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Summary

Background and Introduction to Deliverable 2. 1.

Work Package 2 of REFORM focuses on hydromorphological and ecological processes and
interactions within river systems with a particular emphasis on naturally functioning
systems. It provides a context for research on the impacts of hydromorphological
chang es in Work Package 3 and for assessments of the effects of river restoration in
Work Package 4.

Deliverable 2.1 of Work Package 2 proposes a hierarchical framework to support river
managers in exploring the causes of hydromorphological management problems and
devising sustainable solutions. The deliverable has four parts. Part 1 provides a full
description of the hierarchical framework and describes ways in which each element of it

can be applied to European rivers and their catchments. Part 2 includes thematic
annexes which provide more detailed information on some specific aspects of the
framework described in Part 1. Part 3 (this volume) includes catchment case studies

which present the application of the entire framework described in Part 1 to a set of
European catchments located in different biogeographical zones. Part 4 includes
catchment case studies which present a partial application of the framework described in

Part 1 to a further set of European catchments.

Summary of Deliver _able 2. 1 Part 2.

Part 3 of Deliverable 2.1 provides a set of full case study applications of the framework
described in Part 1  that are designed to guide users of the framework through the
various stages of its application . The five case studies are set wi thin different

biogeographical regions of Europe.

Case Study 1 is a fully worked example which applies the entire framework to the

catchment of the River Frome, UK. The aim of this case study is to fully illustrate every

stage and aspect of the framework, including discussion of how surrogate data and
indices were developed when the preferred data types were not available, and a
description (in chapter 9) of how analyses were conducted in ArcGIS.

Case studies 2to 5 are also fully developed examples of the framework of the Upper Esl a
River (Duero basin, NW Spain), the River Narew (Poland), the Magra and Cecina rivers
(Italy) and the River Drau (Austria) . They provide examples of its application to different
European biogeographical environments, often using different, locally -available data sets,
models and methods.

Applications of the hierarchical framework to other regions of Europe are provided in
Deliverable 2.1 Part 4. These case studies provide partial applications of the framework,
mainly covering the  delineation and characterisation phases.
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Catchment Case Study 1

Hydromorphological assessment of the River

Frome (UK): a lowland Northern European river

Robert Grabowski, Angela Gurnell

Queen Mary University of London

1. Introduction

In this document, we demonstrate how the hierarchical hydromorphological assessment
framework can be applied to an entire river catchment. We use the guidelines outlined in
the D2.1 main report to:

- Delineate the river and its catchment into spatial units (Section 3)

- Characterise the current hydromorphological condition of the spatial units (Section
4)

- Characterise past temporal change in hydromorphology in the spatial units
(Section 5)

- Assign a river typology to the river reaches (Section 6)
- Quantify indic ators of current hydromorphological condition (Section 7)

- Interpret hydromorphological condition and predict trajectories of change (Section
8)

To support these key stages in applying the methodology described in the D2.1 main
report, we also introduce the River Frome catchment (Section 1.1), and provide a brief
technical summary of the data sources and methods used in the delineation and
characterisation stages (Section 2). Full details on these methods and their
implementation are provided at the end of t his case study in section 9.

1.1 The River Frome

The River Frome is a lowland, gravel bed, chalk river in Dorset, southern England. It is

protected under multiple UK and EU statutes for its species -rich aquatic plant
communities and important river and f loodplain habitats. The River Frome is designated

as a Site of Special Scientific Interest under the Wildlife and Countryside Act 1981, a

priority habitat under UK Biodiversity Action Plans, and was protected under the EU
Freshwater Fish, Nitrates, and She lIfish Directives, which are now superseded by the
Water Framework Directive (WFD).

Page5 of 514
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Whilst the River Frome has historically supported diverse ecological communities and
productive fisheries, concerns have been raised about ecological degradation in the
system. In fact, the ecological status was classified as poor for most of the main river in

the first WFD assessment cycle (Figure 1.1). Of the 4 WFD waterbodies on the main stem

of the River Frome, three are rated as poor and the fourth is classified as heav ily -
modified (Table 1.1). The majority of the tributaries are classified as having good

ecological status (6), though 2 are in poor condition and 1 is heavily -modified (Figure
1.1).

In this report, we use the hierarchical assessment framework to investiga te the

hydromorphological condition of the River Frome. Whilst intended as a demonstration of

the application of the hierarchical framework, the outcomes of this assessment could be

used for a variety of purposes, for example to identify significant hydrom orphological
pressures in the catchment, to support and interpret ecological surveys, or to inform
catchment management decisions or restoration options.

Figure 1.1 Current ecological status of waterbodies in the River Frome catchment.

Yel |l ow: poor ecological status, green: good ecological sta
Online mapping tool, maps.environment -agency.gov.uk. Environment Agency copyright

and database rights 2012 and Ordnance Survey Crown copyright).

X: 375,605:Y: 94,309 at scale 1:300.000 Data search @ Text only version ©

We
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Table 1.1 Waterbodies defined for the River Frome and its tributaries for the WFD.

Name Length Heavily Ecological Predicted Waterbody ID
(km) Modified Status Eco. Status
Water Body (2015)
River Frome
Frome - Headwaters 5.12 No Poor Good GB108044009620
Frome - Upper 3.81 Yes Good Good GB108044009780
Potential. Potential
Frome - Lower & 76.58 No Poor Good GB108044009690
Furzebrook Stream
Frome - Bifurcation 5.22 No Poor Good GB108044009670

(North Stream)

Tributaries

Compton Valence 4.17 No Good Good GB108044009680
Stream

Wraxall Brook 6.59 No Poor Good GB108044009610
Hooke 10.46 No Good Good GB108044009800
Sydling Water 8.63 Yes Good Good GB108044009700

Potential Potential

Cerne 17.36 No Poor Good GB108044009710
Tadnoll Brook 14.92 No Good Good GB108044009660
River Win 6.31 No Good Good GB108044009650
Luckford Lake 3.55 No Good Good GB108044009640
South Winterbourne 10.86 No Good Good GB108044010060
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2. Materials and Methods

21 Datasets

A selection of remotely sensed and national datasets was used in the delineation and
characterisation processes (Table 2.1).

2.1.1 Mapping

Ordnance Survey (OS) maps for the River Frome catchment were obtained from the
Digimap service '. The MasterMap Topography Layer is a high resolution digital map

series that contains layers for 9 different themes of objects, such as buildings, roads,

vegetation type and water features (updated 2012). Position accuracy depends on the
location of the feature; urban data has a horizontal accuracy of 1.0 m and rural data 2.5

m (equivalent to the OS 1:2500 maps). It is provided in GML format and was converted

to ArcGIS shapefile using the InterpOSe software from Dotted Eyes 2,

Two lar ge-scale (1:2500) historical OS maps were used in the temporal analysis, the first
dating from 1889, and the second from 1960 / 1975.

