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Executive Summary 
AECOM was commissioned by the Environment Agency to undertake an independent research study to identify 

the sources and causes of sedimentation and nutrient deposition in Thornton Beck at the village of Thornton-le-

Dale. The project had three aims: 

1. Determine and map the sources of sediment input into Thornton Beck.  

2. Establish the processes, drivers and key locations of sediment deposition within Thornton Beck and in the 

village of Thornton-le-Dale; considering flow pathways and velocity through the village, and the impacts 

of structures, canalisation and in-channel vegetation.  

3. Provide recommendations for management of sediment and vegetation in Thornton Beck and Thornton-

le-Dale, based on Natural Flood Management (NFM) and working with natural processes. 

Sediment is not currently or historically monitored at Thornton Beck, but this is the typical case for most rivers. In 

the absence sediment surveys or monitoring data in Thornton Beck, information has been interpreted from a range 

of sources, including field survey, analysis of digital terrain models, sediment data for other catchments, and 

anecdotal and quantitative data from local residents, the Environment Agency and other catchment stakeholders. 

Sediment data were then synthesised from field surveys, quantifiable data, and channel evolution and sediment 

transport theory.  

Key to the study are established geomorphological techniques of fluvial audit and sediment budgets; these are 

used to define sediment sources, pathways and receptors, and model and quantify the sediment system at 

catchment scale. These techniques were used to estimate the annual sediment yield at Thornton-le-Dale as 15 – 

60 tonnes per annum. This is within the lower end of the ‘normal’ range of measured sediment yields reported for 

similar rivers, and it is evident that the sediment yield at Thornton-le-Dale is not excessive. For context, the total 

sediment load stored and generally not mobile in the Thornton Beck channel upstream of Thornton-le-Dale is 

estimated as 41,212 tonnes. 

It is therefore demonstrated that the volume or mass of sediment itself is not a major issue in Thornton Beck. 

Instead, it is shown that excess sediment deposition is the result of channel modifications through Thornton-le-

Dale, particularly channel flow-splits, channel widening, impoundments, and floodplain disconnection. These 

historic engineering realignments and structures have significantly modified the beck’s natural flow and sediment 

transport regimes.  

Through observations and modelling it is concluded that Thornton Beck, as a semi-natural watercourse, is actively 

trying to regulate its flow by depositing sediment to restore more natural channel shapes.  Ongoing deposition, 

which never fills the channel, is flushed out in high flows, but is replaced during subsequent low flows. This type of 

balanced sediment transport regime is a natural process for rivers but is only semi-natural in Thornton Beck. 

Without modifications, sedimentation would not be an issue. In the beck’s current form, the watercourse will self-

regulate by adjusting its shape to modifications to continue to flow efficiently through Thornton-le-Dale. However, 

some local management activities appear to disturb this adjusted balance and are actually detrimental for 

sedimentation. 

A range of potential management and mitigation options have therefore been identified on the basis of the sediment 

yield and the sediment budget, to ‘work with’ Thornton Beck to improve flows. River restoration through Thornton-

le-Dale, to restore the sediment regime associated with the natural single channel and floodplain, is not realistically 

attainable. This is because the buildings, properties and aesthetics of the village have been built around the 

historically modified channel. However, it is possible to make some adaptations within the existing watercourse for 

beneficial naturalisation. Similarly, NFM-type source and pathway interventions would be beneficial, although they 

would need to be implemented across the majority of the catchment to mitigate diffuse issues at catchment scale. 

Both types of measures would be beneficial and are recommended as far as they are possible. 

Seven site-specific options are described for mitigating sedimentation associated with modified flows in Thornton-

le-Dale. Two less sustainable but potentially effective options for creating sediment storage capacity at large weirs 

upstream of Thornton-le-Dale are also described.  

The potential feasibility of each in-channel option is assessed at high level in terms of possible ‘sediment savings’ 
and flood risk, in order to demonstrate that they are viable to be taken forwards for further development.   
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Glossary 

Accretion Accumulation and build-up of sediment. 

Analogous Representative of, proportionate to, or according to. In this case 

sediment data for rivers near Thornton Beck are considered 

representative of sediment data for Thornton Beck. 

Bedload  The bed load of a river, stream or beck, which consists of relatively large 

particles that are usually on the bottom of the channel, but can be 

periodically moved along the channel by high flows. 

Colloidal load The portion of river sediment that is particulate and dispersed in fluid 

and typically does not settle out of suspension.  

Dissolved load The portion of river sediment carried in solution. 

Entrain The action of being draw into motion and transport by river flow. 

Slowing the flow A natural flood management technique to reduce rainfall runoff rates 

with local vegetation, natural and semi-natural runoff pathway blockages 

and storage features, in order to cumulatively delay and reduce the 

speed of peak flows moving downstream through a catchment. 

Sediment regime The overall balance of sediment inputs, transport, storage and outputs in 

a river system. 

Integrated Height Model  A digital terrain model to represent landscape elevations, derived from 

multiple (integrated) data sources. 

LiDAR Light Detecting and Ranging; a remote sensing technique used to 

measure ground surface elevations. 

NFM (Natural Flood Management) The existence or use of natural processes to reduce the risk of flooding, 

including the restoration of natural processes historically modified by 

land use and development. 

Saltation An intermediate mode of sediment transport to traction and suspension. 

The process whereby a current transports particles by bouncing along 

the river bed. 

Sinuosity The term used to describe the amount of river bends, curves and 

meanders. 

Sediment load The total amount of sediment in a river and its connecting catchment. 

Sediment yield The annual delivery of sediment to a river channel cross section. 

Sediment budget The quantified spatial distribution of river catchment and channel 

sediment source, pathway and deposition zones. 

Suspended sediment / suspended 

load 

The portion of river sediment uplifted by a flow and transported in the 

water column. Comprised of relatively fine particles. 

Traction The process whereby a current transports large, heavy particles by 

rolling or sliding them along the river bed. 
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1. Introduction 
1.1 AECOM was commissioned by the Environment Agency to undertake an independent research study to 

identify the sources and causes of sedimentation and nutrient deposition in Thornton Beck and the village 

of Thornton-le-Dale. Sedimentation and low flows causing reed growth, perceived flood risks and aesthetic 

detriment have been reported by the village residents for several years. 

   

Figure 1.1 Sediment deposits in Thornton Beck at Thornton-le-Dale 
(Environment Agency, March 2021) 

1.2 The Thornton Beck Group of local residents has publicised evidence of sediment influx from local highway 

drains and farming areas3, and identified that “Upstream is critical to addressing siltation issues”. Ongoing 

and previous investigations by the Environment Agency and the Wild Trout Trust (2019) (WTT) identified 

channel modifications as a prevailing cause of sedimentation, with the beck having been “engineered to 

completely unnatural proportions within walled banks; straightened and over-capacity (too wide) meaning 

that it has lost the capacity to be ‘self-cleansing’” (WTT, 2019).  

1.3 AECOM has undertaken independent research of sedimentation issues, and made recommendations for 

appropriate management solutions. Sedimentation is a natural process, while excess sedimentation tends 

to be combination of multiple factors at both local and catchment scale, so the study is based on whole-

catchment analysis. Sediment quantities have not historically been surveyed in Thornton Beck, but data can 

be derived using various geomorphological survey and analysis techniques. This study draws on site 

walkover assessments, remote sensing data, data from analogous catchments, and hydraulic and 

geomorphological modelling.  

1.4 The project has three aims: 

1. Determine and map the sources of sediment input into Thornton Beck.  

2. Establish the processes, drivers and key locations of sediment deposition within Thornton Beck 

and in the village of Thornton-le-Dale; considering flow pathways and velocity through the village, 

and the impacts of structures, canalisation and in-channel vegetation.  

3. Provide recommendations for management of sediment and vegetation in Thornton Beck and 

Thornton-le-Dale, based on Natural Flood Management (NFM) and working with natural 

processes. 

1.5 The locations of Thornton-le-Dale and the Thornton Beck catchment, drainage network and catchment 

runoff pathways are presented in Figure 1.2. The Thornton Beck catchment upstream of Thornton-le-Dale 

is approximately 35km2. The channel through the village, which is the particular focus of the study, is 

approximately 1.5km in length. The local channel is highly modified by realignment, straightening, widening, 

culverts, sluices, bridges, redundant channels, duck ponds and small weirs, which all contribute (to varying 

extents) to the character of the village. 
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Figure 1.2 Thornton-le-Dale and Thornton Beck catchment 

1.6 The study is also intended to inform the Environment Agency’s Water Framework Directive (WFD) objectives 

for the local river. Thornton Beck is part of the “Thornton/Dalby/Staindale from Source to the Syme” WFD 

water body, which is summarised in Table 1.1. The latest data suggest the water body is at Moderate overall 

status, with fish at Moderate status, while invertebrates are High status and macrophytes are Good. 

Reasons For Failure to Achieve Good status for fish, macrophytes and phytobenthos are identified by the 

Environment Agency to include in-channel barriers, and nutrients and phosphates from diffuse sources 

including livestock, agricultural and rural land management, all of which tend to be associated with excess 

sediment.  

Table 1.1 Current WFD Classifications for the Water Body1  

 RBMP Parameter Classification 

Waterbody Name, ID, Category Thornton/Dalby/Staindale from Source to the Syme, GB104027067950, River 

Current Overall Status Poor (2015; RBMP Cycle 2). Latest data (2019) suggest Moderate.  

Hydromorphological Designation Not designated artificial or heavily modified 

Current Ecological Status Poor (2015); Moderate (2019) 

Current Chemical Status Good (2015); Fail (2019)2 

Hydromorphological Supporting 
Elements 

Supports Good 

Objectives Good by 2027 

Protected Area Designations Ellers Wood & Sand Dale 

Reasons for not achieving good status 
and reasons for deterioration 

Diffuse and point source impacts on Fish and Phosphates, related for 
agriculture and rural land management, recreation and water industry. 

 
1 http://environment.data.gov.uk/catchment-planning/WaterBody/GB104027067950. Accessed March 2021 
2 The 2019 Chemical Status includes more stringent chemical assessments introduced by the EA in 2019. The water body fails 
Chemical status in 2019 according to new elements (Polybrominated diphenyl ethers (PBDE) and Mercury and its compounds) 
under analysis that were not tested previously, and this does not necessarily reflect an overall deterioration in water quality. 

http://environment.data.gov.uk/catchment-planning/WaterBody/GB104027067950
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2. Methodology 

Conceptual Framework 
2.1 Sediment erosion, transport and deposition is a natural systemic process that serves critical hydro-

ecological functions, including creation of substrate habitats, supply of nutrients, and removal of pollutants. 

River flows comprise both water and sediment, which exist in dynamic equilibrium until external forcing 

offsets the natural balance to cause excess erosion or deposition.  

2.2 River sediment is either autochthonous or allochthonous, i.e. derived from within the river channel (boundary 

erosion and remobilisation of intermittent stored material), or from catchment sources outside the channel. 

Disruption to the river flow equilibrium can include increased catchment or channel erosion and supply of 

sediment to the watercourse, and/or changes to flow conditions that alter the river’s natural capacity to 

transport sediment through its channel or deposit sediment to its floodplain.  

2.3 Assessment of sediment deposition therefore requires process analysis of linkages between erosion, 

transport and deposition. This involves both the natural baseline of self-sustaining river functions as well as 

the modifications to catchments and channels, such as land use and channel impoundment /diversion, that 

can promote excess sediment relative to flow rates, or depleted flows relative to sediment rates. Erosion, 

transport and deposition should be quantified as far as possible to target sediment sources, pathways and 

receptors, and in turn to develop sustainable management options. 

Absence of Sediment Data 
2.4 Sediment is not currently or historically monitored and quantified at Thornton Beck, but this is the typical 

case for most UK and global rivers. Legislation and routine assessment of geomorphology was only 

introduced outside of research in the UK by the WFD in the early 2000s. Consequently, there has been no 

historic requirement to monitor geomorphological and sedimentological behaviours. Whilst river flows, water 

quality, habitats and ecology have been sampled, monitored and forecasted for decades (each with their 

own considerable challenges), there remains a general paucity of baseline sediment and morphological 

information for most catchments.  

2.5 The Thornton Beck Group of local residents is a valuable source of information for sedimentation issues in 

Thornton-le-Dale. The Group has acted to supply information and undertake active channel management 

in response to perceived risks for aesthetics and flood management, including regular clearance of channel 

deposits3. With strong interests and good intents, it must also be noted that local activities are not 

necessarily underpinned by hard evidence or the standards of scientific veracity that would be required of 

the Environment Agency.  

2.6 It is clear, however, that sediment is an issue (as illustrated in Figure 1.1), and assessment is needed to 

synthesise data sufficiently to inform management options. Data has therefore been collected for Thornton 

Beck by specialist geomorphological consultants, using “fluvial audit” (Sear et al. 1995) and “sediment 

budget” (Walling and Collins, 2008) techniques. Fluvial audits and sediment budgets involve site 

assessments and sediment mapping along with desk studies combining remote sensing data, land use 

maps, hydrological models, sediment data from analogous catchments, general sediment transport theory, 

and computational analysis refined to the particular nature of the watercourse being examined (i.e. Thornton 

Beck in this study).  

Data Collection and Gap Analysis 
2.7 In the absence of sediment surveys or sediment monitoring data in Thornton Beck, information has been 

interpreted from a range of sources. A summary of background information available for the catchment, and 

its use in sediment data synthesis, is presented in Appendix 1: Data Review and Gap Analysis. In brief, 

background data include:  

 
3 https://www.visitthorntonledale.co.uk/assets/docs/Thornton_Beck_Group_presentation_Feb_16.pdf. Accessed March 2021 

https://www.visitthorntonledale.co.uk/assets/docs/Thornton_Beck_Group_presentation_Feb_16.pdf
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• Environment Agency investigations into sedimentation and phosphate pressures, ongoing liaison with 

local residents and other stakeholders, and hydraulic models and flow gauging records for Thornton 

Beck.

• Information from local residents on sediment risks and sources, as collated by the Environment Agency 

and published online.

• North Yorkshire County Council flood reports, and a Conservation Area Character Appraisal and 

Management Plan.

• WTT reports on river and fish habitat quality.

• Yorkshire Derwent Catchment Partnership reports and consultation on NFM including mitigation

measures recently installed in the catchment.

• Yorkshire Water pollution reports.

• Forestry England consultation including Dalby Forest forestry operations, sediment management, and

UK Forestry Standard Operating Procedures.

• Natural Environment Research Council fine-grained sediment diffuse pollution risk mapping for the

Yorkshire Derwent catchment.

• Sediment data for similar catchments, collected from Natural England research reports and other

academic research papers.

2.8 AECOM also undertook a catchment walkover survey, to identify and map sediment source, pathway and

deposition zones, although the present commission did not include for quantitative sediment surveys. 

Data Synthesis

Catchment and Watercourse Survey

2.9 Field assessment and 

geomorphological mapping are key

components of this study.

2.10 Surveys and feature mapping were 

undertaken on 22nd January 2021 and 

10th-12th February 2021 using 

Samsung Galaxy tablets running the 

Esri ArcGIS Field Maps data 

collection and mapping application. 

AECOM designed a custom sediment 

mapping procedure within the Field 

Maps framework specifically for this 

project (Figure 2.1).

2.11 The App allowed sediment processes 

to be mapped and georeferenced live 

in the field (followed by post-

processing and quality auditing). 

Mapping included:

▪ Point sediment and/or 

nutrient sources such as

bank erosion sites and 

drainage outfalls.

▪ Diffuse sediment and/or 

nutrient pathways such as

hillslope-channel coupling, 

forestry and agricultural areas. Figure 2.1 AECOM Thornton Beck catchment survey app 

(screenshot) 
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▪ Channel structures including natural woody debris, designed NFM such as leaky dams, and hard-

engineered impoundments, weirs, sluices and bridges.  

▪ Evidence of channel maintenance activities and effects, including both formal and informal (i.e. 

undertaken by local residents).  

▪ Vegetation, including Invasive Non-Natural Species (although little aquatic vegetation was evident 

at the time of survey, since the project was a December to March commission). 

▪ Geo-referenced photographs. 

▪ Other relevant information and geomorphological notes and interpretations used in this report.  

2.12 The results of the field surveys are briefly summarised in the results section, and further details are provided 

as Appendix 2: Catchment Survey Summary.  

2.13 The survey GIS and database, including all surveyed and geo-referenced catchment sediment features 

have been provided to the Environment Agency as a separate project deliverable. 

Sediment Budget 
2.14 A catchment sediment system is comprised of sources, pathways and receptors, i.e. erosion, transport and 

deposition. The precise link between upstream erosion and sediment mobilisation, and downstream 

sediment yield and nutrient / contaminant transfer, involves many uncertainties. This is due to sediment 

retention and both short- and longer-term storage at intermediate locations, such as the foot of slopes and 

the river channel and its floodplain. The sediment budget concept provides an effective basis for 

representing the key components of the sediment delivery system within a catchment as well as for 

assembling the necessary data to elucidate, understand and predict catchment sediment delivery (Walling 

and Collins, 2008) .   

2.15 A catchment sediment budget relies on a mixture of quantitative and qualitative techniques to estimate the 

amount of sediment eroded from the basin that drains to a river, the proportion of eroded material that is 

delivered to the drainage network (delivery ratio) and the proportion of the sediment load that is deposited 

on floodplain surfaces during overbank events (Skinner and Thorne, 2005). 

2.16 For Thornton Beck upstream of Thornton-le-Dale, sediment load data were generated from quantitative 

analysis of catchment elevation data as well as semi-quantitative) mapping undertaken during the 

catchment walkovers that included visual estimates of sediment input and deposit extents. For convenience, 

brief details of the modelling techniques used to generate sediment data are presented with the analysis of 

results in the Discussion section rather than this Methods section.  
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3. Results 

Catchment Description 
3.1 Thornton Beck is a steep, upland tributary to the River Derwent on the edge of the North Yorkshire Moors. 

