garden Pavilion 15 metres south east of George Wells Almshouses, The Green. Listed 
Building Grade II. 

135 

458893 SK 54627 34833 Post-Medieval 
Garden Pavilion 15 metres north east of George Wells Almshouses. Listed Building 
Grade II. 

136 

429361 SK 52850 36613 Post-Medieval War Memorial Cross, Middle Street. Listed Building Grade II. 137 

429331 SK 52817 36664 Post-Medieval The Crown Inn and adjoining stables. 18 & 20 Church Street. Listed Building Grade II. 138 

429330 SK 52805 36722 Post-Medieval 
Crimean War Memorial 70 metres south east of Church of St John the Baptist. Listed 
Building Grade II. 

139 

429360 SK 52890 36615 Post-Medieval 
The Manor House boundary wall and wash house. 2 & 2A Middle Street Listed Building 
Grade II. 

140 

429332 SK 52821 36745 Post-Medieval Village Cross. Listed Building Grade II. 141 

458899 SK 56691 37676 Post-Medieval Glebe Cottages, 1-6 The Green. Listed Building Grade II. 142 

459067 SK 53740 37816 Post-Medieval West Lodge and screen wall at entrance to West Drive. Listed Building Grade II. 143 

459066 SK 53756 37836 Post-Medieval East Lodge and screen wall at entrance to West Drive. Listed Building Grade II. 144 

458943 SK 54621 34897 Post-Medieval 
Boundary wall, railings and gate piers to Old Rectory, Village Road. Listed Building 
Grade II. 

145 

458942 SK 54589 34908 Post-Medieval Old Rectory, Village Road. Listed Building Grade II. 146 

457487 SK 56811 37660 Post-Medieval The Elms, 136 & 136A Main Road. Listed Building Grade II. 147 

457488 SK 56761 37666 Post-Medieval Thorn House, 138 Main Road. Listed Building Grade II. 148 

429326 SK 52716 36662 Post-Medieval The Grange, Chilwell Road. Listed Building Grade II. 149 

429440 SK 52792 36507 Post-Medieval Old Manor House, 3 West End. Listed Building Grade II. 150 

429437 SK 52739 36556 Post-Medieval The Elms and adjoining water pump, 4 West End. Listed Building Grade II. 151 

429441 SK 52793 36529 Post-Medieval Stables at the Old Manor House, 3 West End. Listed Building Grade II. 152 

429436 SK 52769 36565 Post-Medieval The Old Cottage, 2 West End. Listed Building Grade II. 153 

429438 SK 52748 36568 Post-Medieval Stables at the Elms, 4 West End. Listed Building Grade II. 154 

429439 SK 52754 36530 Post-Medieval West End House, 6 West End. Listed Building Grade II. 155 

454777 SK 53831 38115 Post-Medieval Lenton House, Beeston Lane. Listed Building Grade II. 156 
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457484 SK 56593 37010 Post-Medieval 36 Main Road. Listed Building Grade II. 157 

457483 SK 56544 36973 Post-Medieval Hunters' Farm, 31 & 33 Main Road. Listed Building Grade II. 158 

429323 SK 53124 37151 Post-Medieval Hope (Boer War) Memorial, Broadgate. Listed Building Grade II. 159 

456510 SK 54044 38058 Post-Medieval Highfield House, University of Nottingham. Listed Building Grade II. 160 

429359 SK 54106 35678 Post-Medieval Meadow Road Bridge. Listed Building Grade II. 161 

429435 SK 52989 35132 Post-Medieval Towpath Footbridge. Listed Building Grade II. 162 

456501 SK 56493 36749 Post-Medieval Wilford House, Clifton Lane. Listed Building Grade II. 163 

456500 SK 56528 36869 Post-Medieval 
Nottingham Garden Centre, former stable block to Wilford House. Listed Building Grade 
II. 

164 

461954 SK 54948 36941 Post-Medieval Boots D90 West Headquarters Building, Thane Road. Listed Building Grade II*. 165 

429824 SK 53428 37428 Post-Medieval Broadgate House, 72 Broadgate. Listed Building Grade II. 166 

429322 SK 53357 37360 Post-Medieval 42 Broadgate. Listed Building Grade II. 167 

457429 SK 54109 38311 Post-Medieval 
Sundial 120 Metres South West of Warden's House, Hugh Stewart Hall, Lenton Hall Drive. 
Listed Building Grade II. 

168 

AP Site SK  55085 36555 Prehistoric 
Aerial photographic cropmark of a possible circular enclosure. The site is visible close to 
the canal. The date is unknown but presumed to be prehistoric based on comparative 
analogy with other similar type sites.  

169 

AP Site Linear Modern 
A linear site running between the canal and the River Trent. The site is aligned north-west 
to south-east. It is presumed to be of modern date and possibly formed a trackway.  

170 

458898 SK 54766 34840 Post-Medieval Boundary wall and railings to school and school house. Listed Building Grade II. 171 

457264 SK 53969 34787 Post-Medieval Remains of stairway in garden at Clifton Hall, Holgate. Listed Building Grade II. 172 

457262 SK 54069 34912 Post-Medieval Ice House 70 metre north of Clifton Hall. Listed Building Grade II. 173 

457259 SK 54074 34821 Post-Medieval Churchyard walls and gateways to Church of St Mary the Virgin. Listed Building Grade II. 174 

457261 SK 54049 34787 Post-Medieval 
Coade Stone Lions flanking steps 25 metres south east of Clifton Hall. Listed Building 
Grade II. 

175 

457258 SK 54110 34807 Post-Medieval Church of St Mary the Virgin. Listed Building Grade I. 176 

458910 SK 53882 37683 Post-Medieval Cascade and stepping stones at west end of boating lake. Listed Building Grade II. 177 

458915 SK 54245 37889 Post-Medieval Landing stage on south side of boating lake. Listed Building Grade II. 178 

458911 SK 54060 37858 Post-Medieval Footbridge on north side of boating lake. Listed Building Grade II. 179 

458912 SK 54116 37832 Post-Medieval Footbridge on south side of boating lake. Listed Building Grade II. 180 
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No. on 

Figs 9.1 

& 9.2 

458909 SK 54299 37823 Post-Medieval Bust of Sir Jesse Boot (Lord Trent) at entrance to boating lake. Listed Building Grade II. 181 

457953 SK 54269 34844 Post-Medieval Gateways and railings at Yew Tree Grange, Nethergate. Listed Building Grade II. 182 

457489 SK 56726 37572 Post-Medieval Dorothy Boot homes and garden terrace wall. Listed Building Grade II. 183 

458895 SK 54655 34824 Post-Medieval 
Garden shed 30 metres north east of George Wells almshouses. Listed Building Grade 
II. 

184 

454775 SK 53608 37890 Post-Medieval Lenton Grove (School Of Music) University of Nottingham. Listed Building Grade II. 185 

454776 SK 53645 37908 Post-Medieval 
Gateway to Lenton Grove (School Of Music), University of Nottingham. Listed Building 
Grade II. 

186 

457263 SK 54161 34812 Post-Medieval 
Numbers 1 and 2 Home Farm Cottages, Former stables to Clifton Hall. Listed Building 
Grade II. 

187 

457486 SK 56668 37450 Post-Medieval Wilford Endowed School and attached boundary wall. Listed Building Grade II. 188 

29947 SK 52370 32662 Post-Medieval Dovecote at Manor Farm. Scheduled Monument. 189 

NG157 SK 57441 39613 
Medieval/Post-

Medieval 
Caves at Drury Hill. Scheduled Monument. 190 

NG181 SK 57429 39711 
Medieval/Post-

Medieval 
Caves under Nos 3-7 Middle Pavement. Scheduled Monument. 191 

NT30 SK 58228 38128 Post-Medieval Old Trent Bridge. Scheduled Monument. 192 

NG155 SK 56275 39279 Post-Medieval Rock cut houses north of Castle Boulevard. Scheduled Monument. 193 

29922 SK 51901 34249 Medieval Fishponds 90m south east of St Mary's Church. Scheduled Monument. 194 

NG156 SK 56938 39400 Post-Medieval Rock cut houses south of Nottingham Castle. Scheduled Monument. 195 

NG175 SK 56923 39503 Medieval Nottingham Castle. Scheduled Monument. 196 

NG169 SK 56880 39955 Medieval Medieval city wall. Scheduled Monument. 197 

NG157 SK 57457 39592 
Medieval/Post-

Medieval 
Caves at Drury Hill. Scheduled Monument. 198 

NG146 SK 57216 39690 
Medieval/Post-

Medieval 
Cellar under No 8, Castle Gate. Scheduled Monument. 199 

4750 SK 57843 37831 Post-Medieval Memorial Gardens, Nottingham. Grade II Registered Park & Garden. 200 

455781 SK 56914 39447 Post-Medieval Castle Museum and Art Gallery. Grade I Registered Park & Garden. 201 

4619 SK 56567 40362 Post-Medieval General Cemetery. Grade II Registered Park & Garden. 202 

2085 SK 56729 40760 Post-Medieval Nottingham Arboretum. Grade II Registered Park & Garden. 203 

1290 SK 53201 39167 Post-Medieval Wollaton Hall. Grade II* Registered Park & Garden. 204 
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No. on 

Figs 9.1 

& 9.2 

4618 SK 56803 41172 Post-Medieval Church Cemetery. Grade II* Registered Park & Garden. 205 

459092 SK 53202 39242 Post-Medieval Wollaton Hall. Grade I Listed Building 206 

457471 SK 57370 39675 Post-Medieval Enfield House and attached area wall. Listed Building Grade II*. 207 

457103 SK 54838 39187 Post-Medieval 
Lenton Lodge (former gateway to Wollaton Park) and attached bollards. Listed Building 
Grade II*. 

208 

455836 SK 55455 39310 Post-Medieval Church of Holy Trinity. Listed Building Grade II*. 209 

457901 SK 57034 41190 Post-Medieval Church of St Andrew and boundary wall. Listed Building Grade II*. 210 

457475 SK 57397 39679 Post-Medieval 
Gate and railings to forecourt of Number 24 and 26 Low Pavement. Listed Building 
Grade II*. 

211 

457254 SK 57592 39606 Post-Medieval Shire Hall and adjoining County Gaol. Listed Building Grade II*. 212 

241805 SK 59850 35002 
Medieval & 

Post-Medieval 
Church of The Holy Rood. Listed Building Grade II*. 213 

457472 SK 57381 39665 Post-Medieval Willoughby House. Listed Building Grade II*. 214 

429357 SK 50958 37343 Post-Medieval The Manor House and adjoining terrace. Listed Building Grade II*. 215 

457473 SK 57379 39681 Post-Medieval Railings and gate to forecourt at Willoughby House. Listed Building Grade II*. 216 

459097 SK 5337539174 Post-Medieval 
Doric Temple and attached bridge 200 metres south-east of Wollaton Hall. Listed 
Building Grade II*. 

217 

459113 SK 52492 39790 Medieval Church of St Leonard and attached boundary wall. Listed Building Grade II*. 218 
459096 SK 53213 39139 Post-Medieval Camellia House 100 metres south west of Wollaton Hall. Listed Building Grade II*. 219 

480144 SK 58898 37182 Post-Medieval Test Match Hotel. Listed Building Grade II*. 220 

457474 SK 57397 39671 Post-Medieval 24 & 26 Low Pavement. Listed Building Grade II*. 221 

429340 SK 51518 35915 Modern 35 Hallams Lane. Listed Building Grade II*. 222 

457255 SK 57562 39612 Modern Former police station adjoining Shire Hall. Listed Building Grade II*. 223 

430407 SK 52245 32759 
Medieval & 

Post-Medieval 
Church of St George. Listed Building Grade I. 224 

458577 SK 57671 39653 
Medieval & 

Post-Medieval 
Church of St Mary. Listed Building Grade I. 225 

429328 SK 51868 34332 
Medieval & 

Post-Medieval 
Church of St Mary the Virgin. Listed Building Grade I. 226 

457970 SK 57310 39901 Modern 
Council House, exchange buildings and adjoining shops and bank. Listed Building Grade 
I. 

227 
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455797 SK 56949 39583 Medieval 
Nottingham Castle gatehouse, outer bridge and adjoining gateway. Listed Building 
Grade I. 

228 

455796 SK 57041 39462 Medieval Nottingham Castle outer bailey wall and towers. Listed Building Grade I. 229 

458588 SK 57305 39769 
Medieval & 

Post-Medieval 
Church of St Peter with St James. Listed Building Grade I. 230 

458875 SK 57626 39840 Post-Medieval Adams Building and attached railings. Listed Building Grade II*. 231 

457094 SK 56720 40028 Post-Medieval Cathedral Church of St Barnabas and attached boundary wall. Listed Building Grade II*. 232 

457235 SK 57665 40002 Post-Medieval People's Hall. Listed Building Grade II*. 233 

454892 SK 57445 39204 Modern Midland Railway Station. Listed Building Grade II*. 234 

469229 SK 57063 40228 Modern Newton Building at Nottingham Trent University. Listed Building Grade II*. 235 

457461 SK 57063 39951 Post-Medieval Habitat. Listed Building Grade II*. 236 

457422 SK 57222 40058 Modern Elite Building. Listed Building Grade II*. 237 

459064 SK 56796 39940 Modern Nottingham Playhouse. Listed Building Grade II*. 238 

455769 SK 57059 39600 Post-Medieval Newdigate House and attached railings and boundary wall. Listed Building Grade II*. 239 

458556 SK 56926 39748 Post-Medieval Sheriff House. Listed Building Grade II*. 240 

457482 SK 57145 39565 Post-Medieval Church of St Nicholas. Listed Building Grade II*. 241 

454903 SK 57204 39648 Post-Medieval 19 Castle Gate. Listed Building Grade II*. 242 

454757 SK 57044 39910 Post-Medieval Bromley House. Listed Building Grade II*. 243 

458595 SK 57039 40324 Post-Medieval Arkwright Building, Nottingham Trent University. Listed Building Grade II*. 244 

317528 
317549 

SK 56 37 Roman 
Find spot of a possible Roman coin hoard. One record states it was found in the late 17

th
 

century, the other in the early 19
th
 century, but they are likely to be the same find. 

- 

317693 SK 52 36 Prehistoric 
Find spot of a perforated axe hammer of uncertain date. Found during dredging of the 
River Trent in 1862. 

- 

317703 SK 52 36 Roman Remains of a Roman road and buildings ‘found at Beeston’.  - 

317707 SK 52 36 Medieval East Chilwell Deserted Medieval Village. - 

317825 SK 54 34 Roman Find spot of a Roman coin.  - 

539120 SK 53 38 Post-Medieval Lenton Hurst. House of c.1896, now used as a hall of residence.  - 

1166301 SK 56 37 Roman 
Find spot of a collection of Roman pottery, coins, brooches and flue tiles found at Red Hill, 
Trent Lock, Wilford.  

- 

M5917 SK 57 37 Bronze Age Find spot of Bronze Age socket axe. - 

M6811 SK 55 36 Bronze Age Find spot of a Bronze Age spear head.  - 
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M7960 SK 56 37 Roman Find spot of Roman and medieval pottery.  - 
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Appendix 9.3 Setting & Significance of Heritage Assets  
 

Name 

Approx 
distance 

from 
nearest 
turbine 

Heritage Significance Description of Setting 
No. on 

Fig. 9.1 & 
9.2 

Clifton. 
Scheduled 
Monument, 

Listed 
Buildings 
Grade II. 

Clifton Village 
Conservation 

Area. 

1.1km (to 
turbine 1). 

Once a village on the River Trent to 
the south-west of Nottingham, Clifton 
has now become a suburb of the 
city. The sites investigated are 
spread throughout the settlement 
and all have aesthetic value and 
evidential value relating to building 
techniques and styles. A number of 
buildings such as the church and the 
dovecot have communal and 
historical value, as does Clifton Hall 
due to its location at the head of the 
village and its use as a girls school 
and university buildings for a number 
of years. 

The setting of all of the assets has 
been greatly altered due to 
residential developments dating to 
the second half of the 20

th
 century 

surrounding the village to the south 
and east, and Nottingham Trent 
University building its main 
campus to the north. However the 
listed buildings still represent an 
interesting collection of structures 
linked to the history and 
development of the settlement and 
have communal, aesthetic, 
evidential, and historic value.  

1, 111, 
112, 134, 
135, 136, 
145, 146 

Lenton Priory, 
Scheduled 
Monument, 

and 
associated 

grave/tombs, 
Grade II 
Listed 

Building. 

2.2km (to 
turbine 3). 

Lenton Cluniac Priory was founded 
in the early 12

th
 century and was 

dissolved in 1538. Only one section 
of the north wall survives above 
ground with limited excavations 
providing some information about the 
building. It has limited aesthetic 
value as large sections only survive 
as sub-surface features. However, it 
has historic, evidential, and 
communal value due to its history, 
development, and place in the 
community. It has limited value as a 
planned landscape, although the 
nature of the surrounding churchyard 
and buildings when first established 
would point at some level of 
designed landscape. 

Most of the site is covered with 
grass and mature trees; however a 
church which might contain some 
of the original priory in its fabric 
stands on the north-eastern corner 
of the site. The scheduled area is 
surrounded by residential 
development on all sides. There is 
some historic and evidential value 
relating to setting due to the 
priory’s setting in the landscape, 
however this has been reduced 
due to the recent urbanization of 
surrounding area. It has some 
communal setting value due to its 
use as a public space. Any 
planned views that may have been 
linked to the site originally have 
now been lost due to the 
surrounding development.  

2 

Highfields 
Park and 

associated 
structures, 
Grade II 

Registered 
Park and 
Garden. 

East 
section of 
site 1.7km 
(to turbine 
2), west 

section of 
site 18km 
(to turbine 

1). 

A public park was established in the 
early 1920s on land granted by Sir 
Jesse Boots, the Boots founder. The 
park has aesthetic value due to its 
design, communal value as a place 
of public recreation, and 
planned/designed views. It also has 
evidential and historic value as it 
represents a landscape that has 
evolved from a medieval village to a 
public park. 

The setting of the park is defined 
to the north by Highfield House, 
which overlooks the park from its 
raised position, while a main road 
separates it from sports facilities to 
the south. And 20

th
 century 

residential and commercial 
developments border the park to 
the east and west. The park has 
some historic setting in relation to 
the house to which it was once 
attached, and its setting has 
aesthetic and evidential value in 
relation to land-use. There are 
planned views from the park to the 
south.  

3, 116, 
117, 118, 

119 
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Fig. 9.1 & 
9.2 

Clifton Hall 
Registered 

Park & 
Garden. 

Register of 
Parks and 
Gardens 
Grade II. 

West 
sector of 

park 
2.18km 

(to turbine 
1), east 
sector of 

park 
0.48km 

(to turbine 
2). 

Gardens associated with Clifton Hall 
comprising lawns with stone 
fountains near the house, terraced 
walks, and a wider riverside area 
heading east along the Trent. The 
gardens have evidential, historic, 
and aesthetic value relating to their 
development and style. They also 
now have communal value as 
sections are incorporated into a 
riverside park open to the public.  

The gardens and park form part of 
a designed landscape and are 
divided between the high ground 
surrounding Clifton Hall and the 
low lying park running along the 
River Trent. They have evidential, 
historic, and aesthetic setting value 
relating to their location and place 
in the history and development of 
Clifton Hall and its landscape.  

4 

Clifton Hall, 
Grade I 
Listed 

Building. 

1.4km (to 
turbine 1). 

Forming the centre of a manor dating 
to the late 13

th
 century, Clifton Hall 

was remodelled during the 17
th

 and 
18

th
 century. It is aesthetic value for 

its appearance, along with historical 
and evidential value relating to 
architectural styles and its former 
inhabitants. It also has communal 
value as it was used as a girl’s 
school during the late 20

th
 century, 

by Nottingham Trent University in 
late 20

th
/early 21st century, and parts 

of the former parkland are now open 
to the public. 

The hall is set on a platform of high 
ground with the River Trent and its 
flood plain to the north and west, 
Clifton Wood to the south, and 
Clifton village to the east. It is 
within a designed landscape with 
views over the Trent Valley to 
Wollaton Hall in the north giving 
these planned/designed views 
significance. Its setting also has 
aesthetic communal and historic 
value due to its establishment at 
the heart of the settlement.  

93 

Beeston 
Station and 

attached 
shelter, 
Grade II 
Listed 

Building. 

1.45km 
(to turbine 

1). 

A mid 19
th
 century station with late 

19
th

/early 20
th

 century additions. The 
site has some aesthetic value due to 
its Victorian canopy, and evidential 
and communal value relating to the 
development of public transport and 
the railways in the area. There 
appears to be minimal historic 
value.. 

The site is surrounded on all sites 
by residential sprawl, although the 
immediate site is bordered by 
mature trees to the north and west. 
The site does not appear to have 
had any planned views, although 
its location was clearly planned in 
the landscape to serve the local 
populous. The station has some 
historic, communal, and evidential 
setting relating to its positioning 
and the subsequent residential 
development of the area, however 
there appears to be little aesthetic 
setting value. The site does not 
appear to have had any designed 
landscape setting. 

94 & 133 
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WIlford 
Village 

focused on 
the area 

around Main 
Road and 

Church Lane, 
Grade II* and 

II Listed 
Building. 

Wilford 
House  and 

Conservation 
Area. 

1.5km (to 
turbine 3). 

Collection of buildings around Main 
Road and Church Lane on a 
meander in the River Trent. The 
settlement has formed around the 
Church of St Wilfred and near a 
crossing point on the River Trent. All 
of the buildings have aesthetic value 
and evidential value relating to the 
development of the settlement and 
building techniques. The church also 
has communal and historic value 
due to public use and central 
placement in the village, and its 
location at the northern end of the 
settlement with its surrounding 
churchyard would suggest an 
element of planning. 

The setting of these buildings is 
defined to the west i by the River 
Trent, while playing fields surround 
the sites to the north and east. Mid 
20

th
 century residential 

developments surround the sites to 
the south. All of the houses have 
their own gardens and a large 
number of mature trees also exist 
throughout the area. The houses 
have a historic setting within the 
settlement, and they also have an 
element of evidential and aesthetic 
setting due to their village location 
and development. The church 
occupies a prime spot at the head 
of the village and would have been 
the key element of the settlement 
although this has now been 
partially reduced due to 
development on the opposite river 
bank.  

95, 121-
125, 130- 
132, 142, 
147, 148 

Boots 
Factory, 

Grade I and 
II* Listed 

Buildings. 

East 
section of 

site 
0.59km 

(to turbine 
2), west 

section of 
site 

0.69km 
(to turbine 

1). 

A number of Grade I and II* listed 
buildings forming the Boots factory 
dating to the 1930s. They have 
limited aesthetic value; however they 
have communal value as a place of 
work, historic and evidential value 
relating to architectural form and the 
development of the pharmaceuticals 
industry. 

The structures associated with the 
Boots factory are situated in a flat 
valley bottom near the River Trent. 
To the north and south the site is 
bordered by sports fields, while to 
the east and west the land is 
occupied by 20

th
 century 

residential and commercial units. 
They have no aesthetic, evidential, 
or historical setting; however their 
grouping does give them a certain 
communal setting. There does not 
appear to be any planned views 
from the buildings, although one 
the planned layout of the factory 
itself is likely to have been 
designed, while a number of open 
spaces were incorporated into the 
layout.  

96, 97, 
101, 103, 
120, 165 
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Beeston 
Village. 

Including the 
Crown Inn, 

Church of St 
John the 

Baptist, war 
memorials, 
the Manor 

House, and 
various 

residential 
properties, all 

Grade II 
Listed 

Buildings. 
St John’s 

Grove, 
Beeston 

Conservation 
Area, 

1.99km 
(to turbine 

1). 

Beeston village is located on raised 
ground on the western side on 
Nottingham city centre, and is one of 
the most western suburbs of the city. 
It contains a number of Grade II 
listed buildings including the church 
of St John the Baptist, the Crown Inn 
and stables, the Crimean and the 
Great War memorials, the Manor, the 
Grange, and a number of other 
residential properties. These sites all 
have aesthetic, evidential, and 
historic value relating to their varying 
styles and building techniques. A 
number of the public sites (such as 
the church, pub and war memorials) 
also have communal value due to 
their role and function within the 
village setting/community and the 
war memorials have historic values 
for their association with specific 
events. 

The village of Beeston now forms 
a suburb of Nottingham on the 
high ground to the west of the city 
centre. There are no designed 
views from any of the assets and 
their settings have no aesthetic, 
communal or historic value. The 
evidential value of the settings is 
primarily related to their location 
within, and associations with, the 
village. 

99, 137-
141, 149-

155 

Hunters 
Farm, 31, 33, 
and 36 Main 
Road, Grade 

II Listed 
Building. 

Wilford 
Village 

Conservation 
Area. 

1.1km (to 
turbine 3). 

A number of buildings situated along 
Main Road at the base of a meander 
in the River Trent. They all have 
aesthetic value and a degree of 
evidential value relating to 
architectural styles and building 
techniques, although they have 
limited historic and communal value 
being private houses. 

The buildings form part of a village 
setting in the urban spread of 
Nottingham and are bordered by 
the River Trent to the west and a 
dismantled railway and sports 
fields to the east. The settlement 
spread continues to the north and 
south. They have no designed 
views.  The setting of the buildings 
has little historical or communal 
value; however it has an element 
of evidential value providing 
information about settlement 
evolution.  

157 &158 

Highfield 
House, 

Nottingham 
University, 
Grade II 
Listed 

Building. 

2km (to 
turbine 2). 

The building was erected after a 
grant by Sir Jesse Boots (the 
founder of Boots) gave land for the 
provision of a university building and 
a public park. It has aesthetic, 
historic and evidential value relating 
to its architectural form and its link to 
the Boots industry. It also has 
communal value as it is a public 
building, and forms part of a 
designed landscape incorporating 
Highfields Park.  

Highfield (also known as Trent 
Building) forms the central campus 
building for Nottingham University. 
It overlooks Highfields Park to the 
south while to the north, east, and 
west the building is surrounded by 
other university buildings spread 
throughout parkland. Its setting 
has historic, evidential, and 
aesthetic value due to its 
architecture and 
evolution/development. Its setting 
also has communal value due to it 
relationship with the park and its 
public use. It is also part of a 
designed landscape with views to 
the south over the Park.  

160 
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Meadow 
Road Bridge, 

Grade II 
Listed 

Building. 

0.77km 
(to turbine 

1). 

Late 18
th

 century bridge over the 
Trent Canal of brick with later 
restoration. It has some aesthetic 
value due to its appearance, and 
communal and evidential value 
relating to the industrial development 
and public use of the area. It has 
limited historic value. 

The bridge crosses the canal in an 
area that has been the focus of 
recent residential development. To 
the north and west (i.e. the 
northern side of the canal) the site 
is surrounded by development, 
while the south and east (the 
southern side of the canal) the site 
is bordered by agricultural land in 
the River Trent flood plain. It does 
not appear to have any planned 
views, although its location as a 
bridging point was clearly planned.  
It has little aesthetic setting value 
due to the built nature of the 
surroundings. However, there is 
some communal setting value due 
to its location and use as a 
bridging point. Its positioning also 
has some evidential and historic 
setting value relating to settlement 
and transport link development.  

161 

Towpath 
footbridge, 
Grade II 
Listed 

Building. 

2km (to 
turbine 1). 

Late 18
th
 century towpath footbridge 

with late 20
th

 century floodgate. It 
has limited aesthetic value, although 
it has evidential and communal value 
relating to the canals and the 
industrial history of the area. There is 
little historic value and there are no 
planned views. 

The bridge is set on the edge of 
the River Trent and is surrounded 
by mature trees and wetlands that 
now form part of the Attenborough 
Nature Reserve. It has limited 
aesthetic, historic, evidential, and 
communal setting value other than 
its association with industry and 
the canal, and there do not appear 
to be any planned/designed views.  

162 

Broadgate 
House, 72 
Broadgate, 

Grade II 
Listed 

Building. 

1.95km 
(to turbine 

1). 

Early 19
th

 century house with later 
alterations. Some aesthetic value 
and evidential value relating to 
building techniques and styles. It has 
some historical value due its link with 
E. J. Lowe who had a tower added to 
be used as an observatory, and 
some communal value as it is 
currently used by the East Midland 
Air Cadets. 

The immediate setting of 
Broadgate House is gardens and 
matures trees. To the north the site 
is bordered by a main road, while 
late twentieth century residential 
development surrounds it on other 
sides. There are no apparent 
planned views. There are no 
designed views from the asset and 
the setting has no aesthetic, 
communal or historic value. The 
evidential value of the setting is 
primarily related to its location 
within, and associations with, the 
surrounding area. 

166 

42 
Broadgate, 

Grade II 
Listed 

Building. 

1.94km 
(to turbine 

1). 

Early 19
th
 century house with minor 

mid 19
th

 century alterations. The 
building has aesthetic value and 
evidential value relating to building 
techniques and styles. It has little 
historic value or communal value 
due to its use as a private dwelling. 

The house has a small garden to 
the front and a larger garden to the 
rear, both containing mature trees. 
There are no designed views from 
the asset and the setting has no 
aesthetic, communal or historic 
value. The evidential value of the 
setting is primarily related to its 
location within, and associations 
with, the surrounding area. 

167 
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9.2 

Various sites 
in Nottingham 

city centre, 
Scheduled 
Monument, 

Grade I to II* 
Listed 

Buildings. 
Various 

Conservation 
Areas across 
City Centre. 

3.6km (to 
turbine 3). 

A number of buildings including 
churches, former residential 
buildings, and offices in the centre of 
Nottingham. All sites have some 
aesthetic value as they represent 
buildings dating from various periods 
of the cities development, both public 
and private, and depict various 
architectural and technological 
styles. Most do not appear to have 
had designed views, although the 
nature of urban development might 
suggest that at least some were part 
of a planned cityscape.   

All of the sites are located near 
one another in the centre of 
Nottingham to the east of the 
castle. Their setting is defined by 
urban development in all 
directions. They have limited 
aesthetic setting significance due 
to their location in a built-up urban 
area, although  they have 
communal, historic, and evidential 
setting significance relating to their 
place in the development of the 
city. Although they do not appear 
to have planned views, some 
appear to have been built in 
specific locations as part of the 
city’s development while others 
(the earlier sites in particular) have 
developed in a more fluid manner.  

190, 191, 
207, 211, 
212, 214, 
216, 221, 
223, 225, 

227 

Old Trent 
Bridge. 

Scheduled 
Monument. 

3.15km 
(to turbine 

3). 

Late 19
th

 century bridge over the 
River Trent positioned on a much 
earlier crossing point bridged since 
at least the 14

th
 century, and 

incorporating some of the 14
th

 
century structure. The asset has 
aesthetic, evidential, historic, and 
communal significance as it acts as 
a public bridging point over the river, 
and the history of the crossing point 
can be traced in the fabric of the 
present structure. 