2.1.2 Aerial Imagery

Delineation and characterisation of the reach and geomorphic units were supported by
satellite imagery from Google Earth. Images from 20/09/2008 were the primary source
of data, as they were the most recent images to cover the entire catchment (Copyright ©
2013 Infoterra and Bluesky).

2.1.3 Elevation

The Profile DTM is a 10m resolution Digital Ter rain Model generated from the OS Land -
Form Profile contour data (5m contours, 10m in mountainous areas), which is based on

1:10,000 scale mapping (updated 2009). DTM height accuracy is less than or equal to

half of the contour interval (2.5 m), absolute ac curacy of contours is on the order of + -
1.0 m root mean square error. Tiles (5 km x 5 km) were obtained from Digimap Yina
GeoTIFF format and mosaicked in ArcGIS 10.0. Licence permits academic use for UK
researchers only.

High resolution digital elevati on models (DEMs) based on LiDAR surveys were obtained
from the Environment Agency (EA) for the majority of the main stem of the River Frome.
LiDAR, or light detecting and ranging survey, uses a laser scanner to obtain data point
clouds of the topography of the land surface. An airborne LiDAR survey was conducted in

! Digimap. http://edina.digimap.ac.um, accessed on 15 -March -2013)
2 InterpOSe software by Dotted Eyes. http://misoportal.com/data/interpose -for -digimap/
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2006 (9 and 11 November) using the Environment Agency ALTM 3100 LiDAR instrument.
The original point cloud data, or digital surface model (DSM), was processed to remove
surface elements such as h  ouses and trees, producing a DTM. Both the original and
processed DEMs were converted to ASCII GRID format, and the resulting DSM and DTM
have a horizontal resolution of 1 m and a vertical accuracy of better than 0.1 m (RMSE =
0.050).

2.1.4 Geology

A digital map (1:625,000 scale) of the bedrock and surficial geology of the UK was

obtained from the British Geological Survey. The geology is generalised from a larger

1: 50,000 O6posterd map of UK geology (version 1, 1977
the post er, which equates to 625 m on the ground. The data is freely available from the

BGS website 2.

2.1.5 Saoll

The soil dataset was obtained from the European Soil Portal run by the European
Commi ssionbs Joint Re s & dhecvéctor Qlataset rofethe (EJ Ri@gpean Soil
Database (ESDB) (version 2) was downloaded in a joined shapefile that contains the

attributes from the Soil Geographical Database of Eurasia (SGDE) (scale 1:1,000,000),
Pedotransfer Rules Database (PTRDB), Soil Profile Analytical Database of E uropa
(SPADBE) and the Database of Hydraulic Properties of European Soils (HYPRES). Soil
Typological Units (STU) are grouped into Soil Mapping Units (SMU) to display attributes.

Three derived PTRDB attributes were used in the analysis: soil erodibility, so il hydrology
and water regime.

The Pan - European Soil Erosion Risk Assessment map (PESERA) was used to estimate fine
sediment input into the river. PESERA is a process -based model that quantifies soll
erosion by water based on rainfall, topography, soil ch aracteristics and land cover (based

on CORINE from 1989, see below for more details). The soil loss estimates (t ha Lyr
are freely available in GeoTIFF format from the JRC %

® British Geological Survey. http://www.bgs.ac.uk/products/digitalmaps/digmapgb_625 taode ssed on 15 -
March -2013.

4 European Soil Portal.  http://eusoils.jrc.ec.europa.eatcessed on 15 -March -2013.

® PESERA. Joint Research Centre.  http://eusoils.jrc.ec.europa.eu/ESDB_Archive/pesera/pesera_data.html
accessed on i March -2013.
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2.1.6 Aquifers

Groundwater data were downl oade dEummeansStileoralf {.Thes fr om
datasets are based on maps produced in a 1982 study by the European commission

(1:500,000 scale). Theme 1 relates to aquifer coverage, and is the only theme included

in these analyses.

® Digital Dataset of European Groundwater Resources - version 1.0, European Soil Portal
http://eusoils.jrc.ec.europa.eu/ESDB_Archive/groundwater/gw, laitakessed on 15 -March -2013.
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Table 2.1 Primary datasets used in the delineation and characterisation of the River Frome.

Property Dataset Format Resolution Version Source
Mapping MasterMap GLM 1:12500 2012 Ordnance Survey (UK)
Aerial Imagery Satellite Online variable 2000 - Google Earth
2012
Elevation Profile DTM GeoTIFF 10m 2009 Ordnance Survey (UK)
LiDAR ASCII GRID Im 2006 Environment Agency (UK)
Geology Bedrock & Superficial Shapefile 1:625,000 v.5 British Geological Survey
Soils & Aquifers European Soil Database Shapefile 1:1,000,000 2006 Joint Research Centre (EC)
Soil erosion PESERA GeoTIFF 1 km Joint Research Centre (EC)
Land Cover CORINE GeoTIFF 100 m 2006 European Environment Agency
2000
Countryside Survey GeoTiff
River flows Mean Daily Discharge 5 stations Environment Agency (UK)
15 - minute Discharge 3 stations Environment Agency (UK)
Vegetation & River Habitat Survey Survey 199 sites Environment Agency (UK)
sediment Mean Trophic Rank Survey 59 sites Centre for Ecology and Hydrology (UK)
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2.1.7 Land cover and land use

The CORINE Land Cover (CLC) dataset was produced by the European Topic Centre on

Spatial Information and Analysis and is made freely available as raster and vector
datasets on the European Environment Agency website " Itis a pan -European dataset
collected in 2006 by the SPOT  -4/5 and IRS P6 LISS lll satellites. Geometric accuracy of

the satellite imagery is less than 25 m, and of the CLC data is less than 100 m. Thematic
accuracy of the land cover theme is greater than 85%. The first and second levels of land
classification were used in this spatial characterisation section.