In a steep, moorland catchment, sediment mobility would naturally be expected to be high. Topography and 

geology are summarised in Figure 3.1 and Figure 3.2.  

3.2 The channel at Thornton-le-Dale is set on a mid-Pleistocene glaciofluvial fan over Ampthill and Kimmeridge 

clay formations at the edge of the Vale of Pickering, at an elevation of ca. 30mAOD. This is lower lying and 

gentler relief than the mid- and upper catchment, which suggests that the area around Thornton-le-Dale is 

a natural deposition zone for sediment mobilised from the mid- and upper catchment. Topography rises 

quickly upstream of the village to 50mAOD at Welham Park Fish Hatchery in the lower end of the incised 

Thornton Beck valley, then steeply either side of the beck on Middle Calcareous Grit Member sandstones 

comprising vale boundary slopes, up to around 250mAOD in the headwaters.  

3.3 The sandstones of the North Yorkshire Moors have eroded into series of dales in the upper and western 

catchments, into Yedmandale Member Limestone and Calcareous Sandstone on the dale valley floors, and 

Oxford Clay Formation Mudstone on the valley floor of Thornton Beck main channel to the west of Dalby 

Forest. The parent material to the sediment load in the river will therefore contain some gravel (eroded from 

sandstone), and high proportions of sand (eroded from sandstone) as well as silt and clay (eroded from 

mudstone).    

Figure 3.1 Topographic setting of 

Thornton-le-Dale with the Thornton Beck 

catchment 

 

Figure 3.2 Geology of the Thornton Beck 

Catchment 

 

 

Figure 3.2 Geology of the Thornton Beck 
catchment 

Thornton-le-Dale 
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3.4 The majority of the catchment is covered with Dalby Forest and is part of North York Moors National Park. 

Other land uses in the catchment are improved grassland with areas of arable agriculture (Figure 3.3), while 

Thornton-le-Dale (population 19324) is the only significant urban development in the catchment. Grassland 

and forest land cover do not typically yield high sediment loads, although Dalby Forest is actively forested. 

Agriculture, forestry and urbanisation can often promote excess sediment, so these are likely sediment 

sources in the catchment. Aerial imagery of Dalby Forest suggests linear tree-planting perpendicular to 

prevailing valley slopes, which may imply enhanced runoff pathways into tributary channels.  

 

Figure 3.3 Land use across the Thornton Beck catchment; inset shows linear planted forest  

3.5 The total sediment load of a catchment is comprised of bedload and suspended load, with an intermediate 

fraction moving intermittently in saltation, and a very small proportion by mass moving as colloidal or 

dissolved load. Sand, silt and clay are highly mobile owing to their smaller particle size, while gravel is larger 

and more resistant to mobilisation. The natural mobile load of Thornton Beck will therefore be dominated by 

sand, silt and clay, which will be preferentially transported over a relatively stable bed matrix of gravel.  

3.6 The majority of bed gravel will have been distributed along Thornton Beck during the valley formation era 

of Pleistocene and post-Pleistocene glaciation and glacial-melt. Early Holocene fluvial (glacial-melt) 

processes were comprised of flows that were orders of magnitude greater than those experienced in the 

modern climate, so gravels distributed along Thornton Beck would typically only be mobilised in the present 

day by peak flood events such as the 1% AEP (Annual Exceedance Probability5) flood. This makes sand, 

silt and clay the dominant mobile sediment load. 

3.7 Sand, silt and clay can be mobilised by small flow peaks associated with the mean annual flood, typical 

seasonal rainfall runoff, or even seasonal baseflows. It is this highly mobile size fraction that is readily 

delivered to Thornton-le-Dale, where it can settle in the channels in low and moderate flow conditions (cf. 

Figure 1.1). If such flow conditions continue deposits can in some circumstances become consolidated by 

 
4 https://www.citypopulation.de/en/uk/yorkshireandthehumber/north_yorkshire/E34001115__thornton_le_dale/. Accessed 
March 2021 
5 That is the size of flood that only has a 1% chance of happening in any given year, or might be expected to occur on average 
once every 100 years.  

https://www.citypopulation.de/en/uk/yorkshireandthehumber/north_yorkshire/E34001115__thornton_le_dale/
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the root-binding effects of vegetation growth. Potential nutrient sources have been investigated to ascertain 

whether vegetation growth is likely to exacerbate sediment consolidation.  

3.8 The mobile nature of fine sediment delivered to Thornton-le-Dale also means that it will be readily re- 

mobilised into transport by subsequent small flow increases. Fine sediment does not tend to form rigid or 

permanent blockages that compromise channel capacity or flood risk, because rivers undergo constant 

change in an ongoing process of ‘dynamic equilibrium’. A river will naturally maintain its flow by regulating 

its channel to an optimum size and shape to flow efficiently. Sediment will only deposit when flows become 

low enough that it cannot be transported further; this optimises (narrows) the channel in order to sustain a 

smaller flow in a smaller effective channel. When flow increases sufficiently to be able to transport sediment 

again, such as in the next rainfall event, the deposited sediment is re-mobilised and the effective channel 

capacity increases. A floodplain performs the same function at high flows, so that the floodplain becomes 

the effective channel in major flow events. This usually allows sediment to be deposited out of the channel 

and onto the floodplain as flows recede, which also helps regulate the channel to an optimum shape and 

width.  

3.9 Sedimentation only usually becomes a problem when channels or flows are modified. Common 

modifications include abstraction for water resources and disconnection of floodplains by embankments. 

Neither of these are considered to be significant in much of Thornton Beck. At Thornton-le-Dale, however, 

flow modifications in the beck are prevalent, and include impoundments by physical obstacles (e.g. weirs) 

and flow splits. The latter divide the flow into multiple engineered channels, which appear to be less 

optimised for transporting sediment delivered into them by the natural channel, and making them prone to 

adjusting their shapes by depositing sediment.  

 Historic Catchment Analysis  

 

Figure 3.4 Ordnance Survey map of 1885- 19136 

 

 
6 Ordnance Survey map originally published under Crown copyright, but reproduced here without licence in accordance with the 
Copyright, Designs and Patents Act 1988, which states that Crown copyright exists for a period of 50 years from the end of the 
year in which the work was first published. 



Thornton-le-Dale Sediment Study    Project number: 60640579 
  
 

 

 
Prepared for:   
  

9 
 

3.10 Residents in Thornton-le-Dale have reported an increase in sediment loads in their local channels in recent 

years and decades, although this is difficult to confirm without historic surveys. Temporal changes in river 

behaviour in general are increasingly being causally linked with the effects of climate change, especially 

increases in rainfall and flooding intensity. This is likely to explain most or all recent trends of increased 

erosion and sediment delivery to the village. Historic maps and the North York Moors National Park (2017) 

Conservation Area report have been reviewed to identify any other physical catchment disturbances that 

may have contributed to increased sediment loads in recent years and over a longer timescale. Results are 

summarised in Table 3.1, and an example historic map is presented as Figure 3.4. 

3.11 Most changes to the river channel of Thornton Beck appear to have taken place prior to first epoch Ordnance 

Survey maps. The highly mobile nature of the beck’s sand, silt and clay suggests that any catchment impacts 

on Thornton-le-Dale would manifest quickly, so historic channel changes would not explain any recent 

increase in sediment delivery. Catchment land use has evolved over time, but there are no particular events 

or developments that are likely to have triggered a major new delivery of sediment into the river system.  

3.12 A review of historic maps suggests that the majority of the catchment area at Dalby Forest was moorland 

prior to 1945 and managed forest from the 1950s. As such, Forestry England was consulted on forestry 

activities and sediment management practices in a series of meetings with the Environment Agency and 

AECOM. Forestry England confirmed that Dalby Forest is managed to UK Forestry Standard operating 

procedures. Of particular note are: (i) that sediment management is a key component of the Standard; (ii) 

that part of the sediment standard includes always leaving some tree cover in each harvested quantum; 

and (iii) not leaving tracts of bare earth exposed to erosion. Forestry is also rotational, so there are no major  

catchment areas that are harvested at any single point in time. This suggests that forestry, like agriculture 

and urbanisation, is a diffuse source of sediment that has been consistent over time, and therefore that no 

particular land use can be linked with any trend in sediment loads 

Table 3.1 Summary of changes identified from historic mapping and Thornton-le-Dale Conservation Plan 

Date Scale Land use of adjacent area <250m 
Surrounding land use 250-

1000m 

1200s -  
1700s 

n/a 
Thornton Mill and associated weir constructed, expanding to a 
substantial complex with weirs and sluices in the 19th century 

 

1700s -   
1800s 

n/a 
Thornton Hall constructed, with landscaping of grounds and 
Thornton Beck 

 

1885 - 
1913  

1/2 – 6inch 

Beck follows largely the same planform as present day. 
Evidence of straightening, with meander cut offs marked. 
Immediate riparian area marked as wooded in upper 
catchment. Agriculture dominant towards Thornton-le-Dale. 
High Paper Mill Farm and associated weir are present, as are 
the weir and ford at Thornton Mill.  
Two channels immediately downstream of Low Paper Mill 
Farm, joining downstream of Old Bleach Mill / road bridge in 
Ellerburn. The reach between Thornton le Dale and Ellerburn 
is slightly straighter than the present day watercourse. 
Three channels, as today, mapped through Thornton le Dale, 
bifurcating at the crossing of the present day A170 and a third 
channel. The weirs present on the main channel are noted, 
and the straight channel that runs along Malton Gate is 
labelled as a mill leat. The ford at the downstream end of the 
village, where the three channels confluence is present. 

Land use in the headwaters is open 
moorland (Dalby Warren and Allerston 
Low Moor) with numerous quarries 
and gravel pits. Towards Thornton le 
Dale land use is mainly agricultural.   

1920 - 
1940 

1:63,000 No change No change 

1937 - 
1961 

1:25,000 
Old Bleach Mill is marked as disused and the watercourse is 
no longer split. Thornton Beck follows its present course along 
Ellerburn Road.  

Former moorland area is now 
commercial forestry – Dalby Forest 
and Staindale Forest. 
The right side of the catchment, and 
closer to Thornton le Dale remain 
primarily agricultural. 

1949 - 
1970 

1:10,560 No change No change 

2021 n/a 

Welham Park Fish Hatchery present on the right bank, 
adjacent to Low Paper Mill Farm. 
Ford no longer present downstream of Thornton Mill, this has 
been replaced by a bridge. 

Land use through Dalby Forest now 
includes cycle trails and adventure 
activities (Go Ape) 
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Field Survey  
3.13 A catchment walkover survey was carried out between 10th and 12th February 2021, following an initial 

scoping survey on 22nd January 2021. The purpose of the catchment audit was to gain an appreciation of 

catchment characteristics, record key features such as weirs, culverts, bridges and sluices, and, where 

possible, to identify any major sources of sediment. 

3.14 Figure 3.5 shows the key catchment characteristics observed during the walk over including large structures 

and areas and / or features of note with particular reference to sediment source, transport and deposition 

pathways. These are outlined in brief below, and further detail is included in Appendix 2: Catchment Survey 

Summary. 

 

Figure 3.5 Key catchment characteristics identified from field survey 

3.15 Antecedent conditions were dominated by snowfall which remained on the ground throughout the survey 

period. It was subsequently identified that due to rain in the preceding weeks, flows observed through the 

watercourse were higher than base level at the time of the visit. Field conditions were therefore sub-optimal, 

but still allowed for sufficient visibility of sediment patterns.  

3.16 Weather conditions at the time of the survey were dry. While this did not impede views of the watercourse 

or observation of the bedload, it was not possible to observe the surrounding ground or in-channel 

vegetation. This would have been beneficial, particularly with regards to interpreting the effects of nutrients, 

which are accumulate in the same channel locations as sediments, but with nutrients being invisible are 

often demarked by observations of excess vegetation growth. This was particularly true of the agricultural 

areas to the north east of the catchment where snow fall obscured views of ground cover in open areas. It 

was however possible to gain an appreciation of the steep topography and open nature of the riparian zone 

in these areas and this was useful to inform thinking on likely sources of material.  

3.17 The upstream extent of the catchment is dominated by the commercial forestry of Dalby Forest, and through 

this area the main Thornton Beck is largely unmodified. Crossing points are present throughout (culverts / 

bridges) associated with tracks / roads through the forest, and a couple of sediment sinks, in the form of 

reservoirs were noted. Other than this the watercourse exhibits a largely un-modified pool riffle typology, 

heavily influenced by the presence of woody material. The planform is irregularly sinuous with gravel 

bedforms present. Natural geomorphological processes were observed throughout this reach and the flow 

regime is varied. 
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3.18 Closer to Low Dalby the presence of fine, sandy material in the watercourse increases. This is attributed to 

input from the extensive network of legacy drainage ditches that were observed through this area. It is 

considered that these drainage ditches act as a conduit for fine material, derived from the headwater areas, 

to enter the main Thornton Beck. 

3.19 Between Low Dalby and Thornton le Dale there are three large weir structures which impound flow and as 

a result trap and store material behind them. These are considered to be significant sediment stores acting 

as a control on the volume of fine sediment transported downstream. Through this reach there is some input 

from agricultural sources, including the impact of livestock poaching (trampling) channel banks. 

3.20 Between Ellerburn and Thornton le Dale the watercourse appears to have been straightened. Erosion is 

present through this reach as the watercourse attempts to recover equilibrium. Lateral movement to the left 

is restricted by a footpath and soft engineering measures have been put in place to prevent erosion resulting 

in undermining of the footpath. 

3.21 Through the village of Thornton le Dale, Thornton Beck has been heavily modified through installation of 

weirs, culverts, bridges, sluices and a ford, alongside splitting the watercourse into three channels, 

extensive straightening and the use of hard bank reinforcement. These have had a substantial impact on 

the channel geometry and the natural functioning of the watercourse with regard to the sediment transport 

regime. 

3.22 Ad hoc management through the village was observed with a seeming absence of a coherent strategy for 

this modified reach of the watercourse. This management included both measures to remove material from 

the channel, such as clearing of sandy berms and vegetation from the channel adjacent to properties, and 

measures to encourage accretion and vegetation, for example timber groynes at the inside of the meander 

bend at Priestman’s Lane. 

3.23 Downstream of Thornton-le-Dale the land use is agricultural, and the watercourse is over deep and over 

wide through this reach as a result of anthropogenic modification. Deposition of sandy material was 

observed in slower flowing reaches, forming berms throughout. 
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Impounding and Non-Impounding Structures  

Figure 3.6 Impounding (left) and Non-Impounding Structure (right) 

3.24 There are numerous structures 

throughout Thornton-le-Dale 

that impound and trap sediment 

in the channel (Figure 3.6 and 

Figure 3.7). These were 

surveyed during the catchment 

sediment audit, for locations, 

heights and impoundment 

effects. In-channel structures 

include formal weirs, and 

informal weirs that appear to 

have been constructed for 

localised ad hoc channel 

management.  

3.25 The formal structures will have 

served essential economic 

development functions in the 

past, but most now seem to be redundant, although may still benefit visual and amenity values. The informal 

structures serve no benefit in terms of sediment, and only compound sedimentation problems. All the 

impoundments trap sediment, which means they present risks to channel flood capacity, including by 

encouraging vegetation growth. Formal and informal weirs also disconnect fish passage and movement of 

other species.  

3.26 As such, impounding structures are considered significant risks to sedimentation in Thornton-le-Dale, and 

weir modification and removal are likely to be beneficial sediment management options. 

3.27 Non-impounding structures, typically bridges, were also recorded in the catchment sediment audit, since 
these are features that can be excluded as sediment management options (and serve essential functions).  

Figure 3.7 Impounding and Non-Impounding Structures  
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Natural Flood Management in the Catchment 

Figure 3.8 NFM features installed in the Dalby Beck catchment 

3.28 Figure 3.8 shows the location of existing NFM interventions within the study catchment installed by Yorkshire 

Wildlife Trust as part of the Derwent Villages project. These are all in-channel measures using predominantly 

woody material based techniques. 

3.29 In the upper part of the catchment on Staindale Beck 13 trees have been felled at different angles across 

the channel (Figure 3.8A). These trees have been hinged such that they remain alive and connected to the 

bank (Figure 3.10). These measures work well for encouraging out of bank flow and slowing downstream 

water in higher flow events. In time, channel change associated with these measures may create areas of 

lower velocities behind them resulting in deposition of material. This is likely to be primarily associated with 

transport of coarse material. It is likely that this finer material will be remobilised and transported past the 

structures in flood flows, however some storage is anticipated where this fine material consolidates or 

vegetates. 

3.30 NFM measures have also been used in the upstream of the catchment (Figure 3.8A) on Dove Dale, a 

tributary of Staindale Beck, where land use is a mixture of heather, heather grassland and a heavily treelined 

(broadleaved woodland) watercourse. Measures on this tributary comprise leaky dams (Figure 3.9) and the 

installation of heather bale bunds to trap sediment and slow the flow. The use of heather bunds is considered 

likely to be effective in trapping fine materials that enter from the surrounding landscape. 

3.31 In the downstream part of the catchment, in the area around Low Dalby, leaky dams have been installed on 

Thornton Beck (Figure 3.8B) similar to those on Dove Dale. These have used imported timber to create 

leaky structures across the watercourse, holding back flow in higher return periods. Whilst effective at 

holding back flow and encouraging overtopping, these dams are not intended to have an impact on sediment 

transport, in fact quite the opposite, and so whilst there may be some increased deposition on the floodplain 

as a result of increased overtopping, the impact on the volumes of fine sediment in the watercourse is 

considered negligible. 

A B 
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Figure 3.10 Hinged trees on Staindale Beck  

  

3.32 The effects of these measures in isolation will have a negligible impact at the catchment scale. In 

combination their cumulative effect may be measurable. However, this benefit is linked to ‘slowing the flow’ 

for helping to reduce runoff and flood risk, as opposed to managing the sediment transport regime. The 

impact on siltation within the watercourse is considered to be negligible at the catchment scale. 