The bridge is located over the 
River Trent on an almost north-
south alignment with residential 
and urban settlement at either end. 
It has some historic, communal, 
aesthetic and evidential setting 
value due to its continual use as a 
bridging point. However, its only 
planned or designed significance is 
related to the choice of bridging 
point. 

192 

Rock cut 
houses, 

Scheduled 
Monument. 

2.78km 
(to turbine 

3). 

A series of houses cut into an 
outcrop of sandstone. The caves 
have evidential, historic, and 
communal value relating to 
architectural form and style, and 
landscape use/development in the 
area. They also have some aesthetic 
merit due to their unusual form. 

The caves are cut into a natural 
sandstone outcrop in the western 
area of Nottingham and are 
surrounded on all sides by 20

th
 

century residential and commercial 
development. As a result their 
aesthetic setting significance is 
reduced although they do have 
evidential, historic, and communal 
setting significance due to their 
place in the development of 
settlement in Nottingham. They do 
not appear to have been part of a 
planned landscape.  
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Name 

Approx 
distance 

from 
nearest 
turbine 

Heritage Significance Description of Setting 
No. on 

Fig. 9.1 & 
9.2 

Fishponds, 
90m 

southeast of 
the Church of 

St. Mary’s, 
Scheduled 
Monument. 

3.38km 
(to turbine 

1). 

A set of six nucleated fishponds, 
thought to date to the 13

th
 century, 

surviving as earthworks. The nature 
of the monument means it has 
limited aesthetic value; however it 
has evidential, historical, and 
communal significance relating to its 
role in the development of the village 
and its former population. 

The fishponds are located in an 
area of fields bordered to the north 
by the church of St. Mary, and on 
the east, south, and west by 
water/wetlands on the edge of the 
River Trent and forming part of the 
Attenborough Nature Reserve. The 
earthwork nature of the fishponds 
provides them with limited 
aesthetic setting significance, 
however there is some communal, 
historical, and evidential setting 
value linked to their origins and 
use within the 
settlement/community. Although 
there are no planned views from 
the site they were clearly 
positioned near the old settlement 
and the wetlands area suggesting 
an element of design significance.  

194 

Rock cut 
houses south 
of Nottingham 

Castle, 
Scheduled 
Monument. 

3.19km 
(to turbine 

3). 

A series of rock cut houses below 
Nottingham Castle. The caves have 
evidential, historic, and communal 
value relating to architectural form 
and style, landscape use, and 
development in the area. They also 
have some aesthetic merit due to 
their unusual form. 

The caves/houses are cut into a 
natural sandstone outcrop of 
sandstone below Nottingham 
Castle. They are bordered to the 
north by the castle and associated 
structures, and to the east, south, 
and west buy the buildings dating 
from the 19

th
 and 20

th
 century. 

They have aesthetic setting value 
due to their location below that 
castle, and they also have 
evidential, historic, and communal 
setting significance due to their 
place in the development of 
settlement in Nottingham. They do 
not appear to have been part of a 
planned landscape.  

195 

Nottingham 
Castle, 

Scheduled 
Monument 

and City 
Museum and 
Galler Grade 
I Registered 

Park & 
Garden. 

3.21km 
(to turbine 

3). 

Nottingham Castle is a 17
th

 century 
mansion on the site of an early 
medieval castle. It has aesthetic, 
historical, communal, and evidential 
significance due to its location within 
the city and relating to the historical 
development of the settlement and 
its people. It also appears to be part 
of a designed landscape as it was 
positioned in a dominant position on 
a sandstone outcrop overlooking the 
landscape around it. 

Situated on a rock outcrop, the 
castle has extensive views to the 
south and west. Its immediate 
surroundings comprise gardens 
and open spaces within what was 
the inner bailey which now form 
parks. Outside of this the castle is 
surrounded by the commercial and 
residential spread of Nottingham 
city centre. The setting of the site 
has aesthetic, communal, historic, 
and evidential significance due to 
its location at the centre of 
Nottingham, its commanding 
position overlooking the 
surrounding settlement, and the 
significant part it played in the 
development of the city. It also has 
significance relating to its views 
which extend over the city and are 
highlighted from viewing points.  

196 & 201 



Name 

Approx 
distance 

from 
nearest 
turbine 

Heritage Significance Description of Setting 
No. on 

Fig. 9.1 & 
9.2 

Memorial 
Gardens, 

Nottingham, 
Grade II 
Listed 

Building. 

2.64km 
(to turbine 

3). 

Memorial gardens opened in the 
1920s in memory of the men from 
the area killed in the Great War, and 
forming part of an area of 
parkland/recreational land. The park 
has aesthetic, evidential, communal, 
and historical significance as it is a 
public area commemorating the war 
dead, thus making it a place of 
communal remembrance. 

Park situated by the River Trent on 
land formally prone to flooding. It is 
bordered to the east and south by 
the River Trent, to the west by 
sports/recreation grounds, and to 
the north by housing. It has 
communal, aesthetic, and some 
planned/designed landscape 
setting significance as part of a 
planned parkland for the public. 

200 

Wollaton Hall 
and Park, 
Grade I 
Listed 

Building and 
Grade II 

Register of 
Parks and 
Gardens. 

Wolloton Park 
Conservation 

Area 

3.46km 
(to turbine 

2). 

Situated on high ground to the 
northwest of the development site 
Wollaton Hall forms the centre of 
Wollaton Park which was enclosed 
between 1492 and 1510, but has 
been used as a public park since 
1926. The house represents a fine 
example of an Elizabethan Mansion 
with associated formal gardens and 
parkland and is of aesthetic value 
due to its appearance and historic 
value due to its constant occupation 
and use. It also has some communal 
value as a visitor attraction. 

Wollaton Hall is situated on high 
ground within its original deer park 
surroundings which in turn has 
been surrounded by the suburban 
sprawl of Nottingham to the north, 
east and west, and Nottingham 
University campus to the south. 
Although most surrounding views 
at ground level are obscured by 
mature trees, there are extensive 
planned views of the surrounding 
landscape from the upper floors of 
the Hall.The setting no longer has 
any aesthetic, communal or 
evidential value. The historic value 
of the setting is primarily related to 
the reason it is was built here in 
the first place.  

202 & 205 

Lenton 
Lodge, Grade 

II* Listed 
Building. 

Sutton 
Passeys 

Conservation 
Area 

2.67km 
(to turbine 

3). 

Early 19
th

 century gate lodge to 
Wollaton Hall which forms part of the 
park landscape but is now 
surrounded by urban development. It 
has aesthetic, evidential, historic, 
and communal value linked to the 
history of Wollaton Hall and the 
associated parkland. It also has 
value as part of a planned/designed 
landscape as it originally formed part 
of the main entrance to Wollaton 
Hall. 

The grand three storey lodge 
forming the entrance to Wollaton 
Hall have now been cut off from 
their original location at the end of 
the main drive to the hall due to 
20

th
 century development which 

surrounds it on all sides. This has 
reduced its aesthetic and planned 
landscape setting value. 

208 

Church of 
Holy Trinity, 

Grade II* 
Listed 

Building. 
New Lenton 

Conservation 
Area. 

2.7km (to 
turbine 3). 

Mid 19
th

 century parish church 
containing a very rare 12

th
 century 

cubical font from Lenton priory. The 
site has aesthetic, communal, 
historic, and evidential value relating 
to its use and development as a 
public building.  It does not appear to 
be part of a planned landscape, 
although it may be considered a 
semi-designed landscape with its 
associated churchyard. 

The church and churchyard is 
bordered to the west by a railway 
line, to the north by playing fields, 
and by residential developments to 
the east and south. It has some 
aesthetic setting value due to the 
mature trees that surround the site, 
and it also has historic, evidential, 
and communal setting value 
relating to its location in settlement 
that has developed around it. It 
has some designed landscape 
setting value relating to the 
churchyard/trees that surround it. 
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Name 

Approx 
distance 

from 
nearest 
turbine 

Heritage Significance Description of Setting 
No. on 

Fig. 9.1 & 
9.2 

The Manor 
House and 
adjoining 
terrace, 

Grade II* 
Listed 

Building. 
Bramcote 

Conservation 
Area. 

4.06km 
(to turbine 

1). 

Manor house dated 1625 with 20
th

 
century alterations and additions. It 
has aesthetic, evidential, and some 
historic significance relating to its 
position, development, and the 
architectural styles it represents. It 
has limited communal value as it is a 
private dwelling. 

The house is situated in high 
ground overlooking the Trent 
Valley to the south. Gardens and 
matures trees define its immediate 
setting, which in turn is surrounded 
by20

th
 century residential 

development. However, these 
developments contain large 
gardens providing a more open 
landscape compared to the 
settlement in the lower valley. The 
house has aesthetic, historic, and 
evidential setting significance due 
to its location on high ground 
above the Trent Valley. It does not 
appear to have been part of a 
planned landscape although it has 
a southern terrace incorporated 
into its design which, even with its 
surrounding mature trees, would 
provide views to the south over the 
Trent Valley.  

215 

Church of St 
Leonard, 
Grade II* 

Listed 
Building. 
Wolloton 
Village 

Conservation 
Area. 

4.41km 
(to turbine 

3). 

Parish church with its origins in the 
12

th
 century standing on the northern 

edge of Wollaton Park. It has 
aesthetic, evidential, and historic 
value due to its function, location and 
the information it can provide about 
building techniques and the history 
of the parish. It also has communal 
value due to its use as a parish 
church. 

The church is located on the 
northern edge of Wollaton Park. 
However, it is now partially 
surrounded by suburban 
development. There are no 
designed views from the asset and 
the setting has no aesthetic, 
communal or historic value. The 
evidential value of the setting is 
primarily related to its location 
within, and associations with, the 
surrounding area.  

218 

35 Hallams 
Lane, Grade 

II* Listed 
Building. 
Chilwell 

Conservation 
Area. 

3.3km (to 
turbine 1). 

House designed and built by H. 
Raymond Myerscough-Walker 
between 1936-7. The site has 
aesthetic, evidential, and historic 
significance relating to its 
architectural style, the building 
methods used, and its designer. It 
also has significance relating to 
planned views as it has a south 
facing sun room/roof terrace. It has 
limited communal significance as it is 
a private dwelling. 

The house is situated in a raised 
position which overlooks the Trent 
Valley. It is located within a 
substantial garden, which exists on 
all sides. Beyond this the house is 
surrounded by mid/late 20

th
 

century residential developments. 
The house has some historical and 
communal setting significance as it 
represents an early phase of 
building in this area of 
Nottingham/Beeston. It also has 
some historic and evidential setting 
significance relating to settlement 
development and 1930s design. 
Although it is not apparently part of 
a designed landscape it would 
appear to have designed views 
significance due to its large and 
prominent south facing roof 
terrace. 
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Name 

Approx 
distance 

from 
nearest 
turbine 

Heritage Significance Description of Setting 
No. on 

Fig. 9.1 & 
9.2 

Church of St. 
George and 
dovecote, 
Barton-in-

Fabis, Grade 
I Listed 

Building and 
Scheduled 
Monument. 

4.15km 
(to turbine 

1). 

14
th

 century parish church with later 
additions and heavily restored in the 
mid/late 19

th
 century, along with a 

nearby 17
th
 century dovecote. The 

sites have aesthetic, evidential, 
communal, and historic value 
relating to the development of the 
village, building techniques, and 
architectural styles. The church also 
has an element of communal value 
as a community resource. 

The church and churchyard are 
located in the centre of the old 
village and are surrounded by 
mature trees which give way to 
houses on all sides, while the 
dovecote is located in a farmyard 
to the southeast and is surrounded 
on all sides by farm buildings. Both 
site have evidential, historic, and 
aesthetic setting value due to their 
location within the village. The 
church also has an element of 
planned significance due its 
position within a churchyard at the 
centre of the village. 

224 

Church of St. 
Mary the 

Virgin, Grade 
I Listed 

Building. 
Attenborough 
Conservation 

Area. 

3.38km 
(to turbine 

1). 

Parish church with 12
th
 century 

origins, later additions, and heavily 
restored in the 20

th
 century. The site 

has historic, evidential and 
communal significance due to its use 
as a public building in the old centre 
of the settlement and the part it has 
played in the development and 
history of the settlement. It has 
aesthetic and evidential value from 
the various phases of building and 
building styles represented. 

The immediate setting of the 
church is the churchyard in which it 
sits. It is located in the southwest 
corner of the settlement with 
mature trees forming its immediate 
border. Beyond this, houses 
spread out to the north, while to 
the east, south, and west the site 
is bordered by pasture and the 
wetlands of Attenborough Nature 
reserve. The site has aesthetic, 
communal, historic, and evidential 
setting significance due to its 
location at the centre of the original 
settlement, although an element of 
this may have been lost due to the 
loss of the original village and its 
replacement with houses built in 
the 20

th
 century. Although it lacks 

planned views, the location of the 
church within the heart of the old 
village could be considered as 
planned or designed although 
again part of this setting 
significance has been lost due to 
changes in the settlement pattern.  
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1 Introduction 
 

The site at Grove Farm, Nottingham, has been selected as the potential location 
for three wind turbines (Fig. 1; NGR: 455200, 336300).  The selected development 
area is part of the Trent Valley floodplain, an area that has repeatedly demonstrated 
a rich and varied historic resource (e.g. Howard et. al. 2009).  The principal reason 
for this rich archaeological resource is the River Trent, which has created a wide 
valley bottom floodplain. This is characterised by a mosaic of different 
geomorphological units with variable archaeological and palaeoenvironmental 
potential.   

 
In common with other major river valley systems, such as the Thames, this 

mosaic of geomorphological units such as higher river terraces and lower alluvial 
floodplains provides areas suitable for riverine navigation, ritual activities, farming 
and settlement, creating a high potential for the discovery of archaeological remains.  
In addition, the lower terraces and active floodplain of the Trent represent a generally 
vertically accreting environment in waterlogged conditions, providing a preservation 
environment of high potential. 

 
The proposed development is liable to impact on such alluvial deposits within the 

valley, and a staged archaeological investigation has been instigated to assess and 
mitigate the impacts of the proposed development. This report investigates the 
sediment stratigraphy of the development area, with the aim of producing a predictive 
model of archaeological and palaeoenvironmental potential that can be utilised to 
inform future archaeological evaluation and mitigation strategies. 
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2 Survey Aims and Objectives 
 
The Holocene and Pleistocene sediment sequence of the area that might be 

affected by development was carried out with the aim of producing a predictive model 
of the area’s archaeological and palaeoenvironmental potential.   
 
In order to achieve these aims the following objectives were set: 
 

a)  Drilling of 54 boreholes within the development area, recording sediment 
stratigraphy and architecture. 
b)  Modelling of the sediment data with suitable software to produce a deposit 
model of the development area. 
c)  Integration of the deposit model with other available data, including BGS 
geological data, modern OS and historical maps and lidar topographic models 
within a GIS system. 
d)  Delivery of GIS data and creation of a predictive model to inform the 
planning process and allow suitable future evaluation and mitigation 
strategies to be developed. 

 

3 Survey Methodology 

3.1 Borehole drilling 
 

All boreholes were drilled with a vehicle mounted rotary corer.  The corer had a 
diameter of c. 20cm, drilling continuous boreholes to a depth of c. 8m.  Site 
Investigation Services undertook the drilling of the boreholes.  All sediment logging 
was undertaken by a suitably qualified geoarchaeologist.  Originally, a grid of 
boreholes positioned at 50m intervals was proposed.  However, due to constraints 
imposed by the need to avoid augering of the University sport fields, this grid plan 
was subsequently modified. This reducing the overall number of boreholes and 
created several larger gaps in the grid (Fig. 2). The spacing was nonetheless 
deemed sufficient to ensure adequate sampling of the sub-surface stratigraphy. 
 

3.2 Sediment modelling 
 

All sediment data were recorded on an Excel spreadsheet.  After fieldwork, all 
data were modelled in Rockworks (ver. 14).  Emphasis was given to the modelling of 
the sediment data as a series of larger macro-scale stratigraphic units, rather than 
focusing on smaller lithological units that would show localised variation.  All surfaces 
were modelled using a standardised Kriging interpolation method, extrapolating data 
to the boundaries of the borehole grid.  All surfaces were exported to ArcGIS for data 
display and integration.  All cross sections were drawn with data derived from the 
Rockworks model. 
 

3.3 Generic materials and methods 
 

All GIS modelling was undertaken within ArcGIS (ver. 9.3).  British Geological 
Data, Historical Maps and OS mapping were supplied by Trent and Peak 
Archaeology.  Lidar data were supplied by AECOM Ltd. 
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4 Results 

4.1 Lidar and topography 
 
The 1:50,000 geological maps for the development area record an expanse of 

undifferentiated alluvium (EW126, Fig. 2).  This recording is in stark contrast to Sheet 
EW 141, shown in the southwest corner of Figure 2, which differentiates between 
floodplain alluvium and the Hemington Member. The contrast between the two 
geological sheets is a product of differential recording.  As a result, the current 
development area should not be treated as an area of undifferentiated alluvium over 
Pleistocene gravels, but should be regarded as a ‘blank canvas’, with the potential to 
contain the Holocene Hemington Member, generic floodplain alluvium (also Holocene 
in date) and Pleistocene alluvial deposits. 

 
The lidar Digital Terrain Model (DTM) produces a bare earth topographic model 

of the development area (Fig. 3).  Such topographic models are routinely used in 
geoarchaeological investigations to identify geomorphological features such as 
palaeochannels and terraces.  The lidar data for the development area defines, 
unusually, few geomorphological features.  An area of slightly lower ground is just 
discernible and is identified by a polygon (Fig. 4).  Although the exact definition of this 
feature is unclear, it is potentially an area of former lower floodplain or a 
palaeochannel.  The location of the development area on the University sports fields 
suggests that larger macro-scale topographic features, such as palaeochannels, may 
have been landscaped and are no longer interpretable though lidar topography. 

 

4.2 2D analysis of surfaces and thickness 
 
During borehole logging the macro-stratigraphic structure of the key sediment 

units was recorded as: 
 
Alluvium Floodplain:  This was a sediment unit formed of brown-grey silty clay, 

with iron (Fe) and manganese (Mn) mottling.  It was found over the entire 
development area and represents the oxidised zone of the minerogenic sediment 
stack. 

 
Alluvium Palaeochannel:  This sediment unit was found in localised parts of 

the development area and consisted of brown to blue-grey silty clays to blue-grey 
clayey sands.  These sediment units often displayed moderate to good preservation 
of organic matter visible to the naked eye. 

 
Early Holocene Alluvium:  This sediment unit was found in some sections of 

the development area, although it was not present in every borehole.  It is the upper 
c. 0.2m of the River Terrace Sands and Gravels, and represents a land surface in 
use after deposition of the Sand and Gravel.  It consisted of grey and blue-grey 
clayey sands or sands.  Although initially recorded as early Holocene, the date of this 
unit is unclear; it may sit above a Devensian (Holme Pierrepont) or Holocene 
(Hemington Member) deposit. 

 
River Terrace Sands and Gravels:  These consisted of rounded to sub-angular 

gravel clasts, with a considerable component of orange-brown, fine to medium sand.  
This sand and gravel was often matrix-supported. This sand and gravel could form 
part of either the Holocene Hemington Member or the late Pleistocene (Devensian) 
Holme Pierrepont terrace. This is a key issue when assessing the archaeological and 
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palaeoenvironmental potential of this unit, and requires resolution through the 
application of absolute dating (see below). 

 
Mercia Mudstone:  This is the top of the underlying Triassic Mudstone.  Its 

surface represents a Pleistocene landsurface, but the mudstone cannot contain any 
archaeological remains within its matrix.  Its topography is important for 
understanding the later geomorphological evolution of the river valley in the 
Pleistocene and Holocene periods. 

 
From these main sediment units, a deposit model was constructed showing the 

surface elevation (in metres OD) and thickness (in metres) of each macro sediment 
unit.  This borehole model clearly shows a much higher level of complexity in the 
alluvial sedimentation of the development area than can be deduced from current 
geological maps or lidar analysis.  The basal morphology is defined by the surface 
elevation of the Mercia Mudstone, which is higher to the northeast of the 
development area than to the southwest (Fig. 5).   

 
The Mercia Mudstone is stratified above the first of the key sediment units, 

namely the River Terrace Sands and Gravels.  The absolute date of this unit is 
unknown. However, based on altitude relative to the modern River Trent, it may 
represent part of either the Hemington Member or the Holme Pierrepont Terrace (Fig. 
6). The depositional trend of the River Terrace Sands and Gravels is interesting, as 
this unit displays a higher topography to the southwest and a lower topography to the 
northeast. This contrasts with the topography of the Mercia Mudstone, and suggests 
some erosion of the River Terrace Sands and Gravels to the northeast (Fig.6). The 
hypothesis of erosion in the northeast is supported by the thickness of the River 
Terrace Sands and Gravels (Fig. 7).  This unit is notably thinner to the northeast of 
the development area, showing a higher (and consequently drier) gravel topography 
in the southwest; appreciably thinner and lower River Terrace Sands and Gravels 
have been recorded to the northeast. 

 
This model of higher topography to the southwest and erosion of the River 

Terrace Sands and Gravels to the northeast is supported by the analysis of the 
Alluvium Palaeochannel unit.  The surface elevation of the Alluvium Palaeochannel 
shows the lowest topography to the northeast of the development area (Fig. 8).  This 
is slightly misleading as this Alluvium Palaeochannel unit does not cover the whole of 
the area, and this contrast is shown more clearly by the thickness model (Fig. 9).  
The thickness of the Alluvium Palaeochannel is deepest towards the centre of the 
development area, but is also generally thicker in the northeast.  There is no 
palaeochannel alluvium to the southwest (the orange area).  The presence of 
deposits indicative of Palaeochannel Alluvium supports the model of erosion of the 
River Terrace Sands and Gravels to the northeast, followed by backfilling with finer 
grained alluvial silty clays. 

 
The Alluvium Floodplain surface elevation (Fig. 10) shows the unit to be 

marginally lower to the northeast of the development area.  The thickness of this unit 
is thinner in the southwest of the development area, where it has formed on higher 
topography (Fig. 11).  This unit is found throughout the development area and is 
probably derived from over-bank deposition during the Holocene. 
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4.3 Identification of different geomorphic zones and definition of 
archaeological potential 

 
From the preceding description of results, it is possible to construct a 

geomorphological model of the development area that may be used as a predictive 
model of archaeological and palaeoenvironmental potential.  The definition of these 
geomorphic zones is derived principally from features identifiable in the topographic 
template of the River Terrace Sands and Gravels, combined with the thickness of the 
Alluvium Palaeochannel (Fig. 12).  Five distinct geomorphic units can be identified, 
each with a different archaeological and palaeoenvironmental potential (Fig. 13).  
The exact spatial definition of each of the units is difficult to establish, given the 
degree of interpolation inherent in borehole modelling, and further targeted hand 
gouge coring should be considered to refine the spatial definition of the geomorphic 
zones (especially Zone 5 and the interface between alluvium and terrace: Section 7). 

 
The five geomorphic zones are summarised below: 
 

Zone 1: Area of River Terrace Sands and Gravels, with higher topography and 
shallow alluvium above gravel, but with deeper sand and gravel deposits (c.1– 8m 
below ground level). 
 
Zone 2:  Area of palaeochannel, with deeper minerogenic alluvial deposits above the 
sands and gravels, with shallow sand and gravel deposits (c. 4.5-7m BGL). 
 
Zone 3:  Area of River Terrace Sands and Gravels, with higher topography and 
shallow alluvium above gravel, but with deeper sand and gravel deposits (c. 1 – 8m 
BGL). 
 
Zone 4:  Area of palaeochannel, with deeper minerogenic alluvial deposits above the 
sand and gravels, with shallow sand and gravel deposits (c. 4.5-7m BGL). 
 
Zone 5:  A slightly ambiguous zone, with deeper minerogenic alluvial deposits above 
the sand and gravels than in Zones 1 and 3, but not as deep as Zones 2 and 4.  This 
is potentially an area of lower floodplain adjacent to the terrace. 

 

4.4 Illustrative cross-section of deposit model 
 

The deposit model is further illustrated by the cross section, taken from west to 
east across the centre line of boreholes in the study area (Fig. 14).  The cross-
section demonstrates the higher topography to the west and the simple stratigraphy 
of c.1m of minerogenic alluvium above terrace sands and gravels that is typical of 
Zone 1.  Between boreholes CC36 and CC39 there is a change into Zone 2, with a 
slight topographic depression into a palaeochannel sequence and deeper sequences 
of minerogenic alluvium above sands and gravels. 

 
The palaeochannel alluvial sequence ends before borehole CC45, where there 

is a reversion to shallower minerogenic alluvium above higher sands and gravels in 
Zone 3; this is very similar to Zone 1.  Between boreholes CC48 and CC50, there is a 
drop into another palaeochannel (Zone 4), with deeper alluvial minerogenic deposits 
above sands and gravels.  The definition of Zone 5 is less clear, but the alluvium 
above gravel appears to have risen slightly by the time borehole CC53 is 
encountered, suggesting an area of floodplain lower than the terrace zones 1 and 3. 
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5 Discussion 
 
The presentation of the results has revealed a clear structure to the borehole 

deposit model, with five clear geomorphic zones indicated by the macro-sediment 
stratigraphy.  This discussion will build on this model to discuss factors of chronology 
and archaeological and palaeoenvironmental potential.  All data from this discussion 
are summarised in Table 1.  The ambiguity of whether the River Terrace Sands and 
Gravels are part of the Hemington Member or Holme Pierrepont Terrace is 
addressed by the inclusion of a separate row for each possibility in the summary 
table. 

5.1 Chronological evolution of the development area 
 

The chronological evolution of the different stratigraphic units that comprise the 
five geomorphic zones is a key issue, as this will dictate their archaeological 
potential.  The Mercia Mudstone is a pre-Pleistocene deposit and forms the basal 
unit.  Interpretation of the River Terrace Sands and Gravels is more complex, as they 
may form part of the Hemington Member or Holme Pierrepont formation in view of 
their altitude and floodplain position.  The Hemington Member is generally formed in 
the early to mid Holocene (Neolithic to early Medieval), and is known often to contain 
archaeological and palaeoenvironmental remains (Brown et. al. 2007).  The source 
material is derived from reworking of the Holme Pierrepont River Terrace and from 
finer grained particulate matter in the river load.  The Holme Pierrepont Terrace, by 
contrast, formed in the late Devensian, and rarely contains artefactual or ecofactual 
material.  In this latter scenario, Holocene archaeology would be represented by 
features cut into the terrace and/or by overlying deposits. 

 
The stratigraphic unit termed the Early Holocene Alluvium represents a thin 

land surface on top of the River Terrace Sands and Gravels.  If stratified above 
Hemington Member deposits, it potentially dates from anywhere between the early to 
Mid Holocene.  If stratified above Holme Pierrepont Terrace, it is likely to represent 
an Early Holocene land surface (Mesolithic to Neolithic).  Deposition of this unit was 
followed by incision into the River Terrace Sands and Gravels of a river channel that 
was subsequently abandoned as the river switched course after flood (avulsion) or 
the channel was cut off by fluvial erosion; once abandoned, the channel filled with 
small particle sized sediments such as clays. This is the Palaeochannel Alluvium 
stratigraphic unit, and again can date from anywhere in the mid to late Holocene.   
The last unit is the Alluvium Floodplain, and may date anywhere from the mid to late 
Holocene across the development area. 

 
In terms of chronology, geomorphic zones 1 and 3 would have been deposited either 
in the early to Mid Holocene (if ascribable to the Hemington Member) or in the Late 
Devensian (if ascribable to the Holme Pierrepont Terrace).  These deposits were 
subsequently cut by now abandoned river channels (Zones 2 and 4), creating a lower 
floodplain (unit 5).  

5.2 Archaeological potential 
 
If the interpretation of the River Terrace Sands and Gravels as part of the 

Hemington Member is correct, then the archaeological potential of Geomorphic 
Zones 1 to 3 is high.  In particular, there is the potential for archaeological features 
cut into the top of the sands and gravels in Zones 1 and 3, buried by overbank 
deposition of alluvium.  Such remains could include settlement sites, ritual or burial 
monuments or field systems.  The potential for archaeological remains within the 
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sands and gravels would also be high, as demonstrated by earlier discoveries at 
sites such as Hemington in Leicestershire of structural remains such as medieval 
bridges and fishweirs (Cooper et al. 1994).  

 
However, if the River Terrace Sands and Gravels prove to be part of the Mid to 

Late Devensian Holme Pierrepont Terrace, the potential for finding archaeological 
remains within the unit is very low.  Such terraces are, however, characterised by a 
high densities of archaeological remains on their surface, including settlement, ritual 
or burial monuments and field systems.  

 
The date of formation of the River Terrace Sands and Gravels in Zones 1 and 3 

is therefore critical in defining archaeological potential.  If they form part of the 
Hemington Member, stratified archaeological deposits are possible anywhere from 
the top of the Mercia Mudstone to the surface of the Sands and Gravels. If part of the 
Holme Pierrepont Terrace, the archaeological potential is lower, with features 
possibly cut into the sands and gravels and stratified archaeological deposits 
contained within the relatively thin alluvium. This would give a total thickness of 
potential archaeology-bearing deposits of c. 1m, except for areas close to 
palaeochannels (Zone 2) where the landsurface dips into the palaeochannel, and 
hence increases the depth of alluvium.   

 
The potential for buried and stratified archaeological remains in Zones 2 and 4 

is high, with up to c. 4.5m of minerogenic Holocene alluvium above the sands and 
gravels. Features that could potentially be encountered include trackways, fishtraps 
and bridges.  Such remains are liable to be well preserved due to the anaerobic 
nature of the sediments, with preservation of wood and other organic artefacts within 
the minerogenic alluvium.  Palaeochannels of the Trent and its tributaries have 
preserved rich archaeological remains such as Neolithic oaks (Salisbury et al. 1984), 
Bronze Age metal hoards (Scurfield 1997), Bronze Age log boats (Knight and 
Howard 2004, 58-59) and medieval fishweirs (Salisbury 1991), to name but a few.  
Although the depth of sands and gravels in these zones is relatively thin, the same 
discussion of archaeological potential remains, due to the uncertainty of the date of 
this unit.  

 
The archaeological potential of Zone 5 is more difficult to interpret in view of 

uncertainties regarding the manner and date of formation, and requires more precise 
definition.  At this level of analysis, the potential is described as unknown. 