The temporal analysis of land cover used historical land cover maps and county
agricultural statistics. Recent changes in land cover were examined using the UK
Countryside Survey digital land cover maps for 1990, 2000 and 2007. The freely -
available 1 -km resolution GeoTiffs were used 8 and thematic classes were aggregated to
match those used in the Corinne land cover dataset and recommended in Section 5 of

the D2.1 main report. Scanned maps from the First Land Utilisation Survey of Britain

(1:63,360 scale, 2 maps dated 1936 and 1943) wer e obtained from the University of
Portsmouth °. The maps were georeferenced in ArcGIS and land cover was classified using
maximum likelihood classification. Finally, agricultural statistics were obtained for the

county of Dorset from the Department of Envir onment and Rural Affairs (DEFRA) 10,

2.1.8 Hydrology 1 Rainfall and Discharge

A map of average annual rainfall for the catchment was obtained from the Centre for

Ecology and Hydrologyds (CEH) Nat i o™ aHistoriR rainfallr FI ow
gauging s tation data were downloaded from the Met Office 2 There were no rainfall

monitoring stations situated within the River Frome catchment on the website, and

records were used from the nearby Wyke Regis, Swanage, Yeovilton and Hurn gauging

stations.

The Envir onment Agency has a network of 7 river gauging stations distributed around the
River Frome catchment. Of these, 5 stations have discharge data for which at least part

" Corine Land Cover v. 2006. http://www.eezeuropa.eu/datandmaps/data/corinrkand-cover2006raster2,
accessed on 15 -March -2013.

8 Countryside Survey, Information Gateway, Centre for Ecology and Hydrology.
http://gateway.ceh.ac.ykdccessed on 1 -Dec-2013.

® First Land Utilisation Survey of Britain, A vision of Britain through time, University of Portsmouth.
http://vision.port.ac.uk/mapsaccessed on 1 - Dec-2013.

0 structure of the agricultural industry Bngland and the UK at June, DEFR#tps://www.gov.uk/government/statistical
datasets/structuref-the-agriculturalindustryin-englandandthe-uk-atjune accessed onBec2013.

1 National River Flow Archive. Centre for Ecology and Hydrology. http://www.ceh.ac.uk/data/nrfa/
accessed on 15 -March -2013.

12 UK climate 1 Historic station data. Met Office. http://www.metoffice.gov.uk/public/weather/climaitéstoric/.
Accessed on 12 -July-2013
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of the time -series has been checked and verified for quality (Table 2.2). Two of these 5

stations are located on the main stem of the River Frome, in the middle and lower
catchment. Mean daily flows were obtained from the NRFA, and 15 minute flow data w ere
obtained directly from the Environment Agency.

Table 2.2 Gauging stations in the Rive r Frome catchment.
Gauge River - Site Data type Period of Catchment Grid Reference
Record Area

44004 Frome - Dorchester Mean daily 1970 - 2011 205.54 370920, 90550
15 min flow 1992 - 2012

44001 Frome - East Stoke Mean daily 1966 - 2011 413.46 386760, 86860
15 min flow 1992 - 2012

445210 Hooke 15 min flow 1992 - 2012 11.60 353748, 100032

44006 Sydling Water Mean daily 1970 - 2011 12.06 363270, 99640

445930 Win 15 min flow 1999 - 2012 18.18 380640, 84880

2.1.9 Field survey datasets

Two sources of field survey data were used to quantify various segment - and reach -level
characteristics, including channel dimensions, bed and bank material/modifications,
riparian and aquatic emergent vegetation, and geomorphic features.

The River Habitat Survey (RHS) is a standardised survey used by the Environment
Agency to assess the physical structure of rivers and streams. The survey is based
around a 500 m long reach, and involves a combination of general site characterisation,
regularly spaced spot -checks (10 per reach) and a final sweep -up survey. A broad array
of features are recorded during the survey, including valley form, channel dimensions

(e.g. bankfull width and depth), bed and bank material, river flow types, geomorphic

features (e.g. veget ated and unvegetated bars), land -use, riparian and aquatic
vegetation, and artificial features. A total of 119 surveys are available for the River

Frome.

The Mean Trophic Rank Survey (MTR) was designed to assess the trophic status and
eutrophication impac t of rivers according to the aquatic vegetation (i.e. aquatic
macrophytes) growing within the channel. The species and percentage cover of the
macrophytes are recorded along 100 m stretches of river. Physical data on channel
width, depth, bed substrate, sh ading by riparian trees and flow types (referred to as
habitats in this method) are recorded. This information is then used to calculate a mean
trophic rank for each survey; however, for the purpose of this hydromorphological
characterisation, the use of t he MTR data is limited to plant species, percent cover and
bed substrate. A total of 59 MTR surveys were conducted by CEH, of which 40 include a
complete physical survey.
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2.2 Delineation and characterisation

The methods for delineation and characterisation are based on the guidelines described

in the D2.1 main report (Sections 4 and 5). Delineation and characterisation are

presented as separate phases of the framework, but many aspects of the
characterisation are actually conducted within th e delineation phase because of the need

to characterise the river system in order to delineate it into internally consistent spatial

units. Furthermore, the delineation process is principally a top -down approach , but we
found it advantageous to conduct the initial characterisation of the smaller spatial unit

prior to deciding upon the delineation of a larger -scale unit. Delineation boundaries are
carried down through the delineation process, and we found that a larger -scale
delineation boundary often needed to be adjusted slightly to produce a more
parsimonious delineation of the smaller -scale units.

General methods for delineation and characterisation for each spatial scale are included

below. For the complete guidelines, please refer to the delineation and characterisation
sections in the D2.1 main report (Sections 4 and 5). For detailed step -by-step
methodologies for analysis of spatial datasets in ArcGIS, please see Section 9

2.2.1 Region

The region was identified from online maps and publications of biogeographic regions in
Europe (www.globalbioclimatics.org; EEA 2002).

2.2.2 Catchment

The catchment was delineated based on topographic divide using the watershed
delineation procedure in ArcGIS and the Profile DTM (10 m resolution) (See Section 9.1.1
for detailed steps in ArcGIS).

Catchment characteristics were summarised from the relevant ArcGIS layers, including
elevation, geology and land cover (See Section 9.1.2 for more details). Elevation and
geology raster files were reclassified to be consisten t with the WFD river typology.

2.2.3 Landscape unit

General patterns in elevation, topography, geology and land cover were examined in
ArcGIS. Landscape units were delineated such that the dominant characteristics were
broadly consistent internally.