3.33 A PhD is currently being carried out within the catchment by researchers at the University of Newcastle, to 

assess the measures installed at both these sites. This research includes data capture using water level 

loggers, laser scanning of the river bed and measurements of particle sizes.  The results from this study, 

when available, could be used to inform future sediment management strategies within the catchment. 

 

  

Figure 3.9 Leaky dams on Dove Dale 
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Sediment Sources 
3.34 There are areas of arable agriculture, a common excess sediment source, immediately north and east of 

the village, although these may be buffered from the beck by linear woodland parallel to Ellerburn Road and 

Outgang Lane, with managed grassland dominating the valley sides. There is more arable agriculture in the 

north of the catchment, but the distance along the watercourse means this is probably not a major causal 

linkage to sediment problems in the Thornton-le-Dale.  

3.35 Urban and highway infrastructure and drains are likely to be other significant influences on sediment transfer 

throughout the catchment by connecting runoff pathways with diffuse land use sources. This is illustrated 

with the Environment Agency’s Risk of Flooding from Surface Water (RoFSW), which shows the distribution 

of catchment runoff (Figure 3.11) which can be compared with the land uses shown in (Figure 3.3).  

3.36 The flood map for surface water also illustrates how the local road network, which will also contain drainage 

systems and sewers, promotes rainfall runoff over infiltration, and routes it into the beck. The effects of 

discharges from drainage outfalls are shown more directly by with images captured by the Thornton Beck 

Group during discharge events.8  

Figure 3.11 Surface Runoff Pathways  

3.37 Thornton-le-Dale residents have also reported concerns about apparent discharges from foul sewers 

contributing sediment and other pollutants into the Beck. At least two such incidents are known to have been 

investigated by Yorkshire Water and the Environment Agency. Details are summarised in Yorkshire Water 

pollution report numbers 1870425 and 1873660 for Thornton Beck at Chestnut Avenue, dated December 

2020 and January 2021 respectively. The incident reports are not reproduced here.   

3.38 Photographs from each incident report show significant sediment plumes in both events. Both investigations 

report water running off the fields into road gullies and then around river outfalls, and that the combined 

sewer overflow at that location was not discharging at the time. Both events also had negative results for 

samples tested for ammonia, implying that they were not wastewater sources. As such, sewer point sources 

other than those conveying highway runoff, or possibly misconnections that are common in residential 

areas, are not considered to be significant sediment or nutrient sources to Thornton Beck.  

 
8 https://www.visitthorntonledale.co.uk/assets/docs/Thornton_Beck_Group_presentation_Feb_16.pdf. Accessed March 2021 

https://www.visitthorntonledale.co.uk/assets/docs/Thornton_Beck_Group_presentation_Feb_16.pdf
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3.39 Diffuse pollution, however, is clearly a source of excess 

sediment to Thornton Beck. A recent research project by 

the UK Centre for Ecology and Hydrology (CEH) used the 

SCiMAP model (Richardson, 2019) to investigate erosion 

risk concentrations within the river channels and tributaries 

of the Yorkshire River Derwent. The CEH results specific to 

Thornton Beck are reproduced in Figure 3.12. The CEH 

study was for fine-grained sediment diffuse pollution risks 

for the whole of the Yorkshire Derwent catchment, without 

data or survey specific to Thornton Beck, and the selected 

results are reproduced here under Open Government 

Licence. 

3.40 SCIMAP is a diffuse pollution model9 designed to help 

identify source contributing areas to river fine sediment and 

pollutant loads. It presents relative results, i.e. it targets 

which landcovers are likely to be sources of higher or lower 

sediment contributions, without providing absolute values. 

For Thornton Beck, the CEH data identified the agricultural 

regions of the north of the catchment as the most likely 

sediment sources.   

3.41 SCIMAP incorporates land cover maps such as those 

shown in Figure 3.3 of this study, which shows coniferous 

woodland across Dalby Forest. It is known for this study 

that Dalby Forest is an area of active forestry, so it is 

considered that the CEH SCIMAP results underestimate 

sediment contributions from forestry. Nevertheless, this is 

an important source of evidence for diffuse sediment 

loading towards Thornton-le-Dale.  

3.42 AECOM’s detailed catchment survey identified the area of 

Dalby Forest as contributing more sediment to Thornton 

Beck than indicated by SCIMAP. AECOM also identified a 

number of in-channel structures such as weirs throughout 

and upstream of Thornton-le-Dale as having significant 

impacts of sediment transport and deposition, which 

SCIMAP is not designed to identify.  

3.43 Bank erosion sites and other sediment inputs to Thornton 

Beck were mapped during the catchment sediment audit 

in February 2021 (Figure 3.13). Sediment inputs other 

than bank erosion include highway outfalls, surface runoff 

inflows (cf. Figure 3.11), and areas of hillslope erosion 

observed to be coupled with the beck. At the time of 

observation, these were not necessarily active discharges 

or linkages, so sediment quantities could not be gauged. 

Locations were recorded to inform the spatial distribution 

of inputs throughout the catchment, and to help target 

sediment pathways and potential intervention measures. 

Bank retreat distances and lengths along the channel 

were measured in the field, and from experienced 

judgement, the extents were noted as typical for any river 

in this setting. 

 

 
9 SCIMAP - Diffuse Pollution Risk Mapping. Accessed March 2021 

Figure 3.12 SCIMAP Diffuse Sediment Risks 

for the Thornton Beck catchment10 

 

Figure 3.13 Bank erosion and other 

sediment input pathways observed along 

Thornton Beck in February 2021 

 

https://www.scimap.org.uk/
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Sediment Yields for Analogous Catchments 
3.44 To inform sediment quantity estimates for Thornton Beck in the absence of local monitoring, available data 

for sediment in other rivers have been summarised in Table 3.2. The data encompass a range of river types 

and catchment sizes, but are shortlisted here on the basis that fluvial sediment data are rare in general, and 

these are rivers in a similar geographical region, so can be used as guiding values for assessments at 

Thornton-le-Dale. Where data are available, sediment yields in tonnes per annum (t a-1) have been re-

scaled pro rata by catchment area for comparison with Thornton Beck.  

3.45 The sediment yield for Thornton Beck and Thornton-le-Dale is included in Table 3.2 for comparison with the 

ranges of values measured in other rivers. Derivation of the sediment yield for Thornton Beck and its 

meaning for river and catchment management is discussed below.  

Table 3.2 Available Sediment Data for Catchments in the Region of Thornton Beck and General 

Catchments by Land Use  

River 
Sediment Yield 

Estimate 
(t a-1) 

Catchment Area 
(km2) 

Sediment Yield 
per catchment 

area (t a-1) 

Sediment Yield 
pro rata to 

Thornton Beck 
(t a-1) 

Data Source 

Various n/a ~25 - 50 ~50 – 2000  70 - 1400   
Environment Agency (1998) 
R&D report on sediment & 
gravel transportation in rivers 

Various, 
representing 
upland rough 
pasture 

n/a ~1 - 100 3 – 286 110* 
Natural England (2008) report 
on sediment yields 

Various, 
representing 
upland agriculture 

n/a ~1 - 100 7 - 50 35* 
Natural England (2008) report 
on sediment yields 

Various, 
representing 
lowland 
agriculture 

n/a ~1 - 100 8 – 131 40* 
Natural England  (2008) report 
on sediment yields 

Various, 
representing 
lowland urban 

n/a ~1 - 100 10 – 20 15* 
Natural England  (2008) report 
on sediment yields 

River Nidd at  
Cowthorpe 

484 17 25.5 894 Wass and Leeks (1999) 

River Esk 
(Yorkshire) 

310 25 12.4 434 
Marshall (1957) in Walling and 
Webb (1981) 

Cod Beck 
(Yorkshire) 

74 7 10.6 370 Butcher et al (1993) 

Hodge Beck ** 2 – 488 57 0.04 – 8.5 1 - 300 
13km west of Thornton-le-Dale. 
Imeson (1970) and Arnett 
(1979)  

Thornton Beck 
at Thornton-le-
Dale *** 

15 - 60  35 0.4 - 1.7 15 - 60 
This research study 
(details described below) 

Swale at Grinton 111 220 0.5 18 
Marshall (1957), cited in Walling 
and Webb (1981) 

North Esk 
(Yorkshire) 

7 26 0.3 9.5 
Ledger et al  (1974) cited in 
Walling and Webb (1981) 

Swale at 
Catterick Bridge 

58 499 0.1 4 Wass and Leeks (1999) 

Ure at Westwick 
Lock 

35 914 0.04 1 Wass and Leeks (1999) 

Swale at Leckby 
Grange 

33.5 1350 0.02 1 Wass and Leeks (1999) 

      

*  Mean values for the reported range of catchment areas and sediment yields 
**   Used to illustrate variance in sediment results from different times in same catchment. Exact monitoring point unknown and 

estimated 
***  Estimated without sediment monitoring, using field surveys and the research methods described herein  
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4. Discussion  

Sediment Yield for Thornton Beck at Thornton-le-
Dale 

Sediment Yield  

4.1 The sediment yield for Thornton Beck is estimated 

as 15 – 60 t a-1. This was derived primarily from field 

survey, and by mapping of sediment deposits 

interpreted to be mobile by geomorphologists. The 

lengths, widths and heights of sediment deposits 

throughout Thornton-le-Dale were mapped visually 

in the field, and converted to mass assuming a 

typical wet sediment density of 2000 kg m-3, to give 

a cumulative mobile sediment load representative 

of the sediment yield. Results were assessed and 

verified in the context of sediment yields reported 

for comparable catchments (Table 3.2), and expert 

judgement of sediment observed in Thornton Beck 

and many thousands of kilometres of other river 

studies.  

4.2 A range of values is presented to allow for inevitable 

uncertainties because the sediment load is not 

directly monitored. A calculated base value of 

26.85 t a -1 was rounded up to 30 t a -1, and an error 

range of +/-50% applied to account for typical 

annual variance, and variance in typical sediment 

conditions from the dates of field survey (which was 

undertaken in mid-winter when seasonal sediment 

delivery would be expected to be high). 

4.3 The total sediment load of a catchment is comprised of mainly of bedload and suspended load, and 

proportions vary according to interrelationships between river typology, geology, relative relief, rainfall and 

discharge. For Thornton Beck, the mobile sediment yield is interpreted to be predominantly sand, silt and 

clay, and it is this material that is observed to repeatedly form sediment deposits through Thornton-le-Dale.  

4.4 Larger gravels exist throughout the bed of Thornton Beck, but these are relatively immobile, and delivery of 

this bed material into Thornton-le-Dale is generally inhibited by the large weirs at Thornton Mill and the 

Paper Mill. The presence of gravel in the river bed despite these impoundments implies that the gravel pre-

dates the structures, and therefore must be stable. These comprise the perennial sediment load. Sand, silt 

and clay can move in saltation or suspension rather than by bed traction, so can be delivered past the 

impoundments and into the Thornton-le-Dale in peak flows, and settle to the bed as peak flows recede to 

baseflow. These comprise the annual sediment yield which is the fraction of the sediment load that is 

assessed for management options. 

4.5 The likely natural and excess (non-natural) sources of sand, silt, clay and gravel are discussed in the 

Sediment Budget section of the report.  

Comparison with Other Rivers  

4.6 It is evident from Table 3-2 that the sediment yield at Thornton-le-Dale is not excessive. It is within the 

‘normal’ range of measured sediment yields for similar rivers, and towards the lower end of the range.  

4.7 The closest river with a measured sediment yield is Hodge Beck, which flows west of Kirkbymoorside, 

approximately 13km west of Thornton-le-Dale. Hodge Beck is noted by Natural England (2008) as an 

extreme example of the potential lack of consistency between data derived from different studies, although 

Figure 4.1 Deposited mobile sediments mapped in 

Thornton Beck by field surveys 
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the reasons for the different values are not explained. Thornton Beck is toward the lower end of the 

measured range at Hodge Beck.  

4.8 Other particularly relevant values in Table 3-2 are the ‘various’ results taken from Natural England (2008), 

which describe range and mean values for upland rough pasture and agricultural catchments. Thornton 

Beck has elements of both land uses, as well as Dalby Forest, which given the forestry operating standards, 

is not considered to contribute any more sediment than any other land use in a typical catchment. The 

sediment yield at Thornton Beck is toward the mid- to lower end of the typical sediment yield for these types 

of catchments. 

Sediment Budget for Thornton Beck Catchment 

Sediment Budget Development 

4.9 A sediment budget describes the total load of sediment in a river and its connecting catchment, in order to 

quantify the distribution of likely sources and pathways to deposition zones, and therefore target effective 

management interventions. This is different from the sediment yield, which is the annual delivery of sediment 

to a given location, and informs the amount of sediment that may require management. Not all of the total 

sediment load will be mobile, and not all of the mobile yield would need management. At Thornton-le-Dale, 

as for any catchment, it is important to consider local management options in the context of natural 

catchment processes, and excess sediment sources and deposition.  

4.10 In order to rationalise the numerical data generated for the sediment budget, the adopted modelling 

approach is briefly described below. In the absence of any direct sediment monitoring, the sediment budget 

presented here is based on remote sensing data and semi-quantitative field survey. All sediment values 

have been generated from proxy data by a range of modelling techniques, all with inherent uncertainties, 

estimates and assumptions.  

4.11 Proxy data were primarily sourced from the Environment Agency’s Integrated Height Model, which is a 

remotely-sensed 2m areal resolution Digital Terrain Model incorporating LiDAR10, data where available, in-

filled with Aerial Photo Great Britain elevation data derived from photogrammetry. LiDAR accurate to 1m 

areal resolution is available for a small proportion of the southern catchment extent. Detailed topographic 

data were surveyed through Thornton-le-Dale for the 2019 Environment Agency Vale of Pickering hydraulic 

model and were integrated into the catchment elevation model by AECOM. This was supplemented by semi-

quantitative data for channel sediment deposits collected by AECOM during the catchment walkover, based 

on visual estimates of deposit depth, width and along-stream length.  

4.12 The resulting composite elevation model was interrogated to derive channel bed levels along the main 

channel of Thornton Beck from its headwaters to its confluence with the River Derwent. A trend line (best fit 

6th order polynomial) was fitted to the channel elevation data, and the assumption made that elevations 

relative to the trend line represent scour and deposition, i.e. pools (negative values / below the bed trend), 

and riffles and bars (positive values / above the bed trend). Positive values represent sediment deposits, so 

were carried forwards, and a general trend to represent substrate bed evolution was added, since channel 

sediment storage and bed depth will increase with distance downstream in any river. Deposit elevations and 

lengths were then converted to sediment masses in tonnes by factoring channel width and assuming a 

typical wet sediment density of 2000 kg m-3 (Figure 4.2B). 

4.13 The general bed evolution trend was based on review of online borehole records for the area available from 

the British Geological Survey11. Borehole data for the River Derwent at West Ayton suggest a 1 metre depth 

of rounded gravel for a similar position to Thornton-le-Dale on the boundary of the North Yorkshire Moors 

and the Vale of Pickering. This is the closest available borehole with substrate data that can be interpreted 

to be of fluvial origin, although the morphological genesis of the gravel layer is unknown, and the borehole 

is not in a present day river channel. The catchment area for the River Derwent upstream of the borehole is 

130 km2, compared with the 35km2 for Thornton Beck, but a 1m deep gravel bed for this region of Thornton 

Beck is considered to be a reasonable estimate and perhaps somewhat conservative. A continuous trend 

 
10 Light Detecting and Ranging; a remote sensing technique used to measure ground surface elevations 
11 http://mapapps2.bgs.ac.uk/geoindex/home.html. Accessed February 2021 

http://mapapps2.bgs.ac.uk/geoindex/home.html
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of bed depth was therefore distributed evenly from 0m at the headwaters of Thornton Beck to 1m depth 

downstream of Thornton-le-Dale, and multiplied by channel width, length and the assumed density factor.  

4.14 The most notable peaks in sediment storage shown in Figure 4.2B spatially correlate with diffuse inputs 

from agriculture in the upper catchment, Dalby Forest in the mid-catchment, and impoundment at weirs. 

The most notable sediment spikes and weir impoundments are at:  

• Different land uses between 3,000m and 9,000m downstream from the headwaters. 

• Approximately 10,500m distance downstream from the headwaters, which is the weir at the Paper 

Mill. 

• Approximately 12,700m downstream, which is the weir at the former Thornton Mill upstream of 

Priestman’s Lane.  

• Various small peaks through Thornton-le-Dale from approximately 13,000 to 14,000m downstream. 

4.15 It is also notable in Figure 4.2B that there is very little sediment storage in the secondary channels through 

Thornton-le-Dale, i.e. the channels adjacent to Malton Gate and Chestnut Avenue. This is because the 

secondary channels are the offtake channels, as opposed to the original natural channel of Thornton Beck, 

so the secondary channels do not have a natural depth of bed gravel. 

4.16 The overall sediment mass distribution has been interpreted in conjunction with the walkover survey, in 

order to quantify the catchment system in terms of key sediment inputs, outputs, and channel storage. This 

is illustrated in Figure 4.3. The resulting sediment budget is mapped in Figure 4.4.  

Figure 4.2 Derivation of sediment mass loading along Thornton Beck 
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Sediment Budget 

  
Figure 4.3 Key sediment inputs to Thornton Beck 

4.17 A simplified trend to the detailed mass loading was applied to identify key sediment input zones along 

Thornton Beck in 500m reaches, as illustrated in Figure 4.3. The sediment budget is mapped in Figure 4.4. 

4.18 Channel inputs include natural bed evolution and channel boundary erosion. Catchment inputs include 

natural hillslope coupling, and excess sediment sources and pathways generated by land uses and 

infrastructure. The total channel sediment load would be expected to increase with distance downstream 

through the catchment, but it is clear that the trend of total sediment load is primarily controlled by catchment 

inputs and channel impoundments.  