 
With such a mosaic environment, comprising areas of higher terrace 

topography and palaeochannels, the interface betweens these different geomorphic 
units is also likely to be rich in archaeological remains, with such items as fish 
baskets, jetties and other riverside structures to be expected.  

 

5.3 Palaeoenvironmental potential 
 

The palaeoenvironmental potential of the different geomorphic zones is 
variable. Zones 1 and 3 have a low to moderate potential for palaeoenvironmental 
remains.  This statement holds if the River Terrace Sands and Gravels are either 
Holme Pierrepont Terrace or part of the Hemington Member.   However, this must be 
caveated as waterlogged plant remains, pollen and faunal remains are sometimes 
encountered within the Hemington Member.  Pollen and occasional faunal remains 
have also been retrieved from minerogenic deposits contained within the Holme 
Pierrepont Terrace, although such deposits are rare, being of Devensian date.  The 
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surfaces of both the Hemington Member and the Holme Pierrepont Terrace are liable 
to contain palaeoenvironmental remains contained within archaeological features and 
smaller localised palaeochannels cut into the terrace surface.  However, at the 
current level of analysis the presence of smaller localised channels or archaeological 
features is unknown. 

 
The palaeoenvironmental potential of Zones 2 and 4 is moderate to high.  Fine- 

grained sediment units, consisting of silty clays and clayey sands, had visible organic 
remains present within the palaeochannel alluvium.  In particular, borehole 43 
demonstrated the highest potential for a palaeoenvironmental sequence, with up to 
5.3m of alluvium above terrace gravels, visible organic remains and shell fragments.  
It is unclear whether Zones 2 and 4 are two spatially or chronologically separate 
palaeochannels or are part of the same channel system.  If chronologically distinct, 
they offer further potential for palaeoenvironmental analysis through the ability to 
provide palaeoenvironmental proxies from different archaeological eras.  The 
palaeoenvironmental potential of Zone 5 is unclear. 
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Geomorphic 
Zone 

Sediment stratigraphy Main lithology Archaeological potential Palaeoenvironmental 
potential 

Indicative depth BGL 
(below ground level) 

Alluvium Floodplain Brown-grey silty clay, Fe 
and Mn Mottling 

Low Low 0 – 1.0m BGL 

Early Holocene Alluvium Brown-grey sand and 
clayey sand 

High potential for multi -
period archaeological 
remains 

Low c. 0.2m above River 
terrace Sands and Gravels 

River Terrace Sands and Gravels if 
Hemington Member 

Rounded to sub angular 
clasts, orange to grey, fine 
to medium sand 

High potential for both cut-
feature and stratified 
multiperiod archaeological 
remains,  

Low to Moderate 1 – 7.0m BGL 

1 River Terrace 
Sands and 
Gravels 

River Terrace Sands and Gravels if 
Holme Pierrepont Terrace 

Rounded to sub angular 
clasts, orange to grey, fine 
to medium sand 

High potential for cut-
feature multiperiod 
archaeological remains on 
terrace surface 

Low 1 – 7.0m BGL 

Alluvium Floodplain Brown-grey silty clay, Fe 
and Mn Mottling 

Low    Low 0-1.0m BGL

Alluvium Palaeochannel Blue to grey silty clay and 
clayey sand.  Often visible 
organic remains 

High potential for 
associated fishweirs,  
boats, jetties, bridges, 
trees, trackways, wooden 
structures etc. 

High 1 – 5.3m BGL 

River Terrace Sands and Gravels if 
Hemington Member 

Rounded to sub angular 
clasts, orange to grey, fine 
to medium sand 

Low to moderate potential 
for stratified remains in 
gravel and sand 

Low to Moderate 3 – 7.0m BGL 

2 Palaeo-
channel 

River Terrace Sands and Gravels if 
Holme Pierrepont Terrace 

Rounded to sub angular 
clasts, orange to grey, fine 
to medium sand 

Low Low  3 – 7.0m BGL 

Alluvium Floodplain Brown-grey silty clay, Fe 
and Mn Mottling 

Low Low 0 – 1.0m BGL 

Early Holocene Alluvium Brown-grey sand and 
clayey sand 

High potential for multi -
period archaeological 
remains 

Low c. 0.2m above River 
terrace Sands and Gravels 

3 River Terrace 
Sands and 
Gravels 

River Terrace Sands and Gravels if 
Hemington Member 

Rounded to sub angular 
clasts, orange to grey, fine 
to medium sand 

High potential for both cut-
feature and stratified 
multiperiod archaeological 
remains,  

Low to Moderate 1 – 7.0m BGL 
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 River Terrace Sands and Gravels if 
Holme Pierrepont Terrace 

Rounded to sub angular 
clasts, orange to grey, fine 
to medium sand 

High potential for cut-
feature multiperiod 
archaeological remains on 
terrace surface 

Low 1 – 7.0m BGL 

Alluvium Floodplain Brown-grey silty clay, Fe 
and Mn Mottling 

Low    Low 0-1.0m BGL

Alluvium Palaeochannel Blue to grey silty clay and 
clayey sand.  Often visible 
organic remains 

High potential for 
associated fishweirs,  
boats, jetties, bridges, 
trees, trackways, wooden 
structures etc. 

High 1 – 5.3m BGK 

River Terrace Sands and Gravels if 
Hemington Member 

Rounded to sub angular 
clasts, orange to grey, fine 
to medium sand 

Low to moderate potential 
for stratified remains in 
gravel and sand 

Low to Moderate 3 – 7.0m BGL 

4 Palaeo-
channel 

 

River Terrace Sands and Gravels if 
Holme Pierrepont Terrace 

Rounded to sub angular 
clasts, orange to grey, fine 
to medium sand 

Low Low  3 – 7.0m BGL 

Alluvium Floodplain Brown-grey silty clay, Fe 
and Mn Mottling 

Unknown    Low 0-1.0m BGL

Alluvium Palaeochannel Blue to grey silty clay and 
clayey sand.  Often visible 
organic remains 

Unknown Unknown 1 – 5.3m BGL 

River Terrace Sands and Gravels if 
Hemington Member 

Rounded to sub angular 
clasts, orange to grey, fine 
to medium sand 

Low to moderate potential 
for stratified remains in 
gravel and sand 

Unknown 3 – 7.0m BGL 

5 Potential 
lower floodplain 
zone 

River Terrace Sands and Gravels if 
Holme Pierrepont Terrace 

Rounded to sub angular 
clasts, orange to grey, fine 
to medium sand 

Low Low  3 – 7.0m BGL 

 
Table 1:  Summary of archaeological and palaeoenvironment potentials across the five geomorphic units identified by the deposit model, broken down by the 
key macro-stratigraphic sediment units.  
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6 Summary of archaeological and palaeoenvironmental 
potential at wind turbine locations 

 
SW Turbine (No.1) 
 

This turbine is located in Zone 1.  This zone has the highest topography, on 
either Hemington Member or Holme Pierrepont Terrace.  The alluvium above gravel 
is thin (<1m).  If the sands and gravels are part of the Hemington Member, there is 
potential for stratified archaeological remains from the top of the Mercia Mudstone 
throughout and on top of the sand and gravel.  If the sand and gravels are part of the 
Holme Pierrepont Terrace, there is only the potential for archaeological features on 
the surface of the terrace.  The palaeoenvironmental potential of the Holme 
Pierrepont Terrace is low, the potential of the Hemington Member is moderate and 
the potential of the floodplain alluvium is low.  
 
Central Turbine (No 2) 
 
 This turbine is also located on Zone 1.  The archaeological and 
palaeoenvironmental potential is the same as for the SW turbine. 
 
NE Turbine (No.3) 
 
 This turbine is located in Zone 4, within palaeochannel deposits.  The 
Holocene alluvium palaeochannel minerogenic deposits are deep (c. 4.5m), defining 
a high potential for palaeoenvironmental and archaeological remains.  Beneath these 
deposits are much thinner sands and gravels.  If these sands and gravels prove to be 
part of the Hemington Member then they also have a moderate archaeological and 
palaeoenvironmental potential.  If part of the Holme Pierrepont Terrace, the 
archaeological and palaeoenvironmental potential at this depth is negligible, with the 
surface of the terrace removed by Holocene river erosion. 
 

7 Conclusion and recommendations for further assessment, 
evaluation and mitigation 

 
Based on the above description of results and discussion of potential, the 

following conclusions may be drawn: 
 

 From the deposit model, derived from borehole data, 5 geomorphic zones are 
interpreted with 4 key stratigraphic units. 

 Deposit modelling from borehole data is able to identify key geomorphic units, 
but precise definition of each unit is not achievable with the current data. 

 Deposition of geomorphic Zones 1 and 3 preceded the erosion of the River 
Terrace Sands and Gravel and deposition of zones 2 and 4.  

 The creation of Zones 1 and 3 could date from anywhere from the Devensian 
(if Holme Pierrepont) or the Neolithic to the Medieval (if part of the Hemington 
Member). 

 Zones 2 and 4 were mainly formed during the Holocene, although the 
underlying sand and gravel could still be potentially Devensian or Holocene in 
date. 

 The archaeological potential of Geomorphic Zones 1, 2, 3 and 4 is high but 
the potential of Zone 5 is unknown. 
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 The palaeoenvironmental of Zones 1 and 3 is low to moderate. 
 The palaeoenvironmental potential of Zones 2 and 4 is moderate to high 
 The palaeoenvironmental potential of Zone 5 is unknown. 
 The date of the River Terrace Sands and Gravels is unknown, being either 

Devensian Holme Pierrepont Terrace or part of the Hemington Member. 
 

The development area is located on an area of high archaeological and 
palaeoenvironmental potential.  There is the potential for well preserved and stratified 
archaeological remains contained within anaerobic sediments, promoting good 
preservation of artefactual and ecofactual materials.  Absolute dating of River Sands 
and Gravels is crucial for establishing whether the sands and gravels represent part 
of the Devensian Holme Pierrepont Terrace or the Holocene Hemington Terrace.  
The two formations have radically different archaeological and palaeoenvironmental 
potentials, and dating of the sands and gravels is therefore a key priority.  

 
The details of further archaeological work would need to be discussed in liaison 

with the client, the client’s agent and the County and City Curators. We recommend 
that the following assessment and evaluation options be considered prior to the 
formulation of an appropriate mitigation strategy. 
 
• Further aerial photograph analysis 
Additional air photographs showing cropmarks within the application area are 
potentially housed in the Cambridge University Air Photograph Collection, and a 
cover-search is recommended. All air photographs of the area contained in this 
collection should be examined and any cropmarks plotted. Cropmarks on all other 
photographs should also be plotted. The completed plot should be added to the 
project GIS.  This will be particularly informative for Zones 1 and 3 where the 
relatively shallow alluvium above gravels should allow archaeological remains to be 
identified, and should also assist in the identification of geomorphological features 
such as palaeochannels across all zones. 
 
• Gradiometer survey 
Gradiometer survey should be considered in geomorphic Zones 1 and 3 to define 
archaeological features cut into the sands and gravels. This could be focused upon 
the impact footprint of each turbine, once this has been established, but a broader 
survey of each zone may be preferred, as this would place any threatened remains 
within their wider context.  More precise information on the extent of archaeological 
features might also assist in the development of a mitigation strategy, which could 
include relocation of the turbines to areas within the application area of reduced 
archaeological impact. In addition, wider coverage might also permit tighter definition 
of the alluvium-terrace interface.   
 
• Dating and palaeoenvironmental sampling 
It is recommended that appropriate provision be made for radiocarbon dating of 
palaeochannel deposits and OSL dating of the terrace deposits. Absolute dating is 
regarded as critical for differentiating between the Holme Pierrepont and Hemington 
formations, which as noted above have very different archaeological signatures. 
Consideration should also be given to the collection of environmental samples from 
palaeochannel contexts to elucidate their potential for understanding the 
environmental setting of archaeological sites preserved on the river terraces - for 
example, from closed chamber samples of organic material appropriate for both 
radiocarbon dating and environmental analysis (in particular, of palaeobotanical and 
insect remains). 
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• Further coring 
Further targeted hand gouge coring should be considered to refine the spatial 
definition of the geomorphic zones, particularly Zone 5 and the crucial interface zone 
between alluvium and terrace deposits.  
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Fig 1:  Location map of the development area, with the site highlighted by the borehole and turbine 
locations (OS Licence Number 100019139). 
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Fig 2:  Drift geology of the development area, with the borehole locations (Reproduced with the 
permission of the British Geological Survey (c)NERC. All rights Reserved; OS Licence Number 
100019139). 
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Fig 3: Lidar topographic model of the development area (Lidar data Copyright Infoterra 2011; OS 
Licence Number 100019139). 
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Fig 4: Possible low topographic feature, derived from lidar topography (Lidar data Copyright Infoterra 
2011; OS Licence Number 100019139). 
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Fig 5:  The surface elevation of the Mercia Mudstone (OS Licence Number 100019139). 
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Fig 6:  Surface elevation of the River Terrace Sands and Gravels (OS Licence Number 100019139). 
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Fig 7:  Thickness of River Terrace Sands and Gravels (OS Licence Number 100019139). 
 
 

 24



 
 
Fig 8:  Surface elevation of Alluvium Palaeochannel (OS Licence Number 100019139). 
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Fig 9:  Alluvium palaeochannel thickness (OS Licence Number 100019139). 
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Fig 10:  Surface elevation of the Alluvium Floodplain (OS Licence Number 100019139). 
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Fig 11:  Thickness of Alluvium Floodplain (OS Licence Number 100019139). 
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Fig 12:  Definition of the key macro-stratigraphic features (OS Licence Number 100019139). 
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Fig 13:  Definition of the five key geomorphological zones in the development area (OS Licence 
Number 100019139). 
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Fig 14:  Location of cross section through the development area (OS Licence Number 100019139). 
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Fig 15:  Cross section of the development area showing the movement from the River Terrace sands and Gravels (zone 1) into a palaeochannel (zone 2), rise back onto River 
Terrace Sands and Gravels (zone 3), before dropping into a further palaeochannel (zone 4) and possible lower floodplain (zone 5). 
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1 Introduction

The site at Grove Farm, Nottingham, has been selected as the potential location for
three wind turbines (Figure 1; NGR: 455200 336300). The proposed development
area is part of the Trent Valley floodplain, which is an area that has repeatedly
demonstrated a rich and varied historic resource (e.g. Howard et. al. 2009; Knight
and Howard 2004). The principal reason for this rich archaeological resource is the
River Trent, which has created a wide valley bottom floodplain with a mosaic of
geomorphological units of varied archaeological and palaeoenvironmental potential.

In common with other major river valley systems, such as the Thames, this mosaic of
river terraces and lower alluvial floodplain zones provides areas suitable for riverine
navigation, ritual activities, farming and settlement, creating a high potential for the
discovery of archaeological remains. In addition, the lower terraces and active
floodplain of the Trent represent a generally vertically accreting environment in
waterlogged conditions, providing a preservation environment of high potential. The
proposed development is liable to impact on such alluvial deposits within the valley
and a staged archaeological investigation has been devised to assess the potential
impact of the proposed development.

This report builds on the original geoarchaeological deposit model constructed for the
development area (Carey and Knight 2011) by the addition of data obtained from 6
additional boreholes and 22 test pits excavated for geotechnical ground
investigations (Figure 2). These additional data have allowed refinement of the
original deposit model, although the broad trends revealed in the original model
(Section 4) are still valid. In addition, each test pit and borehole was monitored for
archaeological remains and deposits of palaeoenvironmental potential. Several
samples were retrieved from the excavated deposits for palaeoenvironmental
characterisation.

2 Aims and objectives

The aims of the archaeological monitoring were:

i) To monitor archaeologically the excavation of the geotechnical test pits and
boreholes, with the aim of identifying and recording any preserved
archaeological or palaeoenvironmental remains.

ii) To record the sediment stratigraphy and to refine where possible the original
deposit model.

3 Survey methodology

3.1 Borehole drilling

Six cable percussion boreholes were drilled to depths of approximately 8m below
ground level (BGL) using a ‘standard’ light cable percussion drilling rig consisting of a
1 or 2 tonne free fall winch powered by a diesel engine and a tripod type derrick
about 7m high. The first 1.2m of sediments were removed by shovel to the
approximate dimension of twice the width of the auger. This excavation was
monitored for the discovery of archaeological features and artefacts. The next metre
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of sediment was recovered as an intact core (U100). Below this depth, drilling
continued with a percussion bailer down to the level of the Mercia Mudstone. The
bailer contents were recorded for the sediment stratigraphy and were checked for
associated artefacts and ecofacts (Figure 3).

3.2 Test pit digging

The test pits were excavated by a JCB, using a toothless bucket (Figure 4). The
dimensions of the test pits were 0.5m wide by c. 2m long and were dug to a depth of
c. 3m BGL or to a level where collapse of the underlying sediments occurred. All test
pits were excavated under the supervision of a geoarchaeologist (CC). During
excavation, the sediment stratigraphy was recorded and a photographic record was
compiled of each test pit. It was agreed that any archaeological features discovered
during the digging of the test pits would be excavated within the confines of the test
pit and recorded in section and plan, but during the works no archaeological features
were discovered in any of the test pits (see below).

3.3 Recording of artefacts and ecofacts

No archaeological features and no significant artefacts were recorded during the
ground investigations, but several deposits of high palaeoenvironmental potential
were recognised. Samples from these sediments were recovered from the JCB
bucket, stored in plastic containers and labelled with context details. Individual wood
samples were attributed small find numbers. Larger bulk samples of individual
sediments (contexts) had a minimum of 20 litres taken for waterlogged plant remains
(WPR) characterisation. A full list of samples and ecofacts is provided in Table 2.

3.4 Sediment modelling

All sediment data were recorded on an Excel spreadsheet. Following fieldwork, all
data were modelled in Rockworks (ver. 14). Emphasis was given to the modelling of
the sediment data as a series of larger macro-scale stratigraphic units, rather than
focusing on smaller lithological units that would demonstrate only localised variation.
A spreadsheet of data was exported from Rockworks into Quantum GIS (ver. 10).
Important macro-stratigraphic surfaces were modelled using a standardised Kriging
interpolation method, extrapolating data to the boundaries of the borehole grid. A
representative cross section was subsequently drawn across the site. All pseudo 3D
data modelling was undertaken from the surfaces created within a GIS, investigating
the key sediment interfaces within the development area.

4 Results

The original model distinguished five geomorphic zones within the valley floor
environment of the application area (Figure 5). These comprised a river terrace
deposit masked by thin alluvium towards the west if the area (Zone 1) and to the east
of this a complex mosaic of palaeochannel, terrace and floodplain deposits (Zones 2-
5). The proposed geomorphic zones are discussed in detail in the initial report
(Carey and Knight 2011) and are summarised briefly below:
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Zone 1: Area of River Terrace Sands and Gravels, with higher topography and
shallow alluvium above gravel, but with deeper sand and gravel deposits (c.1– 8m
below ground level). The upper c. 0.2m of the Sands and Gravels interpreted as a
potential discontinuous layer of grey, to blue-grey clayey sands and gravels,
interpreted as possibly an Early Holocene alluvium.

Zone 2: Area of palaeochannel, with deeper minerogenic alluvial deposits above the
sands and gravels, overlying shallow sand and gravel deposits (c. 4.5-7m BGL).

Zone 3: Area of River Terrace Sands and Gravels, masked by shallow alluvium and
slightly elevated above Zones 1-4, with deep sand and gravel deposits (c. 1–8m
BGL).

Zone 4: Area of palaeochannel, with deeper minerogenic alluvial deposits above the
sand and gravels, overlying shallow sand and gravel deposits (c. 4.5-7m BGL).

Zone 5: A slightly ambiguous zone, with deeper minerogenic alluvial deposits above
the sand and gravels than in Zones 1 and 3, but not as deep as Zones 2 and 4. This
was interpreted as potentially an area of lower floodplain adjacent to the terrace.

With the incorporation of the data retrieved through the monitoring of the
geotechnical test pits, the original deposit model can now be refined. The updating of
the original model facilitates discussion of the results observed during the ground
investigations and contextualisation of the samples retrieved for palaeoenvironmental
characterisation. In general terms, data were obtained that complemented the
original deposit model and geomorphic zonation of the development area (Figure 5),
but the test pits permitted examination of intact sediment sections and allowed more
detailed observations to be made on the nature of the sand and gravel deposits.

4.1 Updated deposit model: 2D analysis of surfaces and thickness

The stratigraphic units have been refined from the original deposit model in two key
respects.

1. Reinterpretation of the Early Holocene Alluvium stratigraphic unit that was
identified as a component of Zone 1.

2. The addition of an Upper Clayey Sand and Gravel that was recorded above
the terrace sands and gravels of Zone 1, indicating reworking of the
underlying terrace deposits,

The original deposit model included an Early Holocene alluvium stratigraphic unit,
which was deduced from the discovery of a discontinuous sand-dominated sediment
overlying the River Terrace Sands and Gravels. The test pitting permitted a detailed
examination of the top of the River Terrace Sands and Gravels, and the presence of
an Early Holocene surface now seems unlikely. A sand-dominated unit, comparable
to that recorded previously, was occasionally encountered in the upper part of the
terrace gravels, but its composition and colour were shown to vary significantly, and it
is now considered unlikely to represent a significant Early Holocene land-surface.
The upper surface of the River Terrace Sands and Gravels, however, was repeatedly
shown to comprise a very stiff, clayey sand and gravel, with small ‘pea size’ gravel
clasts set in a clay dominated matrix. This stratigraphic unit is best interpreted as
evidence for reworking of the River Terrace Sand and Gravel deposit, probably in the
late Pleistocene or Early to Mid Holocene period. Some exposures of the intermittent
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sandy deposits that were interpreted previously as possibly an Early Holocene
alluvium most likely represent part of this reworked deposit, although some of the
upper sandy deposits that have been identified could signify instead spatial variability
in the character of the River Terrace Sands and Gravels.

The key stratigraphic units for the updated deposit model may be refined as follows:

Alluvium Floodplain (minerogenic)
This was a sediment unit formed of brown-grey silty clay, with iron (Fe) and
manganese (Mn) mottling. It was found over the entire development area, and
represents the upper oxidised zone of the alluvial deposits that mask the
development area. This alluvium was notable deeper in the eastern part of the
application area in Zones 3 and 4 (Figure 21), with a much higher sand and silt
component.

Alluvium Palaeochannel (organic rich)
This sediment unit was found in localised parts of the development area and
consisted of brown to blue-grey silty clays, peaty clays, and blue-grey clayey sands.
These sediment units often displayed moderate to good preservation of organic
matter visible to the naked eye, as well as larger ecofacts such as rooting and
driftwood.

Upper Clayey Sands and Gravels: reworked terrace deposits
Within specific parts of the development area, specifically within the revised area of
Zone 1, the top of the River Terrace Sands and Gravels had a stiff concreted clay
matrix, containing small ‘pea’ gravel and sand, typically to a depth of c. 1.5m BGL.
This deposit is distinct to the underling sand and gravels (Figure 6), and could
represent a late Pleistocene or Early to Mid Holocene deposit, formed by fluvial
reworking of the underlying River Terrace Sands and Gravels.

River Terrace Sands and Gravels:
These consisted of rounded to sub-angular gravel clasts, with a considerable
component of orange-brown, fine to medium sand. This sand and gravel was often
matrix-supported. As noted above, intermittent sandy deposits recorded across the
top of the Sand and Gravel Terrace represent spatial variability in the character of the
River Terrace Sands and Gravels.

Mercia Mudstone:
This is the top of the underlying Triassic Mudstone. Its surface represents a
Pleistocene land surface, and hence the mudstone cannot contain any
archaeological remains within its matrix. Its topography is important for
understanding the later geomorphological evolution of the river valley in the
Pleistocene and Holocene periods.

The location of the preliminary aerial photographic translation has been included on
each of the surfaces produced for the updated deposit model, highlighting the
relationship between the visible archaeological remains and geomorphology. The
revision of the original deposit model has produced a basal land-surface of the
Mercia Mudstone, broadly similar to the original model (Figure 7), with a lower
surface topography to the west of the development area and a higher surface
topography to the centre of the development area. The River Terrace Sands and
Gravels are characterised by a very clear upper surface (Figure 8). The area of
highest elevation produces a distinct ‘nose shaped’ spur on the upper terrace,
protruding to the east.
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Significantly, the area of highest topography on the River Terrace Sand and Gravels
correlates with the area where a cropmark enclosure complex, most probably dating
from the later prehistoric and/or Roman period, is mapped from aerial photographs.
To the east of the development area the topography of the River Terrace Sands and
Gravels lowers, coinciding with the palaeochannel zone and associated lower
floodplain. The thickness of the River Terrace Sands and Gravels is greatest in the
western part of the development area, which again correlates with the higher terrace
topography (Figure 9). The eastern part of the development area has a thinner River
Terrace Sand and Gravel deposit, indicating that the topography has subsequently
been lowered by riverine erosion.

The top (c. 0.5 – 1.5m) of the River Terrace Sands and Gravels, in the western part
of the development area, was shown by test pitting to be composed of a clay matrix
containing small gravel clasts and sand. This ‘clayey gravel’ deposit is effectively
constrained to the western edge of the site (Figs. 6 and 10), above the River Terrace
Sands and Gravels, and is on average c. 0.5m thick.

The alluvium palaeochannel unit has a localised distribution within the central part of
the development, although there are two additional discrete patches of
palaeochannel alluvium to the west and east (Figure 12). The main band of
palaeochannel alluvium clearly correlates with a palaeochannel traversing the
development area. The patch of seemingly discrete palaeochannel alluvium to the
west was found within test pits 03 and 04. The relationship of the palaeochannel
alluvium from test pits 03 and 04 to the main palaeochannel traversing the site is
undefined.

The second seemingly isolated patch of palaeochannel alluvium, in the eastern part
of the development area, also has an undefined relationship with the main
palaeochannel alluvium. It is possibly an alluvial deposit located at the channel
margins or it might relate to a separate palaeochannel on the edge of the
development area. The palaeochannel alluvium thickness is predictably thickest in
the central area of the site, with a thickness of deposit of almost 4m (Figure 13).

The floodplain alluvium is the uppermost of the macro-stratigraphic units. The upper
surface topography and thickness of this deposit are crucial for defining the higher
terrace zone and the lower floodplain and palaeochannel zone. The surface
topography of the floodplain alluvium is highest in the western part of the
development area (Figure 14), where it correlates with the higher topography of the
River Terrace Sands and Gravels. The area of highest floodplain alluvium also
correlates with the enclosure complex mapped from aerial photographs. As
expected, the floodplain alluvium has a lower topography on the eastern side of the
development area.

The floodplain alluvium is thickest to the east of the development area (Figure 15).
This area was interpreted in the original deposit model as an area where the original
River Terrace Sands and Gravels had been eroded away, with subsequent
deposition of minerogenic floodplain alluvium in the Holocene. Also of significance is
the thickness of the floodplain alluvium in the area of the cropmark enclosure. The
floodplain alluvium at this point is less than 0.5m thick, allowing recognition of
archaeological features on the terrace surface. This is significant, due to the ability of
alluvium to cover and disguise archaeological resources, particularly those at terrace-
edge locations.
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4.2 Updated deposit model: 3D visualisation

The pseudo three dimensional visualisations of the data sets were achieved by
modelling the upper surfaces of three key sediment units, namely the Mercia
Mudstone bedrock, the River Terrace Sands and Gravels, and the LiDAR surface
topography. The LiDAR surface topography is shown at three levels of transparency
25% (Figure 17), 50% (Figure 18) and 75% (Figs. 19 and 20). The boreholes from
the geotechnical investigations are shown as solid lines extruded through the
images.

These images demonstrate the nature of the palaeochannels cutting across the
development area and the relative height of the River Terrace,on which the enclosure
is mapped. The spur of the terrace is clearly visible jutting out into the
palaeochannel, although with more data the form of the terrace edge will be capable
of further refinement. The area of lower floodplain to the east of the development
area is also well defined.

4.3 Updated deposit model: geomorphic zonation

From the preceding description of the results, the geomorphic zonation of the
development area can be updated. Whilst these zones are not radically different to
the original model, the number of zones has been reduced to four (Figure 21).

Zone 1 ( River Terrace Sands and Gravels). The boundary between Zones 1 and 2
has been refined, and Zone 1 is now modelled with a spur of River Terrace Sand and
Gravel projecting into the topographically lower Zone 2.

Zone 2 (lower palaeochannel zone). The palaeochannel is known to traverse the
development area and further test pitting has helped significantly refine the shape of
this zone.

Zone 3 (lower floodplain). In contrast to the original model, Zone 3 has now
become a lower floodplain zone, effectively removing the possibility of a higher
terrace in the eastern part of the development area. It is suggested that Zone 3 may
be a product of sediment reworking by the Zone 2 palaeochannel.

Zone 4 (palaeochannel). The form of Zone 4 is unclear, and it may merely be a
localised variant of Zone 3. Zone 4 has a thicker deposit of alluvium above gravel,
potentially indicating that it is at the edge of a palaeochannel.

4.4 Updated deposit model: cross section of the development area

The sediment stratigraphy and architecture of the different zones is summarised in
the representative cross section that traverses the site from the south-west to north-
east (Figures 22 and 23). Due to it being a representation, sediment units are used
as generic strata, rather than using individual context numbers for each borehole/test
pit. The traverse aims to incorporate test pits and boreholes from all the phases of
the ground investigation at Grove Farm, hence creating a slightly staggered
alignment.
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The cross section shows clearly the relatively thin alluvium above the clayey sand
gravel of Zone 1 (River Terrace) and the higher topography of this unit. Zone 2
displays a lower topography and preserves a series of organically rich minerogenic
alluvial deposits infilling at least one palaeochannel. The cross section as drawn
could be interpreted as crossing two palaeochannels, the first at TP11 and the
second at borehole CC43. This is possible, although both depressions are possibly
the same palaeochannel, wandering across the lower floodplain.

Zone 3, the lower floodplain, can be seen either side of Zone 4. The difference
between Zones 3 and 4 is slight, and it is possible that they are variants of the same
lower floodplain. Zones 3 and 4 have a much deeper floodplain alluvium above
gravel, with a higher silt content than the alluvial deposits of Zones 1 and 2. Within
Zone 4, the orange-grey clayey sand that characterises Unit 12 is noticeably deeper
than in Zone 3, potentially indicating a further palaeochannel.

4.5 Description of archaeological and palaeoenvironmental deposits
within geotechnical boreholes and test pits

The monitoring and subsequent recording of the test pits and boreholes revealed no
in-situ archaeological features or finds. Throughout the fieldwork, weather conditions
were dry and bright, providing good visibility for the detection of archaeological
remains. Within the basal fills of the palaeochannel sequence, wood ecofacts were
recovered and were attributed individual finds codes. Assessment is required to
establish whether these wooden samples are wholly natural or whether traces
survive of tool marks. Unstratified modern brick, tile and pottery was occasionally
observed in the A horizon topsoil across the development area, but none was
collected due to the low density and unstratified nature of the material.