Lands cape unit characteristics were calculated from the ArcGIS layers used in the
catchment and landscape unit delineation stages (See Section 9.2.1 for more
details).Potential fine sediment availability was estimated using the PESERA raster
dataset and a 500m  wide buffer around the river (See Section 9.2.3 for more details).
Sources of coarse sediment delivery were assessed visually using satellite imagery
(Google Earth).
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2.2.4 Segment

A long -profile of elevation and catchment area was extracted from the DTM and flow
accumulation layer (an output of the ArcGIS watershed delineation process) (See Section
9.3.1 for more details). The DTM was a mosaic of the 2006 LIDAR DTM and the Profile
DTM. The mosaic ensured that elevation data had complete coverage over the river
network (Profile DTM) but that it utilised the most accurate and highest spatial resolution
data where available (LIDAR). Segment delineation was based on discontinuities in
gradient and catchment area. Increases in catchment area were deemed significant
when the sub -catchment area drained by the tributary was greater than 20% of the main
stem catchment area immediately upstream of the confluence.

Valley confinement was determ ined by overlaying the channel layer, which was obtained
from the water theme in the OS MasterMap dataset, onto a map of the floodplain. The
floodplain was delineated from the DTM based on elevation using the Thiessen polygons
method of Alber and Piégay (2 011) (See Section 9.3.2 for more details). A flood depth of
1.85 m was used to initially define the width of the floodplain. This flood depth was
selected based on the level of the 1 in 100 year flood obtained from online flood extent

maps published on the Environment Age nt yhe Soodplairbesiges veere then
adjusted based on a break in slope using a countour map derived from the mosaic DTM.

Flow regime characteristics were calculated from mean daily flow using the IARI software

developed by ISPRA  (Annex C) and the Indicators of Hydrologic Alteration software
(version 7.1, The Nature Conservancy). Discharge was estimated at the outlet of
segments and reaches using the relationship between catchment area and discharge for

the 3 river gauging stations (second -order polynomial). Geomorphologically -relevant
discharge (QP edians QP 2, Qp10) was calculated for three different flood return period
(median annual, 2 -year, and 10 -year return period flood) using maximum annual flow
derived. Two different dataset s were used: the mean daily flow record was used to
ensure consistency with the flow regime analysis and the instantaneous flow (15 -min
flow) to better characterise the high flow events in smaller streams, where flood peaks

are more likely to last less tha n a full day.

The dominant calibre of the river bed material was obtained from RHS data. Presence,

width and structure of the riparian vegetation were extracted from the OS MasterMap

(1:2500) layer (See Section 9.3.3 for more details). The accuracy of the riparian
vegetation data, including its location and vegetation classification, was verified visually

using satellite imagery (Google Earth). An inventory of structures within the river was

obtained from the Environment Agency and used to assess physical p ressures. The level
of impact of the structures was evaluated using satellite imagery (Google Earth), and was
support ed for Segments 5 and 6 by an assessment of impoundment impacts of weirs
(Environme nt Agency, 2011 ).

13 Flood maps, http://www.environmentgency.gov.uk/homeandleisure/37793.asmcessed on 5 June 2013
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2.2.5 Reach

River sinuosity, braiding and anabranching were quantified using aerial imagery and

large -scale maps (MasterMap, 1:2500). Sinuosity was measured based on the axis of the

overall planimetric river course (See Section 9.4.1 for more details). The multi -thread
attributes were quantified at cross sections spaced 0.5 T 1 times the maximum width of
the outer wetted channels, and for all channels (artificial or natural) that regularly carry

water and are connected to another channel at both their upstream and downstream
ends. Multi -thread attributes were assessed at the floodplain cross -sections that were
created in the segment characterisation process (See Section 9.3.2 for more details).

Reach delineation was based on confi nement, planform and the presence of major weir
structures.

Total stream power and specific stream power were calculated at Qp median » QP 2, and Qp 0.
Information on bed and bank material was obtained from RHS spot -check results (10
spot -checks per survey). Lateral sediment delivery was calculated using the PESERA
model data and a 500 m buffer, as stated above and explained in further detail in Section

9.2.3. A preliminary sediment budget was conducted in SIAM: details of the analysis are

provided as Thematic  Annex I.1. Riparian vegetation was analysed as described above in
section 2.2.4 (methodological details: Sections 9.3.3 and 9.4.3), and emergent aquatic
vegetation data was obtained from RHS and MTR surveys. Physical pressures were
assessed using a combin ation of RHS data, land cover data from the OS MasterMap
dataset and the EA6s inventory of structures.
calculated using the riverbank point method developed for riparian vegetation (Section

9.3.3). Major weirs lo  cated at reach divisions are included in the upstream reach.
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3. Delineation of the Spatial Units

3.1 Region

The region is a large geographic area that contains characteristic assemblages of natural

ecological communities that reflect broad climate patterns. This scale is important

because it is these climate patterns and natural land covers that are the primary controls
on all spatial scales of hydromorphological processes.

The River Frome is located in southern England, which lies within the Atlantic European
biogeographic region (Figure 3.1). The climate is characteristically mild and humid and
strongly influe nced by the Atlantic Ocean

Biogeographic regions
in Europe, 2011
- Alpine
I Anatolian
[ Arctic
- Atlantic
[] Black Sea
B coreal
[0 continental
[] Macaronesia
[] Mediterranean
B Pannonian
[] steppic
[] Outside data
coverage
Figure 3.1 The biogeographic regions of Europe. European Environment Agency 2012,
http://www.eea.europa.eu/data -and -maps , accessed on 10 May 2013.

3.2 Catchment

A catchm ent is an area of land that is drained by a river and its tributaries. The River

Frome catchment is a medium -sized, lowland, calcareous catchment according to the
Water Framework Directive typology (catchment area = 459 km 2 mean elevation = 108
m) (Figure s 3.2 and 3.3).
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0 : 10 Kilometers

Figure 3.2 The River Frome catchment located in southern England. Profile DTM: ©
Crown Copyright/database right 2012.

Elevation

(meters)
- High : 267

-Low:O

Figure 3.3 The River Frome catchment is classified as lowland according to the WFD
typology (elevation: minimum =0 m, maximum = 267 m, median = 104 m)
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3.3 Landscape units

Landscape units are portions of the catchment with similar morphological characteristics.
The catchment is divided into landscape units that are broadly consistent in terms of
their topography, geology and land cover, as these factors determine the hydrological
responsiveness of a catchment and the source and delivery of sediment to the river
system.

The Frome catchment was delineated into 3 landscape units (Figure 3.4; Table 3.1).
Landscape Unit 1 is the highest elevation unit, and is characterised by low rolling hills of
mixed geology, composed of Cretaceous chalk, Cretaceous sandstone, Jurassic
limestone, and Jurassic mudstone (Figures 3.5 and 3.6). The mixed geology impacts the
local hydrology; permeability in the soil substratum is reduced relative to Landscape Unit

2. Land cover is predominantly pasture, and estimated erosion rates are low (Figure 3.7).

Landscape Unit 2 is characterised by low rolling hills, but geology is exclus ively
Cretaceous chalk (Table 3.1; Figure 3.6). The chalk provides an extensive aquifer that

supports stable baseflows in the river. Land cover is predominantly arable agriculture and

estimated soil erosion rates are 3 times greater than in Landscape Unit 1 (Table 3.1;
Figure 3.7).