4.19 The main sediment inputs are diffuse, and associated with agricultural land use in the upper catchment at 

around 3,200m to 4,200m downstream from source, and Dalby Forest in the mid catchment at around 6,700 

to 9,200m downstream. In comparison, the peak in sediment load in the mid-upper catchment at around 

5,200 to 6,200m downstream is relatively low. This spike is associated with Dalby Forest Drive, bank and 

hillslope erosion, and increase footfall, activity and channel access around Dalby Visitor Centre. It is not 

possible to elucidate the different sources in this area. Further upstream, even though the headwater valleys 

are steeper, bank and hillslope inputs are likely to be lower because the stream has not developed enough 

flow and energy for high rates of erosion.   

0

500

1000

1500

2000

2500

3000

20
0-

7
00

12
00

-1
7

00

22
00

-2
7

00

32
00

-3
7

00

42
00

-4
7

00

52
00

-5
7

00

62
00

-6
7

00

72
00

-7
7

00

82
00

-8
7

00

92
00

-9
7

00

10
20

0-
1

07
00

11
20

0-
1

17
00

12
20

0-
1

27
00

13
20

0-
1

37
00

14
20

0-
1

47
00

15
20

0-
1

57
00

16
20

0-
1

67
00

17
20

0-
1

77
00

18
20

0-
1

87
00

19
20

0-
1

93
00

Se
d

im
en

t 
Lo

ad
 (t

o
n

n
es

)

Distance Downstream (m)

Total sediment load

Bed trend

Catchment and channel inputs

1 

2a,b 

3

4

5

6
a

,b
 

Channel deposits spatially associated with: 

1. Diffuse inputs from agricultural areas 

2a. Inputs from hillslope erosion 

2b. Inputs from highway drainage 

3. Diffuse inputs from area of Dalby Forest 

4. Paper Mill weir impoundment 

5. Thornton Mill weir impoundment 

6a. Inputs from highway drainage 

6b. Impacts of channel modifications 

 



Thornton-le-Dale Sediment Study    Project number: 60640579 
  
 

 

 
Prepared for:   
  

22 
 

  

Figure 4.4 Sediment Budget for Thornton Beck  
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4.20 The largest spike in sediment load is at Thornton Mill at around 12,700 m downstream from the headwaters. 

Accounts of the village history (North York Moors National Park, 2017) report evidence for Thornton Mill 

from at least the year 1200, and sediment will have been impounded in the channel throughout this time. 

Historic channel modifications appear to explain the discontinuity in the bed sediment load trend evident in 

Figure 4.3. The Paper Mill weir further upstream at around 10,500 m (downstream from source) is another 

major impoundment, but is more recent (Table 3.1) and has had less impact than Thornton Mill. 

4.21 Sediment mass inputs, impoundments and outputs through the catchment are spatially attributed to 

Thornton Beck in Figure 4.3. These should be compared with the total sediment load estimate of 41,212 

tonnes in the ca. 16km long channel upstream of Thornton-le-Dale. As described above, the annual mobile 

sediment yield estimate is 15 – 60 t a-1. 

4.22 The mass inputs and outputs are spatially distributed from the loading estimates described in Sediment 

Budget Development. It is notable that diffuse inputs from the agricultural and forested areas of the 

catchment are proportionate to the spatial areas covered by each respective land use, so there is no 

particular land use linked with excess sediment yields. The pathways from these sources into the beck are 

illustrated by the Environment Agency Risk of Flooding from Surface Water (i.e. surface runoff) maps. 

Drainage density appears to be higher in the agricultural areas than forestry areas, but agriculture is more 

remote from Thornton-le-Dale, while Dalby Forest covers a larger catchment area. It is therefore not possible 

to link sediment accumulations in Thornton-le-Dale with any particular area or catchment activity.  

4.23 It is also notable that sediment inputs decrease significantly from the area of Thornton-le-Dale (12,700 m to 

14,200 m downstream from source) and towards the River Derwent when compared with mid and upper 

catchment. In Thornton-le-Dale this appears to be due to excess deposition associated with channel 

modifications, which is discussed below in The Effects of Channel Changes in Thornton-le-Dale. Results in 

Figure 4.2 suggest that the lowest sediment loads for Thornton Beck are in the Malton Gate channel. This 

may be contrary to perceived sediment risks, but is simply explained by the secondary channels being 

engineered offtakes, and not receiving the natural sediment load of the main channel. 

4.24 The area downstream of Thornton-le-Dale has not been examined in detail, but it is reasonable to assume 

that the channel sediment balance becomes increasingly influenced by outputs to floodplain deposition in 

the lower channel gradients. 

4.25 The diffuse nature of sediment inputs to Thornton Beck suggest that diffuse NFM measures would be 

beneficial management options. However it also means that NFM would need to be widespread throughout 

the agricultural and forested areas to be cumulatively effective, and these areas cover the majority of the 

catchment. More directly effective measures may therefore be targeted at impoundments that capture 

sediment in specific locations, and other channel modifications than impede rather than allow natural 

transport conveyance. The effects of channel changes in Thornton-le-Dale are examined below. 

The Effects of Channel Changes in Thornton-le-Dale 
4.26 Thornton Beck through Thornton-le-Dale has been extensively modified historically, particularly by division 

of the single natural channel into two parallel channels adjacent to Chestnut Avenue and Malton Gate, and 

by widening of the single channel sections around the split flows. The impacts of these modifications on 

sedimentation are analysed below.  

4.27 A river will naturally find the most efficient way to flow via the ‘principle of least action’ (Nanson and Huang, 

2018). Erosion, sediment transport and deposition are continual natural processes that are sustained in 

dynamic equilibrium by the river meandering and regulating its channel capacity and shape. A river therefore 

has a shape entropy that supports the most effective flow rate for transporting sediment. The impacts of the 

non-natural channel modifications through Thornton-le-Dale are illustrated below using the geomorphic 

concept of the effective discharge, which requires a brief mathematical proof as follows. 

4.28 The relationship between flow rate and the condition of sediment motion is often simply illustrated with the 

Hjulstrom curve (Hjulstrom, 1935; Figure 4.5). However, the Hjulstrom model is physically limited because 

it is based on empirical measurements highly specific to the geometry and gradient of an experimental 

flume, and it does not account for variations in channel width, depth and slope associated with flow 

acceleration and deceleration.  
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Figure 4.5 Hjulstrom curve for the influence of flow velocity on sediment transport  

4.29 The conventionally accepted model of sediment motion in a fluid is the dimensionless Shields Diagram 

(Shields, 1936; Figure 4.6). The Shields relationship can be used to calculate critical conditions for initiation 

of particle motion as: 

  𝜏∗𝑐 = 𝑓 (𝑅𝑒∗)       Equation 4.1 

4.30 Where  𝜏∗𝑐 is the Shields Parameter 

𝜏∗𝑐 =
𝜏𝑐

(𝜌𝑠− 𝜌) 𝑔 𝐷 
       Equation 4.2 

4.31 and 

𝑅𝑒∗ =
𝑢∗ 𝐷

𝑣
       Equation 4.3 

4.32 Where 𝜏𝑐 = critical shear stress; 𝜌𝑠 = particle density of bed material; 𝜌 = fluid density of water; D = bed 

material particle diameter; 𝑅𝑒∗ = shear Reynolds number and shear velocity; v = kinematic viscosity; and 

g = acceleration due to gravity. 

Figure 4.6 Shields curve for the initial of particle bed motion 
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4.33 Critical shear stress in the Shields model is proportionate to flow depth and flow rate, but the representative 

flow depth and rate in a non-uniform channel bed with multiple impoundments, such as Thornton Beck, are 

very difficult to identify. Also, most hydraulic models, including those used to analyse flood risks across 

Thornton-le-Dale and the rest of the Vale of Pickering, are based on volumetric rates of rainfall runoff and 

gauged discharge. It is therefore more convenient to substitute the critical flow condition into the Shields 

relationship rather than the critical depth or shear stress, to assess the critical discharge for sediment 

transport or deposition. Models of discharge still need to account for how a flow occupies a channel, so 

discharge is adjusted to effective discharge per unit channel width, in order to account for dispersal or 

concentration of flow energy. Width can also be measured more readily than time-variant flow depth using 

topographic survey data. Schoklitsch (1962) presented the effective discharge per unit channel width 

empirically, which is modified here for the composite channels through Thornton-le-Dale as: 

 Σ 𝑞𝑐 = 0.15𝑔0.5 𝐷50
1.5 𝑆−1.12  Equation 4.4 

4.34 Where Σ 𝑞𝑐 = the critical discharge per composite flow width for the particle size 𝐷50; 𝐷50 = the median 

particle size and S = slope (taken as the mean bed slope at reach scale). Bathurst et al. (1987) presented 

empirical evidence of the Schoklitsch formula with the relationship shown in Figure 4.7. 

Figure 4.7 Relationship between effective discharge, bed slope and median particle size (Bathurst 

et al., 1987) 
 

4.35 Equation 4.4 can then be rearranged to predict the size of particle that will settle to a river bed at a given 

flow, in this case the baseflow of Thornton Beck. Baseflow was taken as the median flow, calculated from 

flow records at the Environment Agency gauging station at Priestman’s Lane as 0.39 m3 s-1. For the analysis 

of sedimentation throughout the channel, the gauged discharge was assumed to vary with distance 

downstream in proportion to catchment area. 

4.36 Similar to the SCIMAP model of relative diffuse pollution sediment risks shown in Figure 3.9, the results of 

the channel modification analysis at Thornton-le-Dale are presented as relative sedimentation risks in Figure 

4.8. This is in order to illustrate the distribution of baseflow sedimentation risk throughout the river, and the 

effects of modified channels through Thornton-le-Dale (c.f. Figure 4.9 and Figure 4.9). The absolute values 

shown in Figures 4.8 to 4.10 are the median particle size that will settle at baseflow, where for reference, a 

particle size of 0.5mm is classified as coarse sand on the standard Wentworth scale. The sediment deposits 

observed through Thornton-le-Dale are generally composed of medium to coarse sand with fine sand and 

silt. The colour grading in Figures 4.9 and 4.10 has been selected to emphasise variance in the effective 

discharge relative to these particle sizes. 

4.37 The effects of channel modification are subtle because the median baseflow is a low flow rate, and the 

modified channel widths through Thornton-le-Dale only vary by a small amount. Also, the widened and 

secondary channels will have been originally designed to flow efficiently, albeit without, it seems, accounting 

for sedimentation.  

4.38 In short, widening and splitting the channels in Thornton-le-Dale significantly decreases the effective 

discharge. This decreases flow velocity below the threshold needed to transport the dominant sediment 
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load of medium to coarse sand, and results in excess sedimentation at baseflow. The effects of subdued 

velocity are exacerbated by impoundments and at the inside of channel bends, which explains the 

sedimentation observed in Figure 1.1 and elsewhere throughout Thornton-le-Dale.  

The results of the sedimentation risk modelling are summarised in Figure 4.8. Figure 4.9 and Figure 4.10.Figure 

4.8Figure 4.8 Relative Sedimentation Risks through Thornton Beck 

 

Table 4.1 Classifications of sand according to the Wentworth scale of particle size 

 Size Class Size Range (mm) 

Very fine sand 0.0625 – 0.125 

Fine sand 0.125 – 0.25 

Medium sand 0.25 – 0.5 

Coarse sand 0.5 – 1 

Very coarse 
sand 

1 – 2  
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Figure 4.10 Relative Sedimentation Risks in Thornton Beck 

at Thornton-le-Dale  

Pre-modified channel scenario (without channel widening or 

secondary channels) 

 

Figure 4.9 Relative Sedimentation Risks in Thornton Beck 

at Thornton-le-Dale  

Existing scenario 
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5. Potential Sediment Management 
Options 

5.1 A range of potential sediment management options have been identified on the basis of the sediment yield 

and sediment budget, the spatial distribution of sources and pathways across the catchment, and sediment 

receptors at Thornton-le-Dale.  

5.2 No single solution will resolve the sediment issues at Thornton-le-Dale. The sediment load in Thornton Beck 

is typical of what would be expected for river in this geographical setting, and while sediment loads are 

increased by land use activities, the sediment load is not particularly high.  The sedimentation issues are 

primarily linked with historic channel engineering in the village, particularly channel widening, flow splits, 

and impoundments. Full river restoration through Thornton-le-Dale to the pre-modified natural single 

channel that would transfer rather than deposit the sediment load is not realistically attainable, since this 

would involve major channel realignments and restoring the floodplain. Some channel naturalisation would 

be beneficial though. Similarly, NFM-type source and pathway interventions would need to be implemented 

across the majority of the catchment to mitigate diffuse issues at catchment scale. Both types of options 

would be beneficial and are recommended as far as they are possible. 

5.3 Seven site-specific options are described below for mitigating sedimentation associated with modified flows 

in Thornton-le-Dale.  

5.4 Potential NFM options at catchment scale are described further below in Potential Natural Flood 

Management Options  

5.5 Two less sustainable but potentially effective options for creating sediment storage capacity at large weirs 

upstream of Thornton-le-Dale are summarised as follows. 

Sediment Clearance at Paper Mill Weir and Thornton 
Mill Weir 
5.6 Creating storage capacity to impound sediment before it reaches Thornton-le-Dale simply involves 

excavating sediment that has been trapped historically, so that future sediment delivery through the channel 

is captured in the areas that are presently filled and overtopping. There are two large candidate structures, 

namely the Paper Mill weir and Thornton Mill weir. The sediment storage effects at both structures are 

significant enough to be detected from remotely sensed digital terrain models, as described in Sediment 

Budget Development. 

5.7 Thornton Mill weir is reported to have been present in some form since the 1200s (North York Moors National 

Park, 2013), and although the construction date of the Paper Mill weir has not been identified as part of this 

study, it is noted to pre-date the earliest available Ordnance Survey maps of 1885. It is not thought that any 

sediment clearance has taken place at the weirs during this time. 

5.8 Sediment clearance is not without risk however, and further assessments would be needed to verify whether 

these are feasible options. Both weirs are aging structures, and machinery access and excavation works 

coupled with sudden changes in hydraulic and mass loading could leave them vulnerable to damage and 

collapse. Lowering the river beds upstream of the weirs would lead to accelerated flows against the 

structures, increased lateral displacement of fast flows, and potential destabilisation of historic wingwalls 

that have not previously been exposed to such forces. There would also be increased safety hazards 

associated with deep water. Structural surveys would be required to verify if sediment clearance options are 

viable if these options are to be progressed. 

5.9 Sediment surveys would also be needed to identify the chemical composition of impounded materials. 

Considering the historic legacy of both structures, there may be sequestered contaminants in concentrations 

that would classify excavated sediment as hazardous waste. It is also likely that high loads of phosphates 

are other nutrients are captured at the weirs, so it is possible that excavated material could be mined and 

re-used as fertilizer for local agriculture if it is not contaminated, with associated carbon benefits.  



Thornton-le-Dale Sediment Study    Project number: 60640579 
  
 

 

 
Prepared for:   
  

29 
 

5.10 Retention, and potentially reinforcement of the weirs would also contravene wider environmental objectives 

to remove structures from watercourses to improve fish passage and other ecological continuity. In principle, 

removal of all structures through Thornton-le-Dale would enable increased sediment transfer through the 

village, although pragmatically this is unlikely and would not resolve the channel widening and split flow 

issues. Potentially the Paper Mill and Thornton Mill could be lowered, although both have clear historical 

importance and may have or require heritage protection.  

5.11 Finally, sediment clearance would not be a sustainable option, since the impoundments will re-fill, and 

ongoing protection to Thornton-le-Dale in this sense would require an ongoing maintenance regime. Fine 

sediment will also continue to overtop the weirs in suspension and saltation, so weir storage would not 

capture all sediment. However, the size of the structures could mean that isolated sediment clearances 

prove cost effective.  

5.12 Structural surveys are not available at either weir, so their exact dimension are not known. Structure heights 

and impoundment lengths were estimated during field surveys and checked against the Environment 

Agency Integrated Height Model (Figure 4.2) to give the estimated weir impoundments – and therefore 

storage capacities – summarised in Table 5.1. 

Table 5.1 Estimated sediment storage capacity at Paper Mill weir and Thornton Mill weir 

5.13 Taking the higher end of the estimated sediment yield range for a typical year as 60 t a-1, and assuming a 

notional 50% sediment clearance from each structure: 

• The Paper Mill weir could potentially offer up to around 7.5 years of sediment storage capacity. 

• The Thornton Mill weir could potentially offer up to around 40 years of sediment storage capacity. 

5.14 Both these values are indicative estimates of storage capacity based on a range of uncertainties and 

assumptions, and do not necessarily mean that sediment delivery to Thornton-le-Dale will reduce by these 

amounts. Sediment will continue to be transported into Thornton-le-Dale, where it will continue to deposit 

due to channel modifications. However, it does appear that clearance of weir sediment to create storage 

capacity could significantly reduce sediment loads in Thornton-le-Dale, so this is a feasible option for future 

investigation. 

Site Option Longlist and Rationalisation 
 

5.15 A long-list of potential sediment management options through Thornton-le-Dale was developed on the basis 

of conceptual and quantified catchment analyses presented above. The potential options long-list 

summarised in Figure 5.1 was rationalised to a short-list in liaison with the Environment Agency, and the 

shortlisted options were reviewed for feasibility, as described below. The reasons for screening out other 

potential options at this stage (these options are not necessarily ruled out as unfeasible or from future 

assessments) are summarised as follows: 

• Site 0-A. Environment Agency records show former silt traps in the vicinity of The Mount, but these are no 

longer in use or visible, presumably due to having filled to capacity. This suggests that if cleared, they will 

re-fill, and as such are unlikely to be a sustainable solution. Silt traps have therefore not been considered 

elsewhere, other than for the large weirs upstream of Thornton-le-Dale. The former traps opposite The 

Mount are downstream of many of sediment issues reported by local residents, and would not be of any 

benefit to upstream locations. 

• Site 0-B. Weir modification may alleviate sediment impoundment in the wooded area, but this part of 

Thornton Beck is ‘behind’ Thornton-le-Dale and in an otherwise natural woodland stream habitat, so this 

site is a lower priority in terms of the aims of this study.  