The deposit sequence revealed significant continuity in macro sediment stratigraphy,
and the context numbers ascribed to each test pit have been loosely grouped on the
basis of similarities in their character (Table 1). It should be emphasised that context
numbers in this case represent sediment units deposited within an alluvial
environment, and do not represent cultural archaeological remains. The borehole
sequences are omitted from Table 1 as limited visibility prevented the attribution of
context numbers.
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Geomorphic zone Deposit sequence Date Sediment description Test pit and context number
Ap (ploughed soil A horizon) in cereal field
or A horizon on sports field.

TP09 (1001)
TP08 (1005)
TP07 (1009)
TP10 (1013)
TP05 (1035)
TP06 (1041)
TP18 (1044)
TP19 (1072)

Floodplain Alluvium: minerogenic clay-
dominated alluvium.

TP09 (1002); TP08 (1006); TP07
(1010); TP10 (1014); TP05 (1036)
TP06 (1042)
TP19 (1073)

Redeposited terrace deposits: clayey sandy
gravel.

TP09 (1003)
TP08 (1007)
TP07 (1011)
TP10 (1015)
TP05 (1037)
TP06 (1043)
TP18 (1064)
TP19 (1074)

1 River Terrace sequence
(probably late Devensian
Holme Pierrepont
Terrace).

Pleistocene (late
Devensian) land
surface.

River Terrace Sands and Gravel: matrix- to
clast-supported sand gravel. Sand medium
and yellow to orange; gravel round to sub
angular clasts.

TP09 (1004)
TP08 (1008)
TP07 (1012)
TP10 (1016)
TP05 (1038)
TP06 (1044)
TP18 (1065)
TP19 (1075)
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Geomorphic zone Deposit sequence Date Sediment description Test pit and context number
A Horizon. TP11 (1017)

TP12 (1046)
TP03 (1023)
TP04 (1029)

Floodplain alluvium: minerogenic clay-
dominated alluvium.

TP11 (1018)
TP12 (1047)
TP03 (1024)
TP04 (1030)

Palaeochannel alluvium: blue grey silty clay
alluvium.

TP11 (1019)
TP12 (1048)
TP03 (1025)
TP04 (1031)

Palaeochannel alluvium: soft blue-grey silty
clay alluvium with limited organics.

TP11 (1029)
TP12 (1050)

Palaeochannel alluvium: dark grey-brown
peaty clay alluvium; organic-rich.

TP11 (1021)

Palaeochannel bed: dark grey, medium to
coarse sand with trace of clay and organic
material.

TP11 (1022)
TP12 (1051)
TP03 (1027)

2 Minerogenic
palaeochannel sequence,
becoming organic rich at
depth.

Holocene.

River Terrace Sands and Gravel: matrix- to
clast-supported sand gravel. Sand medium,
yellow to orange; gravel round to sub-
angular clasts.

TP11
TP12
TP03 (1027; 1028)
TP04 (1033; 1034)
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Geomorphic zone Deposit sequence Date Sediment description Test pit and context number
A horizon TP13 (1053)

TP15 (1062)
TP16 (1090)
TP20 (1067)
TP21 (1076)
TP22 (1082)

Floodplain alluvium: minerogenic clay
dominated alluvium.

TP13 (1054)
TP15 (1063)
TP16 (1091)
TP20 (1068)
TP21 (1077)
TP22 (1083)

Floodplain alluvium: light brown to orange
brown clayey silt sand.

TP13 (1055)
TP15 (1066)
TP16 (1092)
TP20 (1069; 1070)
TP21 (1078; 1079)
TP22 (1084)

3 Lower floodplain
sequence (sediment
reworking by the Zone 2
palaeochannel?).

Holocene deposit
sequence.

River terrace Sand and Gravel: matrix to
clast-supported sand gravel. Sand medium,
yellow to orange, gravel round to sub
angular clasts.

TP13 (1056)
TP16 (1093)
TP20 (1070)
TP21 (1080)
TP22 (1085)

A horizon. TP17 (1086)
Floodplain alluvium: minerogenic clay
dominated alluvium.

TP17 (1088)

Floodplain alluvium: light brown to orange-
brown clayey silt sand.

TP17 (1089)

4 Lower palaeochannel
zone (possible localised
variant of Zone 3).

Holocene deposit
sequence.

RiverTterrace Sand and Gravel: matrix- to
clast-supported sand gravel. Sand medium,
yellow to orange: gravel round to sub-
angular clasts

TP17 (1090)

Table 1: Summary of contexts by geomorphic zone.
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Test pit 14 is something of an anomalous pit, with a combination of sediment units
from Zones 2 and 3. It appears to lie at the interface of these two geomorphic zones
and consequently is not included with the generic groupings (Table 1). As mentioned
previously, the differentiation between Zones 3 and 4 is slight.

Three bulk samples of organic deposits and eight wood fragments were retrieved
from the boreholes and test-pits to establish palaeoenvironmental potential and to
provide material suitable for radiocarbon dating (Table 2), and specialist examination
of these is recommended. It was unclear from field observation whether any of the
wood finds exhibited evidence of working. The organic deposits revealed in borehole
06 and test pit 16 (test pit 16 samples not recovered, due to earlier sampling in
borehole 06) are of particular significance. These revealed an organic deposit
encased with the sand and gravels, allowing a potential date to be given to the sand
and gravel deposit.

Sample
or
small
find
number

Zone Test pit
or
borehole

Context and
description

Rationale for sample

<1001> 2 Borehole
06

Organic rich
lens from 6.7 –
7.0m BGL. This
lens was
encased within
gravel.

Provide waterlogged plant remains for
characterisation of palaeoenvironmental
potential and provide organic material for
radiocarbon dating of an organic lens
recorded within the gravel.

<1002> 2 TP11 (1021)
Dark grey peaty
clay with
abundant
organics and
wood.

Provide waterlogged plant remains for
characterisation of palaeoenvironmental
potential and provide organic material for
radiocarbon dating of the palaeochannel fill
sequence.

<1003> 3 TP12 (1051)
Dark blue grey
clayey sand with
organics.

Provide waterlogged plant remains for
characterisation of palaeoenvironmental
potential and provide organic material for
radiocarbon dating of basal palaeochannels
fill.

AAA 2 TP 12 (1022)
Dark grey
medium to
coarse sand.

Potential stake recovered, seemingly
vertically bedded in sediments (collected
from machine bucket).

AAB 2 TP12 (1021) Tapered wood, potential stake
AAC 2 TP12 (1051) Wood for radiocarbon dating of context
AAD 2 TP12 (1051) Wood for radiocarbon dating of context
AAE 2 TP12 (1051) Wood for radiocarbon dating of context
AAF 2 TP12 (1051) Wood for radiocarbon dating of context
AAG 2 TP12 (1051) Wood for radiocarbon dating of context
AAH 2 TP12 (1051) Wood for radiocarbon dating of context

Table 2: Summary of samples and small finds retrieved for characterisation of
palaeoenvironmental potential.
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5 Discussion

5.1 Chronological evolution of the development area

The results from the monitoring of ground investigations in the proposed
development area have provided data that permit refinement of the
chronostratigraphic model for the evolution of the landforms in the development area
during the post-glacial period (Carey and Knight 2011). The data which aid this
refinement derive from the organic deposits found within the gravels in Zone 4 and
from organically rich palaeochannel fills in Zone 3 (contexts 1021, 1022, 1051),
combined with the lack of any organic materials in the River Terrace Sands and
Gravels of Zone 1.

Borehole 6 revealed an organic rich lens of material encased within the sands and
gravels at a depth of c. 6.7m BGL. This yielded abundant well-preserved organic
remains which in view of their level of preservation and the richness of the deposit
are likely to date from the Holocene period, although radiocarbon dating is
recommended to verify this dating. This would imply redeposition by fluvial action of
late Devensian Holme Pierrepont Terrace Sands and Gravels in Zone 4, and
provisionally dates this lower Zone 4 to the Holocene, therefore placing it as part of
the Hemington member.

The mapping of the clayey sand and gravel, on the top of the River Terrace Sands
and Gravels in Zone 1, provides further evidence for reworking of the Devensian
terrace surface. The date of deposition of this unit is unclear, but a late Pleistocene
or, more likely, early Holocene date may be inferred. This deposit appears to extend
beneath the presumed late prehistoric/Romano-British enclosure complex, therefore
indicating a Late Pleistocene or Early to Mid Holocene date, certainly no later than
the Romano-British period.

The potential of the palaeochannel Zone 2 is as previously described (Carey and
Knight 2011), with a deep organic rich sequence of channel fills. The palaeochannel
edge has not been mapped precisely due to the resolution of data points, but this is a
significant feature that traverses the site and requires dating to quantify its
archaeological potential. Further palaeochannel deposits were recognised in in the
northern access track in test pits 03 and 04. The relationship between the
palaeochannel alluvium in these test pits and the deposit sequence recognised
further to the south of the site, such as in test pit 11, requires clarification. Both these
areas are currently mapped as Palaeochannel Zone 2, but further work may show
them to represent two separate palaeochannel sequences.

Mapping of the floodplain alluvium has enhanced significantly our understanding of
the cropmark enclosures and other features, which may be shown to focus upon an
elevated area of terrace masked by a comparatively thin veneer of alluvial deposits.
The alluvium is of insufficient thickness to mask the impact of subterranean
archaeological features upon crop growth, and indicates an area of reduced flooding
and overbank deposition of sediments that may have proved particularly attractive for
settlement by early farming communities.

The River Terrace Sands and Gravels in Zone 1 are tentatively attributed to the late
Pleistocene Holme Pierrepont Terrace (Howard et. al., 2011). These deposits
yielded no organic remains and generally contained high levels of weathered Fe and
Mn, giving a generic range of orange/yellow hues to the sediments, which are
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generally indicative of cryogenic weathering under glacial or peri-glacial conditions.
Although probable, however, a Late Devensian date can only be confirmed through
the application of absolute Optically Stimulated Luminescence (OSL) dating.

5.2 Archaeological potential

The archaeological potential varies across the development area, and is particularly
high on the River Terrace Sands and Gravels and within the palaeochannel zones,
where there is major potential for the preservation of Holocene archaeological
remains (Table 3). The terrace-floodplain interface may be highlighted as a
transitional area of particular interest, as features denuded by ploughing across more
elevated areas of terrace may in such areas have been preserved beneath layers of
protective alluvium. Such zones and the palaeochannels that are commonly
preserved beneath alluvium are known to preserve archaeological remains of major
regional and sometimes national significance, including brushwood trackways,
bridges, jetties, fish baskets and log-boats (Knight and Howard 2004), and any work
in such areas should be closely monitored archaeologically.

5.3 Palaeoenvironmental potential

The palaeoenvironmental potential is extremely high across Zone 2 and is high for
the fills of archaeological features preserved in Zone 1. This potential is summarised
in Table 3.
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Geomorphic
Zone

Sediment
stratigraphy

Main lithology Archaeological potential and indicative
date

Palaeoenviron
-mental
potential

Indicative depth
BGL

Alluvium Floodplain Brown-grey silty clay with Fe and Mn
mottling

Low
Holocene

Low 0 – 0.4m BGL

Clayey sands and
gravel

Brown grey, stiff and concreted clayey
sand with small gravel clasts

Moderate.
Late Pleistocene to Early/Mid Holocene

Low 0.4 – 1.3m BGL

1
River
Terrace
Sequence

River Terrace
Sands and Gravels

Rounded to sub angular clasts in
orange to grey, fine to medium sand

High: Multi period archaeological remains
cut into/on top of the surface
Pleistocene (Devensian)

Low to
moderate

1.3 – 7.0m BGL

Alluvium floodplain Brown grey silty clay with Fe and Mn
mottling

Low
Holocene

Low 0-1.0m BGL

Alluvium
palaeochannel

Blue to grey silty clay and clayey sand,
often with visible organic remains

High: Multi-period archaeological remains
stratified in sediment matrix (e.g.
fishweirs, logboats, bridges, trackways)
Holocene

High 1.0 – 5.3m BGL

2
Palaeo-
channel
sequence

River Terrace
Sands and Gravels

Rounded to sub angular clasts in
orange to grey, fine to medium sand

Moderate: multi-period archaeological
remains, dependent on date of gravel
Pleistocene (Devensian)

Low to
moderate

5.3 – 7.0m BGL

Alluvium floodplain Brown grey silty clay with Fe and Mn
mottling

Low
Holocene

Low 0 – 0.2m BGL

Alluvium floodplain
lower

Light brown to grey sand silt, with clay Unknown
Holocene

Low 0.2 – 1.0m BGL

3
Lower
floodplain

River Terrace
Sands and Gravels

Rounded to sub angular clasts in
orange to grey, fine to medium sand

Moderate; Sands and Gravels tentatively
dated to the Holocene
Pleistocene (Devensian)

Low to
moderate

1.0 – 6.0m BGL

Alluvium floodplain Brown grey silty clay with Fe and Mn
mottling

Low
Holocene

Low 0-1.0m BGL

Alluvium floodplain
lower

Light brown to grey clay silt with sand Unknown
Holocene

Low 0.1 – 2.0 BGL

4
Lower
floodplain
and palaeo-
channel River Terrace

Sands and Gravels
Rounded to sub angular clasts in
orange to grey, fine to medium sand

Moderate; Sands and Gravels tentatively
dated to the Holocene
Pleistocene (Devensian)

Low to
moderate

2.0 – 7.0m BGL

Table 3: Summary of archaeological and palaeoenvironmental potential across the revised geomorphic zones.
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6 Conclusions and recommendations

From the preceding description of results, and subsequent discussion, the following
recommendations are given for further archaeological work within the development area:

 Gradiometer survey
Gradiometer survey was proposed following completion of the ground investigations, with
the aim of identifying palaeochannels and other geomorphological features across Zones 2,
3 and 4 and clarifying the distribution and character of archaeological features across the
River Terrace (Zone 1). This recommendation was agreed by the client and consultant, and
fieldwork has now been completed. A full report on this work is in preparation.

 Dating and characterisation of palaeoenvironmental samples
Due to the exceptional preservation of organic materials revealed in the palaeochannel
deposits and the organic materials encased within gravel in borehole 6, it is recommended
that provision is made for radiocarbon dating of the organic sediment units recorded in the
palaeochannels and lower floodplain. A minimum of three dates is recommended for the
dating of the deposits recorded in Test Pits 11 and 12 and Borehole 06. It is recommended
also that provision be made for assessment of the palaeoenvironmental potential of the
organic samples retrieved from the bore-holes and test-pits.
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Fig 1: The development area location, Nottingham (HMSO Crown Copyright, OS licence number 100019139).
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Fig 2: Location of geotechnical boreholes and test pits (HMSO Crown Copyright, OS licence number 100019139).
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Fig 3: Monitoring of the boreholes and recording of the sediment sequence.
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Fig 4: Archaeological monitoring and sediment recorded of the geotechnical test pits.
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Fig 5: The original geomorphic zones (HMSO Crown Copyright, OS licence number 100019139).
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Fig 6: The clayey sand and gravel unit located at the top of the River Terrace in test pit 08. The underlying poorly consolidated River Terrace Sands and
Gravels have sheered beneath the clayey gravel unit. This clayey gravel has a small clast size, is matrix supported, and heavily concreted. It is indicative of

an erosive event across the surface of the terrace and reworking of the Pleistocene sediments.
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Fig 7: Mercia Mudstone upper surface (HMSO Crown Copyright, OS licence number 100019139).
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Fig 8: River Terrace Sands and Gravel upper surface, modelled with a spur traversing into the lower palaeochannel (HMSO Crown Copyright, OS licence
number 100019139).
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Fig 9: Thickness of the River Terrace Sand and Gravel deposit, clearly demonstrating a thicker sequence to the west of the development area (HMSO
Crown Copyright, OS licence number 100019139).



28

Fig 10: The clayey sandy gravel, upper surface. This unit is effectively confined to the River Terrace Sands and Gravels (HMSO Crown Copyright, OS
licence number 100019139).
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Fig 11: Thickness of the clayey sandy gravel (HMSO Crown Copyright, OS licence number 100019139).
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Fig 12: Alluvium palaeochannels upper surface, showing the main trend of alluvium in the centre of the development area (HMSO Crown Copyright, OS
licence number 100019139).
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Fig 13: Alluvium palaeochannels thickness, showing a significant deposit of organic rich, palaeochannel fill in the centre of the development area (HMSO
Crown Copyright, OS licence number 100019139).
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Fig 14: The alluvium floodplain upper surface. The area of highest topography is clearly co-incident with the mapped cropmarks (HMSO Crown Copyright,
OS licence number 100019139).
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Fig 15: The thickness of the alluvium floodplain stratigraphic unit. The cromark is clearly related to the thinnest area of floodplain alluvium (HMSO Crown
Copyright, OS licence number 100019139).
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Fig 16: LiDAR FP digital terrain model, demonstrating the surface topography of the development area (HMSO Crown Copyright, OS licence number
100019139)..
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Fig 17: Pseudo 3D model of the development area, showing the LiDAR topography at 25% transparency, with the underlying River Terrace Sands and
Gravels. View looking north west.
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Fig 18: Pseudo 3D model of the development area, showing the LiDAR topography at 50% transparency, with the underlying River Terrace Sands and
Gravels. View looking north west.
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Fig 19: Pseudo 3D model of the development area, showing the LiDAR topography at 75% transparency, with the underlying River Terrace Sands and
Gravels. View looking north west.
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Fig 20: Alternative view of the pseudo 3D model of the development area, showing the LiDAR topography at 75% transparency, with the underlying River
Terrace Sands and Gravels. Top view looking north, bottom view looking north east.
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Fig 21: The revised geomorphic zonation for the development. The form of zone 1 in particular is clearer, showing a spur of terrace jutting out into zone 2
(HMSO Crown Copyright, OS licence number 100019139).
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Fig 22: The location of the representative cross section (HMSO Crown Copyright, OS licence number 100019139).
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Fig 23: The representative cross section.
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1 Introduction 
 

The prospective development of three wind turbines at Grove Farm, Nottingham (SK 
552363; Figure 1) has required the implementation of geoarchaeological 
investigations to ascertain the archaeological potential through the creation of a site 
deposit model. The development area is located within the valley floor of the River 
Trent and as such is an alluvial environment of high archaeological potential.   
 
Previous work at the site has investigated the subsurface sediment stratigraphy, and 
has permitted construction of a predictive model of archaeological potential based on 
the geomorphic zonation of the site and interpreted chronostratigraphic relationships 
(Figure 2; Carey and Knight 2011). In order to define archaeological features within 
the development area and to refine the deposit model, a magnetic survey was 
undertaken of the site in October 2011. 

 

2 Gradiometer survey in relation to the deposit model 
 
Based on the results of the deposit model, it was clear that a gradiometer survey of 
the proposed development area would be beneficial across all of the geomorphic 
zones defined during ground investigations. These zones, prior to refinement of the 
deposit model as a result of gradiometer survey, were defined as follows (Carey and 
Knight 2011):  
 
Zone 1: sands and gravels correlated with the late Devensian Holme Pierrepont 
Terrace. Such Devensian terraces have deep sand and gravel deposits, with a 
generally shallow minerogenic alluvial covering (c. 0.5m). Archaeological features 
and deposits may cut into or overlie the terrace surface and where sealed by shallow 
alluvium should be detectable by gradiometer survey. 
 
Zone 2: palaeochannel cut deeply into the underlying sands and gravels and filled 
with organically rich alluvial deposits (c. 5m Below Ground Level [BGL]). This zone is 
unlikely to preserve near-surface archaeological deposits within the detection limits of 
gradiometer survey, but gradiometry was recommended as a means of defining more 
closely the transition from the channel to terrace environment and identifying intra-
channel features such as sand bars.  
 
Zone 3: lower floodplain zone, comprising relatively shallow alluvium (c. 2m or less 
BGL) above redeposited Holocene sands and gravels. The terrace deposits may 
have been redeposited by fluvial action at various stages of the Holocene and have 
the potential to contain significant stratified archaeology. Determination of the date of 
deposition of these sands and gravels is critical for assessment of the likely range of 
associated remains, as elsewhere in the Trent Valley redeposited Holme Pierrepont 
Terrace sands and gravels have been attributed a wide date range from the early 
Holocene (e.g. Lockington, Howard et. al., 2008) to the medieval period (e.g. 
Hemington: Ripper and Cooper 2009). 
 
Zone 4:  possible palaeochannel in the lower floodplain zone.  
 
Gradiometer survey across Zones 3 and 4 has the potential to define archaeological 
remains in the top 1.5m of the Holocene sediment stack, to define hitherto 
unrecorded geomorphological features and to refine the boundaries of the proposed 
geomorphic zones.  
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3 Survey Aims and objectives 
 

The gradiometer survey aimed to provide a magnetic map of the development area, 
defining archaeological and geomorphological features across the different 
geomorphic zones. In order to achieve this aim the following objectives were set: 

 
 Gradiometer survey of the development footprint (Figure 3). 
 Modelling of the magnetic data in suitable geophysical and GIS software. 
 Interpretation of archaeological features. 
 Interpretation of geomorphological features. 
 

4 Survey methodology 

4.1 Justification of methodology: gradiometer survey 
 
Gradiometer survey is used to detect and map small changes in the earth's magnetic 
field caused by concentrations of ferrous-based minerals within sediment units. This 
variation in magnetic materials includes two principal types of magnetism, termed 
magnetic susceptibility and thermoremanance. Contrary to popular and some 
professional opinion, gradiometer survey does not map archaeological remains.  
Gradiometer survey is used to detect changes in sediment architectures via changes 
in magnetic fields, which can be related to human activities and interpreted as 
archaeological features. As such, gradiometer survey has the ability to detect a range 
of anomalies that are not related to human activity but produce magnetic fields. 
 
Archaeological gradiometer survey is based on the principle that different types of 
sediment architecture have different magnetic properties. This occurs within the soil 
profile, where the A, B and C horizons have different magnetic properties; hence 
excavation, backfilling or inversion of these profiles creates different magnetic 
signals. Likewise, different magnetic fields also occur between different sediment 
units, whether they are part of a soil profile or not. Lastly, different geological strata 
have different magnetic fields.  These three types of magnetic variations, vertically in 
a soil profile or both vertically and laterally in sediment sequences and geological 
magnetic fields, form the basis of all gradiometer survey. Human activity often 
causes distinct magnetic anomalies through interaction with the magnetic properties 
of soils, sediments and geologies.   
 
Thermoremanance describes weakly magnetic materials that have been heated and 
have thus acquired a permanent magnetisation associated with the direction of the 
magnetic field within which they were allowed to cool (Gaffney and Gater 2004, 37). 
When archaeological features become heated, they acquire magnetism; this points to 
the magnetic north at the time of firing, when they are heating over the curie point 
(the point at which electrons become ionised from iron [Fe] atoms). However, 
magnetic north changes over time. Thus features become detectable that were 
aligned to a previous magnetic north. Such features include hearths, bonfires, kilns, 
metal furnaces and forges, all of which are recognised as dipoles (magnetic 
anomalies with a positive and negative pole, indicating a heating event or discrete 
ferrous object). 
 
Magnetic susceptibility describes a range of magnetic responses, but strictly 
speaking is defined in terms of the magnetism induced in a sample when it is placed 
in a magnetic field (Gaffney and Gater 2004:38). Gradiometers detect the magnetic 
susceptibility of soils and sediments. This increases in proportion to the concentration 
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of oxidised iron in the soils or sediments into which features are cut and in the 
material filling these features. For example, ditches cut through the soil profile may fill 
naturally over time with sediment from the surrounding A horizon. This sediment 
contains more iron oxides than the underlying B or C horizons, due to its location 
within the aerobic zone of the soil profile, and hence is more magnetic than the 
underlying horizons. 
 
Definable magnetic archaeological features include areas of occupation, hearths, 
kilns, furnaces, ditches, pits, post-holes, ridge-and-furrow, timber structures, wall 
footings, roads, tracks and similar buried features. Interpretation of the magnetic data 
is a subjective process and anomalies are identified as potential archaeological 
features. 
 

4.2 Field methodology: gradiometer survey 
 

This survey used a Bartington Grad 601 gradiometer. This gradiometer has two 
sensor tubes with a 1m separation between tubes. Each sensor tube has a 1m 
separation between sensors. A maximum depth of penetration into the sediment 
profile is 1.5m, although features within the top 1m are routinely identified. The 
gradiometer was balanced on site by scanning for a location of low magnetic 
response over an area of 1m2. The gradiometer was then calibrated to the earth’s 
magnetic field and the sensor tubes calibrated to each other. A maximum tolerance 
of 0.5nT (nano tesla) between sensor tubes was used in the calibration, although a 
lower level of sensor tolerance was routinely achieved. 
 
The 20ha survey area was divided into c. 300 grids, each 30m by 30m. The traverse 
interval was 1m, with a sample interval of 0.25m, using a ‘zig-zag’ survey method. All 
data were logged automatically and collected using real time survey, pacing between 
grid baselines.   
 

4.3 Processing methodology 
 

All data were downloaded into the Grad 601 software. Data were imported into 
‘Geoplot’ software for analysis. A processing sequence of data clipping, destriping, 
despiking and interpolation was used to analyse the data within Geoplot, before 
export of raw and processed data (ascii files) into ArcGIS (ver. 8.3) for interpretation 
and presentation.   
 

4.4 Generic materials and methods 
 

All data from the geoprospection survey were imported into ArcGIS (ver. 8.3). This 
facilitated data integration with other key data sets for Grove Farm, such as the OS 
data (OS licence number 100019139), stratigraphic sediment surfaces and lidar data. 
 

4.5 Interpretation  
 
The most subjective phase of any survey is the interpretation.  As Gaffney and Gater 
(2003, 109) state: “The interpretation of archaeological geophysical data is not an 
exact science as there is interplay between theory and experience. While a broad 
knowledge of geophysical techniques and the principles of archaeological 
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geophysics are a necessary requirement, other factors are also important. In 
particular, an appreciation of the nature of the archaeological features being 
investigated is fundamental as is an understanding of the local conditions at the site 
– including the geology, pedology and topography.” 
 
The analysis of the gradiometer data from this survey required three levels of 
interpretation.   
 
Level 1:  Refinement of the deposit model 
 
This first stage was to use the magnetic data to refine the geomorphic zonation of the 
site that was developed during previous phases of work (Carey and Knight 2011).   
 
Level 2:  Manual identification of anomalies 
 
The second stage of analysis was the manual detection of anomalies that were 
considered to be either of anthropogenic origin or a significant geomorphological 
feature such as a sand bar or palaeochannel. Once the boundary of a polygon 
anomaly was defined, three levels of interpretation were used: 
 

 Level 1: identification of polarity 
Each anomaly was described as either positive or negative, a discrete dipole 
(an associated positive pole and negative pole indicating a heating event or 
discrete ferrous object) or magnetic noise (e.g. ferrous pipeline).  
 

 Level 2: segregation into archaeological  and geomorphological features 
Each anomaly was assigned as ‘probable archaeology’ (higher confidence) 
‘possible archaeology’ (lower confidence), ‘probable geomorphology’ (higher 
confidence) ‘possible geomorphology’ (lower confidence), ferrous material 
(e.g. pipeline) or road. 

 
 Level 3:  identification of type of feature   

Following the level 2 analysis, each anomaly was classified where possible by 
feature type (e.g. enclosure ditch, field boundary or cultivation ridge). 
 

Level 3:  Definition of further ambiguous anomalies 
 
Following the manual identification of anomalies, the ASCII data were converted into 
a polygon shp file, attributing data at 1nT intervals. Any anomaly less than 0.2m2 was 
discounted. This allowed identification of all positive and magnetic anomalies over 
0.2m2 that in the manual detection of features had previously been ignored or 
interpreted as ambiguous. These anomaly groups are labelled as ambiguous positive 
anomalies or ambiguous negative anomalies in the presentation of the results.  
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5 Results 
 

The gradiometer survey produced a coherent dataset of high quality magnetic data 
(Figures 4 and 5). This permitted refinement of the original deposit model (Carey and 
Knight 2011) and identification of a wide variety of archaeological features. 
 

5.1 Revised geomorphic zonation (Figures 6 and 7) 
 

The gradiometer data have clarified the spatial extent of Zones 1 (river terrace) and 2 
(palaeochannel flanking the SE edge of Zone 1) and have permitted refinement of 
the deposit model to the north-west and north-east of these areas (Figures 6 and 7). 
This refined model displays a high degree of correlation with the original deposit 
model, although definition of the lower-lying areas to the east of the terrace has been 
significantly enhanced, and is summarised briefly below: Some of the zones that 
were defined in the preliminary deposit model have been grouped together or sub-
divided, and to avoid confusion we propose below the following revised terminology: 
 
 
Holme Pierrepont Terrace (Zone 1)  
Zone 1 comprises shallow alluvium (c. 0.5m thick) covering a thick sand and gravel 
deposit (c. 6m thick). This zone may be seen to extend farther eastwards than 
previously modelled and to grade gradually into the palaeochannel flanking its SE 
edge (Zone 2). 
 
 
South-East Palaeochannel (Zone 2) 
Zone 2 is characterised by minerogenic alluvial deposits (up to c. 5m thick) above 
shallow sand and gravel deposits (c. 2m thick). The palaeochannel may be shown to 
extend farther to the west than previously interpreted and to be separated by the 
Zone 1 river terrace from a more northerly palaeochannel (Zone 5) that was hitherto 
thought to represent a northerly continuation of Zone 2. This zone becomes 
increasingly shallow towards its eastern edge, with the transition into Zone 1 
seemingly continuous rather than abrupt. 
 
 
Lower Floodplain (Zone 3) 
Zones 3 and 4 of the original model have been amalgamated into a floodplain zone, 
comprising a c. 2m thickness of alluvium above a sand and gravel deposit up to c.6m 
thick, which for simplicity is referred to hereafter as Zone 3. This sand and gravel 
deposit may be interpreted as a Holocene formation, created by reworking of late 
Devensian Holme Pierrepont sands and gravels, but as discussed below the fluvial 
reworking (and hence any associated archaeology) could span a considerable time 
period. The western boundary of this zone of redeposited sand and gravels may be 
shown to lie c. 100m farther east than was indicated by the earlier auger surveys. 
 
 
North-west Palaeochannel (Zone 5) 
Sediments attributable to this zone were revealed only in test pits 03 and 04 (Carey 
and Knight 2011), and were grouped formerly with deposits that have been shown to 
form part of a palaeochannel flanking the SE side of the river terrace that traverses 
the site from SW to NE. Gradiometer survey has shown the deposits to the NW of the 
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river terrace to represent a separate palaeochannel, running approximately parallel 
with the SE channel. 
 