Landscape unit 3 is a low -gradient coastal plain formed by siliceous marine sediments
during the Cainozoic era (Figure 3.6). The impermeable geology produces a more
complex surface hydrology and aquifer structure, and as a resul t river flows are more
similar to clay than chalk rivers (Natural England, 1991). Land cover is predominantly

arable agriculture and estimated soil erosion rates are intermediate of Landscape Units 1

and 2 (Table 3.1; Figure 3.7).

Landscape unit

10 Kilometers

Figure 3.4 The River Frome was delineated into 3 landscape units based on elevation,
geology and land cover. Profile DTM: © Crown database right 2012.
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Table 3.1 Preliminary characterisation of the elevation, geology and land cover of the
landscape units in the River Frome.

Landscape Units

1 2 3
Area (km ?) 82 190 187
Mean Elevation (m) 170 131 56
Dominant Geology Calcareous / Calcareous Siliceous

Siliceous
Land Cover Pasture Arable Land Arable Land
Mean soil erosion 0.09 0.28 0.17
rate (tons/halyear)
Elevation

WFD Category

I <200m
| | 200-800m

10 Kilometers

Figure 3.5 The River Frome catchment is classified as lowland according to the WFD
typology with 92% of the catchment area less than 200 m in elevation.
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Bedrock Geology
WFDType

I:] Calcareous
[ mixed
:l Siliceous

0 25 5 10 Kilometers
T I T T |

b) 3 Aquifer
= ‘ NATURE, LEVEL, GEOLOGY
[ single, Unconfined, Fissure
[E== single, Confined, Fissure
D Single, Complex, Mixed
E:I Multiple, Complex, Inter
E Single, Complex, Inter
[ Nra, Nra, Alluvium

[ Nit, N7, Na

10 Kilometers
A A T 0 O Y |

Figure 3.6 (a) Bedrock geology and (b) aquifer type for the River Frome catchment.
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a)
0 10 Kilometers
L
Corinne Land Cover 2006
- Artificial: Urban Agriculture: Arable Forest: Broad-leaved
- Artificial: Industrial, commercial Agriculture: Pastures - Forest: Coniferous
- Attificial: Mine, dump Agriculture: heterogeneous Forest: Mixed
Atrtificial: Construction Scrub: Natural grassland
Artificial: vegetated Scrub: moor and healthland
Scrub: transitional
b) Pesera Erosion Rate

(tons/halyear)
o o
B o1-05

05-1.0
] 1.0-25

Figure 3.7 (a) CORINE land cover (2006) and (b) soil erosion rates (PESERA) for the

River Frome catchment
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3.4  River segments

River segments are sections of the river network that are subjected to similar valley -
scale influences and energy conditions. Delineation is based on major changes in valley
gradient, major tributary confluences and valley confinement.

The River Frome is delineated into 6 river segments (Figure 3.8, Table 3.2). These
divisions are p rimarily associated with significant increases in catchment area due to
major tributary confluences and align with the landscape unit divisions (Figure 3.9). A
confluence was deemed significant when the sub -catchment area drained by the tributary
was great er than 20% of the main stem catchment area immediately upstream of the
junction. The River Frome is laterally unconfined over the majority of its length. There

are pockets of partial valley confinement, particularly in Segments 2 and 3, but they
account f or less than 10% of the river length. Consequently all segments are classified as
unconfined.

Segment

5 - .

B :

, . -
‘ |4
S N B

// k . ‘ Landscape Unit

——— Tributary

0 25 5 10 Kilometers

Figure 3.8 The River Frome is delineated into 6 segments based on major changes in
valley gradient, major confluences and valley confinement.
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g | - 200
W 60 1 - 150

40 - 100

20 50

0 +—=—= T . - - . : : — 0

0 5 10 15 20 25 30 35 40 45 50
Distance downstream (km)
—Elevation - Catchment area

—
3]

Catchment area(km

Figure 3.9 T he River Frome was delineated into 6 river segments based primarily on
increases in catchment area caused by major confluences.

Table 3.2 Characteristics used in the segment delineation process.

Segment Increase in catchment area due to Gradie nt Valley
tributary Confinement
Area (km 2) % increase

1 0.011 Unconfined
2 19.57 144% 0.005 Unconfined
3 40.00 96% 0.003 Unconfined
4 26.77 24% 0.003 Unconfined
5 39.55 25% 0.002 Unconfined
6 55.48 26% 0.002 Unconfined

35 River reaches

The reach is the scale at which most people view and interact with the river, and the

scale at which most restoration projects are focused. Hydromorphologically speaking, it is

a section of river along which boundary conditions are sufficiently uniform tha t the river
maintains a near consistent set of process -form interactions. In other words, the
controlling factors that we identified in the earlier delineation steps produce characteristic

patterns and landforms in the channel and floodplain, like river me anders and gravel
bars. Delineation is based primarily on channel planform but also the presence of flow
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control structures, resulting in a discrimination of river reaches according to a set of
simple types.

The River Frome was delineated into 17 river rea ches (Figure 3.10; Table 3.3). The
reaches are predominantly sinuous in the upper catchment and anabranching in the
middle and lower.  The river channel is unconfined in all reaches.

a) Legend
E Landscape Units
/ Segment Division
B Weir
N
0 25 5 10 Kilometers
I I T I
b) . ~ Reach
PN e L T \ 1 S eac type
% ‘ Straight
- \ Sinuous
\ Meandering
Anabranching
N,
A
— “)‘{‘
0 25 5§ 10 Kilometers s J
I T T Y B B | ) e
Figure 3.10 The River Frome was delineated into 17 reaches. Reach divisions align first

with the landscape unit and segment divisions, and are then delineated based on (a) the
presence of major weirs and (b) changes in river planform.
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Table 3.3 Characteristics used in the reach delineation process.