 
12 Estimated impoundment volume is converted to mass storage assuming a wet sediment density of 2000 kg m-3 

Weir Height (m) 
Channel Width  

(m) 
Impoundment 

Length  (m) 
Impoundment 
Volume  (m3) 

Impoundment 
Mass (tonnes)12 

Paper Mill 3 3 100 450 900 

Thornton Mill 6 4 200 2400 4800 
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• Site 0-C. Closing off the Malton Gate channel would permanently prevent ongoing sedimentation problems 

in that area. It would also help to restore the main river channel to more natural conditions, which would 

improve flows, alleviate sedimentation and benefit ecology and biodiversity. However, this is unlikely to be 

acceptable to local residents, and would be detrimental to the character and aesthetics of the village. As 

such, this option is ruled out. 

• Site 0-D. It is conceivable that the flow intake to the Malton Gate channel could be throttled or angled to 

face down downstream into the main channel to reduce sediment delivery into the Malton Gate channel. 

However, this would require a complex hydraulic design, and the potential gains appear to be limited. 

• Site 0-E. It is conceivable that the weir between Church Hill road crossing and Thornton Hall could be 

modified (for example notched) to reduce local sedimentation, but this would also require a complex 

hydraulic design. Sedimentation is a known issue immediately upstream of Church Hill bridge, and this 

appears to be mainly attributable to channel modifications including the weir. However, the weir is the 

primary control of flow distribution to the Thornton Hall and Chestnut Avenue channels, and may be 

structurally integral to the foundations of Church Hill bridge and the perimeter wall of Thornton Hall. 

Feasibility assessment of this option is therefore beyond the scope of this study. However, an option is 

reviewed below for opening the sluice to a weir bypass channel, and drawing sediment deposits out of Site 

0-D and into the downstream channel.  

 

Figure 5.1 Site option shortlisting 
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Feasibility Reviews of Shortlisted Options 
5.16 Potential sediment management options for seven sites in Thornton-le-Dale have been reviewed for 

feasibility, in terms of demonstrating that they: 

1) Improve low flows and could therefore alleviate sediment deposition. 

2) Do not significantly increase flood risk. 

5.17 These initial reviews are proof of concept only, and only intended to rationalise if the options have enough 

potential to be taken forwards for full optioneering and designs. Future option development is likely to include 

but not be limited to: design; assessments of habitat, ecology, landscape, heritage and amenity; sediment 

testing (for contaminants such as phosphates potentially trapped in the channel, and  to inform contaminated 

waste disposal or sediment re-use options); flood risk assessment including hydraulic (flood risk) modelling 

of new channel designs, and Water Framework Directive assessments including hydromorphological 

modelling of sediment transport effects.  

5.18 The current feasibility reviews are based on adaptation of a hydraulic model developed by JBA for the 

Environment Agency Vale of Pickering hydraulic modelling study (JBA, 2019), which was made available by 

the Environment Agency to AECOM under conditional licence for this project. The Vale of Pickering hydraulic 

model was designed for flood risk assessment and planning rather than geomorphology or sediment 

dynamics, but it includes flow hydraulics for Thornton Beck at Thornton-le-Dale, which in turn is based on 

detailed topographic survey of the channels through the village. The Thornton Beck model has been 

adapted for use in this study by using the same baseline channel geometry, and re-drawing selected channel 

slopes and cross sections to represent indicative option scenarios.  

5.19 The flood hydrology provided in the baseline model was not suitable for use in this study, given the focus 

here on sedimentation in low flows. Instead, the median baseflow for Thornton Beck was calculated from 

gauging station records provided by the Environment Agency, as a means of representing the typical day-

to-day conditions in which sediment is likely to affect the channel.  

5.20 It should also be noted that the Thornton Beck model represents channel flows with 1-dimensional hydraulic 

computations, i.e. average values for each cross section, where cross sections may be spaced up to several 

10s of metres apart. This is entirely appropriate for a model designed and used for flood risk planning, but 

very limited in terms of representing the fine-scale dynamics of flow and sediment motion. These properties 

vary considerably in 3-dimensions and in time across and along any watercourse, and especially around 

bends and structures. Accordingly, the schematics and flow results presented below for the site and option 

scenarios are high level and simplistic. However, they are considered to represent appropriate indications 

of potential option performance suitable for this feasibility stage, and to demonstrate whether the options 

could feasibly be carried forwards for more detailed development.  

5.21 The flood zones illustrated in Figure 5.1 suggest that the typical year mean annual flood (the 50% AEP 

event) is contained within the channel at the shortlist option sites.  The other available flood scenarios in the 

modelling study, the 1% and 0.1% extreme events, both show significant floodplain inundation across 

Thornton-le-Dale. Flood risk will need to be considered carefully in any future designs, but at this stage, the 

potential options have only been assessed to check that they would not increase flooding in a typical year. 

5.22 Further discussion of the model and its adaptation for use in this study is summarised in Appendix 3: 

Hydraulic Modelling.  
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Site 1: Malton Gate Channel – Sediment Removal 
and/or Re-Sectioning 
 

5.23 Site 1 (Figure 5.2) is the channel adjacent to 

Malton Gate, which flows alongside several 

local residences, and where sediment 

deposits and vegetation growth have 

frequently been reported to the Environment 

Agency.  

5.24 The Malton Gate channel is a secondary, 

engineered channel, with heritage as well as 

amenity value, but with less natural gravel or 

other sediment than the main natural 

channel which flows behind the houses, and 

lower habitat value for fish and 

invertebrates. Channel capacity and flood 

risk to properties are key concerns, as well 

as the aesthetic value of the stream. There 

are several low level bridges over the 

channel serving as accesses to properties, 

which could be pinch points for flood 

conveyance. Flows into the channel appear 

regulated by the size of the intake next to 

Lavenders Tea Rooms, which should 

alleviate flood risk to some extent. However, 

this also means that mobile sediment 

entering the Malton Gate channel from peak 

flows along the main channel will be prone 

to settlement, since the regulated flow has 

less flushing capacity.  

5.25 Several options have been considered for 

Site 1: 

• Do Nothing  

Leave the channel unmanaged, on the 

principle that the river will regulate its own flow 

rate and sediment transport, and peak flows 

will flush deposits through this area. However, 

given ongoing concerns and frequent reports 

of potential flood risks aesthetic detriment, this 

may not be appropriate. 

• Option A – Dredge the channel 

This would involve excavating sediment 

deposits, on the principle that it would expand 

the channel capacity. The risk is that would 

reduce the flow rate, and just cause increased deposition. Deposits are known to continually re-form in this 

area, which suggests that option would be ineffective even with regular maintenance. 

• Option B – Re-section the channel 

Design a berm where sediment is known to continually deposit. This is on the principle of ‘working with the 

river’ to control and block off areas where sediment repeatedly deposits, and sustain a self-cleaning flow in 

the rest of the channel. It would require a hydraulically-designed balance of narrowing the baseflow channel 

to increase its velocity, which would reduce deposition and prevent vegetation taking hold, while retaining 

sufficient channel capacity to contain flood flows. 

 

Figure 5.2 Site 1 extents, channel sediment and 

vegetation 
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• Option A – Dredging the channel 

 

Figure 5.3 Schematic of Site 1 channel cross section baseline and dredging option 

 

Figure 5.4 Flood levels for Site 1 baseline and dredging option 

 

5.26 Simple cross section schematics used in initial feasible assessment for Thornton Beck at Site 1 are 

presented in Figure 5.5. These channel cross sections were applied to the baseline hydraulic model for the 

option zone illustrated in Figure 5.2, and the model re-run to check the effects of dredging the channel on 

flood risk. The results are shown in Figure 5.6.  

5.27 The model run with no sediment in the channel suggests that full dredging has a negligible effect on 

decreasing flood levels. In reality, a flood peak would also bring new sediment into the reach. The model 

results at baseflow show that dredging would decrease baseflow velocities from 0.39 m s-1 to 0.33 m s-1, 

which would mean decreased sediment transport and increased deposition. This would negate any initial 

capacity gained from dredging, and makes the dredging option ineffective and unsustainable, even with 

regular maintenance. 

5.28 Re-sectioning is therefore proposed as a more effective option, as described below. 
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• Option B – Re-sectioning the channel 

Figure 5.5 Schematic of Site 1 channel cross section baseline and re-sectioning option 

Figure 5.6 Flood levels for Site 1 baseline and re-sectioning option 

5.29 Re-sectioning is a commonly used technique for mitigating sediment deposition, for example Defra (2003), 

Environment Agency (2011), and SEPA (2010). Case study examples are available at:  

• https://www.therrc.co.uk/MOT/Final_Versions_(Secure)/3.2_Cole_Skerne.pdf 

• https://www.therrc.co.uk/MOT/Final_Versions_(Secure)/3.6_Dearne.pdf 

5.30 A schematic of a re-sectioned channel scenario is presented in Figure 5.5, which was applied to baseline 

hydraulic model throughout the option zone illustrated in Figure 5.2, and the model re-run to check that the 

option is feasible in terms of flood risk. The results in Figure 5.6 show that re-sectioning the channel 

increases flood levels, but by a small amount and not close to bank top level, and this option is therefore 

considered feasible for future design in terms of flood risk.  

5.31 In terms of feasibility assessment for the re-sectioning option at Site 1, initial modelling suggests that re-

sectioning the channel would increase baseflow velocities from 0.39 m s-1 to 0.46 m s-1. This would help 

mitigate baseflow sediment settling rates and reduce the risk of sedimentation, which in turn should help 

prevent any colonisation by vegetation. 

5.32 On the basis of field surveys of the volume and mass of mobile sediments at Site 1, and the annual sediment 

yield discussed in Sediment Yield for Thornton Beck at Thornton-le-Dale, it is estimated that re-sectioning 

400 m of channel could reduce sediment deposition at Site 1 by up to 80 tonnes per annum in a typical  

hydrological year.   
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Site 2: Weir and Ford Modification at the south of Malton 
Gate  

5.33 Site 2 is the channel adjacent to the southern 

end of Malton Gate, between West Gate and 

Bottons Lane (Figure 5.7).  

5.34 This area is in the vicinity of local residences, 

meaning there are flood risk concerns. The 

ford means that the river banks are low, with 

the risk of flows spilling out of the channel 

onto the road, and likelihood of the channel 

receiving potentially polluted road runoff. The 

level of the ford is reported to have been 

raised by the Environment Agency, which will 

mean that its impounding effects and 

resultant stream flow levels will have 

increased, although detailed records are not 

available. The weir further downstream 

appears to be redundant without any current 

function. For this option to be effective, both 

channel impoundments would need to be 

removed. 

5.35 As with Site 1, this is engineered secondary 

channel rather than natural river, but this 

means it has historic and amenity value. 

Ecological habitat compared with the natural 

river appears limited by the nature of 

regulated flows, lack of natural bed gravel, 

and the various impoundments.  

   Figure 5.8 Ford at site 2   Figure 5.9 Weir impoundment at site 2 

 

5.36 Only a combined weir and ford modification has been considered for this site. Modification could include full 

or partial removal of both structures.  

5.37 If this option is carried forward, assessments will be needed for whether the ford can be modified but still 

retain vehicle access, or whether it could potentially be replaced with a vehicle bridge. 

 
 
 

Figure 5.7 Site 2 extents 
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Figure 5.10 Schematic of Site 2 channel long section baseline and option 

 

 
Figure 5.11 Flood levels for Site 2 baseline and options 

5.38 Weir removal is a common objective for improving river continuity and for flood risk, ecological and 

hydromorphological benefits, including alleviation of sediment impoundment. However, weirs can also have 

significant structural and heritage value, and amenity benefits, which have not been investigated at this 

stage for the weir at Site 2. It does not seem likely that the Site 2 weir has significant hydropower potential, 

which can be a carbon and socio-economic benefit at some structures.  

5.39 Simple long section schematics used in initial feasible assessment for Thornton Beck at Site 2 are presented 

in Figure 5.10. These channel arrangements were applied to baseline hydraulic model for the option zone 

illustrated in Figure 5.7, and the model re-run to check that the options appear feasible in terms of flood risk 

as shown in Figure 5.11. Structure modification and bed re-grading as shown reduces local flood levels and 

flood risks, although effects on properties would need to be assessed in more detail if this option is taken 

forwards.  

5.40 In terms of feasibility assessment for this option at Site 2, initial modelling suggests that re-grading the 

channel would increases baseflow velocities from 0.35 m s-1 to 0.46 m s-1. This, in combination with the 

removal of impoundments, would help mitigate baseflow sediment settling rates and reduce the risk of 

sedimentation, which in turn should help prevent any colonisation by vegetation. 

5.41 On the basis of field surveys of the volume and mass of mobile sediments at Site 2, and the annual sediment 

yield discussed in Sediment Yield for Thornton Beck at Thornton-le-Dale, it is estimated that modifying the 

impoundments and re-grading 50 m of channel could reduce sediment deposition at Site 2 by up to 22 

tonnes per annum in a typical hydrological year.   
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Site 3: Weir Modification near Village Pond and Hall 
Farm 

5.42 Site 3 is the channel adjacent to the village pond 

near the main car park and Hall Farm, specifically 

the weir adjacent to the southern end of the pond 

(Figure 5.12). The weir does not appear to have 

any current function and does not appear to be a 

control on the pond or its outflow. Historic uses and 

heritage value have not been investigated at this 

stage.  

5.43 The weir is a relatively large structure compared 

with other options under consideration at this stage, 

and maintains bed and flow levels approximately 

1m higher than the natural channel bed.  

5.44 The option considered at this stage for Site 3 is 

modification of the structure, mainly to improve 

river continuity and sediment transport through 

Thornton-le-Dale as whole. In isolation, 

modification of this structure may have less direct 

benefit than Options 1 and 2 which are closer to 

private residences, although lowering the structure 

at Site 3 has potential for greater reduction of flood 

risks to a large area.  

5.45 Weir lowering can increase flow rates and flood risk 

to areas downstream, but the channel is mainly 

woodland downstream of Site 3 with potential to 

absorb these effects. Flood risks would still need to 

be checked in detail, including to Hall Farm and 

residences off Malton Gate. The effects of releasing 

trapped sediment that could then potentially 

accumulate at the road crossing to the car park and 

cause blockages would also need to be 

investigated. 

5.46 The river bed at Site 3 has aggraded virtually to 

weir crest level, which indicates the volume of 

sediment that is currently impounded. An option 

has not been considered at this stage for 

excavation of impounded sediment for future use 

as a sediment trap. 

 

 

 

 

 

Figure 5.12 Site 3 weir 

and bed re-grading 

extents 
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Figure 5.13 Schematic of Site 3 channel long section baseline and option 

 

Figure 5.14 Flood levels for Site 3 baseline and option 

5.47 The weir at Site 3 appears impassable to fish, so could have significant ecological benefits, as well as flood 

risk and hydromorphological benefits, including alleviation of sediment impoundment. The size of the 

structure means it could also have significant structural and heritage values, and carbon and socio-

economic benefit benefits such as micro-hydropower.  All of this would ned to be investigated if this option 

is taken forwards.  

5.48 Feasibility assessments, as represented by the schematic in Figure 5.13 and initial models to check flood 

risk in Figure 5.14, suggest that structure modification and bed re-grading would reduce local flood levels 

and flood risks, although effects on properties would need to be assessed in more detail if this option is 

taken forwards. Initial modelling suggests that Site 3 weir affects flows up to 80m upstream, which is in the 

vicinity of the offtake from the primary watercourse into the Malton Gate channel. Partial weir lowering rather 

than full removal may therefore be more appropriate for maintaining flow in the Malton Gate channel. 

5.49 In terms of feasibility assessment for this option at Site 3, initial modelling suggests that re-grading the 

channel would increase baseflow velocities from 0.14 m s-1 to 0.24 m s-1. This, in combination with removal 

of the impoundment, would help mitigate baseflow sediment settling rates and reduce the risk of 

sedimentation, which in turn should help prevent any colonisation by vegetation. 

5.50 On the basis of field surveys of the volume and mass of mobile sediments at Site 3, and the annual sediment 

yield discussed in Sediment Yield for Thornton Beck at Thornton-le-Dale, it is estimated that modifying the 

weir and re-grading 75 m of channel could reduce sediment deposition at Site 3 by up to 38 tonnes per 

annum in a typical hydrological year.   

5.51 The size and position of the weir at Site 3 may mean that it has a greater strategic advantage for improving 

flood risk, fish passage and sediment transfer for a large area of Thornton-le-Dale. 
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Site 4: Channel Re-sectioning Adjacent to Chestnut 
Avenue 

5.52 Site 4 (Figure 5.15) is the northerly of two 

parallel channels near Thornton Hall, and the 

channel adjacent to Chestnut Avenue.  

5.53 It is not clear which of the two channels is the 

natural river course, but the channel 

adjacent to Chestnut Avenue is heavily 

realigned if not a completely engineered. It is 

a uniform channel, with little diversity of 

habitat or shelter for fish and invertebrates, 

and whilst it receives habitat-forming 

substrates that overtop the large weir 

immediately downstream of Church Hill, bed 

structure is poor and dominated by sand and 

silt. It is a visible channel though, along a 

main access to Thornton-le-Dale, so has 

significant visual amenity value.  

5.54 Channel capacity and flood risk to the main 

road and properties are key concerns to local 

residents, as well as the aesthetic value of 

the stream. Flows into the channel are 

regulated by Church Hill weir, which appear 

to reduce fine sediment flushing, and while 

the split channel may appear to increase 

cumulative flood capacity, the channel 

gradient through Site 4 is very low, and 

sedimentation issues suggest there is no 

flood risk gain from the modified channels.  

5.55 It also appears that the Site 4 channel 

receives excess fine sediment from a small 

bypass channel around the Church Hill weir, 

which is regulated by a manually operated 

sluice in the bank of the main channel. The 

benefits of the sluice operation are not clear, 

and it is likely to contribute more depositing 

sediment than flow improvement. This is 

discussed further for Site 7. 

5.56 As for Site 1, re-sectioning has been 

considered for feasibility at Site 4, in order to 

improve rates and alleviate sedimentation at 

baseflow. Dredging has not been considered 

at Site 4, on the basis that the channel is 

wide and uniform, with even sedimentation 

and no obvious deposition zones that could 

be cleared. 