5.2 Definition of archaeological and further geomorphological features 
(Figures 8-28) 

 
Magnetic anomalies that may signify archaeological or geomorphological features 
are discussed below by geomorphic zone, and for convenience of description have 
been grouped according to the archaeological or geomorphological features that they 
might represent. Thus Group 1a, for example, comprises Zone 1 anomalies 
interpreted as elements of a rectilinear ditched enclosure dating probably from the 
later prehistoric and/or Romano-British period.  
 
Gradiometer data for the entire development area are presented in Figures 8-10 
(gradiometer interpretation with gradiometer data) and 11-13 (gradiometer 
interpretation without gradiometer data) at three levels of analysis:  
 

 Level 1: plot of magnetic anomalies 
 Level 2: definition of potential archaeological and geomorphological 

anomalies 
 Level 3: characterisation of potential archaeological and geomorphological 

anomalies 
 
More detailed plans of the anomalies revealed by gradiometry are provided in 
subsequent figures for each of the following areas: 
 

 Western area (Levels 1-3: Figures 14-16) 
 Western centre area (Levels 1-3: Figures 17-19) 
 Eastern centre area (Levels 1-3: Figures 20-22) 
 Eastern area (Levels 1-3: Figures 23-25) 
 Northern access route (Levels 1-3: Figures 26-28) 

 
In addition, significant advances in interpretation and understanding of the 
gradiometer anomalies can be achieved through integrating the gradiometer data 
with historic maps.  Consequently, the gradiometer data is shown with the First 
County series map (1885) (Figure 29), and with three levels of gradiometer 
interpretation (Figure 30-32).  The gradiometer data are also correlated with an 1835 
map produced by George Sanderson (Figure 33) and with the Sanderson 1835 map 
and the three levels of gradiometer interpretation (Figures 34-36).   
 
 
Zone 1: Holme Pierrepont Terrace 
 
This zone contained 143 discrete anomalies interpreted as significant archaeological 
or geomorphological features (Table 1). In addition, several hundred discrete positive 
and negative magnetic anomalies were recorded, which may or may not represent 
archaeological features; at the current level of analysis, however, these are not 
identifiable as such. 
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Group Polygon Numbers Summary interpretation and figure  
1a 35-42, 44-45, 47-54, 378,384- 

387 
Later prehistoric/Romano-British enclosure 
ditch, probable internal roundhouse and 
other features inside or immediately 
adjacent to the enclosure that might relate 
to early activity (Figures 14-19). 

1b 11-14 Possible ring-ditch, perhaps representing a 
roundhouse or ploughed-out barrow 
(Figures 14-16). 

1c 34, 390-400 Possible structural remains at channel 
edge (Figures 14-16). 

1d 0-7 Possible rectangular building and other 
archaeological features (Figures 14-16). 

1e 71-74, 93, 94 Possible archaeological remains at 
channel edge (Figures 14-16). 

1f 336-340, 368 Possible archaeological remains at 
channel edge (Figures: 14-16). 

1g 77 Linear earthen bank or wall marking field 
boundary (Figures 14-16). 
 

1h 63-69, 574-577 Possible  structural remains at channel 
edge (Figures 14-19). 

1i 109-112 Possible archaeological structure near 
channel edge (Figures: 20-22). 

1j 95-98, 99-100, 103-108, 113, 
114, 370, 374- 376 

Cultivation ridges (Figures: 17-22) possibly 
indicative of ridge and furrow cultivation; 
seemingly on the same orientation as 
Group 1k. 

1k 55-57, 43, 48, 57-62, 70, 102, 
379,  387 
 

Rectilinear field system, possibly cutting 
features attributable to the enclosure 
complex (Figures: 14-19).  This group of 
features has a notably different alignment 
to Group 1a (prehistoric/Romano-British 
enclosure). 

1l 88-92 Possible field boundary (Figures 14-16), 
quite likely associated with group 1k as 
seemingly on the same alignment. 

1m 430-434  Linear anomalies on the same alignment 
as features in Groups 2d and 2f and 
possibly representing a trackway  (Figures 
20-22). 

1n 556, 557, 558, 559, 560 Anomaly group of uncertain character 
(Figures 20-22).  

1o 33 Magnetic noise thought to represent 
structural debris; building shown on the 
Sanderson map, associated with 
rectilinear field system 1k (Figures 14-16). 

Table. 1: Magnetic anomaly groups for zone 1.   
 
 
Group 1a  
This comprises a group of linear positive magnetic anomalies marking the boundary 
of a rectilinear ditched enclosure that on typological grounds most likely dates from 
the Iron Age or Roman periods (polygons 36, 42, 45, 53 and 54) and several 
anomalies inside and outside the enclosure that might also relate to prehistoric or 
Roman activity. The enclosure boundaries are aligned approximately north-south and 
west-east, in sharp contrast to a series of NW-SE and SW-NE linear anomalies that it 
is suggested below may form part of a post-medieval or modern field system aligned 
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obliquely to this early enclosure (Groups 1k, 1l, 1m, 1n and 1o). The interior of the 
enclosure is magnetically noisy (polygon 44), indicating a spread of fired and ferrous 
rich materials that would be consistent with occupation waste or building debris. 
Within the enclosure, a centrally positioned, circular ditch that could indicate an 
associated roundhouse is clearly defined by a positive magnetic anomaly (35). Within 
the centre of polygon 35 are polygons 384 (negative) and 385 (positive), interpreted 
as a dipole (hearth) approximately central to the roundhouse.  
 
Several other positive and negative anomalies of uncertain date and character are 
recorded inside and adjacent to the enclosure, including in its SW corner a group of 
anomalies that could represent a second structure.  These are potentially 
components of a rectilinear building (polygons 37-41), but their character and their 
relationship to the enclosure are currently unclear. Several other anomalies were 
recorded immediately to the north of a pipeline (polygon 101) cutting obliquely across 
the enclosure complex. The date and character of these remain unclear, but two 
linear features (379 and 387) follow the same alignment as the anomalies interpreted 
as part of a later field system and are ascribed to Group 1k; they could. therefore,  
postdate significantly the period of use of the enclosure.  
 
Group 1b 
This group comprises four positive anomalies indicative of cut features. These form a 
curvilinear arrangement comprising a linear ditch or gully and three amorphous 
anomalies that could represent discrete pits or a poorly defined ditch or gully. 
Interpretation is difficult, but possibilities include a ploughed-out barrow, roundhouse 
or cluster of pits.  
 
Group 1c 
This anomaly group is located at the interface between Zones 1 and 2, at a point 
where the palaeochannel turns and seemingly cuts into the terrace. Polygon 34 
represents a spread of magnetic noise, interpreted as fired material and ferrous rich 
materials, indicative of building debris. This is associated with a series of other 
anomalies of both positive and negative responses, potentially indicating structural 
archaeological remains of unknown date, although any pattern in these anomaly 
components is difficult to ascertain.     
 
Group 1d 
This group of seven anomalies is located to the north-west of the enclosure and 
comprises a series of positive and negative anomalies indicative of potential 
archaeological remains. The character and date of these remains are unclear, but the 
morphology of polygons of 0, 1, 2 and 3, all which are magnetically positive, suggests 
a rectilinear structure demarcated by cut features.  
 
Groups 1e and 1f 
Both of these groups are composed of a series of anomalies of both positive and 
negative magnetic responses.  The components of these groups cannot be precisely 
defined, but the form and magnitude of the response is indicative of possible 
archaeological structures. Both groups are located at the edge of the terrace, next to 
the palaeochannel zone along an interface of high archaeological potential. 
 
Group 1g 
This comprises polygon 77, which as a negative magnetic feature indicates an 
upstanding linear archaeological feature, possibly an earthen bank or wall. 
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Group 1h 
This group is composed of a series of positive and magnetic anomalies at the edge 
of the terrace next to the palaeochannel. Whilst definition of exact archaeological 
form is not possible, the magnitude, morphology and location of these anomalies 
indicate possible structural remains. 
 
Group 1i 
This group is again composed of a series of positive and magnetic anomalies at the 
edge of the terrace, next to the palaeochannel. Whilst definition of exact 
archaeological form is not possible, the magnitude, morphology and location of the 
anomalies indicate possible structural remains. 
 
Group 1j 
This is represented by a series of magnetically positive anomalies, all of straight 
linear form, trending approximately NNW to SSE and spaced at intervals of c. 10m. 
Being negative anomalies, they are liable to represent upstanding mounds such as 
cultivation ridges, possibly associated with medieval ridge and furrow cultivation. This 
interpretation is consistent with the air photographic evidence, which shows traces of 
extensive ridge and furrow running parallel with the NW-SE field boundaries that 
comprise Group 1k. It is worth noting that the magnetic signal of this group is 
substantially different to Groups2 2d and 2f, which are also thought to represent ridge 
and furrow.  Consideration is given to this variation in magnetic form in the 
discussion. 
 
Group 1k and 1l 
This is represented by a series of linear, positive anomalies of variable width that 
could be formed by cut features such as field drains or ditches. The anomalies 
extend across the terrace (and into the Lower Floodplain) and are aligned obliquely 
to the proposed Iron Age or Roman enclosure, raising the possibility of a change in 
landscape organisation. The linear features respect the alignment of the anomalies 
interpreted as vestiges of ridge and furrow cultivation, and follow the same alignment 
as the fields shown in Sanderson’s 1835 map, the Ordnance Survey first edition and 
subsequent Ordnance Survey maps, suggesting that these relate to a late field 
system. Some of the linear features, notably that indicated by polygons 43, 55, 56 
and 379, correlate with field boundaries observed on air photographs; these 
photographs also show ridge and furrow running parallel with these, boundaries, 
providing compelling evidence therefore in favour of this group representing a 
vestigial later field system. 
 
Group1m 
This is a group of discrete linear anomalies, indicating probable cut features.  The 
reasons for these anomalies are unclear, although they are on the same alignment 
as features in Groups 2d and 2f and possibly represent a trackway or field boundary. 
 
Group 1n 
A group of positive and negative anomalies possibly indicating archaeological 
structures. 
 
Group 1o 
This is represented by a single anomaly (33), which is mapped as an area of 
magnetic noise and thought to represent building debris.  The Sanderson 1835 map 
indicates a building at this location, associated with the later field system, which is 
not recorded on the First County Series map. 
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In general, Zone 1 has a high potential for multi-period Holocene archaeological 
deposits and features cut into a Devensian land surface. The terrace represents a 
dry land-surface adjacent to a palaeochannel. The zone, in addition to the anomaly 
groups described above, had multiple ambiguous positive and negative anomalies, 
specifically concentrated on the transition between the dryland terrace Zone 1 and 
the palaeochannel Zone 2. Many of these anomalies could prove to be 
archaeological features, but their character cannot be established with certainty on 
the basis of gradiometric data alone. 
 
 
Zone 2: South-East Palaeochannel 
 
Gradiometry in the Zone 2 revealed 272 definable magnetic anomalies and several 
hundred ambiguous positive and negative anomalies. The definable magnetic 
anomalies are broken down into series of anomaly groups (Table. 2). The southern 
part of this zone is magnetically quiet, with very few definable anomalies/features. 
 
Group Polygon Numbers Summary interpretation and figure 
2a 380-383, 589-594 Levee/bank/sand bar (Figures 17-25). 
2b 206-209, 211, 214, 252, 253, 

257, 272-287, 290, 299-307, 
309-311, 371-383, 410, 412, 
415, 417, 435, 437, 440, 442-
444, 578-583, 587, 588, 595-
606 

Other geomorphological features within main 
palaeochannel zone (Figures 17-25). 

2c 315-327 Group of small amorphous anomalies, possibly 
representing archaeological remains or 
features created during disturbance for road 
construction and/or service installation (Figures 
20-25). 

2d 121-125, 127,130, 132-137, 
140. 141, 143, 147, 269, 436 
 

Slightly sinuous linear feature, possibly forming 
SE side of a trackway (NW side possibly 
represented by Group 2f; Figures 20-25). 

2e 83, 167, 289 291, 292, 293, 294, 
295, 296, 297, 298, 426, 518, 
519, 523, 524 

Linear feature, trending NNW-SSE, following 
former field boundary visible in air photographs 
(Figures 20-25). 

2f 148-151, 153, 155, 160, 162, 
163, 165, 166 

Slightly sinuous linear feature, possibly forming 
NW side of a trackway (SE side possibly 
represented by Group 2d (Figures 23-25). 

2g 212, 213, 215, 267, 268, 328, 
329, 438 

Linear and amorphous features adjacent to 
linear boundaries of Groups 2d and 2f. Three 
anomalies might represent a linear boundary 
(212, 213, 215) running parallel with features 
attributed to Group 2e (Figures 23-25). 

2h 81, 573 Very large, irregularly shaped features of 
uncertain date and character,  most likely to 
represent modern building disturbance (Figures 
20-22). 

 
Table. 2: Magnetic anomaly groups for Zone 2. 

 
 
Group 2a 
The interface between Zones 1 and 2 is characterised by a series of linear negative 
magnetic responses, running parallel with the terrace edge. This group of polygons is 
interpreted as evidence of possible levee/bank or sand bar type features flanking the 
palaeochannel edge. 
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Group 2b 
Within the main palaeochannel zone there are relatively few features that can be 
interpreted as evidence of archaeological remains. There are, however, numerous 
relatively large, magnetically positive and negative features within the palaeochannel 
zone, often sinuous in form. These are interpreted as geomorphological features, 
indicating variations in sediment architectures between sediment units of sand-
dominated deposition and sediment units of finer grained clays deposited within a 
fluvial environment.  It is possible that some of these features are remains of ridge 
and furrow cultivation, but this cannot be determined at the current level of 
interpretation. 
 
Group 2c 
This comprises a group of positive and negative anomalies of apparently linear form, 
located relatively close to a modern road. These anomalies may represent 
archaeological remains but could signify only disturbance from road construction 
and/or the installation of services close to the road. 
 
Groups 2d and 2f 
Each group is represented by a slightly sinuous alignment of small, elongated 
positive anomalies presumably representing cut features. These alignments are 
widely spaced (c.30m) and follow a SW-NE course aligned approximately at right 
angles to several linear boundaries marking former field boundaries (Groups 2e and 
3b). Both linear anomalies traverse areas of deeper palaeochannel fill and continue 
into the lower floodplain (Zone 3) and are visible as faint lines on air photographs, but 
have no equivalent features on the historic maps. Possible interpretations include old 
field or trackway boundaries or service trenches, although no services are mapped in 
this area, and further investigations are recommended to establish their date and 
character.  It is possible that group 2f is related to the anomalies in Group 1n (Zone 
1) and as a consequence defines a continuation of this feature into another 
geomorphic zone. 
 
Group 2e 
This group of anomalies trends approximately NNW to SSE, and is again seemingly 
composed of a series of discrete, predominantly positive linear anomalies. The linear 
alignment of anomalies is aligned roughly at right angles to the linear features of 
Groups 2d and 2f, but the relationship between these anomaly groups remains 
uncertain. Air photographs and historic maps show the alignment to follow an old 
field boundary, on the same alignment as Group 1k, defining a vestigial later field 
system. 
 
Group 2g  
This comprises a group of linear and amorphous features between the linear features 
of Groups 2d and 2f. Three of these might form a linear boundary (212, 213, 215) 
running parallel with features attributed to Group 2e. There is, however, no air 
photographic or known cartographic evidence to suggest that these might signify a 
former field boundary, and the date and character of these and other anomalies in 
the group remain unknown   
 
Group 2h 
Two very large, irregularly shaped anomalies of uncertain date and character (81 and 
573) are recorded at the interface between the gravel terrace (Zone 1) and the SE 
Palaeochannel.  They are interpreted as most likely modern ferrous interference. 
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In general terms, Zone 2 has a lower archaeological potential than Zone 1.  However, 
substantial remnants of a former field system are clearly evident as Group 2e, which 
correlates closely with the historic mapping evidence.  The potential trackway or 
earlier field boundaries of Groups 2d and 2f have no correlating features on the 
historic maps, suggesting earlier features than the later field system.  This zone is 
composed of a large palaeochannel and a large number of anomalies were mapped 
that are considered to represent sediment variation as geomorphological features. 
 
 
Zone 3: Lower Floodplain 
 

This zone contains 176 defined magnetic anomalies, as well as several hundred 
ambiguous positive and negative magnetic anomalies. Within the zone, five main 
anomaly groups are be defined (Table. 3). 
 
Group Polygon Numbers  Summary interpretation and figure 
3a 191, 193-198, 203, , 461 Approximately NW-SE linear positive and 

negative anomalies located at NE 
extremity of development area, interpreted 
as evidence of medieval ridge and furrow 
cultivation (Figures 23-25). 

3b 173-175, 217, 218, 253-258, 
261-265, 445, 447, 448, 450 -
452, 456, 514 

Approximately NW-SE linear positive and 
negative anomalies, interpreted as 
evidence of medieval ridge and furrow 
cultivation (Figures 23-25; as Group 3a, 
but located towards western margin of 
Lower Floodplain). 

3c 177-181, 240-242, 468-469  Approximately SW-NE linear positive and 
negative anomalies, interpreted as 
evidence of medieval ridge and furrow 
cultivation (Figures 23-25). 

3d 116-120,  454, 509 NE end of a slightly sinuous linear feature, 
possibly forming the SE side of a trackway 
(compare Group 2d) (Figures 23-25). 

3e 176, 185-187, 453, 454, 455,  
509, 510 607  

 NW-SE linear alignment of anomalies, 
correlating with former field boundary 
visible on air photographs (Figures 23-25). 

3f 16-28 Cricket square, defined by metal fence 
posts (Figures 23-25). 

 
Table. 3: Magnetic anomaly groups for Zone 3. 

 
 
Group 3a 
This group of anomalies is located to the north east of this geomorphic zone and 
contains both magnetically positive and negative anomalies. The form of the 
anomalies is generally linear, with alternation between positive and negative 
anomalies, trending broadly NW - SE. The separation between anomalies is c. 5m, 
with a c. 10m separation between anomalies of the same charge. This indicates ridge 
and furrow cultivation, with the positive anomalies representing the furrows and the 
negative anomalies the ridges. 
 
Group 3b 
This represents a second potential group of ridge and furrow features, with a series 
of positive and negative magnetic anomalies trending broadly NW – SE. The 
morphology of this group is not as well defined as Group 3a, potentially suggesting 
poorer preservation. Again, separation between anomalies is broadly c. 5m. 
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Group 3c 
This is represented by a third group of linear features, this time trending SW-NE, in 
contrast to Groups 3a and 3b. Again, the polarity of the anomalies is both positive 
and negative and they are aligned in broadly the same direction. The alternation of 
positive and negative anomalies is less consistent in this group, although separation 
between adjacent features is still relatively consistent at c. 5m. It is possible, 
therefore, that this represents a further group of ridge and furrow, broadly orientated 
at 90o to Groups 3a and 3b. 
 
Group 3d 
This group is mainly composed of a series of discrete, linear positive anomalies 
continuing north-eastwards the alignment of the linear anomalies discussed above 
(Group 2d). The NE continuation of this feature is difficult to trace because of the 
high density of other anomalies in this area, but it appears to continue for at least 
40m across the Lower Floodplain. 
 
Group 3e 
This group is represented by a series of discrete, linear positive magnetic anomalies 
that form an alignment set at right angles to the Group 3d linear anomaly described 
above. This linear anomaly appears to be aligned on the most northerly anomaly of 
Group 3d, but the relationship between these linear features remains unclear. Air 
photographic evidence shows this linear arrangement of anomalies to correlate with 
the line of an old field boundary running parallel with that represented by Group 2e 
and hence to represent the remains of a later field system. 
 
Group 3f 
This is a group of iron anomalies, caused by a semi-permanent fence erected around 
the square of cricket wickets. 
 
 
Zone 5: North-west Palaeochannel  
 
This second palaeochannel zone was defined by changes in the magnetic contrast of 
the sediments and by the presence of alluvium in test pits 03 and 04. However, due 
to high ferrous concentrations around this area of the survey and the limited size of 
the survey area, the edges of this zone have yet to be determined precisely. It 
remains uncertain whether the anomalies of Groups 5c and 5d lie within this 
palaeochannel zone or relate to activity on the river terrace (Zone 1), but for the 
present they are included here due to their spatial proximity to the north-west 
palaeochannel. A total of 31 discrete magnetic anomalies were recorded, including 
some that might represent linear ditches or gullies and others that could represent 
pits or other archaeological features.  In general, however, this zone was 
magnetically quiet, and relatively few potential archaeological anomalies were 
defined. 
 
Group Polygon Numbers Summary interpretation and figure 
5a 364,365,367 Possible archaeological remains (Figures 25-

27). 
5b 354, 355 Possible archaeological remains (Figures 25-

27). 
5c 330-335  Possible archaeological remains (Figures 25-

27). 
5d 342-361, 525  Possible archaeological remains (Figures 25-

27). 
Table. 4: Magnetic anomaly groups for Zone 5. 
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Group 5a 
This is a group of two positive and two negative alternating anomalies, and possibly 
represents archaeological remains of unknown origin. 
 
Group 5b 
This group consists of one positive and one negative anomaly and possible 
represents archaeological remains of unknown origin. 
 
Group 5c 
This is a group of predominately positive anomalies. Although the anomalies do not 
produce a definable structure, it is possible that they represent archaeological 
remains of unknown origin. 
 
Group 5d 
This group of predominately positive anomalies, potentially representing 
archaeological remains of unknown date. 
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6 Discussion 
 
The gradiometer survey has produced a high quality data set that has permitted 
significant refinement of the deposit model developed during earlier ground 
investigations. Most significantly, the clarity of the magnetic data has defined 
numerous anomalies of anthropogenic and geomorphological origin.  
  
Holme Pierrepont Terrace (Zone 1). Cropmark and gradiometer data indicate a 
high density of archaeological remains across this late Pleistocene land surface, and 
hence a high archaeological potential. Some anomalies, such as those associated 
with the enclosure complex that survives on the most elevated part of the terrace, 
imply extensive settlement and farming activity during the late prehistoric and/or 
Romano-British periods (Group 1a). In addition, surface scatters of later prehistoric 
flint artefacts observed in the vicinity of the enclosure during survey attest to the 
exploitation of this land-surface over a long time period.  
 
A series of NW-SE linear anomalies across the terrace are interpreted as evidence of 
a later rectilinear field system, several components of which may be shown to 
correspond with former field boundaries visible on aerial photographs (Groups 1k and 
1). These boundaries respect the orientation of medieval ridge and furrow cultivation 
(Group 1j) and may be assumed to relate to Enclosure of the open fields. The NW-
SE orientation contrasts starkly with the orientation of the ditches defining the 
postulated Iron Age/Roman enclosure, which is bounded by ditches aligned on north-
south and west-east alignments. 
 
Interestingly, the orientation of the later field system is on the same alignment as a 
NW-SE palaeochannel that traverses the western part of Zone 2 (Figures 14-16). 
This channel  is flanked on its NE side by a linear feature indicated by gradiometer 
anomalies 88-92 and may have been respected by a field bank represented by a 
broadly WSW-ENE linear anomaly (polygon 77) that terminates at the SW edge of 
the channel. There are strong indications, therefore, that this channel may have 
survived as a water-filled or marshy depression at the time of construction of the field 
system represented by these linear anomalies. 
  
In addition to features associated with the late prehistoric/Roman enclosure complex 
and other anomalies that may be attributed with reasonable certainty to human 
activity (Groups 1b, 1c, 1d, 13, 1f, 1g, 1h, 1i, 1m, 1n and 1o), multiple ambiguous 
positive and negative magnetic anomalies were visible - especially close to the 
interface with the south–east palaeochannel (Zone 2). It proved extremely difficult to 
define archaeological structures within this interface zone due to the sheer mass of 
anomalies, but further ground investigations might show many of the ambiguous 
anomalies recorded in this area to be archaeological features. This terrace-edge 
zone should be treated, therefore, as an area of high archaeological potential.   
 
South-East Palaeochannel and Lower Floodplain.  Extensive geomorphological 
anomalies may be observed in these low-lying zones, including possible levee/bank 
or sand bar type features flanking the palaeochannel edge (Group 2a) and, within the 
palaeochannel zone, numerous large and commonly sinuous anomalies interpreted 
as evidence of variations in sediment architectures between sediment units of sand-
dominated deposition and finer grained clays deposited within a fluvial environment 
(Group 2b). In archaeological terms, traces were identified in both areas of linear 
anomalies that have been interpreted as traces of a rectilinear pattern of field 
boundaries established during Enclosure of the valley floor (Groups 2e and 3e ) and 
vestiges of medieval ridge and furrow cultivation (Groups 3a, 3b and 3c).  
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In addition, Groups 2d, 2f and 3d represent a pair of widely spaced, sinuous linear 
features, which cannot be correlated with features discernible on the historic maps 
but are visible on air photographs.  These linear features seemingly traverse three 
different geomorphic zones, although they are most apparent in Zones 2 and 3.  The 
origins of these linear anomalies are unclear, but unmapped services, boundaries 
associated with early historic or prehistoric field systems, trackways across the 
wetlands and possibly even early prehistoric ritual structures all need to be 
considered as viable explanations.  Only excavation may elucidate the origin of this 
extensive anomaly group and their relationship with field system shown on the 
historic maps. 
 
North-West Palaeochannel. The southern edge of this channel has proved difficult 
to define as it lies outside of the survey area. As a result, two groups of possible 
archaeological anomalies attributed to this zone might in fact relate to features 
surviving on the adjacent terrace. This zone is magnetically quiet, as would be 
expected from the substantial depths of alluvium in this channel zone, and the 
character of the few groups of anomalies that have been identified remains unknown. 
 
A further interesting aspect of the data is the difference in magnetic response of the 
ridge and furrow formations between Zone 1 and the other zones.  The reasons for 
this difference lie in factors of sediment composition and landscape taphonomy.  The 
terrace Zone 1 has a different sediment composition to Zones 2 and 3, with a lower 
clay, higher silt and sand component, and a generally lower level of above-gravel 
alluvium. This has resulted in more freely draining, thinner soils, which have received 
extensive ploughing, thus truncating sub-ploughsoil features.  In comparison, Zones 
2 and 3 have wetter soils and a higher clay content, providing sediments that might 
be expected to be more resistant to the erosive effects of ploughing 
 
The presence of the late prehistoric or Romano-British enclosure (Group 1a) and the 
extensive remnants of ridge and furrow in Zones 1, 2 and 3 provide usable data 
within the chronostratigraphic framework for the evolution of the development area.  
Primarily, the reworked clayey sand and gravel at the top of the River Terrace Sands 
and Gravels in Zones 1, 2 and 3 appears to predate the IA/RB enclosure, indicating 
that this is indeed an earlier prehistoric or more likely Late Pleistocene deposit.  
Secondly, the presence of ridge and furrow in Zones 2 and 3 demonstrates that this 
Holocene accumulation of sand and gravel (referred to by some as the Hemington 
Formation or Terrace) is pre-medieval in deposition.  
 
In summary, interpretations of each major anomaly grouping are presented in tabular 
form below. 
 

Group Summary interpretation 
1a Late prehistoric/RB enclosure group 
1b Possible ring ditch or roundhouse 
1c Possible archaeology at terrace/palaeochannel interface 
1d Possible archaeology on the terrace 
1e Possible archaeology at terrace/palaeochannel interface 
1f Possible archaeology at terrace/palaeochannel interface 
1g Bank – probable later field system 
1h Possible archaeology at terrace/palaeochannel interface 
1i Possible archaeology at terrace/palaeochannel interface 
1j Zone 1 ridge and furrow 
1k Later field system 
1m Possible trackway or early historic/prehistoric field division 
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1n Possible archaeology on the terrace 
1o Building debris associated with the later field system 
  
2a Levee/bank/sand bar 
2b Main palaeochannel geomorphological feature 
2c Possible disturbance next to road 
2d Possible trackway or early historic/prehistoric field division 
2e Later field system 
2f Possible trackway or early historic/prehistoric field division 
2g Undefined archaeological structure, possibly related to later field 

system 
2h Probable recent building debris 
  
3a Ridge and furrow 
3b Ridge and furrow 
3c Ridge and furrow, c. 90O to groups 3a and 3b 
3d Possible trackway or early historic/prehistoric field division 
3e Later field system 
3f Cricket square 
  
5a Possible archaeology 
5b Possible archaeology 
5c Possible archaeology 
5d Possible archaeology 
 

Table 5:  Group number and summary interpretation. 
 

 

 

 

7 Conclusions and recommendations 
 
The gradiometer survey has refined significantly the spatial definition of the 
geomorphic zones within the proposed development area and from the 
geomorphological perspective has identified a number of important features that 
enhance our understanding of the developing landscape (e.g. the sand-bar/levee 
flanking the north-west edge of the southern palaeochannel). From the cultural 
perspective, gradiometry has successfully identified a wide variety of archaeological 
remains, most notably in the vicinity of the enclosure complex that survives on the 
most elevated part of the Holme Pierrepont Terrace, and many more archaeological 
features might be represented by positive and negative anomalies that on present 
evidence defy categorisation. The distribution of magnetic anomalies correlates well 
with the geomorphic zonation of the site and indicates a mosaic environment that has 
been heavily exploited by human communities over time. The gradiometer results 
presented in this document, combined with the geomorphic zonation, provide a 
robust model for understanding the distribution and nature of the historic environment 
record within the development area. Future evaluation and mitigation strategies, 
particularly evaluation trenching, should be largely based around investigating the 
magnetic anomalies defined in this survey. 
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10 Gradiometer processing log 
 
Stats (raw data): 
Mean 0.02 
Median -0.02 
Std Dev: 3.302733 
Min: -89.7 
Max: 1797.8 
Dummy value: 2047.5nT  
 
Clip -8 – +8 D 
De-stagger (traverse shift dual sensor 3) 
Zero mean traverse, least mean fit on 
Despike X radius 1, Y radius 1, Threshold 3, spike replacement 
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Figure 1:  The location of the development area (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 2: Previous geomorphic zonation of the development area, with the gradiometer survey area shown (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 3:  The gradiometer survey area relative to the development boundary, general design plan and turbine locations (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 4:  The processed gradiometer survey data (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 5:  The gradiometer survey area relative to the development boundary, general design plan and turbine locations (HMSO Crown Copyright, OS licence number 100019139 
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Figure 6:  Revision of the geomorphic zones, utilising the gradiometer data (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 7:  The second level of geomorphological interpretation, highlighting the ‘interface’ zone, between the terrace and the palaeochannel (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 8:  Level 1 gradiometer interpretation with gradiometer data (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 9:  Level 2 gradiometer interpretation with gradiometer data (HMSO Crown Copyright, OS licence number 100019139). 
 