Land - Segment Reach River Threads Planform Structure
scape Confinement downstream
Unit end
1 1 1 Unconfined Single thread Sinuous
2 2 Unconfined Single thread Sinuous
3 Unconfined Single thread Meandering
4 Unconfined Single thread Sinuous
2 3 5 Unconfined Single thread Sinuous Weir
6 Unconfined Multi -thread Anabranching
7 Unconfined Single thread Sinuous
4 8 Unconfined Single thread Sinuous Weir
9 Unconfined Multi -thread Anabranching
5 10 Unconfined Multi -thread Anabranching Weir
11 Unconfined Multi -thread Anabranching Weir
3 6 12 Unconfined Multi -thread Anabranching Weir
13 Unconfined Multi -thread Anabranching Weir
14 Unconfined Multi -thread Anabranching Weir
15 Unconfined Multi -thread Anabranching Weir
16 Unconfined Multi -thread Anabranching Weir
17 Unconfined Single thread Meandering
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4. Characterising the Spatial Units

The aim of spatial characterisation is to build an understanding of the catchment.
Therefore, throughout we indicate where we have estimated the characteristics listed in
the D2.1 main report or why these have not been estimated. However, we also present
additional characteristics that were assembled during the characterisation phase.

4.1 Region

The River Frome is located in southern England, which lies within the Atlantic European
biogeographic region (Figure 3.1), and the South West River Basin District for WFD.

4.2  Catchment
4.2.1 Size, Morphology, Hydrological Balance

Table 4.1 lists the main characteristics described in D2.1 main report, section 5.2.1. The
average annual rainfall of 968 mm is for the period 1961 -1990 (standard period average
annual rainfall, CEH) and for the catchment down to the East Stoke gauging station
(catchment area 414.4 km %). The average annual streamf low over the 1966 -1990 period
at this gauge was 6.66 m /s, leading to an annual average runoff (i.e. water yield) of 507

mm and an annual runoff ratio is 0.52.

Table 4.1 Characteristics of the size, morphology and hydrology of the catchment.

Attribute Value
Catchment area (km  ?) 458.78
Elevation (m)
Mean 108
Minimum 0
Maximum 267
Elevation 7 WFD Classes
<200 m 92%
200 i 800 m 8%
>800m 0%
Relative Relief (m) 267
Relative Relief / Longest distance 0.0044
Hydrology
Average annual rainfall (mm) 968
Average annual runoff (mm) 507
Runoff ratio 1.91

4.2.2 Geology and Soils

The main characteristics listed in the D2.1 main report, section 5.2.2 are emboldened in
Table 4.2. The River Frome catchment is composed predominantly of calcareous bedrock,
but siliceous bedrock is dominant in the lower catchment (Figure 3.6; Table 4.2). The
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calcareous bedrock produces a highly productive, unconfined aquifer over the majority of
the catchment area, in which groundwater flows are primarily through fractures (Figures

3.6 and 4.1; Table 4.2). Soils lie largely over a free

-draining substratum

(76%) except

for the headwaters and lower catchment, which may be waterlogged seasonally or

permanently as a result of a near

Table 4.2 Characteristics of the geology and soil of the Frome catchment.

-surface water table (Figures 4.2 and 4.3; Table 4.2).

Attribute Value

Geology

Calcareous 60%

Siliceous 40%
Bedrock hydrogeology

Flow through fractures 63%

Intergranular flow 26%

Rocks with no groundwater 12%
Aquifers

Unconfined 65%

Confined 1%

Complex 18%

N/a i Alluvium 13%

None 4%
Hydrology of soil substratum

Permeable (Free -draining) 76%

Affected by high water 23%

tables

Aqui
<=2\
S
KJ \_,,} |
e b
a \‘ ; "\ﬁ ‘A?\,
= \-.,.;{i‘.- \\
}N\ O
— ~'v5v/-l
0 25 5 10 Kilometers
S T Y |

- Highly productive aquifer
Cl Moderately productive aquifer

} | Low productivity aquifer

Highly productive aquifer
| Moderately productive aquifer

fer Classification

Aquifers with significant intergranular flow

Aquifers in which flow is through fractures:

l Low productivity aquifer

] Rocks with essentially no groundwater
(\/ L\ﬂ

\

w)\ﬂ

Figure 4.1 Classification of aquifers within the Frome catchment. (© NERC. All rights
Reserved. Reproduced with the permission of the British Geological Survey).
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Soil Hydrological Class

|:, 1L - Peremable substratum

I:] 1C - Permeable - Chalk, soft limestone
:’ 1S - Permeable - Sand, terrace

|:| 2 - Soil affected by groundwater

Figure 4.2 Hydrological class for soil in the River Frome catchment. Soils are classified
as: (1) soil with a permeable substratum or (2) lowland soil affected by groundwater.
Data from the European Soil Portal JRC.

Water Regime

l:l No information

l:l Not wet within 80 cm for over 3 months, nor wet within 40 cm for over 1 month
l:l Wet within 80 cm for 3 to 6 months, but not wet within 40 cm for over 1 month
l_l Wet within 80 cm for over 6 months, but not wet within 40 cm for over 11 months

Figure 4.3 Dominant annual avera ge soil water regime class for the River Frome

catchment. Data from the European Soil Portal JRC.
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4.2.3 Land cover

The main characteristics mentioned in the D2.1 main report, section 5.2.3 are listed in

Table 4.3. The land cover in the Frome catchment i s predominantly agriculture (86%), of
which arable land and pastures are present in approximately equal proportion (Figure 3.7

and Table 4.3).

Table 4.3: Land cover for the Frome catchment from the CORINE land cover database
(European Environment Agency).

Land Cover Class % Cover
Artificial 3.5%
Agricultural 86.0%
Forest 10.5%
Wetlands 0%
4.3 Landscape Units
4.3.1 Water Production
0] Rainfall
No long term rainfall data is available on -line for rainfall gauges within the River Frome

catchment and thus it was not possible to assemble any rain gauges with more than 10

years of records in any of the landscape units. Therefore, the required summary
information (D2.1 main report section 5.3.1 (i)) is presented in Table 4.4 for several

near by gauges along with their distances from the Frome catchment boundary. A more

detailed analysis is presented for the Yeovilton gauge (Table 4.5) for the period (1981 -
2010). The freely available rainfall data on the Met Office and CEH websites does not

have a fine enough temporal resolution (e.g. daily or storm) for intensity -duration -
frequency analysis.