 
 
 
 
 

Figure 5.15 Site 4 extents and channel sediment 
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Figure 5.16 Schematic of Site 4 channel long section baseline and option 

 

 
Figure 5.17 Flood levels for Site 4 baseline and option 

 

5.57 Feasibility assessments, as represented by the schematic in Figure 5.16 and initial models to check flood 

risk in Figure 5.17, suggest that re-sectioning would not significantly increase flood levels relative to bank 

levels. 

5.58 In terms of feasibility assessment for this option at Site 4, initial modelling suggests that re-sectioning the 

channel would increase baseflow velocities from 0.25 m s-1 to 0.30 m s-1. This would help mitigate baseflow 

sediment settling rates and reduce the risk of sedimentation, which in turn should help prevent any 

colonisation by vegetation. 

5.59 On the basis of field surveys of the volume and mass of mobile sediments at Site 4, and the annual sediment 

yield discussed in Sediment Yield for Thornton Beck at Thornton-le-Dale, it is estimated that re-sectioning 

120 m of channel could reduce sediment deposition at Site 4 by up to 24 tonnes per annum in a typical 

hydrological year.  
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Site 5: Partial Weir Removal Upstream of Thornton 
Bridge 
 
 

5.60 Site 5 is the low level weir adjacent to Manor 

Farm (Figure 5.18). The weir does not 

appear to have any current function but this 

channel reach has high amenity value, and 

historic uses and heritage value have not 

been investigated at this stage. 

5.61 The weir is a small structure, but creates 

significant impoundment. The channel has 

also been significantly widened, which has 

reduced flow rates and created a deposition 

zones in combination with the weir.  

5.62 The option considered at this stage for Site 

5 is partial modification (lowering or 

removal), of the southern part of structure 

(furthest away from built properties), and re-

grading of the channel bed to improve river 

continuity, fish passage, and flow rates and 

sediment transport. Retaining the northern 

part of the structure would alleviate any risk 

of scour towards built properties, and the 

future design could include for some 

continued overspill of the retained structure 

for aesthetic and amenity benefits. 

5.63 Weir lowering can increase flow rates and 

flood risk to areas downstream, but the 

structure is low level and this is unlikely to 

be a risk. Sediment is known to accumulate 

downstream of Site 5 at Church Hill road 

crossing (as discussed below), so the effects 

of releasing trapped sediment to 

downstream would need to be checked in 

future assessments. Weir modification at 

Site 5 may not be appropriate in isolation. 

5.64 The river bed at Site 5 has aggraded to weir 

crest level, which indicates the volume of 

sediment that is currently impounded. An 

option has not been considered at this stage 

for excavation of impounded sediment for 

future use as a sediment trap, on the 

principle that it is a low level impoundment, 

and would rapidly refill if sediment is cleared. 

 
 
 
 
 
 
 
 
 

Figure 5.18 Site 5 impoundment and location 
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Figure 5.19 Schematic of Site 5 channel long section baseline and option 

 

 
Figure 5.20 Flood levels for Site 5 baseline and option 

 

5.65 The weir at Site 5 may be passable to fish, but the local channel is over-wide with shallow and uniform flow. 

As a fish habitat, it is also over-exposed to predation, and the lack of shading is likely to mean excess water 

temperatures and biological / chemical oxygen demand from impounded sediments, phosphates and 

associated micro-organisms. Structure modification for improved flow would diversify the channel and 

sediment distribution for a range of morphological and ecological benefits.  so could have significant 

ecological benefits, as well as flood risk and hydromorphological benefits, including alleviation of sediment 

impoundment. The size of the structure suggests it may not have significant structural and heritage value 

or hydropower potential, but this would ned to be verified if this option is taken forwards.  

5.66 Feasibility assessments, as represented by the schematic in Figure 5.19 and initial model runs to check 

flood risk in Figure 5.20, suggest that re-sectioning would not significantly increase flood levels relative to 

bank levels. 

5.67 The model suggests that re-grading the channel as illustrated would increase baseflow velocities from 

0.30 m s-1 to 0.31 m s-1. This reflects the low level of the impoundment and scale of modifications, but also 

the 1D hydraulic model, which reports results for cross-section averages and does not represent partial 

channel improvements well. It is considered that flow rates could be optimised better than indicated during 

further design work. 

5.68 On the basis of field surveys of the volume and mass of mobile sediments at Site 5, and the annual sediment 

yield discussed in Sediment Yield for Thornton Beck at Thornton-le-Dale, it is estimated that modifying half 

the weir and re-grading 40 m of channel could reduce sediment deposition at Site 5 by up to 22 tonnes per 

annum in a typical hydrological year. 
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Site 6: Channel Re-sectioning Along Priestman’s Lane 

 

5.69 Site 6 is the channel at Priestman’s Lane 

(Figure 5.21).  

5.70 The channel is heavily realigned 

(straightened and widened), with several low-

soffit footbridges and vehicles bridges across 

the channel into the residential properties to 

the west.  

5.71 Site 6 is downstream of a large weir for the 

former Thornton Mill, which will regulate 

incoming flows to some extent. The weir will 

certainly inhibit the majority of natural bed 

gravel delivery into the study reach, while 

allowing overtopping of finer sediment. There 

is minor bank erosion, but this extent of 

erosion could not contribute a significant 

sediment load compared to inflows from 

upstream. The bed is generally uniform, but 

appears to have some stable gravels, albeit 

the bed is now dominated by sand and silt, 

particularly at the margins, which suggests 

the channel is over-wide.  

5.72 The channel overall is uniform, but the minor 

erosion is indicative of some form of natural 

recovery and diversification. This would 

benefit habitats, but if unchecked could 

become a risk to the integrity of the adjacent 

highway. The erosion may be associated with 

channel straightening, where a formerly 

sinuous channel would have had a longer 

path length, and straightening has locally 

increased the channel gradient. This would 

increase the flow energy available for scour, 

so that the realigned channel has a tendency 

to restore itself to a more naturally stable 

sinuous form. Similar processes are not 

evident at other sites due to bank 

reinforcements, and possibly due to lower 

gradients.  

5.73 As with other sites, Site 6 is an accessible and 

visible channel, so has significant visual 

amenity value. Channel capacity, flood risk 

and aesthetics are key concerns.  

5.74 Re-sectioning has been considered for 

feasibility at Site 6, in order to improve rates 

and alleviate sedimentation at baseflow, and 

provide erosion protection to the adjacent 

road. Future designs may also need to consider erosion protection to the private residences. Dredging has 

not been considered, on the basis that the channel is wide and uniform, with even sedimentation and no 

obvious deposition zones that could be cleared. 

Figure 5.21 Site 6 extents and channel sediment 
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Figure 5.22 Schematic of Site 5 channel long section baseline and option 

 

 
Figure 5.23 Flood levels for Site 5 baseline and option 

5.75 Feasibility assessments, as represented by the schematic in Figure 5.22 and initial models to check flood 

risk in Figure 5.23, suggest that re-sectioning would not significantly increase flood levels relative to bank 

levels. The ‘steps’ in the water level profiles in Figure 5.23 are at the vehicle crossings into properties. The 

crossings presumably need low decks to be safely traversable by vehicles without any grounding risks, but 

the existing structures appear to impound flows at the mean annual flood. There is a risk that existing 

impoundments and associated flood risks could be exacerbated by re-sectioning, but the risk increase could 

be designed out through channel optimisation if the option is taken forwards. Re-sectioning need not be 

continuous beneath the structures to allow for maximum conveyance capacities.  

5.76 It is unlikely to be practicable to lower the bed in order to alleviate conveyance risks. Small pools could 

potentially be designed at the crossings, coupled with riffles between the structures, but any pools are likely 

to rapidly infill, and bed lowering proportionate to greater flood events than the mean annual flood would 

almost certainly not achievable.  

5.77 In terms of feasibility assessment for this option at Site 6, initial modelling suggests that re-sectioning the 

channel would increase baseflow velocities from 0.45 m s-1 to 0.54 m s-1. This would help mitigate baseflow 

sediment settling rates and reduce the risk of sedimentation, which in turn should help prevent any 

colonisation by vegetation. 

5.78 On the basis of field surveys of the volume and mass of mobile sediments at Site 6, and the annual sediment 

yield discussed in Sediment Yield for Thornton Beck at Thornton-le-Dale, it is estimated that re-sectioning 

150 m of channel could reduce sediment deposition at Site 6 by up to 2 tonnes per annum in a typical 

hydrological year. This is a lot less than other sites, but Site 6 is known to have some minor erosion, which 

suggests that this site has less natural tendency towards deposition.   

 

35

35.2

35.4

35.6

35.8

36

36.2

36.4

7 9 11 13 15 17 19 21

El
ev

at
io

n
 (m

A
O

D
)

Chainage (m)

Baseline Re-Sectioned Channel

35

35.2

35.4

35.6

35.8

36

36.2

36.4

36.6

36.8

0 50 100 150 200

M
ax

 w
at

er
 le

ve
l a

n
d

 b
ed

 p
ro

fi
le

 (
m

A
O

D
)

Chainage (m)

50% AEP Baseline 50% AEP Re-Sectioned Channel
Bed profile Channel Bank



Thornton-le-Dale Sediment Study    Project number: 60640579 
  
 

 

 
Prepared for:   
  

45 
 

Site 7: Sluice Operations near Beck Isle Cottage 

 

5.79 Site 7 (Figure 5.24) is the channel between 

Church Hill bridge and Beck Isle Cottage. 

5.80 The channel is significantly widened and 

straightened compared with the natural 

channel, and has a reduced gradient 

towards the weir between Church Hill 

bridge and Thornton Hall.  

5.81 The channel modifications have the effect 

of reducing the natural flow and sediment 

transport rates, resulting in continuous 

accumulations of sediment around the 

bridge. As with other sites, key concerns at 

Site 7 relate to channel capacity, flood risk, 

and aesthetics.  

5.82 To attempt to alleviate sedimentation, local 

residents and the Parish Council open a 

sluice in the right (looking downstream) 

channel bank during times of low flow. This 

opens a small channel that bypasses the 

weir and connects to the Chestnut Avenue 

channel (Site 6), which draws flow and 

sediment from around the bridge into the 

Chestnut Avenue channel. At particularly 

low flow it is reported that flow in the main 

channel can reverse and flow upstream 

from the bridge into the sluice.  

5.83 The flow reversal cannot be adequately 

represented with the existing hydraulic 

model, but the very low gradients and 

velocities are shown in Figure 5.25. 

5.84 Although well intentioned, there is no 

benefit to operating the sluice in this 

manner. Lowering the baseflow to expose 

and dry more sediment at Church Hill 

bridge can only serve to increase sediment 

consolidation and the likelihood of 

vegetation taking hold, which will reduce 

the ability of the next rise in flow to 

remobilise the deposits and transport them 

downstream. The sluice operation also 

compounds the sedimentation problems at 

Site 6. Sluice operation is considered to  

make sediment impacts worse at both 

locations.  

5.85 The sediment depth has not been 
surveyed at Site 7. However, assuming a 
conservatively low estimate of 10 cm 
sediment depth for the 8 m wide channel, 
in the 60m channel length from the bend at 
Beck Isle Cottage to the walls of Thornton 
Hall, there is likely to be approximately 72 
tonnes of sand and silt deposited on the 
bed. Sluice operations could not make any 
significant difference to reducing this load, 

Figure 5.24 Site 7 extents and sediment deposits 
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but by virtue of reversing the natural river process and exposing more sediment to consolidation, could 
potentially contribute to increasing the size of deposits over time at both Site 7 and Site 6.  

5.86 The recommended option at Site 7 is therefore to cease sluice operations, permanently close the sluice, 
and allow natural river processes and sediment transport to minimise deposition over time.  

 
Figure 5.25 Site 7 gradients and baseflow velocity 
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Potential Natural Flood Management Options for the 
Catchment 

5.87 Site specific sediment management options have not been developed as part of this study, since NFM 

measures have recently been installed by the Yorkshire Derwent Catchment Partnership and are currently 

being monitored for benefits. NFM is generally implemented for flood risk benefits, but its effects on ‘slowing 

the flow’ are well known help to alleviate erosion and transfer of sediment. Additional NFM measures across 

the catchment are therefore likely to contribute to decreasing the sediment sources and pathways into 

Thornton Beck, and therefore sedimentation at Thornton-le-Dale as the risk receptor. 

5.88 The catchment as a whole is a potential diffuse sediment source, and this study has not identified any 

particular  sources areas of land uses. It is logical though that the surface runoff pathways through Dalby 

Forest and the headwater agricultural areas could be targeted for NFM and sediment pathway interventions. 

Some NFM measures have been implemented within the catchment, however these are focussed on in-

channel measures and do not address the land management changes that could also be considered to 

tackle these diffuse issues. 

5.89 Sediment budget analysis has identified that the standard management activities implemented for Dalby 

Forestry appear to be effective in minimising sediment inputs into Thornton Beck. There is, however, an 

extensive network of legacy drainage ditches, a relic of historic management practices, that act as a conduit 

for fine material to enter Thornton Beck. The following NFM practices could be encouraged to manage this 

diffuse source; 

• Sediment traps and / or grip blocking in the upper catchment 

• Understory planting in areas adjacent to the watercourse 

5.90 These measures should be considered alongside harvesting management practices, for example laying 

brush perpendicular to the channels to reduce sediment laden runoff from open areas reaching these 

ditches, as part of the ongoing management of the forest. 

5.91 Whilst largely low maintenance, some monitoring and management of these features may be required, and 

as such implementation must be led by, or at the very least delivered in partnership with, the Forestry 

Commission. 

5.92 In agricultural areas to the North East of the catchment the following NFM measures could be encouraged 

alongside catchment sensitive farming practices such as contour ploughing, winter cover crops and 

livestock fencing / watering areas if these are not already in place; 

• Buffer strips or riparian planting, including cross slope planting where appropriate. 

• Sediment traps and / or grip / drain blocking. 

• Run off Attenuation Features (RAFs) such as leaky fences, low level earth bunds or bunds 

around access tracks. 
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Riparian planting / woodland extension 

Overview: 

Planting of riparian zone, floodplain or within the wider catchment. 

Runoff is intercepted by tree cover and root systems increase infiltration rates reducing the volume of water entering the watercourse. 

The use of buffer strips along the watercourse increases roughness in areas of otherwise uniform vegetation (short grassland).  This both decreases the volume of water and the 

rate at which is enters the watercourse.  

Benefits: 

⁻ Reduces flood risk downstream. 

⁻ Can prevent poaching by livestock, reducing bank erosion and sediment input into the channel. 

⁻ Can intercept sediment laden runoff, reducing the fine material entering the channel. 

⁻ In channel and riparian biodiversity benefits as a result of increased habitats and potential for woody material in the channel causing flow variation. 

⁻ Linking with existing woodland can assist in creating habitat corridors 

 

  
Buffer Strips and fencing in the riparian zone in the         Tree planting in the floodplain and wider valley, linking with existing woodland. Image from Tweed Forum. 

River Elwy catchment, North Wales (AECOM) 
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Management of existing woodland & understory planting 

Overview: 

Appropriate management of existing woodlands to enhance the benefits they deliver for both flood management and biodiversity. 

Woodlands managed for a variety of ages, sizes and types of trees with a dense understory of ground cover and shrubs below the tree canopy have the greatest potential for 

slowing overland flow runoff, increasing infiltration and interception. 

Can be achieved by planting small trees and shrubs in the understory of existing woodland areas. 

 

Benefits: 

⁻ Increases the flood mitigation potential of existing woodland without extending the area of the woodland. 

⁻ Roots can stabilize the banks and strengthen the soil. 

⁻ Can intercept sediment laden runoff, reducing the fine material entering the channel. 

⁻ In channel and riparian biodiversity benefits as a result of increased habitats and potential for woody material in the channel causing flow variation. 

⁻ Linking with existing woodland can assist in creating habitat corridors 

Understory planting in existing woodland adjacent to the river 

                Image from Cumbria Wildlife Trust 
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Woody dams / In channel woody material 
Overview: 

Installation of large woody debris (LWD) in streams causes impoundment of water during high flow events, delaying the rate at which flows travel downstream. It can also 

encourage out of bank flow enabling water to be stored on the floodplain until it infiltrates, or the water levels drop sufficiently for water to flow back into the watercourse. 

Benefits: 

⁻ Can reduce flood risk downstream as it can reduce the volume and rate at which water moves through the watercourse. 

⁻ Habitat creation resulting in additional biodiversity benefits for fish and invertebrates. 

⁻ Creation of in-channel morphological variation resulting in flow variation 

⁻ Easy construction using locally sourced materials. Low cost measure that be carried out by landowners or using local community / volunteer groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Woody dams. Swaledale, Yorkshire (AECOM)              Larger in-channel woody dam using locally sourced material (bankside trees) in the Pickering Beck catchment.                    

                                                                                          Image from Forest Research. 

 

 

 



Thornton-le-Dale Sediment Study    Project number: 60640579 
  

 
 

 
Prepared for:   
  

51 
 

Sediment / Silt Traps 

Overview: 

Measures installed across surface runoff pathways to trap material before it enters the main watercourse. This can take many forms but normally comprise an excavation located 

on a surface runoff pathway. Runoff enters the excavation where sediment settles out before being discharged, usually via a gravel outlet. Installation of barriers across deeper, 

more formalised channels can also be used. These could take the form of filled ‘sediment socks’, or timber, stone or earth dams similar in construction and intent to moorland grip 

blocks. 

Benefits: 

⁻ Can reduce the quantity of sediment running off into the watercourse. 

⁻ Can reduce flood risk downstream as it can reduce the volume and rate at which water moves to the watercourse.  

   Stone silt trap                                               

   Image from Yorkshire Peat Partnership       

  

^ Leaky timber barriers acting as silt traps 

Image from Yorkshire Peat Partnership. 