 



        

 
C.\data\Grove Farm Windfarm\gradiometry\finalreport_30-11-11 

31 

 
Figure 10:  Level 3 gradiometer interpretation with gradiometer data (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 11:  Level 1 gradiometer interpretation without gradiometer data (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 12:  Level 2 gradiometer interpretation without gradiometer data (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 13:  Level 3 gradiometer interpretation without gradiometer data (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 14:  Zoom level 1 interpretation, western area of site (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 15:  Zoom level 2 interpretation, western area of site (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 16:  Zoom level 3 interpretation, western area of site (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 17:  Zoom level 1 interpretation, western centre area of site (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 18:  Zoom level 2 interpretation, western centre area of site (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 19:  Zoom level 3 interpretation, western centre area of site (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 20:  Zoom level 1 interpretation, eastern centre area of site (HMSO Crown Copyright, OS licence number 100019139). 
 
 



        

 
C.\data\Grove Farm Windfarm\gradiometry\finalreport_30-11-11 

42 

 
 
Figure 21:  Zoom level 2 interpretation, eastern centre area of site (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 22:  Zoom level 3 interpretation, eastern centre area of site (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 23:  Zoom level 1 interpretation, eastern area of site (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 24:  Zoom level 2 interpretation, eastern area of site (HMSO Crown Copyright, OS licence number 100019139). 
 
 



        

 
C.\data\Grove Farm Windfarm\gradiometry\finalreport_30-11-11 

46 

 
 
Figure 25:  Zoom level 3 interpretation, eastern area of site (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 26:  Zoom level 1 interpretation, access road area of site (HMSO Crown Copyright, OS licence number 100019139). 
 
 



        

 
C.\data\Grove Farm Windfarm\gradiometry\finalreport_30-11-11 

48 

 
 
Figure 27:  Zoom level 2 interpretation, access road area of site (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 28:  Zoom level 3 interpretation, access road area of site (HMSO Crown Copyright, OS licence number 100019139). 
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Figure 29:  First edition County Series map with gradiometer data. 
 
 



        

 
C.\data\Grove Farm Windfarm\gradiometry\finalreport_30-11-11 

51 

 
 
Figure 30: First edition County Series map with level 1 interpretation. 
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Figure 31: First edition County Series map with level 2 interpretation. 
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Figure 32: First edition County Series map with level 3 interpretation. 
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Figure 33:  Sanderson 1835 map with gradiometer data (Sanderson 1835 map Copyright NCC). 
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Figure 34: Sanderson 1835 map with level 1 interpretation (Sanderson 1835 map Copyright NCC). 
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Figure 35: Sanderson 1835 map with level 2 interpretation (Sanderson 1835 map Copyright NCC). 
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Figure 36: Sanderson 1835 map with level 3 interpretation (Sanderson 1835 map Copyright NCC). 
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Appendix 9.5 Photographic Plates 

 

 

Plate 1 Looking south-west across site to the proposed location for Turbine 3. 

 

 

Plate 2 Looking west towards the proposed location of Turbine 2.  
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Plate 3 Looking west towards a brick and concrete structure to south of proposed 

location of Turbine 2 

 

 

Plate 4 Looking south, south-west across River Trent towards Clifton Grove 



 

 

Plate 5 Looking east near location of Turbine 2 towards Wilford 

 

 

Plate 6 Looking south towards River Trent and Clifton Grove 

 



 

Plate 7 Looking south-west towards location of Turbine 1 

 

 

Plate 8 Looking east to the right of location of Turbine 2 
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1.1 Introduction 

This document is an Accessibility study for a proposed wind farm located on open flood plain adjacent to Thane Road 

and the River Trent, in South West Nottingham, Nottinghamshire. This report has been produced to evaluate the 

requirements for transporting the turbine components from the strategic road network (M1), across the local road 

network, into the proposed development site. This document assesses these requirements against the existing highway 

network and it will document what mitigation measures will be required in order to allow the movement of these 

components.  

1.2 Proposed Development 

The proposed development intends to locate three 125m tall wind turbines on open playing fields on flood plain land 

adjacent to the River Trent. The aim of the development is to supply the University of Nottingham campus with a private 

source of renewable electricity on days when the weather conditions are suitable. The site is well serviced with access to 

the strategic road network via the A52 and the A453.  

The University of Nottingham’s Grove Farm site lies to the south of the city of Nottingham, between Beeston and West 

Brigford at British National Grid Reference 455130, 336280 (SK551362).  

For the purpose of the technical consultations a turbine with a maximum height to blade tip of 125m (80m hub height, 

90m rotor diameter) has been used within this document. 

1.3 Proposed and Preferred Vehicle Routing 

Two potential routes have been identified to carry the turbine components from the strategic road network (SRN) to the 

site entrance. These routes are as follows: 

1.3.1 Route 1 – Southern Route 

The loads will exit the M1 southbound, from an east coast harbour at Junction 24. The loads will use the A453 exit of the 

roundabout and head north east towards Nottingham passing through the suburban town of Clifton. The loads will then 

head towards Nottingham via the A52 in a northerly direction over the A52 Trent Bridge and take the first exit towards 

the Lenton Lane Industrial Estate onto a roundabout. The loads will take the first exit onto Lenton Road and then a left 

onto Thane Road and continue towards the site access.  

1.3.2 Route 2 – Northern Route 

The loads will exit the M1 southbound, from an east coast harbour at junction 25. The loads will use the A52 exit of the 

roundabout and head east towards Nottingham. The loads will use a dual carriageway/wide single carriageway major 

road which passes through built up areas and several large roundabout junctions. The loads will remain on the A52 

along the Nottingham Ring Road up to the A452 interchange at Queens Drive. The loads will exit the A52 at this 

interchange and will take the third exit onto Lenton Road and then a left onto Thane Road and continue towards the site 

access.  

1.3.3 Route Preference 

A preliminary visual route assessment has been undertaken prior to this document which has indicated that the preferred 

route for detailed assessment is Route 1 due to the number of structures en-route and the use of a built up area to 

transport abnormal loads. Therefore, this document does not further mention or detail the aforementioned Route 2 at any 

further point in this document. 
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1.4 Document Structure 

The document is structured in the following manner: 

• Section 2 assesses the turbine component dimensions and the oversized and abnormal loads which will be required 

to transport the turbine components from the harbour to the development site.  

 

• Section 3 assesses the following two different scenarios: 
 

Assessment Scenario 1 

 

The route against the oversized vehicle and turbine component requirements, detailing any impacts to street furniture and 

the highway network, and identifying all obstacles to the movement. Refer to Section 3.4. 

 
Assessment Scenario 2 

 

The route against the refined vehicle and turbine component requirements, detailing any impacts to street furniture and 

the highway network, and identifying all obstacles to the movement. Refer to Section 3.5. 

 

• Section 4 summates the document and highlights any future work required to improve the accuracy and the 

certainty of the access information.   

 

 



 

2 Abnormal Load Assessment 
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2.1 Introduction 

This section presents the information from turbine manufacturers regarding the component and transportation 

requirements for each turbine. This information below has been used to produce a vehicle which encompasses the 

maximum possible dimensions of the possible turbines and different manufacturers. The vehicle produced from these 

dimensions is regarded as being “worst case”. This worst case scenario vehicle is therefore a useful tool for initially 

identifying areas where the highway network will possibly impact the movement of the turbine component delivery 

vehicles. These areas can then be further assessed using turbine specific delivery vehicles which are more 

representative of the kinds of vehicles likely to be used for delivery purposes.  

2.2 Turbine Selection and Description 

The scheme is being assessed using turbines that are capable of generating in excess of 2 megawatts (MW) of 

electricity during normal operation. These turbines are described below: 

• Nordex N90, 2.5MW Capacity, 80m hub height, 90m rotor diameter and a tip height of 125m.  

• REPower MM92, 2.05MW Capacity, 78.5m hub height, 92m rotor diameter and a tip height of 125m.  

• REPower 3.XM, 3.4Mw Capacity, 78.5m hub height, 104m rotor diameter and a tip height of 130m.  

• Siemens 2.3 93, 2.3MW Capacity, 78m hub height, 90m rotor diameter and a tip height of 125m. 

• Vestas V90, 2.0MW Capacity, 80m hub height, 90m rotor diameter and a tip height of 125m. 

 

2.3 Manufacturer's Minimum Recommended Dimensions 

This information has been extracted from the transportation guidance documents received from: 

• Nordex 

• REPower 

• Siemens 

• Vestas 

From these documents the minimum clearances for the public highway are as follows: 

Table 1 - Manufacturer's Recommended Public Highway Clearances 
Company Horizontal 

Clearance 
Vertical 
Clearance 

Nordex 5.0m 5.5m 
Repower 6.0m 5.0m 
Siemens 5.0m 5.7m 
Vestas 5.0m  5.0m 

 

2.4 Transportation of Turbine Components 

For each of the turbines, a request for information in regards to the size of the turbine components and the vehicles use 

to transport them was sent. The sizes and numbers of turbine components for each turbine type is detailed in the 

sections below with the worst case scenarios highlighted for each one and overall.  

2.4.1 Nordex N90 

This turbine consists of 4 No tower sections, the longest being 21.66 metres in length at 4.03m in diameter. The tower 

base is 16.51m in length with a diameter of 4.3m. 

The blades are 44m in length with a height of 2.9 to 3.2m.  

The nacelle is 3.69m in height, 9.47m in length and 3.4m wide.  

2.4.2 REPower MM92 and 3.XM 

This turbine consists of 4 No tower sections. The blades vary from 45.2m for the MM92 to 51m for the 3.XM.  

2 Abnormal Load Assessment 



AECOM Grove Farm Wind Energy Project - Accessibility Study 6 

 

Capabilities on project: 

Transportation 

 

The documentation included with this turbine information states that the clearance profiles for the vehicles are: maximum 

length - 60m (blade vehicle only); minimum height – 5.0m and maximum width – 6.0m (tower base or nacelle).  

2.4.3 Siemens 2.3 93 

This turbine consists of 3 No tower sections. Siemens have provided the following typical vehicle dimensions for the 

transportation of this turbine.  

 

• Tower base vehicle, maximum width - 4.82m, maximum height – 5m, maximum length 38.45m 

 

• Tower top vehicle, maximum length 39.3m. 

 

• Single blade transport vehicle – Maximum length = 43.2m.  

 

2.4.4 Vestas V90 

The Vestas V90 consists of 3 No tower sections. The base diameter is 3.98m and the top diameter is 2.3m.  

The blades are 44m in length with a maximum width of 3.5m.  

The nacelle is 4 metres in height with a width of 3.4m and the hub is 3.3m in diameter and 4.0m in width.  

The nacelle is 4 metres in height with a width of 3.4m and the hub is 3.3m in diameter and 4.0m in width.  

 

2.4.5 Maximum load dimensions 

• Nordex N90 – 44m blade length, Tower dimensions:4.3m wide, 4.3m tall.  

• REPower MM92 – 45.2m blade length,  

• REPower 3.XM - 51m blade length,  

• Siemens 2.3 93 – 51m blade length, Tower dimensions: 4.82m wide, 5.0m tall.  

• Vestas V90 – 44m blade length, Tower dimensions: 4.0m wide, 3.98m tall.  

The horizontal clearance required for the vehicles will be assed using a swept path analysis using the AutoTrack 

program created by Savoy. 
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2.5 Swept Path Analysis 

The route has been assessed using swept path analysis. The vehicle used for this initial analysis will be based on a 

vehicle which has the maximum dimensions of all of the components above. This produces a conservative, worst case 

scenario vehicle (Section 2.6) which will show the maximum extents of all of the different transportation vehicles used. 

Further vehicles specific to the size of turbine selected (Section 2.7), has also been assessed, to design and assess 

further and give an increased robustness of the assessment and verify the level of temporary works required.   

2.6 Worst Case Scenario Vehicle 

Based on the turbine component information above the vehicle modelled will have the following maximum dimensions: 

• Overall Length:   56.1m 

• Wheelbase width:   2.52m 

• Length of load:    51m    

• Width of load:   4.9m   

• Height of load:   4.9m   

The vehicle configuration for the swept path analyses is shown below and on drawing 60149761-P-101 in Appendix 1.  

The swept path analyses utilising this worst case scenario vehicle are detailed on drawings 60149761-P-101 to 111 in 

Appendix 1. 

 

Figure 1 - Worst Case Scenario Vehicle 
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2.7 Turbine Specific Vehicles for Further Swept Path Assessment 

For the areas identified as being impacted by load swept area and the vehicle track over-run of the worst case scenario 

vehicle, further swept path analyses will be undertaken using a vehicle which matches the preferred turbine 

characteristics for the wind farm scheme.  

The AECOM document, Grove Farm Wind Energy Project – EIA Scoping Report, details that the candidate turbine for 

the site will consist of a 2.3MW device, with a Tip height of 125m (Hub height of 80m, rotor diameter 90m).  

Based on this candidate turbine dimension, two vehicles will be used to further assess the impacts of the abnormal load 

deliveries. These two vehicles will be based on the transporter for a 45.2m length turbine blade and a standard tower 

section for the Repower turbine, MM92, which is of a scale and type which is likely to be used on this scheme.  

The characteristics of these turbine specific transport vehicles are detailed below. Details of these vehicles are shown on 

drawing 60149761-P-112 in Appendix 1. Swept Path assessments of the Impacted Areas shown in drawings 60149761-

P-101 to 111 using these vehicles are detailed in drawings 60149761-P-113 to 118 in Appendix 1.  

 

2.7.1 MM92 Blade Transporter 

 

• Overall Length:   48.8m 

• Wheelbase width:   2.55m 

• Length of load:    45.2m   

• Width of load:   2.6m  

• Height of load:   4.7m  

 

2.7.2 MM92 Top Tower Transporter  

 

• Overall Length:   48.4m 

• Wheelbase width:   2.55m 

• Length of load:    29.9m   

• Width of load:   3.45m  

• Total height :  4.9m  

 

 



 

3 Route Assessment 
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3.1 Introduction 

This section evaluates the entire length of the route where the abnormal loads will impact the strategic road network and 

the local highway network.  

The information for this route assessment was produced using the following data sources: 

• Vector Based Mapping information sourced from the Ordinance Survey (O/S Mastermap), 

• Topographical information sourced from the surveys undertaken for the Access Junction works, 

• Site visit by AECOM on 30
th
 March 2010, 

• Measurements and Photographs taken by AECOM during the site visit of 30
th
 March 2010, 

• Interactive photographic information, used for reference only, from Google Streetview™, 

• Drive Through video of the entire route produced by AECOM during the site visit of 30
th

 March 2010, and 

• Swept Path Assessments undertaken by AECOM based on the Ordinance Survey mapping information. 

3.2 Route Summary 

The preferred route is detailed on drawing 60149761-P-101 in Appendix 1 and summated below: 

1. The abnormal load delivery vehicles will be escorted by the Highways Agency and the Police from the M1 Junction 

24 onto the A453 eastbound after turning left onto the first exit of the M1 Junction 24 roundabout. 

2. The delivery vehicles will head north east along the A453 past Ratcliffe into Clifton. This section of the route passes 

the Ratcliffe coal power station.  

3. Upon entry into Clifton, the delivery vehicles will traverse across the four arm, Clifton Lane / Barton Lane 

roundabout, continuing on the A453 in a north westerly direction.  

4. 350m north east of the roundabout, the delivery vehicles will need to traverse across a tight bend which serves as 

the access junction into Village Road.  

5. After this junction, the delivery vehicles will continue to travel north east, past the campus of Nottingham Trent 

University and onto the dual carriageway section of the A453.  

6. The delivery vehicles will move into the right hand lane as they position themselves to turn in a north westerly 

direction in order to traverse the A453/A52 Trent crossing.  

7. As the delivery vehicles cross the bridge, they will position themselves in the right hand lane on the southern bridge 

onto the A453 off-slip onto the Queen Drive roundabout.  

8. The delivery vehicles will turn left onto the roundabout, avoiding the columns of the A453 over-pass and will turn left 

off the roundabout onto the first exit, Lenton Lane.  

9. The delivery vehicles will pass through a narrow section of carriageway before turning left on the Thane Road / 

Lenton Lane mini-roundabout.  

10. The delivery vehicles will then proceed 800m south west along Thane Road to the site access.  

3.3 Height and Width Restrictions and Consultee Responses 

3.3.1 Consultation and Weight Restrictions on A453 

AECOM consulted the Abnormal Load service at Nottingham City Council and were informed that the entirety of the 

route, except for Lenton Lane/Thane Road, is the responsibility of the Highways Agency and their management 

company, AONE. 

3 Route Assessment 
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AECOM consulted AONE following this response from Nottingham City Council requesting confirmation of whether the 

route as suitable in their opinion for the transit of the abnormal loads delivery vehicles. The officer in charge, Neil 

Gardiner (neil.gardiner@aone.uk.com) responded as follows.  

“With regards to both routes, I will not make an assessment without the number of axles as each structure is assessed 

against the vehicle configuration. This is due to the span of each structure. 

As a generalisation I would not anticipate your route 1 being a problem though it may have to straddle lanes on certain 

structures. This route however is likely to be widened in 2010/2011 and the works would almost certainly impact on the 

movement. 

I would also like to point out that the M1 is our responsibility so I would need to check your vehicles against these 

structures as well, whether coming from the north or south.” 

Neil confirmed by email that the transports will need to utilise the middle lane of the bridge in order to utilise the crossing 

as the bridge has a weight limit in the middle lane of 160 tons. This was confirmed on the 11
th
 March 2011.  

3.3.2 A453 Height Restriction 

From the site visit and the drive through video, a 4.8m height limit was observed on the A453 towards Nottingham. This 

height restriction is detailed at being 1 mile from the M1 Junction 24, at the Long Lane over bridge. This restriction is 

shown below: 

 

Photograph 1 - 4.8m Height Restriction on A453, Low Lane Over Bridge 
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Photograph 2 - Low Lane Bridge 

Based on the vertical characteristics of the worst case scenario vehicle and the actual dimensions of the turbine 

components and their transports, this height restriction, as detailed on the signage will impact the maximum height 

available for the transportation of the turbine components.  

Telephone and e-mail correspondence with Neil Gardiner of AONE (contact details on Page 11) on the 11
th

 March 2011 

confirmed that access through this restriction is possible and that the signage has since been updated since the original 

site visit and video recording in 2010. This correspondence is included below to confirm these statements: 

“I have spoken with our (AONE) structures engineer and have been assured that the sign now says 16 feet and 4 .8 

metres. 

The actual clearance available in the centre is 5.1 metres rising to 5.24 on the southbound carriageway. The northbound 

carriageway is 4.8 at the verge.  

He believes and advises that running at a maximum of 4.95 and straddling the centreline or even running on the wrong 

carriageway will allow access.” 

Based on this correspondence, we have concluded that access through this height restriction is possible, but will require 

additional traffic management on the affected section due to the delivery vehicles utilising the opposing carriageway. 

3.3.3 ESDAL and Future Approval Processes 

These responses confirms that at this stage of the planning of the route, there are no foreseeable issues with regard to 

gaining approval from the abnormal load teams for these movements. If planning is approved, the contractor will need to 

separately obtain approval for the delivery vehicles based on the known programme of works, the exact details of the 

transport vehicles in accordance with the procedures detailed on the Electronic Service Delivery for Abnormal Loads 

(ESDAL) website (www.esdal.com).  
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3.4 Identified Impacts En Route – Worst Case Scenario 

Through the use of swept path analysis, the route has been initially assessed using the worst case scenario vehicle to 

identify those areas of the strategic and local highway network that would be a risk to the transportation of the turbine 

components. These areas which have been highlighted as being a potential risk are detailed in Table 2 below.  

Table 2 - Identified Areas of Risk - Utilising Worst Case Scenario (WCS) Vehicle Swept Path Analysis 

Key Issue / Risk Area Detail of Identified Impact based on WCS Swept Path 

M1 Junction 24 Offslip onto A453 Eastbound – 
Detail A, 60149761-P-102 

The swept path of the WCS vehicle details that the load will 
overhang the splitter island/verge on the nearside of the 
vehicle as it turns left onto the A453. 

Clifton Roundabout (Clifton Lane / Barton Lane) 
– Detail B, 60149761-P-108 

Based on the swept path of the WCS vehicle it is likely that 
the load will overhang the nearside verge as the vehicle 
enters the roundabout. The wheels will track onto the 
centre island as the vehicle manoeuvres around the 
roundabout and the load will over hang the outer verges 
along the circulatory. On exit the load will over hang the 
nearside verge as the vehicle straightens up on the A453. 

Clifton Village Junction (A453 / Village Road) – 
Detail C, 60149761-P-108 

The swept path of the WCS vehicle indicates that the 
verges of this junction will be over-hung by the load.  

A453 Left Turn Slip onto A52 Trent Crossing – 
Detail D, 60149761-P-110 

The swept path of the WCS vehicle indicates that the load 
will over sweep the hatched areas of the carriageway.  

A453 Queen Drive Roundabout & Lenton 
Lane/Thane Road Mini-Roundabout – Detail E, 
60149761-P-110 

The swept path of the WCS vehicle has highlighted the 
potential for several separate areas of vehicular impact on 
the verges, footways and traffic islands.  

On entry into the Queen Drive Roundabout, the vehicle will 
need to track onto the nearside verge to align itself to avoid 
two reinforced concrete columns supporting the A453 over 
bridge.  

The vehicle will track over a section of the central island 
and the splitter island of the Lenton Lane arm of the 
roundabout as it leaves the Queen Drive roundabout, onto 
Lenton Lane.  

The rear end of the vehicle and the load will track over the 
nearside verge as the vehicle turns left onto Thane Road.  

Access Junction into Development Site, Thane 
Road – 60149761-P-201 

The access junction will impact an existing shared use 
footway/cycleway on the southern side of Thane Road.  

These 6 areas are described in more detail below. 

3.4.1 M1 Junction 24 Offslip onto A453 Eastbound – Detail A, 60149761-P-102 

The exit from the Junction 24 roundabout onto the A453 is two lanes wide and has a centre island/reservation populated 

with illuminated columns, bollards and signs.  
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Photograph 3 - Detail A - Left turn onto A453 Eastbound from M1 J24 Southbound Off-slip – 1 

 

Photograph 4 - Detail A - Left turn onto A453 Eastbound from M1 J24 Southbound Off-slip – 2 

3.4.2 Clifton Roundabout (Clifton Lane / Barton Lane) – Detail B, 60149761-P-108 

The swept path assessment using the worst case scenario vehicle indicates that the signalised crossing prior to the 

roundabout will be impacted by overhang of the loads. Where the wheel tracks utilise space outside of the carriageway 

for the manoeuvres, there are impacted street lighting columns and illuminated signs which will need to be temporarily 

removed or relocated. On the areas impacted by the component swept areas, there will also be street lighting columns 
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which will need to be temporarily removed or relocated. These impacts will be confirmed through the use of more 

detailed swept path assessment. 

 

Photograph 5 - Detail B - A453 entry arm with signalised crossing 

 

Photograph 6 - Detail B - Roundabout Circulatory Carriageway and A453 Exit 
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Photograph 7 – Detail B - Impacted signalised crossing on A453 eastbound entry arm. 

3.4.3 Clifton Village Junction (A453 / Village Road) – Detail C, 60149761-P-108 

Based on the swept path assessment using the worst case scenario vehicle, the central island and the outer verge within 

this junction are shown as being impacted by the overhang of the components during the deliveries. Street lighting 

columns, pedestrian guardrail, non-illuminated signage and an illuminated bollard will be impacted by the overhang and 

will need to be temporarily removed before the delivery can pass through the area. These impacts will be confirmed 

through the use of more detailed swept path assessment. 

 

Photograph 8 – Detail C - Carriageway and Central Island at the Clifton Village Junction 



AECOM Grove Farm Wind Energy Project - Accessibility Study 17 

 

Capabilities on project: 

Transportation 

 

3.4.4 A453 Left Turn Slip onto A52 Trent Crossing – Detail D, 60149761-P-110 

The swept path assessment for this section has detailed that the rear of the loads will over-hang the verge, which could 

potentially impact signage located along the bridge parapet.  

 

Photograph 9 – Detail D - A453 Left Turn onto A52 at area of forecast load overhang 

3.4.5 A453 Queen Drive Roundabout & Lenton Lane/Thane Road Mini-Roundabout – Detail E, 60149761-P-110 

This section consists of two individual roundabouts, Queen’s Drive Roundabout and the Lenton Lane / Thane Road 

Roundabout. 

The first, Queen’s Drive Roundabout will require the loads to turn left, avoiding the existing overpass columns into 

Lenton Lane. To do this, the vehicles will need to use the nearside verge and the centre island for over-run to swing into 

Lenton Lane.  
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Photograph 10 – Detail E - Approach to the Queen's Drive Roundabout on A453 

 

 

Photograph 11 – Detail E - Looking East from Lenton Lane at Queen's Drive Roundabout at A453 northbound exit 
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Photograph 12 – Detail E - Lenton Lane, towards the Queen's Drive Roundabout and the Lenton Lane splitter island. 

 

Photograph 13 – Detail E - Into Lenton Lane from the Lenton Lane Exit on the Queen's Drive Roundabout 

The swept path analysis for the worst case scenario vehicle indicates that the splitter island will need to be over-run by 

the tracks of the delivery vehicles as they align themselves for the sharp left turn onto Thane Road at the mini-

roundabout. Further over-run is likely to occur on the verges on either side of the Lenton Lane entry into the mini-

roundabout.  
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Photograph 14 – Detail E - Lenton Lane Approach to Lenton Lane / Thane Road roundabout 

 

 

Photograph 15 – Detail E - Lenton Lane arm of Thane Road Junction 
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3.4.6 Thane Road Site Access 

The site access will be located at the end of Thane Road, before it turns north into the Boots development and will run 

adjacent to the existing footpath down to the canal.  

 

Photograph 16 - Site Access Location on Thane Road 

3.4.7 Summary of Impacts Highlighted by Worst Case Scenario Vehicle Swept Path Analysis 

The impacts have been assessed based on the locations shown in Details A – E on drawings 60149761-P-102, 108 & 

110 in Appendix 1. On these Details, street furniture has been located based on site visit information (Photographs, 

videos and Google Streetview™. This information is not based on direct dimensional assessment and requires further 

verification through the use of topographical surveying at a later stage. 

Table 3 - Summary of Impacts based on the Worst Case Scenario Vehicle Swept Path Analysis 

Key Issue / Risk Area Detail of Identified Impact based on WCS Swept Path 

M1 Junction 24 Offslip onto A453 Eastbound – 
Detail A, 60149761-P-102 

• 2 No bollards, 

• 1 No Street Lighting Column 

• 2 No Sign Posts (1 double post, 1 single) 

• Over-hang of load onto nearside island. 

Clifton Roundabout (Clifton Lane / Barton Lane) 
– Detail B, 60149761-P-108 

• 1 No bollards, 

• 4 No Street Lighting Column 

• 4 No Sign Posts (2 double post, 2 single) 

• 2 No Traffic Signal Posts/Heads 

• 1 No Bus Stop post 
• 1 No Bin 

• 47m Pedestrian Guardrail 
• Over-hang of load onto verge and islands. 

• Over-run of vehicle track on splitter Island, central 
reservation. 

Clifton Village Junction (A453 / Village Road) – 
Detail C, 60149761-P-108 

• 2 No Sign Posts (1 double post, 1 single) 

• 25m Pedestrian Guardrail 
• Over-hang of load onto verge and islands. 
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Key Issue / Risk Area Detail of Identified Impact based on WCS Swept Path 

A453 Left Turn Slip onto A52 Trent Crossing – 
Detail D, 60149761-P-110 

• Potential sign face/post impacts. 

• Potential bridge parapet impacts 

• Over-hang of load onto verge and islands. 

A453 Queen Drive Roundabout & Lenton 
Lane/Thane Road Mini-Roundabout – Detail E, 
60149761-P-110 

• 2 No bollards, 
• 1 No Street Lighting Column 

• 6 No Sign Posts (1 triple post, 2 double post, 3 
single) 

• 2 No Traffic Signal Posts/Heads 

• 15m Pedestrian Guardrail 

• 41m Double Height Kerbs 

• Over-hang of load onto verge and islands. 
• Over-run of the vehicle track over double height 

kerbs. 
• Over-run of vehicle track on splitter Island, central 

reservation, and verge at mini-roundabout. 

The worst case scenario swept path analysis details that there is potential for a large quantity of impact on existing street 

furniture en-route from the M1 Junction 24. A further refined analysis of the route using the proposed blade transport and 

tower transport vehicle has identified a significantly reduced impact, and this is detailed in Section 3.5 below.  

3.5 Identified Impacts En-Route – Refined Analysis 

Further swept path assessment has been undertaken at the five risk areas detailed in Tables 2 and 3 above. The 

purpose of these further swept path assessments is to quantify the impact of the abnormal load movements on the 

highway network and to further increase the confidence of the swept path assessment. This greater confidence has 

been provided through the use of the swept path vehicles detailed in Section Error! Reference source not found.. 

These vehicles are closer in dimension and capability to those which will eventually transport the turbine components to 

the construction site and are more representative at highlighting the impacts of the deliveries on the highway network.  

Table 4 - Identified Areas of Risk - Utilising MM92 Blade Transport and MM92 Tower Transport 

Key Issue / Risk Area 
Detail of Identified Impact based on Refined Swept 
Path Analyses 

M1 Junction 24 Offslip onto A453 Eastbound – 
Detail A, 60149761-P-113 

MM92 Blade Transport 
The rear over-hang of the blade will vertically impact the 
central verge as the vehicle turns left onto the A453. It is 
not envisaged that any street furniture or signage will be 
impacted. 
MM92 Tower Transport 
The vehicle and load does not over-hang outside of the 
carriageway extents.  
Summary of Impacts 
There is negligible impact at this location.  
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Key Issue / Risk Area 
Detail of Identified Impact based on Refined Swept 
Path Analyses 

Clifton Roundabout (Clifton Lane / Barton Lane) 
– Detail B, 60149761-P-114 

MM92 Blade Transport 
The blade transport will over-run the central island with the 
front of the vehicle, as it heads aligns itself as it enters the 
roundabout. As the vehicle realigns itself around the 
circulatory, following the kerb line, the trailer will over-run 
the nearside entry radius of the A453 entry arm. As the 
front of the vehicle exits the roundabout on the A453 
eastbound, the trailer will over-run the centre island before 
straightening up behind the tractor unit. This movement will 
impact some signage and a lighting column, but avoids the 
traffic signals from the worst case scenario swept path 
analysis.  
MM92 Tower Transport 
The tower transport will over-run the central island with the 
front of the vehicle as it aligns itself to suit the circulatory 
carriageway on entry to the roundabout. The abnormal load 
will over-hang the centre island verge and the offside verge 
as the vehicle exits the roundabout onto the A453. 
Summary of Impacts 
There are reduced impacts on street furniture and over-run 
when compared to those highlighted by the worst case 
scenario swept path analysis.  
 