On average, April is the driest month and December the wettest. Average annual rainfall

for the catchment ranges from 850 to 1200 mm (1961 -1990) according to estimations by
CEH (Figure 4.4). Rainfall is greatest in the western headwaters and lowest in the east

near the river outlet. Rainfall in Landscape Unit 1 ranges from 950 to 1100 mm yr "1, Unit
2 from 900 to 1200 mm yr "1 and Unit 3 from 800 to 1100 mm y r'*. The average annual

rainfall for the subcatchment down to the East Stoke river gauging station is 968 mm yr
1

(i) Relief/Topography

Of the three characteristics listed in the D2.1 main report section 5.3.1 (ii), the drainage
density was estimated f  or a derived network extracted from a DEM, yielding values of
0.4, 0.45 and 0.51 km km "2 for Landscape Units 1, 2 and 3, respectively. The minimum
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drainage area threshold was set at 2.5 ha, which produced a river network that
approximates the perennial net work.

The remaining two characteristics are illustrated in Figure 4.5 (Hypsometric curves) and

Figure 4.6 (Land surface slope elevation -frequency distribution). From the hypsometric
curves (Figure 4.5), Landscape Unit 1 has the highest elevation with 23% of the area
greater than 200 m, Landscape Unit 3 has the lowest elevation with 100% of the area

below 200 m, and Landscape Unit 2 is intermediate with the greatest range in elevations

(Figure 4.5; Table 4.6). The greatest slopes are found between 100 and 2 00 m of
elevation, with a peak in mean slope at 160 m (Figure 4.6).

Table 4.4 Average monthly rainfall (mm) and average annual rainfall at nearby rainfall

gauging stations (1981 I 2010). Distance and direction from catchment boundary are
included.
Month Wyke Regis Swanage Yeovilton Hurn
9km S 10.5 km ESE 14 km N 23 km ENE
Jan 78.5 87.2 67.6 86.9
Feb 58.3 64.6 48.5 62.5
Mar 58.0 65.2 49.6 64.7
Apr 49.4 51.9 50.2 53.9
May 447 48.2 48.5 49.5
Jun 40.2 45.9 50.3 51.6
Jul 35.9 46.5 53.3 47.8
Aug 50.0 46.2 55.0 51.8
Sep 55.8 63.9 54.9 65.3
Oct 85.3 105.8 78.3 100.7
Nov 88.7 104.7 74.2 100.5
Dec 85.5 99.4 78.1 100.0
Annual 730.3 829.4 708.5 835.2

Table 4.5 Monthly and annual rainfall (mm) for the Yeovilton gauging station (1965 -
2012).

Minimum Mean Maximum
Jan 8.6 70.2 132.3
Feb 2.1 53.9 137.6
Mar 19.3 52.0 1135
Apr 1.6 47.8 136.6
May 5.7 52.4 171.3
Jun 4.9 53.9 139.8
Jul 10.0 57.7 155.2
Aug 11.6 60.4 151.0
Sep 5.0 57.7 160.6
Oct 5.8 70.9 188.4
Nov 19.7 72.8 192.4
Dec 14.4 78.5 166.1
Annual 542.9 727.0 542.9
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Figure 4.4 Annual rainfall (mm) for the Frome catchment. The black line indicates the
sub - catchment area for the gauging station at East Stoke. Image: CEH National Flow

Archive.
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Figure 4.5 Hypsometric curve for the landscape units (1 - 3) of the River Frome.
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Figure 4.6 Mean land surface slope for the catchment by 20 m elevation bins.

(iii) Surface:Groundwater

Table 4.6 summarises elevation, geology, and bedrock/soil hydrogeology characteristics

of the Frome ¢ atchment with the characteristics listed in the D2.1 main report, section
5.3.1(iii), emboldened. The landscape units differ in their geology, which impacts on how
water flows within and across the land surface (Table 4.6; Figures 3.6, 4.1 and 4.2).
Landsc ape Unit 1 is composed of a mixture of calcareous and siliceous rock. The
underlying chalk geology supports an extensive unconfined aquifer over the entire
landscape unit, but the overlying siliceous geology in some areas creates a less
permeable substratu m for the soil (Table 4.6). Landscape Unit 2 is almost entirely
underlain by chalk geology, in which groundwater flows primarily through bedrock
fractures. The aquifer is predominantly unconfined and is responsible for the stable river
flows in the landsca pe unit. Landscape Unit 3 has a more complex geology and
hydrology. The chalk is overlain by the Thames Group of bedrock, which are less
permeable or impermeable to groundwater flow, producing a less permeable soil
substratum and a more variable aquifer st ructure.

(iv) Land cover

Table 4.6 summarises the characteristics listed in the D2.1 main report, section 5.3.1(iv).

Land cover is predominantly agricultural with pastures dominant in Landscape Unit 1, and

arable land in 2 and 3 (Table 4.7). Landscape Un it 3 also has substantially more forest
and scrub than the other landscape units (23% compared to 2%).
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Table 4.6 Characteristics of the elevation, geology, bedrock hydrogeology, aquifers and
soil substratum hydrology of the River Frome catchment.

Lands cape unit

Attribute 1 2 3
Elevation classes

<200m 77% 90% 100%

200 i 800 m 23% 10% 0%
Geology

Calcareous 53% 95% 26%

Siliceous 47% 5% 73%

Mixed 0% 0% 1%
Bedrock hydrogeology

Flow through fractures 68% 96% 27%

Intergranular flow 31% 3% 46%

Rocks with no groundwater 1% 1% 27%
Aquifers

Unconfined 98% 85% 26%

Confined 0% 0% 3%

Complex 0% 4% 41%

N/a - Alluvium 2% 10% 21%

None 0% 0% 9%
Hydrology of soil substratum

Permeable 73% 98% 7%

Affected by high water 27% 2% 23%

tables

Table 4.7 Land cover by landscape unit for the River Frome catchment from the CORINE
land cover database (European Environment Agency).

Landscape unit

Class Type 1 2 3

Artificial Urban fabric 0% 3% 209
Industrial, commercial, transport 0% 0% 2%
Open spaces 0% 1% 0%

Agricultural Arable land 26% 55% 44%
Pastures 2% 39% 29%

Forest Forests 2% 2% 13%
Scrub and/or herbaceous vegetation 0% 0% 10%

4.3.2 Sediment Production

0] Potential fine sediment availability

Table 4.8 summarises  potential fine sediment production characteristics (as listed in the

D2.1 main report, section 5.3.2(i)) and an extract of the PESERA map (Figure 3.7) on

which they are based. Fine sediment erosion rates are low to moderate for all landscape

units in the ¢ atchment, as compared to the range across Europe (0 to >50 tons ha™ year "
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!, PESERA). The highest erosion rates are predicted for Landscape Unit 2 (Figure 3.7;
Table 4.8)

Table 4.8 Estimated soil loss by landscape unit (tons ha 1 year ') (Pan -European S oil
Erosion Risk Assessment -PESERA, European Commission, Joint Research Centre).