^ Sediment traps – excavation located on surface runoff pathway 

Image from Yorkshire Dales Rivers Trust 
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Gully Planting 

Overview: 

Deep gullies in headwater catchments can be dammed or planted-up to slow flows / store water in the headwaters. 

Vegetation growth increases the roughness in the catchment, decreasing the rate of runoff and increasing the time it takes for flow to reach downstream watercourses. 

 

Benefits: 

⁻ Reduces flood risk downstream. 

⁻ Can reduce bank erosion and sediment input into the channel. 

⁻ In channel and riparian biodiversity benefits. 

Well vegetated gully on one of the headwater tributaries of the River Elwy, North Wales 

(AECOM) 
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Run-off Attenuation Features (RAF) 

Overview: 

Installation of bunds (soil or wood) across surface water flow paths to attenuate runoff and store it temporarily on the floodplain or in the surrounding catchment. These often 

formalise storage in natural topographical depressions (e.g. at the edges of fields) and help reduce the volume of water in the channel during peak flows. Features can be self-

draining (e.g. through over topping or infiltration) or have an outfall which controls the rate at which the water drains out. Small scale features that are only wet on a temporary 

basis (generally between 4-24hr storage time) that can have a considerable cumulative effect on downstream flood peaks if used throughout the catchment. 

 

Benefits: 

⁻ Can reduce flood risk downstream by reducing volume of runoff that reaches the watercourse. 

⁻ Reduces diffuse pollution and channel sedimentation – reduction in silt laden runoff entering the watercourse as fine materials settle out on the floodplain during temporary 

storage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     Leaky timber bund storing hillslope run off on the floodplain in             Run Off Attenuation Feature (soil bund with outfall) in dry conditions. Belford catchment. Image  

     Belford Catchment and releasing slowly back to the watercourse         from SEPA NFM Handbook. 

    Image from Runoff Attenuation Features Hand Book, 
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Catchment Sensitive Farming / Land Management Techniques 

Overview: 

There are a suite of measures that can be implemented in agricultural areas, both upland and lowland, that can benefit the quality of the watercourses that flow through them by 

reducing diffuse sources of sediment and pollutants that enter the river. The range of measures is extensive but includes; 

⁻ Livestock fencing, crossing and drinking troughs, pasture pumps or bays to reduce livestock poaching along the watercourse 

⁻ Contour planting (parallel to the watercourse) to disrupt direct runoff flow paths to the watercourse and encourage retention of sediment and flow on the fields 

⁻ Winter cover crops to cover/protect soil against erosion, increase infiltration, build up organic matter and in some cases fix nitrogen 

⁻ Reducing soil compaction  

⁻ Cross slope planting / shelter belts 

Benefits: 

⁻ Reduction of silt and pollutants (e.g. phosphates and nitrates) entering the watercourse that degrade physical habitat and reduce water quality. 

⁻ Multiple benefits across different areas of farm practice e.g. increased infiltration, improve nutrient retention, increased habitat availability, and shelter for livestock  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pasture pump (top) and livestock drinking             Root structure of different cover crops improving                        Contour ploughing (top) and cross slope planting (bottom 

bay (bottom Image from Environment Agency)     infiltration. Image from Cranfield Water Science Institute             Image from Flood Hub (top) Eden Rivers Trust (bottom) 
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Weir Removal (Not NFM, but can be beneficial for habitats and sediment) 

Overview: 

Historic weirs can impound and disconnect watercourses to the detriment of ecological and geomorphological connectivity, but weirs that have no present function may still have 

important heritage and/or amenity values, and/or could be used for new functions such as hydropower. Potentially, redundant weirs can be removed or modified (for example 

lowered, or notched) to help restore river continuity and prevent sediment blockages. Releasing trapped gravel is also beneficial for replenishing downstream habitats. Trapped 

fine sediment may need to be excavated – potentially to contaminated waste if the weir is a legacy of certain industries, or potentially for re-use if the sediment contains valuable 

organics and minerals. 

Benefits: 

⁻ Removal of sediment impoundments, removal of need for sediment maintenance. 

⁻ Habitat re-connection for fish passage and for other species. 

⁻ Restoration of in-channel morphological and physical habitat variation.  

⁻ Can mitigate risk of future failure or maintenance needs of aging structures.  

⁻ Structures can be removed in full (bottom left and middle), or removed in part (bottom right) if desirable for bank protection and/or to retain parts of the structure for 

heritage interest. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    
Environment Agency partial weir removal 

rsz_removing_the_wooden_boards_at_harpers_weir-620x410.jpg 

(620×410) (blog.gov.uk) 

 

Finney’s Weir removal for Staffordshire Wildlife Trust 

(AECOM) 

https://environmentagency.blog.gov.uk/wp-content/uploads/sites/84/2016/09/rsz_removing_the_wooden_boards_at_harpers_weir-620x410.jpg
https://environmentagency.blog.gov.uk/wp-content/uploads/sites/84/2016/09/rsz_removing_the_wooden_boards_at_harpers_weir-620x410.jpg
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6. Conclusions 
6.1 AECOM was commissioned by the Environment Agency to undertake an independent research study to 

identify the sources and causes of sedimentation and nutrient deposition in Thornton Beck and the village 

of Thornton-le-Dale. The following aims have been met: 

1. Determine and map the sources of sediment input into Thornton Beck.  

2. Establish the processes, drivers and key locations of sediment deposition within Thornton Beck and 

in the village of Thornton-le-Dale; considering flow pathways and velocity through the village, and 

the impacts of structures, canalisation and in-channel vegetation.  

3. Provide recommendations for management of sediment and vegetation in Thornton Beck and 

Thornton-le-Dale, based on Natural Flood Management (NFM) and working with natural processes. 

6.2 Sediment is not currently or historically monitored or quantified at Thornton Beck, but this is the typical case 

for most UK and global rivers. Relevant information has been interpreted from a range of sources, including 

field survey, analysis of digital terrain models, sediment data for other catchments, and anecdotal and 

quantitative data from local residents, the Environment Agency and other catchment stakeholders. Sediment 

data were then synthesised from the field survey, quantifiable data, and channel evolution and sediment 

transport theory.  

6.3 The sediment yield for Thornton Beck was estimated using fluvial audit and sediment budget techniques as 

15 – 60 tonnes per annum. This is within the lower end of the ‘normal’ range of measured sediment yields 

for similar rivers, demonstrating that the sediment yield at Thornton-le-Dale is not excessive, and the mass 

or volume of sediment itself is not a major issue in Thornton Beck.  

6.4 Instead, it is shown that excess sediment deposition is the result of channel modifications through Thornton-

le-Dale, particularly channel flow-splits, channel widening, and impoundments. These historic engineering 

effects have significantly modified the beck’s natural flow and sediment transport regimes. Ongoing 

deposition, which never fills the channel and is flushed away in high flows, is a sign that the beck is 

effectively trying to self-regulate by restoring a natural channel shape that is more conducive to a natural 

sediment-transporting flow. This type of balanced sediment transport regime is a natural process for rivers 

but is only semi-natural in Thornton Beck, so the channel is naturally adjusting to engineering modifications. 

It is evident that some local management activities disturb this adjusted balance, and are actually 

detrimental for sedimentation in Thornton-le-Dale. 

6.5 A range of potential management and mitigation options have therefore been identified on the basis of the 

sediment yield and the sediment budget, to ‘work with’ Thornton Beck to improve flows. It is clear that no 

single solution will resolve the sediment issues at Thornton-le-Dale. River restoration through Thornton-le-

Dale to restore the natural the pre-modified channels is not realistically attainable, although some channel 

naturalisation would be beneficial. Similarly, NFM-type source and pathway interventions would need to be 

implemented across the majority of the catchment to mitigate diffuse issues at catchment scale. Both types 

of measures would be beneficial though, and are recommended if feasible. 

6.6 Seven site-specific mitigation options are described for managing sedimentation associated with modified 

flow rates in Thornton-le-Dale. Two less sustainable but potentially effective options for creating sediment 

storage capacity at large weirs upstream of Thornton-le-Dale are also described. 

6.7 The potential feasibility of each in-channel option is demonstrated in terms of possible ‘sediment savings’ 

and flood risk, in order to verify that they are viable to be taken forwards for further development.   

 

  



Thornton-le-Dale Sediment Study DRAFT 
  

 Project number: 60640579 
  
 

 

 
Prepared for:  Environment Agency  Ecological Services Framework 3 
 

AECOM 
57 

 

7. References 
Arnett, R.R. (1979). The use of different scale to identify factors controlling denudation rates. In: A.F. Pitty (Ed) Geographical 
approaches to fluvial processes, 127-147.  Geobooks, Norwich. 
 
Bathurst and others (1987). Bed load discharge equations for steep mountain rivers. In C.R. Thorne, J.C. Bathurst and R.D. 
Hey (Eds.), Sediment Transport in Gravel-bed Rivers. Wiley, Chichester. 
 
Butcher and others, (1993). Reservoir sedimentation rates in the Southern Pennine region, UK.  In: J. McManus and R.W. Duck 
(Eds).  Geomorphology and sedimentology of lakes and reservoirs, 73-93.  Wiley, Chichester . 
 
Defra (2003). Guidebook of Applied Fluvial Geomorphology. R&D Technical Report FD1914. Defra, London. 
 
Environment Agency (1998). Sediment & gravel transportation in rivers: a procedure for incorporating geomorphology in river 
maintenance, Guidance Note 23, National Centre for Risk Analysis and Options Appraisal, London. 
 
Environment Agency (2011). Key Recommendations for sediment management – A Synthesis of River Sediments & Habitats 
(Phase 2). Environment Agency Project: SC040015/R2, Environment Agency Bristol 
 
Hjulstrom, F. (1935). Studies of the morphological activity of rivers as illustrated by the River Fyris, Bulletin. Geological Institute 
Upsalsa, 25, 221-527 
 
Imeson, A.C. (1970). Erosion in three East Yorkshire catchments and variations in the dissolved, suspended and bedloads. 
Unpublished PhD thesis, University of Hull. (Cited by Natural England, 2008) 
 
Nanson, G.C. and Huang, H.Q. (2018). A philosophy of rivers: Equilibrium states, channel evolution, teleomatic change and 
least action principle. Geomorphology, 302: 3-19 
 
Natural England (2008). Investigations into the use of critical sediment yields for assessing and managing fine sediment inputs 
into freshwater ecosystems. Natural England Research Report NERR007 
 
North York Moors National Park (2017). Thornton-le-Dale Conservation Area Character Appraisal and Management Plan. 
Available online at https://www.northyorkmoors.org.uk/planning/building-conservation/conservation-areas/conservation-area-
appraisal-and-management-plans/Thornton-le-Dale-CACA-Nov-2017-for-consultation.pdf. Accessed April 2021 
 
Richardson J (2019). Fine-grained sediment diffuse pollution risk mapping scenarios for the Yorkshire Derwent catchment. 
NERC Environmental Information Data Centre. https://doi.org/10.5285/331dd8ca-a4ff-40e6-b753-1b68468d8996. © Natural 
Environment Research Council, data available from https://catalogue.ceh.ac.uk/documents/331dd8ca-a4ff-40e6-b753-
1b68468d8996 under Open Government Licence. Accessed March 2021 
 
Schoklitsch, A. (1962). Handbuch des Wasserbaues, 3rd Edition, Springer-Verlag Vienna.  
 
Scottish Environment Protection Agency (2010). Engineering in the water environment: good practice guide. Sediment 
management. Scottish Environment Protection Agency, online publication. 
 
Sear, D.A., Newson, M.D., and Brooks, A. (1995). Sediment related river maintenance: the role of fluvial geomorphology. Earth 
Surface Processes and Landforms, 20, 629-647. 

 

Shields, A. (1936). Application of similarity principles and turbulence research to bed-load movement (translated version). 

Mitteilungen der Preußischen Versuchsanstalt für Wasserbau. 26. Berlin: Preußische Versuchsanstalt für Wasserbau 

 

Skinner, K. and Thorne, C. (2005). Review of Impact Assessment Tools and Post Project Monitoring Guidance. Report by 

Haycock Associates Ltd to SEPA, April 2005. 

 

Walling, D.E. and Collins, A.L. (2008). The catchment sediment budget as a management tool. Environmental Science and 

Policy, 11: 136-143. 

 

Walling, D.E. and Webb, B.W. (1981). Water quality. In Lewin, J., (Ed.) British Rivers. George Allen and Unwin Ltd, London. 

 

Wass, P.D. and Leeks, G.J.L., (1999) Suspended sediment fluxes in the Humber catchment, UK. Hydrological Processes, 13, 

935-953. 

 

Wild Trout Trust (2019). Article published online at https://www.wildtrout.org/assets/reports/ThorntonBeck_AV_WTT.pdf. 

Accessed March 2021 

   

https://www.northyorkmoors.org.uk/planning/building-conservation/conservation-areas/conservation-area-appraisal-and-management-plans/Thornton-le-Dale-CACA-Nov-2017-for-consultation.pdf
https://www.northyorkmoors.org.uk/planning/building-conservation/conservation-areas/conservation-area-appraisal-and-management-plans/Thornton-le-Dale-CACA-Nov-2017-for-consultation.pdf
https://doi.org/10.5285/331dd8ca-a4ff-40e6-b753-1b68468d8996
https://catalogue.ceh.ac.uk/documents/331dd8ca-a4ff-40e6-b753-1b68468d8996
https://catalogue.ceh.ac.uk/documents/331dd8ca-a4ff-40e6-b753-1b68468d8996
http://resolver.tudelft.nl/uuid:a66ea380-ffa3-449b-b59f-38a35b2c6658
https://www.wildtrout.org/assets/reports/ThorntonBeck_AV_WTT.pdf
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Appendix 1: Data Review and Gap 
Analysis 

Description Commentary 

Thornton Beck Group Thornton Beck Group (visitthorntonledale.co.uk) 

Environment Agency 2012 investigation into sedimentation 

and phosphate pressures acting on fish, including walkover 

survey and photos from 2012. 

Focus on fish habitat and no quantitative sediment 

measurements. Identifies natural gravel and riffles with good 

quality spawning habitat in the main channel of Thornton Beck, 

but none in the Malton Gate channel.  

Sediment surveys concluded that the presence of silt within 

spawning riffles is highly likely to be a limiting factor on the 

success of trout recruitment. 

Diatom samples to identify if nutrients are impacting on the 

ecology of this watercourse show that the Low Staindale Carpark 

site is classed as good or high for diatoms and no impact is 

present. The site sampled downstream of Ellerburn Trout Farm 

shows that the diatoms are failing due to elevated phosphate 

levels. The source of the phosphate cannot be confirmed as the 

Fish farm, due to the presence of multiple sewage discharges 

from private properties upstream of the fish farm that may be 

contributing to the nutrient loadings.  

Environment Agency officer knowledge of the Thornton Beck 

catchment:  

High Paper Mill Farm – cattle poaching is an issue here 

Low Paper Mill Farm (fish farm) – nutrient loading likely 

Dalby Forest – (forestry) follows forestry commission

guidelines for clear felling (according to a Forest Design 

Plan, including legal obligation to replant) but some sedi-

ment runoff likely

Dalby forest visitor centre and housing – 3 sewage works & 

bike wash

Watercourse – The Sein- there are a lot of caravan parks

here which discharge into water course

Manor Farm (in centre of Thornton-le-Dale) – agricultural 

diffuse pollution

Thornton-le- Dale Sewage works (south of village). Up to date 

permit, some issues with GW infiltration into sewage pipes 

causing greater volume of water in pipes than expects and 

premature storm overflow. Project should include this.

St Hilda’s church @ Ellerburn – opposite the church there is 

farmland thought to have diffuse pollution issues. Also a 

campsite just upstream with diffuse pollution concerns.

Anecdotal rather than quantified data, but informative for general 

catchment understanding nutrient issues.  

Vale of Pickering modelling study and hydraulic model (JBA, 

2019) 

No direct sediment data, but summarises baseline hydrology and 

flow hydraulics through Thornton-le-Dale. Hydraulic data can be 

used to estimate sediment erosion, transport and deposition. The 

model can be modified to test scenarios and potential 

management options. The model includes channel arrangement 

and geometry through the village and some engineered structure 

data such as weirs and bridge. 

https://www.visitthorntonledale.co.uk/assets/docs/Thornton_Beck_Group_presentation_Feb_16.pdf
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North Yorkshire County Council (NYCC) flood report into 

flooding in Thornton-le-Dale Catchment Flood Alleviation 

Studies (WSP, 2019) 

Includes flooding history of one recorded flood inundation event in 

Thornton-le-Dale in 1999-2000. Comments on sediment issues 

and resident’s perception of sediment risks, and includes photos 

of sediment deposits. Does not analyse sediment processes or 

functions and recommends further investigation. Includes 

recommendation to clear sediment from gullies, drains and 

channels, but heavily caveated, and identifies this as a short term 

measure. Recommends weir removal as more likely to allow free 

flow of sediment through the village without depositing.  

Environment Agency map outlines for flooding from rivers and 

surface water 

Map outlines for flooding from rivers show the main river channel 

and secondary channels through the village, and channel – 

floodplain connectivity which can be an important means for the 

river to deposit sediment out of its channel and onto its floodplain. 

The available flood outlines appear to be superseded by flood 

extents identified in the recent JBA flood modelling study. 

Surface water flood outlines show surface runoff routes and 

catchment – channel connectivity, which is important for 

understanding potential sediment pathways for delivering 

sediment into the river.  

 

Natural Environment Research Council / Centre for Ecology 

and Hydrology 2015 land cover map 

Shows different land uses across the catchment, which when 

coupled with surface water flood outlines gives information on 

runoff dates from different land cover. This is turn informs likely 

diffuse sediment sources, since sediment mobility is related to 

land cover.  

Flow gauge data, with information on the gauge and 

hydrograph.  

No sediment data, but shows ‘flashy’ energetic flows from a steep 

catchment, and such flows are often associated with erosion and 

high rates of sediment transport. Data record of day-to-day flows, 

below the peak event flows that have been analysed in flood 

models, and a means to interpret flow rates more likely to deposit 

sediment than erode or transport. 