It is envisaged that the following features will be impacted, 
in total, between the two vehicles: 

• 1 No Street Lighting Column 

• 2 No Sign Posts (1 double post, 1 single) 
• Over-run on central island in 2 locations, 

• Over-run on nearside entry radius from A453. 

Clifton Village Junction (A453 / Village Road) – 
Detail C, 60149761-P-115 

MM92 Blade Transport 
The rear over-hang of the blade will vertically impact the 
offside verge as the vehicle turns right along the A453. It is 
not envisaged that any street furniture or signage will be 
impacted. 
MM92 Tower Transport 
The vehicle and load does not over-hang outside of the 
carriageway extents.  
Summary of Impacts 
There is negligible impact at this location.  

A453 Left Turn Slip onto A52 Trent Crossing – 
Detail D, 60149761-P-116 

MM92 Blade Transport 
The vehicle and load does not over-hang outside of the 
carriageway extents. 

MM92 Tower Transport 
The vehicle and load does not over-hang outside of the 
carriageway extents.  
Summary of Impacts 
There is negligible impact at this location.  
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Key Issue / Risk Area 
Detail of Identified Impact based on Refined Swept 
Path Analyses 

A453 Queen Drive Roundabout & Lenton 
Lane/Thane Road Mini-Roundabout – Detail E, 
60149761-P-117 

MM92 Blade Transport 
On approach to the roundabout from the offslip of the 
A453, the vehicle will over-run the nearside verge as it 
aligns to enter the roundabout. As the vehicle enters the 
roundabout, the front of the vehicle will over-run the central 
island in order to avoid the overpass columns and to align 
into the Lenton Lane exit. On entering Lenton Lane, the 
tractor and trailer will over-run the existing pedestrian traffic 
island. As the vehicle turns into the Thane Road mini-
roundabout, the blade will first overhang the nearside verge 
and then the rear of the trailer will then over-run the offside 
verge on the exit radius as the vehicle turns left onto Thane 
Road.  
MM92 Tower Transport 
On approach to the roundabout from the offslip of the 
A453, the vehicle will over-run the nearside verge as it 
aligns to enter the roundabout. As the vehicle enters the 
roundabout, only the front of the vehicle will over-run the 
centre island in order to avoid conflict with the overpass 
columns. On exit from the roundabout, the front of the 
vehicle and the trailer will over-run the pedestrian island on 
Lenton Lane. The vehicle will next impact the verge on the 
offside exit radius on the left turn from Lenton Lane onto 
Thane Road at the mini-roundabout.  
Summary of Impacts 
There are reduced impacts on street furniture and over-run 
when compared to those highlighted by the worst case 
scenario swept path analysis.  
 
It is envisaged that the following features will be impacted, 
in total, between the two vehicles: 

• 1 No Street Lighting Column 

• 2 No Traffic Signal Heads/Posts (On Entry to 
Roundabout from A453 offslip). 

• 4 No Sign Posts (2 double post, 2 single) 

• 2 No bollards 

• 15m total of pedestrian guard rail 
• 10m Double Height Kerbs 

• Over-run on nearside verge on approach to 
roundabout adjacent to abutment of A52, 

• Over-run on central island of Queen Drive 
roundabout, 

• Over-run of pedestrian island, 

• Over-run of offside verge on Thane Road 
roundabout.  

3.6 Route Assessment 

The initial assessment using the worst case scenario vehicle identified 5 locations where the delivery vehicles could 

have an impact on the highway network. The further clarify the impacts at each of these locations, further swept path 

analyses were undertaken based on the likely delivery vehicles to used to transport   
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These refined swept path analyses have detailed that only two of the five bottlenecks are impacted by the abnormal load 

deliveries. These are Clifton Roundabout (Clifton Lane / Barton Lane) (Detail B, 60149761-P-114) and A453 Queen 

Drive Roundabout & Lenton Lane/Thane Road Mini-Roundabout (Detail E, 60149761-P-117).  

Further to this assessment, temporary works have been identified as being required at both of these locations. Street 

furniture and exact extents of carriageway will need to be topographically surveyed at a later date in order to allow any 

contractor to identify the level of temporary works and gain agreements for undertaking these temporary works on the 

highway network. These works should be agreed in advance of any deliveries and will need to be detailed within a future 

Traffic Management Plan or Construction Method Statement.  

 



 

4 Conclusion 
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4.1 Conclusion 

AECOM has undertaken a route assessment using swept path analysis from the strategic road network, M1 Junction 24 

to the site access junction off Thane Road via the A453. The assessment has been undertaken using publically available 

ordinance survey data, on-site photographic information and from a video produced during a drive-through of the route. 

The swept path assessment has been initially undertaken to isolate potential bottlenecks in the local highway network 

alignment using a worst case scenario vehicle which is based on a 3MW turbine vehicle. Once the bottlenecks were 

identified, the swept paths were refined using the REPower MM92 Blade and Tower transport vehicles to produce a 

robust assessment with respect to any carriageway widening requirements, temporary works and impacts on street 

furniture.  

This assessment has demonstrated that with localised widening of the carriageway and removal of/modifications to 

street furniture at two locations (Clifton Roundabout (Clifton Lane / Barton Lane) (and A453 Queen Drive Roundabout & 

Lenton Lane/Thane Road Mini-Roundabout), the vehicles transporting the turbines are able to travel to the site 

unhindered. 

Further to the above assessment, it is recommended that a detailed on-site topographical survey of these two locations 

is undertaken to ensure dimensional accuracy of the carriageway extents, accurately locate street furniture, signage and 

highway features and to establish the full extent of carriageway widening requirements.  

Additionally it is advice that the Low Lane Bridge height clearance is defined and confirmed in co-ordination with the 

actual abnormal load vehicle. The clearance has currently been advised as 4.95m, but some manufacturer’s state higher 

clearances are required. This will need clarification of acceptability at a later date, and detailed on-site confirmation 

actual of headroom clearance. 

Finally, it is advised that early discussion with the Local Highway Authority and Highways Agency is undertaken to 

determine the financial implications of the mitigation measures identified.

4 Conclusion 



 

5 Appendices 
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5.1 Appendix 1 

DRAWING TITLE DRAWING NO. 

ROUTE 1, OVERALL SITE LAYOUT PLAN 60149761-P-101 

ROUTE 1, VIEWPORT 1 60149761-P-102 

ROUTE 1, VIEWPORT 2 60149761-P-103 

ROUTE 1, VIEWPORT 3 60149761-P-104 

ROUTE 1, VIEWPORT 4 60149761-P-105 

ROUTE 1, VIEWPORT 5 60149761-P-106 

ROUTE 1, VIEWPORT 6 60149761-P-107 

ROUTE 1, VIEWPORT 7 60149761-P-108 

ROUTE 1, VIEWPORT 8 60149761-P-109 

ROUTE 1, VIEWPORT 9 60149761-P-110 

ROUTE 1, VIEWPORT 10 60149761-P-111 

INDICATIVE VEHICLE PROFILES 60149761-P-112 

ROUTE 1 DETAIL A BLADE AND TOWER ASSESSMENT 60149761-P-113 

ROUTE 1 DETAIL B BLADE AND TOWER ASSESSMENT 60149761-P-114 

ROUTE 1 DETAIL C BLADE AND TOWER ASSESSMENT 60149761-P-115 

ROUTE 1 DETAIL D BLADE AND TOWER ASSESSMENT 60149761-P-116 

ROUTE 1 DETAIL E BLADE AND TOWER ASSESSMENT 60149761-P-117 
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Foreword 
 

This report was drawn up by AECOM to assist the University of Nottingham in gaining planning 

permission for three wind turbines to be erected at their Grove Farm site on the outskirts of 

Nottingham. The report is about an investigation into the risks of operating turbines causing harm to 

people and wildlife that may be near the turbines. 

 

The report shows that the probabilities for the risk events investigated are below the probability that 

is considered as an acceptable level. Nevertheless, the University of Nottingham will implement the 

following, as self-imposed conditions, to ensure the safe operation of the wind turbines on their site: 

1. To mitigate the possibility of ice throw, the University will incorporate de-icing devices into the 

wind turbine. To mitigate further the probability of harm from ice throw, the University will not 

operate the wind turbine when conditions for ice throw exist; 

2. To ensure that the risk of structural failure is minimised, the University will employ competent 

designers, who will use state-of-the-art techniques and current standards to design the 

turbines; 

3. To mitigate the probability of lightning strike causing harm, a lightning protection system that 

will transmit lightning strikes to ground efficiently and without arcing will be provided; 

4. To assure against the turbine catching fire, preventative inspection and maintenance will be 

carried out at intervals not exceeding 6 months; 

5. To assure against mechanical failure, a strict preventative inspect, maintain and replace 

regime will be set up and implemented. Inspection of the “at-risk” components will be carried 

out concurrently with the inspections for assuring against fire; 

6. Competent people or organisations will carry out any maintenance suggested by the 

inspections. 
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0. Executive summary 

Overall assessment 

The assessment concludes that properly designed and maintained wind turbines are a safe 

technology. The very few incidents that have caused injury to humans have been caused by failure 

to observe manufacturers’ and operators’ instructions for the operation of the machines. There 

have been no reported examples of serious injury to members of the public. 

The risk events investigated: ice throw, lightning strike, structural collapse, fire, mechanical failure 

and bird strike, have a probability of occurrence that is below the level considered acceptable. But 

this assessment is dependent on the University of Nottingham fulfilling a number of conditions – 

see foreword. 

Acceptable levels of risk 

The acceptable of risk is discussed in section 2. The conclusion is that an accepted level of risk is 1 

in 100 000: the level of risk of death in an accident in the very safest parts of industry
1
 and is the 

level that has been used as the comparator for the calculation of the probability of an event.  

For wind turbines, the probability of an event is expressed in 1 per operating hours. 

Risk events covered by the report 

Seven risk events were investigated, as follows: 

a) Transportation of wind turbine components to the site (in section 4); 

b) Noise (in section 5); 

c) Structural collapse (in section 6); 

d) Ice throw form the wind turbine while it is in operation (in section 7); 

e) Wind turbine catching fire (in section 8); 

f) Mechanical failure (in section 9). and 

g) Bird strike (in section 10). 

The conclusions about the probability of occurrence of each of the events listed above is 

summarised in the following sections. 

Transportation 

Transportation is discussed in section 4 of this report. The conclusion is that transportation, 

properly designed for and managed, will have a negligible impact on the immediate environment. 

The routes to the site are likely to be along trunk roads and should not, therefore, create significant 

risks or nuisance. To ensure this the University will survey the routes to identify and then avoid 

stretches, with, for example, poor alignment, difficult gradients, limited bearing capacity, etc. 

In addition, the number of vehicle movements during the operation and maintenance of the wind 

farm will not be significant. 

Noise 

Noise will be the subject of a fuller investigation and is not discussed in any detail in this report. 

However, it is likely that turbine noise will be masked by wind-generated and other background 

noise. 

                                                      
1 The tolerability of risk from nuclear power stations [HSE] 
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Structural collapse  

Structural collapse is discussed in section 6, which concludes that structural collapse does not 

present a safety risk. 

Any structure and its foundations designed in accordance with current standards will provide 

universally accepted levels of assurance against structural collapse. 

Using published data on structural failure, the probability of structural failure, averaged over the last 

four years, is low (1 in 3,500,000 operating hours). 

Ice throw 

The risks associated with ice throw are considered in section 7.  

The analysis shows that the probability of ice thrown from a turbine striking a person is low. 

Fire 

Fire is discussed in section 8. The conclusion is that, based on published data, the probability, 

averaged over the last four years, of a turbine catching fire is low (1 in 5,000,000 operating hours). 

Mechanical failure 

Mechanical failure is discussed in section 9 of this report. The basis of the discussion is published 

data on the mean time between failures of selected components. 

The conclusion is that the mean time between failures is greater than the operational time for the 

wind turbine. 

Bird strike  

Bird strike is covered in section 10. The conclusion, based on published data, is that the annual 

probability of bird strike is low (1 in 8,000,000 operating hours). 

Maintenance 

Like any other asset, a proper maintenance schedule will ensure that operational problems will be 

minimised as far as it is possible to do so. It will also provide a means of identifying structural and 

other  problems that would otherwise go unnoticed, preventing exacerbation of the problem to the 

point where people close to and in the locality of the wind turbine might be at risk. 

The University of Nottingham undertakes to prepare and implement a suitable monitoring, 

inspection and maintenance regime for these wind turbines. 

 Recommendations for design 

Finally, in section 11, the report makes recommendation for safety by design that designers 

engaged in the design of the wind turbines at the Grove Farm site may find useful. 
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1.  Introduction 
1. The University of Nottingham proposes to erect 3 (three) large-scale wind turbines within fields to 

the South-West of Nottingham. The fields are used by the University as playing fields and one of 

the turbines will be on land, which is farmed. 

2. The basis of any public safety determination of wind turbines is a value judgment defining the 

acceptability of risk, which is in itself a relative concept. Everyday society as a whole accepts, 

either voluntarily or involuntarily, a certain level of risk from the presence of large structures such as 

communication towers, power lines, chimneys or even trees close to roads and buildings. 

3. The issue of public safety is a highly emotive issue and Nottingham University, like any other 

enterprise, puts public safety at the forefront of its thinking. This led them to commission this report 

on the health and safety issues associated with large-scale wind turbines, installed close to places 

where members of the public are likely to be present. 

4. The proposed site is on the periphery of the City, to the South-West, with the main areas of 

occupancy to the North-West and South-West of the proposed wind turbines. The river Trent forms 

the Southern border of the site and a canal the Northern border. The A52 is to the east of the site. 

A general overview of the site is shown below, in figure 1. 

 

Figure 1: General overview of the proposed site (abstracted from Google maps) 

5. The wind farm is at an early stage in its design. A detailed turbine layout, based on meteorological 

data relating to the site, has yet to be prepared. 

6. The theoretical maximum capacity that the site could accommodate (based on the required 

separation distances between turbines and before taking into account environmental sensitivities) 

comprises approximately 3 (three) three bladed turbines. 

Proposed wind turbine 

To retain flexibility, this report will be based on a typical turbine of a specified size rather than a particular make 

of machine. A typical 92m diameter turbine, supplying 2 – 2.5MW machine has the following specification: 

Rotor 

a) Diameter: 92 m; 

b) Area swept: 6,720m2 
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c) Nominal revolutions 14.9 rpm 

d) Operational interval: 7.8 –15.0 rpm. 

Tower 

a) Hub height: 80 m, 

b) Height to tip of rotor blade 125 m. 

The arrangement and important dimensions of a typical turbine is shown in Figure 2, below: 

  

Figure 2: Typical turbine arrangement 

7. The construction period for a wind farm of 3 turbines would last approximately twelve months, but 

this would, to a certain extent, depend on weather conditions and ecological considerations. 

8. The expected operational life of the project is 25 years from the date of commissioning. Before the 

end of this period a decision would be made as to whether the wind farm should be removed, 

refurbished or replaced. 

Health and safety risks associated with wind turbines 

9. It would be incorrect to say that the operation of large-scale wind turbines in “populated” areas is 

without risks. However, it would also be incorrect to say that the risk is too great to contemplate 

allowing their erection in such areas; especially if an evaluation of the level of risk shows that it is at 

a broadly acceptable level. Consequently, this document considers the safety risks posed by: 

a) Transportation of wind turbine components to the site (in section 4); 

b) Noise (in section 5); 

c) Structural collapse (in section 6); 

d) Ice throw form the wind turbine while it is in operation (in section 7); 

e) Wind turbine catching fire (in section 8); 

f) Mechanical failure (in section 9). and 

g) Bird strike (in section 10). 
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10. It is likely that the application scheme will also include the following ancillary elements: 

a) Turbine hard-standings; 

b) Internal tracks and underground power cables between the turbines within the wind farm site; 

c) An on-site substation and control / maintenance building. 

d) The straightening and widening of an existing access track to the site or, alternatively, the 

formation of new access tracks; 

e) Significant excavations for turbine foundations; 

f) Meteorological masts; and 

g) Temporary construction compound. 

11. This initial report is focussed on the proposal to erect 3 (three) wind turbines in a semi-urban area. 

Its aim is to examine the safety issues associated with the erection of large-scale wind turbines in 

the periphery of an urban area. The document is open to scrutiny and is intended to: 

a) Make transparent the health and safety factors that the University of Nottingham took/will take 

into account in arriving at their decision to proceed with an application for planning; 

b) Inform the University about whether the risks associated with erecting these wind turbines in 

semi-urban areas are in the broadly acceptable range; and 

c) Help reassure the public in and around the site that risks to people from the operation of the 

wind turbine were properly addressed. 
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2. Reaching Decisions on risk 

12. The first step in reaching a decision on risk is to define what could be classed as a generally 

acceptable level. For this we make use of HSE’s definition of what is a broadly acceptable level, 

which is incorporated in figure 2, below
2
: 

 

 

Figure 3: Risk levels explained (source HSE publication r2p2
1
) 

 

13. In figure 2, the dark zone at the top represents an unacceptable region. Any evaluated risk falling 

into that region should be regarded as unacceptable, whatever the level of benefits associated with 

the activity. Consequently, any proposal giving rise to risks falling in the “dark” region should, as a 

matter of principle, be ruled out unless the proposal can be modified to reduce the degree of risk so 

that it falls in one of the regions below, unless there is a very good reason for allowing it. 

14. The light zone at the bottom represents a broadly acceptable region. Risks falling into this region 

are generally regarded as insignificant, either because they are low or because they are adequately 

controlled. The levels of risk characterising this region are comparable to those that people regard 

as insignificant or trivial in their daily lives.  

15. The zone between the unacceptable (dark) and broadly acceptable (light) regions is the tolerable 

region, ie, people are prepared to tolerate this level of risk in order to secure benefits, in the 

expectation that: 

a)  the nature and level of the risks are properly assessed and the results used properly to 

determine control measures;  

b) The assessment of the risks is based on the best available scientific evidence and, where 

evidence is lacking, on the best available scientific advice; 

c) the residual risks are not unduly high and kept as low as reasonably practicable (ALARP);  

d) the risks are periodically reviewed to ensure that they will continue to meet the ALARP 

criteria, for example, by ascertaining whether further or new control measures need to be 

introduced to take into account changes over time, such as new knowledge about the risk 

or the availability of new techniques for reducing or eliminating risks. 

                                                      
2
 Abstracted from Reducing Risks Protecting People: HSE’s decision making process (R2P2): www.hse.gov.uk/risk/theory/r2p2.pdf 
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16. In order to make a sensible evaluation of whether the risks associated with wind turbines are 

acceptable, it is important to know the numerical values that define the borders between the 

regions. For this we turn, again, to HSE’s publication [2], in which are listed risks that have been 

quantified. These values of risk are reproduced in Table 1 below: 

Average annual risk of injury as a consequence of an activity 

Type of accident Risk level 

Fairground accidents 1 in 2 326 000 rides (1996-2000) 

Road accidents 1 in 1 432 000 km travelled (1995 – 1999) 

Rail travel accidents 1 in 1 533 000 passenger journeys (1996 – 2000) 

Air travel accidents 1 in 125 000 000 journeys (1991 – 2000) 

Burn or scald at home 1 in 610 (1995 -1999) 

Canoeing 1 in 750 000 outings (100,000 canoeists: 30 outings/year) 

Hang gliding 1 in 116 000 flights (Each member makes 50 outings/year) 

Rock climbing 1 in 320 000 climbs (450,000 climbers: 50 climbs/year) 

Table 1: Type of activity and risks associated with the activity (source HSE publication r2p2) 

17. An examination of Table 1 shows that people are prepared to accept higher risks for activities that 

they control themselves. It also indicates that organisations set up to offer services to the public are 

operating at much higher levels of safety. But this does not set a reference level for wind turbines. 

18. A deeper examination of the HSE publication
 
indicates that, for example:  

a) HSE advises against granting planning permission for any significant development where 

individual risk of death for the hypothetical person is more than 10 in a million per year;  

b) HSE does not advise against granting planning permission on safety grounds for 

developments where such individual risk is less than 1 in a million per year.  

19. 19(a) indicates that an upper bound value for the broadly acceptable region is a risk level that 

approaches 1 in 100 000; a level which is supported by many other publications. For example, we 

find that the British Standard for Lightning Protection
3
 advocates that a typical value of tolerable 

risk for loss of human life is 1 in 100 000, with higher levels for less serious outcomes form an 

event. Table 7 from BS EN 62035 is reproduced below, in Table 2: 

Type of loss (from lightning strike) Tolerable risk (per 

year) 

Loss of human life or permanent injuries 1 in 100 000 

Loss of service to the public 1 in 1000 

Loss of a cultural heritage 1 in 1000 

Table 2: Tolerability of risk (BS EN 62305) 

20. At the site in question, there is no chance of suffering a loss in cultural heritage. And, if the turbines 

are sited appropriately, there is unlikely to be a loss of service to the public. Consequently, the 

outcome of the analysis of the risks associated with wind turbines – see 10, will be compared with 1 

in 100 000, to establish whether they are broadly acceptable. 

                                                      
3
 BS EN 62035 – 2:2006 Protection against lightning Part 2: Risk management 
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21. In order to quantify probabilities for risk events, based on published data, it is necessary to 

establish wind turbine operational hours. Unfortunately, there is no reliable data source for this 

number. Consequently, the number of wind turbines in existence around the world has been 

calculated using published figures for nameplate capacity and based on the assumption that the 

average nameplate capacity is 2 MW. The results of this calculation are tabulated below in Table 3. 

Year Nameplate 

annual 

capacity
4
 

(MW) 

Number 

of 

turbines 

Operational 

time 

(millions of 

hrs per  year) 

2005 59000 29500 51.6 

2006 74233 37112 64.9 

2007 93849 49625 82.1 

2008 121188 60594 106 

 

Table 3: Estimated operational hours for wind turbines worldwide. 

Note to table: 

1. “Nameplate capacity” is the nominal maximum output of a generating source 

2. Operational time is calculated on the basis of the turbine operating for 250 days/year for 7 hours/day; 

Assuming that the average nominal output per turbine is 2 MW, the number of turbines = nameplate 

capacity (MW)/2 (MW) 

                                                      
4
 World wind energy report 2008: http://www.wwindea.org/home/images/stories/worldwindenergyreport2008_s.pdf 
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3. Health and safety with wind turbines 

22. Experience indicates that properly designed and maintained wind turbines are a safe technology. 

The very few incidents that have caused injury to humans have been caused by failure to observe 

manufacturers’ and operators’ instructions for the operation of the machines. There have been no 

reported examples of serious injury to members of the public. 

23. Possible impacts on the immediate environment or on the health and safety of human or animal life 

from a wind turbine could be from: 

• Transportation of large loads and construction traffic; 

• Noise; 

• Structural failure in use, including blade failure and catastrophic failure of the tower; 

• Mechanical failure leading to structural failure 

• Ice thrown from a turbine hitting members of the public in the throw zone; 

• Fire; and 

• Birds flying into an operating turbine, with the potential to cause damage to the turbine. 

24. Sections 4 to 10 in this report deal with each of the safety issues listed above, in 24.  

25. Usually, the minimum desirable distance between wind turbines and occupied buildings, governed 

by expected noise levels and visual impact, will often be greater than what is necessary to meet 

safety requirements.  

26. The incident data in relation to previous and historic incidents involving wind turbines used here is 

drawn from the Caithness Windfarms Information Forum
5,6

(CWIF). The data in relation to previous 

and historic incidents involving wind turbines used here is drawn from the Caithness Windfarms 

Information Forum (CWIF). While this data is not fully referenced and researched, it is readily 

accessible and hence informs some members of the public. 

 

                                                      
5
  “CWIF is run by a group of people concerned about the proliferation of wind farms in Scotland, particularly the Highlands and more 

particularly Caithness and Sutherland. Our Accident Statistics and Wind farm Sites sections are regularly updated and we provide 

online objection forms to all applications that concern us”. www.caithnesswindfarms.co.uk 
6
 The CWIF data is stated to include “all documented cases of wind turbine [nature of incident – ice throw, structural failure etc] which 

could be found and confirmed through press reports or official information releases up to June 30
th
 2008”.  
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4. Transportation 

27. The site lies at the junction of the A 453 and the A 52, which is the main road linking Nottingham to 

the M1 motorway. The A 52 is a trunk road that is dual carriageway for most of its route into 

Nottingham and will be the preferred route into the site for the components of the wind turbines.  

28. It is, therefore, unlikely that transportation of the turbines will create new HGV routes that could 

have an impact on previously unaffected communities.  

29. Off these main roads, the access to the site will be by existing (modified) tracks. 

Potential impacts 

30. With wind turbines, special lorries are required, of the type illustrated in figure 3, below: 

 

 

Figure 3: Typical turbine transport 

31. These lorries are special vehicles and the turbine parts that they will transport could be categorised 

as special loads, for their width and weight. 

32. For three wind turbines the number of lorry movements over the construction period of twelve 

months will not be significant. However, these slow moving vehicles could cause traffic congestion, 

especially if temporary road closures are required. There could also be an adverse affect on the 

integrity of existing highway infrastructure such as bridges. 

33. In addition, the ground at the site may not be able to support the loads applied by the delivery 

wagons. 

Potential mitigation 

34. While off-site highway improvements, such as short realignments or widening of junctions and the 

temporary removal of fences, etc, are unlikely to be required, the University will prepare a traffic 

management plan covering issues such as routing and timing, to ensure that turbine transportation 

has minimum effect on the local roads.  

35. In addition, the ability of those vehicles transporting the turbine parts and specialist construction 

equipment to the site to actually pass along the access route will be assessed for: 

a) poor alignment, inadequate width and junction geometry; 

b) difficult gradients; 

c) stretches with limited load bearing capacities; and 

d) particular locations along the route that might be sensitive to changes in traffic flow.  

36. It is anticipated that none of the conditions listed in 36 will exist. However, where it is deemed 

necessary, a ‘before and after’ structural integrity survey will be carried out, at points on the access 

route that may have been highlighted as vulnerable. 

37. The number of vehicle movements likely to be generated during the operation and maintenance of 

the wind farm will be quantified and assessed. 
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38. It is likely that these routes will need to be reversed when it comes to dismantling the turbines and 

restoring the site at the end of its service life. Therefore, the fact that these routes are along trunk 

roads means that it is likely that they will still be in existence and available when the useful life of 

the turbines expires. 

39. To prevent ground failure under lorries once they access the actual site, the University will 

commission a competent site investigation, which will provide advice on measures that need to be 

taken to ensure that ground failure under delivery lorries is prevented.  

Conclusion 

40. Although the problems associated with construction traffic for a wind turbine are associated with the 

fact that turbines are sited in areas served by a minor roads only, this is not the case for this 

development. 

41. Transportation, properly designed for and managed, will have a negligible impact on the immediate 

environment. In addition, the safety issues would not qualify as significant. 

42. Once the turbines are in operation, traffic movements to and from the site will be very light, 

requiring infrequent visits by a light commercial vehicle or car. The need to replace machine 

components may generate heavier commercial vehicle movements, but these are also likely to be 

infrequent 
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5.  Noise 

 

Figure 4: Proposed wind turbine site and its environs 

43. The nearest noise sensitive receptors located are to the South of the proposed site, the houses on 

Fabis Drive and Wichnor Close.  There are other noise sensitive receptors in the vicinity which will 

be taken into consideration. There is an industrial complex located to the North – see Figure 4.  

44. Some noise monitoring has already been undertaken to determine the existing background noise 

levels at nearby residential properties.  At the nearby residential properties road traffic noise from 

A453 and A52 can be heard in the distance.  Other noise sources contributing to the background 

noise levels include occasional aircraft overhead, birdsong and traffic on local roads.  During the 

night-time the background noise levels are low ranging from 28 to 48 dB.  During the day and 

evening periods the background noise levels range from 35 to 64 dB.  

Potential impacts 

45. The Noise levels from turbines are generally low and, under most operating conditions, it is likely 

that turbine noise would mainly be masked by wind-generated and other background noise. 

Modern turbines do not normally cause any adverse effects due to mechanical noise from 

gearboxes, provided that the appropriate turbines are selected and are properly maintained.  It is 

important the type of turbine meets the set noise limits, which are based on existing noise limits at 

the nearest dwellings. 

46. Adverse short-term noise effects could also occur during the construction of the wind farm, for 

example from the movement of heavy goods vehicles, excavation plant, etc. 

Potential mitigation 

47. The main form of mitigation will be the application of an iterative approach to the design of the wind 

farm layout, in order to avoid and / or minimise noise impacts. The University will strive to deliver 

best practice in the design of wind turbines by ensuring that noise from the wind farm is limited to 5 
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dB(A) above background for both day- and night time (remembering that the background level of 

each period may be different). 

48. Noise impacts during construction will be mitigated by following the guidance contained within BS 

5288 ‘Code of practice for noise and vibration control on construction and open sites’ and using 

approaches such as the sensitive timing of noisy activities and ensuring that noisy plant is correctly 

maintained and noise insulation techniques are used. 

49. Unless it is clear that the distances to the nearest receptors are such that there will be no noise 

impacts, the University will employ noise consultants who will be involved in the iterative design of 

the wind farm and setting the noise limits for the wind turbines. The noise consultant will also 

advise about noise generated during construction; assessment being on the basis of plant items 

that are likely to be used and vehicle movements both on and off the site. 

50. The University will demonstrate that the effects of noise generated by the turbines are low either by 

design or by implementing further mitigation, to ensure that the set noise limits are not exceeded. 
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6. Structural failure 

51. Failure of a structure (or component of a structure) occurs when the design load is greater than the 

design strength. Consequently, the design of a structure strives to ensure that the predicted loads 

do not exceed the predicted (or calculated) strength, bearing in mind that there will always be 

uncertainties in both the actual strength of the structure and the loads that it will experience during 

its design life. These uncertainties arise out of uncertainty about: 

a) loading; 

b) material strengths; 

c) as-built dimensions; and 

d) accuracy of calculations. 

52. However, these uncertainties can be reduced in several ways, by, for example: 

a) exercising tighter control of material and construction quality; 

b) using more precise analysis methods; and  

c) more accurate determination of loads  

53. But they cannot be eliminated entirely.  

Structural Stability: the approach adopted by modern design standards 

54. Modern design standards use a probabilistic approach to design: introducing the concept of a 

characteristic load and strengths (resistance) which are modified to take into account uncertainties, 

to produce a reliable structure. Readers should be aware that, in design terms, failure means that 

the structure is loaded beyond a limit state, which is not collapse. 