Channel bed elevation survey data for Thornton Beck used in 

the Vale of Pickering modelling study 

No sediment data, but would provide a benchmark channel profile 

that future surveys could compare to and direct measure 

sediment changes and rates. In isolation as for this study, gives 

data on flow gradients and weirs. 

Environment Agency Integrated Height Model (IHM). A high 

resolution LiDAR ground elevation model is not available, but 

the IHM is a 2m Digital Terrain Model with elevation data 

derived from Aerial Photo Great Britain photogrammetry. This 

data is resampled from 5m resolution to 2m resolution and 

therefore data quality and accuracy is variable in describing 

the terrain. 

No sediment data, but used to analyse topography for the whole 

catchment. Direct survey data was used to supersede the IHM 

through Thornton-le-Dale. Enabled profiling of the entire length of 

the Thornton Beck channel to reasonable accuracy for the 

adopted purpose, which was interpretation of erosion and 

deposition areas, and impounding structures such as weirs, 

throughout the channel network delivering to Thornton-le-Dale. 

Sketch record from an Environment Agency officer to show 

the approximate location of former silt traps in Thornton-le-

Dale, which were adjacent to Malton Gate near to The Mount. 

The silt traps are no longer visible and no longer in use. No direct 

sediment data were available, or reasons for their abandonment. 

Commentary provided, however, to suggest that silt build up in 

the channel is because of the road bridge further down having 

small blockages, and the ford having been raised.  

NYCC (2017) Thornton-le-Dale Conservation Area Character 

Appraisal and Management Plan, providing background on 

the village, issues, aesthetics  

Gives context on the character of the village and its history. 

Includes information on channel diversions as part of 18th century 

landscaping for the designed grounds around Thornton Hall. 

Highlights the Beck itself as unifying the character of the 
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picturesque village and beckside cottages. “This watercourse, in 

origin a beck that provided fresh water, was tamed and 

rechannelled in the 18th century to create a very deliberate 

picturesque scene that was an extension of the landscaping 

around Thornton Hall as well as a power source for the mill. It is 

this landscaped stream with cascades and crystal-clear water 

which gives Thornton le Dale its distinctive character”.  

Includes a black and white photograph of a flood event not 

recorded in the NYCC 2019 flood report.  

Wild Trout Trust (WTT) reports aimed at the anglers and other 

recreational amenity users.  

No sediment data for the Beck, but includes commentary from a 

WTT Conservation Officer that “…the fine sediment deposition 

smothering the bed and the point source issue are a major 

concern, This beck should be a productive trout stream with 

plenty of spawning opportunities, but it is currently so degraded I 

have no doubt that they’ll be struggling.” 

7.1 Liaison between the Environment Agency and North 

Yorkshire Moors National Park that NYMNP own the pond 

within the village, that its intake from the beck is silting up, 

and the pond itself has been desilted in the past.  

No sediment data or dredging records available that could have 

been used to calculate sediment loads in the beck. 

7.2 Environment Agency records of time and costs of channel 

maintenance in the channel.  

No sediment data or dredging volume / tonnage records available 

that could have been used to calculate sediment loads in the 

beck. 

7.3 Environment Agency photographs of the beck from 2004 

onwards.  

Difficult to discern any change in the beck over time that can be 

used to measure changes in sediment. 

7.4 Environment Agency records of discharge permits upstream 

of Thornton-le-Dale.  

No sediment data, but informative for general catchment and 

water use and potential nutrient sources. 

7.5 Yorkshire Derwent Catchment Partnership mapped locations 

for 12 leaky dams on the Bridestones NT land (SE 87143 

90755)  and 13 woody debris dams on Staindale Beck (SE 

85466 89172), both through the Derwent Villages funding.  

The closest are approximately 8km upstream of the villages.  

Informative, but these are quite new features and monitoring at 

the sites is ongoing without results available yet. Likely to provide 

future evidence of the effectiveness of NFM measures for 

potential options on Thornton Beck. 

7.6 Yorkshire Derwent Catchment Partnership / Forestry 

Commission England walkover maps from November 2013. 

Informative records from 2013 of channel and erosion and 

deposition features. Not enough detail is available to measure 

river and sediment changes from 2013 to 2021. Many erosion and 

undercutting features are minor and appear to be in recently felled 

areas. Erosion at the same locations was generally not noted in 

AECOMs 2021 surveys, and transient localised erosion is to be 

expected in a steep, woody catchment. Several deposition sites 

were consistently recorded upstream of weirs in both 2013 and 

2021. 

7.7 Yorkshire Water pollution report numbers 1870425 and 

1873660 for Thornton Beck at Chestnut Avenue, dated 

December 2020 and January 2021 respectively.  

Photographs of significant sediment plumes in each event, which 

are potential sediment sources, but no data on sediment loads or 

composition. Both investigations report water running off the fields 

into road gullies and then around river outfalls, and the combined 

sewer overflow at that location not discharging. Both events had 

negative results for samples tested for ammonia, implying that 

they were not wastewater sources. 



Thornton-le-Dale Sediment Study DRAFT 
  

 Project number: 60640579 
  
 

 

 
Prepared for:  Environment Agency  Ecological Services Framework 3 
 

AECOM 
61 

 

Environment Agency River Habitat Survey data, including: 

Macroinvertebrate data - the survey site is located near the 

ford in Thornton village. The sediment pressure scores 

calculated from the data are highlighted in yellow in the 

indices file and also we make visual assessments of the 

substrate composition/overlaying silt during the sampling visit, 

so have included that physical data too. 

Macrophyte data - survey site is further downstream than the 

village 

Phys-chem data - the site is at the downstream end of the 

waterbody close to the Derwent confluence. We don’t 

measure suspended solids as standard for WFD so 

unfortunately we don’t have that data, but have included in 

case it is at all of use. 

Some information on physical habitat quality, including bed 

particle size distributions (e.g. % gravel and silt) but not sufficient 

to interpret sediment dynamics or channel sediment loads. 

Records date back to 1990, but no firm trends in bed structure 

can be identified. Tentative evidence that silt loads have 

decreased from the 1990s to 2010s. 

No information on sediment or excess vegetation growth in 

Thornton-le-Dale in terms of nutrients and flood risk. 

No data on sediment. Nutrient data consistently show excess 

phosphates, but no data is available for excess nutrient loads at 

different locations or for nutrient sources 

Discharges. Data extracts of water quality for all four sampling 

points in the catchment. Grid references are included. For info 

- all discharge points, including sewage treatment works, are 

monitored at, or just downstream of the discharge point, the 

grid references provided are the most accurate location of 

discharge points available 

Few or no data points on suspended solids for locations 1 and 4. 

Nutrient data appear consistent but have not been analysed 

spatially or temporally to identify trends.  

Abstraction licence for Welham Park Trout Farm, Low Paper 

Mill, Ellerburn, Thornton-le-Dale. Licence number: 

2/27/27/147 

Information on maximum permissible abstraction rates, but no 

data on water quality or sediment. This does imply though that 

reduced flows at the trout farm will reduce sediment transport 

capacity and promote deposition (upstream of Thornton-le-Dale). 

Forestry England consultation 

Forestry in Dalby Forest is managed to UK Forestry Standard 

operating procedures. Of particular note are (i) that sediment 

management is a key component of the Standard, and (ii) that 

part of the sediment standard includes always leaving some tree 

cover in each harvested quantum, and not leaving tracts of bare 

earth exposed to erosion. Forestry is also rotational, so there are 

no particular snapshots of how much of the forest has been 

harvested at any point in time, that could theoretically have been 

linked to sediment mobilisation. This means that forestry is a 

diffuse source of sediment and consistent over time 

SCIMAP Diffuse Pollution Models 

SCIMAP diffuse sediment pollution analysis (Richardson, 2019) 

has been undertaken for the whole of the River Derwent. For the  

Thornton Beck catchment, it suggests that agricultural parts of the 

catchment are the dominant fine sediment source. However, the 

assessment (which didn’t focus on Thornton Beck specifically) 

appears to be based on 2015 CEH land covers which shows 

“Dalby Forest” not “forestry”, so may be overly biased to 

agricultural sources. This is discussed in the main text of this 

report.  
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Appendix 2: Catchment Survey 
Summary 

 
 
 
 
 
 
 
  





• Fairly natural pool riffle / 
meandering typologies

• Bed composition 
predominantly gravels 
with bars / riffles

• Woody material 
influencing channel 
form and flow variation

• Input of fines from 
drainage ditches 
deposited on margins 
dst



• Between Low Dalby and 
Ellerburn

• Source reach
• Input of fines from 

drainage ditches much 
more evident

• Runoff from forested 
valley sides likely key 
source



• Depositional reach
• Storage of fines in impounded 

reaches behind significant weir 
structures

• Agricultural runoff likely source 
through this reach given land use 
and valley topography



• Historically modified, recovering –
bank erosion through this reach

• Erosion protection measures?
• Bed composition is gravel 

dominated with fine deposits 
forming berms along margins



• Significantly modified 
throughout the reach 
including flow splits, weirs, 
bridges, sluices and bank 
protection

• Fines evident throughout
• Potential silt traps along 

Malton Gate – not evident 
but potentially full?



• Open floodplain, meandering 
typology – bank erosion

• Over deep agricultural 
watercourse towards 
downstream extent with 
absence of riparian vegetation

• Fine material deposited on 
berms

• Indicates that material is 
passing through the village
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Appendix 3: Hydraulic Modelling 

Baseline model 

7.8 The Environment Agency flood model for Thornton Le Dale, from the 2019 Vale of Pickering Study was 

made available for use in this study. The model is a Flood Modeller Pro – TUFLOW 1D-2D linked model. 

Within the 1D component of the model, a series of river section units comprising cross sections represent 

the channel, and more specialised units are used to represent structures such as bridges, culverts and 

weirs. The 2D component represents the floodplain with a Digital Elevation Model (DEM), which consists of 

a series of grid cells, each with an elevation value; LIDAR is used to provide the elevation values to the grid 

in the supplied Thornton Le Dale model. The model DEM for the 2D component of the model is typically 

updated with lines and polygons to represent structures within the floodplain such as embankments and 

roads.  

7.9 The model extends from Low Farm at Ellerburn at the upstream extent to just south of the caravan site at 

the south of the village at the downstream extent of the model. The extent of the model, shown by a 

centreline of the channels represented, is shown in Figure A3-1. The model includes representation of the 

main stem of Thornton Beck, and three other channels: the short side channel that branches off the main 

channel around Church Hill (the A170); the channel that splits off the main channel to run north of it alongside 

Chestnut Avenue; and the ‘Malton Gate’ channel running north to south alongside Malton Gate Road.   

 

Figure A3-1 Extent of the Thornton Le Dale flood model, shown by the centreline of channels included 

within the model 
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7.10 Given that the model was built in 2019, and no newly available LIDAR has been released since this year, 

the model was simulated with no changes to the 2D domain. No changes were made to the 1D domain 

given that the model would have been reviewed and approved for the flood study it was developed for.  

Model hydrology 

7.11 The supplied model contains data to simulate a range of flood flow events, from the 50% Annual 

Exceedance Probability (AEP) to the 0.1% AEP flood event. As the model was developed for the purpose 

of assessing flood risk, no typical flows were included within the model. 

7.12 Estimates of typical flows were made using the gauge data from the river level gauge on Thornton Beck, 

located alongside Priestman’s Lane near the Thornton Le Dale Bowls Club. Gauge data from February 2008 

to December 2020 was used for the flow estimates. The data was filtered to only include clean values, and 

the Manning’s equation was used to calculate the Q10 and Q50, i.e. the flow exceeded 10% and 50% of 

the time respectively, which are provided in table x below.   

Table A3-1 Estimated typical flows for Thornton Beck 

Flow statistic Value (m3/s) 

Q10 0.905 

Q50 0.390  

Modelling of preferred options 

7.13 A series of shortlisted options were selected for simulation within the model, for comparison to the 

baseline: 

─ Option 0: Sediment removal – Malton Gate channel 

─ Option 1: Channel re-sectioning – Malton gate channel 

─ Option 2: Weirs and ford removal around downstream confluence 

─ Option 3: Weir removal near Hall Farm 

─ Option 4: Channel re-sectioning along Chestnut Avenue 

─ Option 5: Partial weir removal upstream of Thornton Bridge 

─ Option 6: Channel re-sectioning along Priestman’s Lane 

7.14 The baseline model and each of the preferred options scenarios were simulated for the 50% AEP flood 

event, to appreciate potential impact of the options on flood risk, and the Q10 and Q50 flows to inform the 

performance of the options.  

7.15 It is appreciated that the Thornton Beck model was developed for the purpose of assessing flood risk. 

However the nature of the model, in which the river channels are represented by a series of cross 

sections, some of which are typically interpolated, means that the model may not provide as detailed 

representation of the detailed channel morphology as other modelling approaches, in particular compared 

to a fully 2D model approach. In addition, hydraulic results are interpolated between the channel cross 

sections, and only one value at each cross section is provided. This means that where there may be 

variation across the channel profile and long section, such as deeper areas of higher velocity compared to 

low velocities across a channel berm, but this variation is not fully represented in the model or in-channel 

results. Instead, the impacts of the preferred options are detecting by studying the change to the hydraulic 

outputs across the entire channel cross section, as it is expected that if an option makes a notable impact 

the velocity in one area of the channel, this would be reflected in the averaged channel results.  

7.16 A summary of the model build and the model results for each option are provided in Chapter 5: Sediment 

Management Options. The model outputs focus on the Q50 flow results as this flow estimate plays a more 

critical role in the assessment of the options as it more closely represents the ‘everyday’ conditions in 

which sedimentation is more likely to occur. The following sub-sections include a description of the model 

build for each of the preferred options.  
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Site 1: Sediment removal – Malton Gate channel 

7.17 The model scenario for this option was developed to represent the removal of sediment from the Malton 

Gate channel. To develop this model scenario, the individual river cross sections along the Malton Gate 

channel were reviewed, and where it appeared that the model cross section included detail of a sediment 

deposit within the channel, such as a channel berm, the model cross section was modified to represent 

the removal of this sediment. This typically produced a more rectangular cross section with a wider river 

bed, more similar to what may have been present at the creation of the channel prior to sedimentation.  

7.18 Changes were made to model cross sections along the channel for a length of approximately 500m, 

starting adjacent to Roxby terrace and extending downstream to the confluence with the main Thornton 

Beck channel.  

Site 1: Channel re-sectioning – Malton Gate channel 

7.19 The model scenario for this option was developed to represent the creation of channel berms within the 

Malton Gate channel. These features narrow the channel width at low flows, and may be expected to 

develop over time following the consolidation and vegetation of sediment deposits. To develop this model 

scenario, the individual river cross sections along the Malton Gate channel were reviewed, and where it 

appeared that the model cross section was over-wide, the section was modified to represent a channel 

berm. The berms typically extend across up to half of the channel width.  

7.20 Changes were made to model cross sections along the channel for a length of approximately 500m, 

starting adjacent to Roxby terrace and extending downstream to the confluence with the main Thornton 

Beck channel.  

Site 2: Weirs and ford removal around downstream confluence 

7.21 This option features the removal of the ford adjacent to West Gate Road, removal of the weir within the 

Malton Gate channel downstream of the ford, and removal of the weir a short distance downstream of the 

confluence of the Malton Gate channel with the main stem of Thornton Beck.  

7.22 The existing channel long profile around the weir within the Malton Gate channel showed some influence 

of the weir, notably a scour pool, so this length was re-graded to provide a more typical channel gradient. 

Whilst the ford was not explicitly represented in the model, channel bed at this location was lowered to 

represent the ford removal and as part of the re-grading associated to the weir removal. The weir 

downstream of the confluence was removed with no channel re-grading as the model long profile did not 

appear to show any notable sedimentation behind the weir or scour pool downstream of it.  

Site 3: Weir removal near Hall Farm 

7.23 This model scenario represents the removal of the weir in the Thornton Beck channel just upstream of 

Hall Farm. The weir unit was removed, and the channel bed was re-graded over a length of approximately 

50m to provide a more suitable gradient, which removed the sediment from behind the weir and infilled the 

scour pool downstream.  

Site 4: Channel re-sectioning along Chestnut Avenue 

7.24 The model scenario for this option was developed to represent the creation of channel berms within the 

channel north of the primary Thornton Beck channel that runs alongside Chestnut Avenue. These features 

narrow the channel width at low flows, and may be expected to develop over time following the 

consolidation and vegetation of sediment deposits. To develop this model scenario, the individual river 

cross sections along the Chestnut Avenue channel were reviewed, and where it appeared that the model 

cross section was over-wide, the section was modified to represent a channel berm.  

7.25 The berms typically extend across up to half of the channel width, and were made to be relatively low 

features, approximately 0.3m high, to avoid significant changes to channel capacity. Changes were made 

to model cross sections along the channel for a length of approximately 200m.  

Site 5: Partial weir removal upstream of Thornton Bridge 
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7.26 This scenario featured partial removal of the weir that is orientated diagonally across the channel, a short 

distance upstream of Thornton Bridge. To represent this within the model, the channel bed was re-graded 

along a length of approximately 25m to provide a more suitable long profile and channel gradient. The 

weir unit was modified to represent the lowering of the half of the weir towards the left bank down to bed 

level.  

Site 6: Channel re-sectioning along Priestman’s Lane 

7.27 The model scenario for this option was developed to represent the creation of channel berms within the 

Thornton Beck channel that runs directly North to South alongside Priestman’s Lane. These features 

narrow the channel width at low flows, and may be expected to develop over time following the 

consolidation and vegetation of sediment deposits. To develop this model scenario, the individual river 

cross sections for the channel alongside Priestman’s Lane were reviewed, and where it appeared that the 

model cross section was over-wide, the section was modified to represent a channel berm.  

7.28 The berms typically extend across up to half of the channel width, and were made to be relatively low 

features, approximately 0.3m high, to avoid significant changes to channel capacity. Changes were made 

to model cross sections along the channel for a length of approximately 170m.  
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