55. In other words, current design standards take into account the various uncertainties that have been 

identified over time and have set out methods to deal with them. Consequently, a current design 

standard will provide good assurance that a structure designed in accordance with it will resist the 

loads (with an adequate margin) that will be applied to it over its service life. 

56. It should be understood that nationally nominated experts in the field negotiate national and 

European design standards and codes. These national experts include academics, experienced 

practising professionals and experienced representatives from user groups. The standards then go 

through a rigorous consultation procedure before they are adopted. These recognised experts have 

chosen 1 in 10 000 as providing the right balance between cost and safety. 

Current structural failure statistics for wind turbines 

Recorded data for structural failure 

57. “Structural failure” is taken to mean failure of the turbine tower under conditions which they have 

been designed to withstand. Cases of wind turbines collapsing are very rare but not totally 

unknown; from the data obtained, this is the third most common accident cause, with 58 instances 

found – see table 4. This mainly concerns storm damage to turbines and tower collapse.   

Year 70s 80s 90-94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 

No.   1    3 6 9 2 8 4 3 7 6 11 9 

Table 4: Structural failures (by year) 

 

 

 



University of Nottingham 

Grove Farm wind turbine project 

Health and safety aspects - rev 2 

 

 

 

University of Nottingham                                                                                                                                                       Page 19 of 34 

Grove Farm wind turbine 

 

Recorded data for blade failure 

58. “Blade failure” was by far the biggest contributor to the number of “structural” incidents. It can arise 

from a number of possible sources, and results in either whole blades or pieces of blade being 

thrown from the turbine.  A total of 122 separate incidences were found – see table 5 
7
: 

 

Year 70s 80s 90-94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 

No.   3 3 3 6 1 18 3 5 15 13 14 9 12 17 18 

Table 5: Blade failure (by year) 

59. While the numbers in tables 4 and 5 are important, there is no explanation about where they 

occurred or what caused the failures. Without such an explanation, it is not possible to understand 

whether they were due to poor maintenance, extreme weather conditions or inadequate design.  

The probability of structural failure based on recorded data 

60. If actual numbers of reported blade failure and other structural failures are combined under the 

general heading of structural failure, the probability of structural failure, based on actual reported 

failures, can be calculated. This is summarised in Table 6, below: 

Year Operational 
time 

(10
6
 h/year) 

Recorded  
failures 

Probability of failure 
 

2005 51.6 16 3.1 x 10
-7 

1 in 3.2 million 

2006 64.9 18 2.8 x 10
-7 

1 in 3.6 million 

2007 82.1 28 3.4 x 10
-7 

1 in 2.9 million 

2008 106 27 2.4 x 10
-7 

1 in 4.2 million 

             Table 6: Probability of structural failure 

Note to table: The evaluation of operational time is based on table 3  

61. If each wind-turbine at Grove Farm operates for 365 days in the year for 24 hours per day. 

Therefore, over its life of twenty-five years it will operate for 219,000 hours. 

Assuring against wind turbine failure 

Facilitating maintenance to ensure good working order 

62. Like any other machine, wind turbines will need to be maintained to ensure that they remain in an 

efficient state and good working order. To ensure that the necessary maintenance is facilitated, 

provisions for maintenance must allow unimpeded access to all parts that need to be maintained. 

63. The University will ensure that the design of the turbines and the area at ground level around the 

wind turbine will suit the proposed maintenance strategy. In addition, the University will ensure that 

any inspection, monitoring or maintenance is carried out by suitably qualified people and 

undertakes to act on their recommendations. 

Identifying safety-critical devices 

64. The manufacturer will be asked to identify safety-critical devices and to suggest a maintenance 

regime, to ensure, as far as it is possible to do so, that they remain in an efficient state and good 

working order. 

65. The University will ensure that suitably qualified people implement these instructions. 

                                                      
7
 Source Caithness Windfarms Information Forum www.caithnesswindfarms.co.uk. 
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Demonstrating adequate maintenance 

66. The University will develop a monitor, inspect and maintain regime, which will be agreed by people 

competent to do so. In addition, a suitably qualified person will sign off logs for such maintenance, 

to ensure that the University’s undertaking to maintain the wind turbine is delivered. 

67. As a guide, the University agrees to undertake maintenance that will: 

a) Make sure that nominated safety-critical devices (eg, braking systems) are routinely maintained 

at recommended intervals and kept in good working order; 

b) Safety-critical items will also be checked after being brought into service for any reason; 

c) Satisfy what the manufacturer’s instructions say about maintenance, to ensure it is carried to the 

stated standard; 

d) Implement routine checks, at set intervals, on supporting structures, eg, tower body, foundation 

bolts, etc. 

68. These checks will be supported by testing wherever it is appropriate to do so. Testing will be 

carried out in accordance with the appropriate good practice guides, eg, British or other national 

standards, recognised industry standards. 

69. Persons competent to do so will carry out all of these checks and inspections. 

Reducing uncertainties 

70. In civil engineering, the greatest uncertainties are associated with the engineering properties of the 

ground that will support the foundations of a structure. Wind turbines are no different. However, 

even this uncertainty can be reduced to acceptable levels by commissioning a competent site 

investigation. 

Conclusions  

71. There is a low probability that there will be risks to safety from collapse of the wind turbine. This 

conclusion is based on the following: 

a) The wind turbines will be designed in accordance with current standards, which allow for  

uncertainties and provide techniques for mitigating effects on a structure; 

b) Uncertainties associated with the engineering properties of the ground on the site will be 

mitigated by commissioning a competent site investigation; 

c) Further assurance of structural stability will be provided by carrying out proper programmed 

maintenance, to keep the wind turbine in an efficient state and good working order. 

d) In addition, the available accident data does not suggest that wind turbines are particularly 

vulnerable structures, which further supports the assertion that there is a low probability that 

there will be a risk to safety from structural failure of the turbine. 
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7. Ice throw 

72. In cold weather ice may form on the turbine blades
8
. If, in such circumstances, the turbine is 

operational, there is evidence to suggest that ice particles get “thrown” off the blades.  This is in 

addition to ice that will fall vertically to the ground from a static (non-operational) turbine.  

73. Vertical falls of ice can be mitigated by providing fencing around the area of vertical fall, which will 

prevent people entering the danger zone. However, any ice fragments that are thrown off the 

rotating blades will be thrown considerable distances in the direction of blade rotation. Clearly, it is 

not feasible to create no-go areas in the ice throw danger zones.  

Risks associated with ice throw 

74. For ice thrown by a wind turbine to represent a risk to people certain conditions have to be 

satisfied: 

a) Ice will be thrown into a discrete “risk zone”; and 

b) A member of the public will be within that discrete “risk zone”. 

Conditions necessary for ice throw 

75. To analyse the level of risk the following need to be understood: 

a) Ice accretion occurs when there is an air frost, i.e. air temp < 00 C; 

b) Ice will not form on every air frost day; special conditions are required; 

c) The turbine rotor speed is zero when the wind is outside the operational limits; 

d) People are vulnerable only for a 7-hour period each day (winter daylight hours); 

e) Members of the public will not use the fields surrounding the facility at night and that their 

numbers are reduced during days when there is an air frost. 

Current incident statistics for ice thrown from wind turbines 

76. Since 1970, 22 incidences of ice throw were found as detailed below: 

Year 70s 80s 90-94 95 96 97 98 99 00 01 02 03 04 05 06 07 

No.     4 3  3 1  2  4 3 2  

 

Table 7:  Recorded ice-throw incidents (by year) 

77. By reference to Table 3 (which shows that around the world turbines operate for millions of hours 

per year) and to the figures for ice-throw in Table 7, it can be calculated that thrown ice striking a 

person is a low probability event; significantly below the acceptable threshold of 1 in 100,000. 

Mitigation 

In-built mitigation 

78. Wind turbines can be supplied with ice control provisions, which include: 

a) Blade coatings that inhibit the formation of ice may be used; 

b) Sensors / Instruments, which if necessary, will shut down the wind turbine; and 

c) Blade heating elements, which can be incorporate to inhibit ice formation. 

79. The University will maximise ice protection measures should it be a condition for planning approval. 

 

                                                      
8
 It requires a specific type of cold weather for ice to form on turbine blades. This is explained more fully in Appendix 1. 
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Operational procedures 

80. In addition to these in-built provisions, competent people with the authority to shut the wind turbine 

down, when extreme weather is predicted, will also supply operational mitigation.  

Conclusion 

81. Ice thrown from wind turbines is unlikely to present a significant risk to people who happen to be 

close to the site when the turbines are operating. 

82. This conclusion is based on the following: 

a) The build-up of ice on turbine blades is unlikely to present problems on the majority of sites 

in England, because the particular weather conditions required occur for less than one day 

per year in England. The University may eliminate this hazard altogether by agreeing not to 

operate the turbine when the necessary weather conditions occur. 

b) In addition, it can be shown that the probability of ice that is thrown by a turbine striking a 

person is well below the 1 in 100,000 operational hours threshold adopted as the 

benchmark in this report.  

83. However, ice falling off the turbines while they are stationary may present a risk to people in the 

vicinity of the turbines and this may require that the area around the turbine is cordoned off 

temporarily. 
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8. Fire 

84. A fire requires three components to start and then continue burning, which are:  

a) an ignition source ;  

b) fuel (a material that supports burning); and  

c) Oxygen.  

85. In a wind turbine, most of the fires start in the nacelle, where all three components required may be 

present. Common ignition sources include lightning, overheating of components and electrical 

short-circuits. The fuel required to sustain a fire could be present in the lubricants. Consequently, 

there is a risk of a wind turbine catching fire, which is supported by reports of turbine fires. 

Recorded fires in wind turbines 

86. From the data obtained, this is the second most common incident, with127 instances recorded – 

see Table 8
9
. Of the incidents recorded, a significant number were caused by lightning strike. It 

should be noted that only 4 (four) turbine fires have been recorded in the UK. 

Year 70s 80s 90-94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 

No.   1 1  1 1 2 3 1 24 16 15 14 12 20 16 

Table 8: Recorded fires in wind turbines 

87. Lightning strike, a potential ignition source, is dealt with in more detail in Appendix 2. 

Calculating the probability of a wind turbine catching fire 

88. The numbers of fires in table 8 are a compilation of reported fires from around the world. Using the 

basis of previous sections, the probability of a wind-turbine catching fire is calculated and 

summarised in Table 9, below: 

Year Operational 
time 
(10

6
 h/year) 

Recorded  
fires 

Probability of  catching 
fire 
(operating hrs) 

2005 51.6 14 2.7 x 10
-7 

1 in 3.7 million 

2006 64.9 12 1.9 x 10
-7 

1 in 5.4 million 

2007 82.1 20 2.4 x 10
-7 

1 in 4.1 million 

2008 106 16 1.5 x 10
-7 

1 in 6.6 million 

Table 9: Annual probability of fires in wind-turbines 

Assuring against a fire starting 

89. In spite of the low probability of a fire starting, the University will ensure that the wind turbines at the 

Grove Farm site are maintained, to ensure that they remain in an efficient state and good working 

order. To facilitate this (necessary) maintenance, the design of the turbines will, as far as it is 

possible to do so, allow unimpeded access to all parts that need to be maintained. 

90. In recognition of the fact that lightning has been shown to be a main cause of turbine fires starting, 

the University will provide a properly bonded lightning protection system for each turbine – see 

Appendix 2. 

91. The University will ensure that the design of the area at ground level around the wind turbine will 

suit the proposed maintenance strategy. 

                                                      
9
 Source Caithness Windfarms Information Forum www.caithnesswindfarms.co.uk. 



University of Nottingham 

Grove Farm wind turbine project 

Health and safety aspects - rev 2 

 

 

 

University of Nottingham                                                                                                                                                       Page 24 of 34 

Grove Farm wind turbine 

 

92. In addition, the University will ensure that any inspection, monitoring or maintenance is carried out 

by suitably qualified people and undertakes to act on their recommendations. 

Identifying fire safety-critical components 

93. The manufacturer will be asked to identify fire safety-critical components and to suggest a 

maintenance regime, to ensure, as far as it is possible to do so, that they remain in an efficient 

state and good working order. 

94. The University will ensure that suitably qualified people implement these instructions. 

Demonstrating adequate maintenance 

95. The University will develop a monitor, inspect and maintain regime, which will be agreed by people 

competent to do so. In addition, a suitably qualified person will sign off logs for such maintenance, 

to ensure that the University’s undertaking to maintain the wind turbine is delivered. 

96. As a guide, the University agrees to undertake maintenance that will: 

a) Make sure that nominated fire safety-critical components (eg, braking systems) are routinely 

maintained at recommended intervals and kept in good working order; 

b) That likely fuel sources are identified and enclosed; 

c) Satisfy what the manufacturer’s instructions say about maintenance, to ensure it is carried out 

where necessary and to the stated standard; 

d) Implement additional routine checks, where appropriate. 

e) Persons competent to do so will carry out all of these checks and inspections. 

Conclusion 

97. The agents that could start a fire and then support it are listed in 84. By a system of preventative 

inspections supported by timely maintenance, the likelihood of a fire starting can be minimised.  

98. In addition, the containment of the wind turbine on a private site, which is a significant distance 

from people, further reduces the likelihood of a fire causing harm. 
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9.    Mechanical failure 

99. A wind turbine is a machine: an assembly of linked parts, each of which is liable to failure at some 

stage in its service life. While these component failures may not, in themselves, be serious, they 

could lead to catastrophic failure of the wind turbine itself and, as such, their occurrence should be 

avoided. 

Components liable to failure in wind turbines 

100. In a wind turbine the components and sub-assemblies that may be classed as mechanical parts at 

risk of failure are: gearbox, hydraulics, yaw system, generator, brakes, main shaft and the pitch 

control system. 

Uncertainty about mechanical failure data 

101. The uncertainty associated with component service life in a wind turbine has direct bearing on the 

risk associated with a wind turbine developing mechanical problems. Many factors that affect the 

level of certainty are to some extent unique to the wind industry.  

102. First of these is that there is lack of comprehensive data relating to component or sub-assembly 

malfunction. While turbine manufacturers may keep records of failures and wind farm operators 

records of downtime, this information is very rarely accessible. In addition, while operators may 

have general information on the number of failures and their general type, this may not extend to 

providing information on the actual cause of the failure.  

103. The difficulty in obtaining useful component failure data is exacerbated by the rapid pace of 

development of technology in wind turbine design. While many turbines exist as a model type, in 

many cases they incorporate detailed changes, either to improve performance or to remedy a 

commonly reported defect.  

Available data on mechanical failure 

104. Nevertheless, some data has been collected from 2 surveys, in Germany and Denmark, and this is 

presented below: 

Mechanical 
component or sub-
assembly 

Mean time between failures  

(approx number of hours) 

Germany Denmark 

Gearbox 100,000 200,000 

Hydraulics 100,000 275,000 

Yaw system 75,000 300,000 

Generator 100,000 350,000 

Mechanical brake 200,000 600,000 

Air brake 200,000 1,300,000 

Main shaft 350,000 800,000 

Pitch control system 100,000 1,200,000 

Table 10: Failure data for wind turbine components or sub-assemblies 

105. The survey data in the table are averaged over about 10 years and taken from 3 populations of 

between 300 and 4000 turbines. Unfortunately, the data does not clarify the maintenance regimes 

applied to the set of turbines included in the survey. The disparity in the figures between the figures 

for Germany and Denmark is explained thus: 

a) The Danish turbines was a mixed population but decreasing in number with average age over 

15 years and with technology that was well known and consolidated; 
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b) The German population was larger and mixed; growing in number, including turbines aged 

less than 3 years and with a variety of models, whose technology was uncertain. 

106. For the purpose of this report the reliability of the wind turbine at grove Farm will be based on the 

Danish data.  

107. If each wind-turbine at Grove Farm operates for 365 days in the year for 24 hours per day. 

Therefore, over its life of twenty-five years it will operate for 219,000 hours. This operational time 

compares favourably with the worst-case mean time between failures in Table 10. 

Assuring against mechanical failure 

108. The University will develop a monitor, inspect and maintenance regime, which will be agreed by 

people competent to do so. In addition, a suitably qualified person will sign off logs for such 

maintenance. 

109. As a guide, the University agrees to undertake maintenance that will: 

a) Make sure that the components listed in table 10 are routinely maintained at recommended  

intervals and kept in good working order; 

b) Investigate root causes, where maintenance shows incipient failure; 

c) Satisfy what the manufacturer’s instructions say about maintenance, to ensure it is carried out 

to the stated standard; 

d) Be supported by testing, wherever it is appropriate to do so, carried out in accordance with the 

appropriate good practice guides, eg, British or other national standards, recognised industry 

standards, etc. 
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10. Bird strike 

110. The Royal Society for the Protection of Birds (RSPB) has a published policy on wind farms and 

birds, which suggests that The RSPB agrees that properly sited wind farms will have a minimal 

impact on birds.  

111. It should be noted that the important word in this extract is wind farm, which is a collection of many 

turbines and probably would not apply to the three turbines proposed for the Grove Farm site. 

Data on environmental damage (including bird deaths) 

112. Comprehensive data on bird strike is difficult to obtain. Nevertheless, several studies have been 

carried out and the results of these have been summarised in a paper by the Australian Wind 

Energy Association. This paper  records that the estimate for bird strike in the US is 3 strikes per 

turbine per year. In Britain, the estimated figure is lower, at between 1 and 2 strikes per turbine per 

year.  

113. The Caithness web site has recorded data on environmental damage, which includes bird deaths. 

The figures are reproduced below: 

Year 70s 80s 90-94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 

No.          1 1 6 1 5 7 7 20 

 

Table 11: Environmental damage caused by wind turbines 

 

114. Using the same calculation as before, assuming that all recorded figures are bird strikes and that 

stationary turbines pose no threat, the probability of bird strike can be calculated: 

 

Year Operational 
time 
(10

6
 h/year) 

Annual 
recorded  
damage 

Probability of  bird strike 
(operating hrs) 

2005 51.6 5 9.6 x 10
-8 

1 in 10 million 

2006 64.9 7 1.1 x 10
-7 

1 in 9 million 

2007 82.1 7 8.5 x 10
-8 

1 in 12 million 

2008 106 20 1.9 x 10
-7 

1 in 5 million 

 

Table 12: Probability of bird strikes on wind turbines 

115. Putting the figures in Table 12 into context: the average annual probability of bird strike (taken over 

the four years tabulated) is 12 x 10-6 (1 in 8 million). Using this average, it can be calculated that 

for the 25-year service life of the wind turbine, the probability of a bird striking it is 1 in 333,000. If 

250,000 birds a year fly across the site, 19 bird strikes in the turbine’s 25-year service life can be 

expected. 
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11. Recommendations for safety by design 

116. The preceding sections set out how to achieve maximum safety with the operation of wind turbines. 

However, these requirements will not be achieved unless designers consider them and think about 

what needs to be incorporated into the design to assist in their realisation.  

117. Generally, the design should take account of health and safety during: 

• Erection and construction; 

• Commissioning; 

• Maintenance; and 

• Eventual decommissioning and demolition/removal. 

118. Therefore, the following recommendations for the final design of the turbines are made: 

Design of the foundations 

119. The design of the foundations for the wind turbines should be based on the findings of a 

comprehensive site investigation, which provides information on: 

a) The bearing capacity of the ground; 

b) Whether ground water is present (excavations for turbine foundations are significant); 

c) The long-term settlement characteristics of the ground (including mine workings); 

d) Chemical properties and resistivity (see 125); and 

e) How the properties of the ground may be affected by dynamic loading. 

120. The foundations of the turbines should be checked for the various operating frequencies of the 

turbines, to ensure that there is no resonance at operating frequencies. 

Structural design of the turbine tower and other elements 

121. Structural design of the wind turbines should be in accordance with current standards, to resist 

loads evaluated in accordance with state-of-the-art analysis techniques. 

122. The construction case should be investigated, eg, tower in place with no nacelle in place as this 

could be a governing case for dynamic wind loads; 

123. In addition, to ensure that in the unlikely event of structural failure no one is harmed, the turbines 

should be located at least 1.5 x (height to the hub) from: 

a) Any property likely to be occupied; 

b) Any public road or footpath; 

c) Any overhead power lines or other buried services.   

Designing to prevent ice throw 

124. The chances of ice forming on the turbine blades should be minimised by specifying: 

a) Blade coatings that inhibit the formation of ice; 

b) Sensors / Instruments, which if necessary, will shut down the wind turbine; and 

c) Blade heating elements, which can inhibit ice formation. 

Designing to prevent (and mitigate) a fire in a turbine 

125. The design should incorporate measures that would significantly reduce the likelihood of a fire 

starting in a turbine. This should include:  
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a) As lightning is a major ignition agent, the turbines should be provided with properly designed 

lightning protection systems (LPS) with equipotentialisation; 

b) Effective insulation of electrical equipment; 

c) As preventative inspection and maintenance form a major part of the fire prevention strategy, 

the turbines should incorporate measures that will make such inspection and maintenance 

easy, eg: 

i. A legally compliant working platform should be provided at nacelle level, 

ii. A means of inspecting the LPS safely should be provided, 

iii. Leak and heat detection systems should be incorporated in the nacelle; 

d) Site roads should be capable of supporting emergency vehicles (For occasions when the 

above are not sufficient to prevent a fire or in the event of their failure). 

Designing for routine maintenance to prevent mechanical failure 

126. The best way of ensuring against mechanical failure in a wind turbine is to design in provisions that 

allow safe access to the work area and a safe working platform at the point of work. Therefore, the 

design should incorporate: 

a) A safe means of accessing
10

 any work position at height (escape should also be considered) 

but with adequate guards to prevent unauthorised climbing; 

b) A safe working platform at every level where operatives will work routinely; 

c) A safe means of access and working at height where operatives will work infrequently; 

d) Reliable means to isolate mechanical and electrical equipment; 

e) Unambiguous markings of hazards; 

f) Malfunction indicators for safety-critical items; 

g) Provisions for work equipment, eg, where mobile elevating work platforms are to be the 

preferred method for access to a workplace at height, the conditions for their safe operation 

must be provided, eg, a level hard standing of sufficient dimensions and strength around the 

turbine. 

Designing to facilitate construction 

127. The Construction (Design and Management) Regulations 2007 [CDM] require designers to 

eliminate hazards, where it is reasonably practicable to do so. Where it is not possible to eliminate 

the hazards, designers are required to reduce the risks from the hazard. Reducing risks can be 

achieved by either designing in provisions that a contractor can use to manage the hazard, or 

providing information that a contractor can use to plan for managing the hazard. 

Designed in provisions 

128. Foundations for wind turbines are significant reinforced concrete structures. Ideally, the re-bar 

should not weigh more than can be lifted comfortably by two steel fixers, eg, 40 kg. 

129. Turbine tower sections should be fitted with designed lifting points that allow the section to be 

delivered in a vertical configuration. In addition, the lifting points should be above the section’s 

centre of gravity to prevent toppling instability. 

130. In addition, the following should be considered: 

a) The need to use hot processes at height should be designed out; 

                                                      
10 Where access is to be by ladder, it should be by ladder that incorporates a sliding fall arrest system. Ladder hoops are not 

acceptable. Where rope access is the means of access, the anchorage strength should be verifiable. 
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b) Bolting at height should be through match-drilled flanges to minimise the need to 

manoeuvre sections into alignment; 

c) Access to height should, ideally, be from the inside of the tower by stairs. However, if 

ladders are provided, they should be vertical with guarded rest platforms at 9 m (maximum) 

intervals and with a sliding attachment for safety (ladder hoops are not acceptable); 

d) Arrangements for temporary lightning protection systems should be provided; 

e) Where it is not feasible to provide permanent platforms at working levels, arrangements for  

attaching temporary platforms should be made;  

f) The behaviour of partially completed turbines in dynamic wind conditions should be 

investigated; and 

g) Whether large cranes can be accommodated on the site. 

Provision of information 

131. In addition to eliminating hazards, the Construction (Design and Management) Regulations 2007 

[CDM] require designers to provide information about any residual hazards, so that a contractor can 

use it to plan the operation. Typically, the information to be provided should include: 

a) The ground conditions, to allow the shoring for excavations and location of cranes to be 

planned; 

b) Weights of turbine components and their centre of gravity, to allow the lifting to be planned; 

c) Any restrictions on where plant may be located; 

d) Wind conditions that may affect the stability of incomplete turbines; 
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Appendix 1 Ice formation 

A1.1 Late December and early January often see the coldest weather conditions of the winter in the 

United Kingdom; nights are at their longest at this time of the year and temperatures are in free-fall 

for longer. The end of a cold spell of weather is often marked by milder but wetter weather. This 

change is sometimes preceded by sleet or even snow. 

A1.2 Occasionally, when moist air overlies very cold air near the ground, a very different weather type 

develops. As raindrops fall from the warm air they may fall through a layer of sub-zero air. But 

instead of freezing at this point they remain in liquid form (super-cooled), only freezing upon contact 

with the ground. Within a very short space of time ice can build up on roads and pavements, 

making travel all but impossible.  

A1.3 The ice map shown below (reproduced from The State-Of-The-Art Of Wind Energy In Cold 

Climates, 2003) give an indication of the maximum number of days per year on which icing may 

occur both in U.K. 

 

 
 

FigureA1.1: Annual number of in-cloud icing days in UK (& weather stations used in calculation) 

This map shows that the majority of the U.K. experiences only light icing for between 2 and 7 days 

per year. Nottingham is in this zone. 

 

A1.4 Ice formation 

For completeness a brief summary of the nature of ice formation is set out below. This covers the 

type of ice that may form, the definitions of intensity of icing and the process by which ice forms. 

Ice types 

A1.4.1 Three ice types are identified, as follows: 

Clear ice, which is in the form of a layer of hard, smooth, glossy ice on a structure. It is relatively 

transparent or translucent. Clear ice is heavy and difficult to remove. 
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Rime ice, which is in the form of a white or milky and opaque granular deposit of ice on a structure 

and is the most common type of icing; and 

Mixed ice, which is a combination of clear ice and rime ice. 

 

A1.5 Conditions that cause icing 

A1.5.1 Temperature is a key factor in the type of ice that forms. The possibility of icing occurs as 

temperatures reach just below zero, when there is the highest threat of severe icing. As 

temperatures continued to become colder, the threat diminishes.  

The types of ice fall between different temperature ranges, as follows: 

a) Clear: 0 to -5 C 

b) Clear or Mixed: -5 to -10 C 

c) Mixed or Rime: -10 to -15 C 

d) Rime: -15 to -20 C 

A1.5.2 Liquid water content is a measure of the liquid water due to all the supercooled droplets in that 

portion of the cloud where a structure is situated. High LWC values induce the possibility for 

potentially severe icing conditions. 

A1.5.3 Droplet size controls cooling rates: super cooled small droplets will freeze more rapidly on impact 

with structures than super cooled large droplets
11

 (SLD). SLDs contribute to some of the worst 

structural icing conditions. Two basic formation processes can increase the size of the droplets to 

SLD, as follows: 

a) The growth of cloud droplets by collision/coalescence. 

b) Warm layer process - When snow falls into a warm layer (T > 0
0
C), ice crystals can melt. If 

they melt and fall into a cold layer (T < 0
0
C) and become supercooled, they will freeze upon 

contact. If they freeze beforehand, ice pellets will be produced. 

A1.5.4  Icing intensity is related to the rate of accumulation of ice. The different intensities, as defined for 

accumulation on aircraft, are listed below: 

a) Trace ice, which becomes perceptible. Rate of accumulation of ice is slightly greater than the 

rate of loss due to sublimation; 

b) Light icing; 

c) Moderate icing; and 

d) Severe icing, when the rate of accumulation is such that de-icing/anti icing equipment may fail 

to reduce or control the hazard. 

 

                                                      
11

 SLD are supercooled water droplets with diameters larger than 0.04 mm. 
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Appendix 2 Lightning strike 

A2.1 The average number of days each year during which thunderstorms may occur across the UK is 

between 5 and 20, with the number of lightning strikes to a square kilometre of land each year in 

England and Wales ranging from 0.1 to 0.6 depending on geographical location
12

, as shown in 

figure A2.1 below: 

 

Figure A2.1: days of thunder for Great Britain (Met Office) 

A2.2 The calculation of the probability of lightning strike is based on the method set out in BS EN 62035 

– Protection against lightning - Part 2:  Risk Management, which provides the basic data required 

for such a calculation.  

A2.3 The method is fairly simply in its concept; starting from a basic value lightning ground flash density:  

the number of lightning flashes per km² per year (in an area), is multiplied by various factors to 

arrive at a (theoretical) probability that lightning will strike a structure,  

A2.4 When the probability is above the tolerable level, a lightning protection system (LPS) for any 

structure must be considered a sensible precaution, but its importance is exacerbated where there 

is a clear risk to life, the structure or its contents are irreplaceable, or essential services could be 

affected. LP systems designed by specialists will provide the necessary level of protection. 

                                                      
12

 BRE Digest 428: protecting buildings against lightning 
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A2.5 Due to their location, in an area away from hills and other tall structures, there is a significant 

chance that the wind turbines will be struck by lightning during their service life. 

 

Potential impact 

A2.5 There are three ways in which lightning strikes could have adverse impacts, as follows: 

• The wind turbines will be in the university’s playing fields and there is, therefore, a chance 

that people will be in the vicinity of the turbines during a thunderstorm. There is a risk of 

persons being harmed if lightning strikes the turbines; 

• A lightning strike may also start a fire in the nacelle; 

• A lightning strike may cause enough damage to call into question the structural stability of 

any turbine that is struck. 

Potential mitigation 

A2.6 In order to reduce the impact of lightning strikes the University undertakes to put in place the 

following recognised mitigating provisions: 

• An insulated down conductor will be provided; 

• Warning notices will be posted; 

• The lightning protection system (LPS) will be provided with equipotentialisation
13

; 

• This will apply only to ASDA workers who will have access to the turbine base area.  For the 

general public, the provision of a fence reduces this to zero. 

 

A2.7 Conclusions 

During its service life, it is likely that the tower will be struck by lightning. However, the provision of 

equipotentialisation in the lightning protection system [LPS] makes it unlikely that lightning will 

create any safety problems. 

In addition, the LPS will offer assurance, as far it is possible to do so, against lightning being a 

source of ignition for a turbine fire. 

 

                                                      
13

 In addition to rods on the highest portions of the wind turbine, the LPS will also include a network of down conductors (to provide 

multiple conductive paths from the lightning strike point to the ground), bonding connections to metallic objects within and on the 

turbine and a grounding network to allow complete dissipation of the charge. 
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