Landscape unit

1 2 3
Minimum 0 0 0
Mean 0.09 0.28 0.17
Maximum 1.87 3.79 3.73
(i) Potential coarse sediment availability
No coarse sediment sources were visible in aerial imagery of the catchment and so no

characteristics could be estimated. Bank erosion is the only likely source of bed material
for the river, and this is estimated from an analysis of channel margin position changes
identified from historical sources in section 5.3.

4.4  Segment
4.4.1 Flow Regime

The gauging station network on the River Frome catchment does not have a fine enough
spatial resolution to calculate the flow regime for every segment. Therefore this analysis

is limited to the landscape uni t scale. The river does not have any significant water
diversions or storage structures that would alter the volume or timing of water flows.
River flows are potentially impacted by surface and groundwater abstraction, though
computer modelling has indicat ed that current abstraction rates have minimal impacts on
river flows at most discharges (Punchard, 2013). Abstraction would depress river flows in

dry years, but a catchment abstraction management plan enforces limit or bans on water
abstraction at low fl ows (Environment Agency, 2012). Consequently, flow records from
the catchment are considered to be essentially natural. Furthermore, the flow records
analysed do not extend back far enough to pick up any changes that may reflect the
impact of groundwatera bstracti ons, and so Oalteredd flow regirt
be presented.

0] Flow regime classification

Table 4.9 illustrates the various components of the flow regime analysis described in the
D2.1 main report section 5.4.1(i), applied to the thre e gauging stations within the
Landscape Units of the Frome catchment. The River Frome is classified as a perennial
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stable or super -stable river. Flow records show that it has a very high baseflow index
(BFI ~ 50) and |l ow CV in it s atalthreeyaudingstatsns.( DAYCV O 100
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Table 4.9 Hydrological indicators for the 3 gauging stations within the River Frome
catchment.

LU1 LU 2 - Segment 5 LU 3 - Segment 6
River Hooke Dorchester East Stoke
BFI 7 Baseflow index 53.64 49.69 55.74
Annual mean of the monthly ratio
between min month discharge and
mean monthly discharge
ZERODAYS 0 0 0
Number of days with no channel
flow per year
FLDFREQ 0.45 0.82 0.71
Average number of
per year
FLDPRED 0.70 0.61 0.47
Maximum proportion of floods that
falls in one of six 60  -day seasonal
windows
FLDTIME 335 335 1
First Julian day within the
seasonal window when FLDPRED
is highest
DAYCV 49.07 67.23 58.76
Standard deviation of daily
discharge divided by annual mean
discharge (x 100)
Regime Perennial Perennial Perennial
superstable stable superstable

(i) Flow characteristics

Morphologically representative discharges (described in the D2.1 main report section

5.4.1(ii)) were calculated for each gauging station using two datasets. The first analysis
used annual maximum 1  -day flows from the mean daily flow record, which was used to
maintain comparability with the previous flow regime analysis (Table 4.10). The second

analysis used annual instantaneous peak flows derived from the 20 y ear-long, 15 -min
flow records, which gives a more accurate representation of peak flows. Three
morphologically representative discharges (Qp median » QP 2 and Qp 1) were estimated at the
outlet of each segment based on a relationship between discharge and cat chment area
estimated for the gauging station records (Table 4.11).

Extreme flow conditions (described in the D2.1 main report section 5.4.1(ii)) were
calculated using the mean daily flow record and were analysed using the Indicators of
Hydrologic Alterat ion software (v. 7) (Table 4.12). Minimum flows in the catchment most
commonly occur in early autumn (September) and maximum flows in winter (January)
(Table 4.13).
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The annual hydrographs for the 3 gauging stations (constructed for the calendar year)
demon strate the characteristic temporal patterns in flow for UK chalk rivers (Figure 4.7).
Discharge is lowest in August (month 8) and September (month 9) at the end of the drier
summer months. Flows begin to increase in the autumn as heavy rains recharge the
chalk aquifer, reaching their peak in January (month 1).

The River Frome does not have any |l arge flow control
anthropogenically -controlled flow fluctuations (described in the D2.1 main report section
5.4.1(ii)).

Table 4.10 Morphologically representative discharges by landscape unit based on annual
maximum 1  -day flows from the mean daily flow records used in the flow regime analysis,

and annual maximum instantaneous flow from the 15 -min flow records. Qp median |
median annual flood, Qp o T 2-year return period flood, Qp 10 I 10 -year return period
flood.
Landscape River Catchment Discharge (m  3s1) Discharge (m  3s1)
unit Location Area *based on max 1 - day flow *based on max instant. flow
(km ?) QP median Qp2 Qp 10 QP median Qp2 Qp 10
1 Hooke 11.60 0.62 0.65 1.12 1.38 1.04 2.07
Hooke
Bridge
2 Frome 205.54 11.71 11.41 15.14 16.61 15.42 20.45
Dorchester
3 Frome 413.46 20.72 20.00 24.25 23.49 22.32 28.00
East Stoke
Table 4.11 Estimated morphologically representative discharges at the outlet of each
segment.
Landscape Segment Catchment Discharge (m  3s%) Discharge (m  3s%)
unit Area *based on max 1 - day flow *pased on max instant. flow
(km 2) Qp median sz Qp 10 Qp median sz Qp 10
1 1 13.55 0.85 0.84 1.19 1.40 1.28 1.75
2 43.50 2.59 2.54 3.56 4.15 3.81 5.21
2 3 96.64 6.56 6.41 8.82 10.06 9.25 12.59
4 109.22 9.13 8.91 12.08 13.53 12.48 16.88
5 194.62 12.17 11.84 15.73 17.18 1591 21.36
3 6 457.41 22.24 21.32 25.46 23.76 22.63 28.86
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Table 4.12: Discharge (m 2 s°') for the short term (1 day) and prolonged extreme flow
conditions (30 day) for the gauging stations in the River Frome catchment. LU 1

Landscape unit, 1Q T Lower quartile (25%), Median (50%), 3Q T Upper quartile (75%).
LU1 LU2 - Segment5 LU 3 - Segment 6
River Hooke Frome (Dorchester) Frome (East Stoke)
1Q Median 3Q 1Q Median 30 1Q Median 30Q
Min
1-day 0.07 0.08 0.08 0.74 0.90 1.09 2.22 2.57 2.89
30-day 0.08 0.09 0.10 10.11 12.40 14.36 2.39 2.84 3.14
Max
1-day 0.49 0.62 0.81 0.85 1.08 1.24 19.26 20.72 22.64
30-day 0.28 0.36 0.45 6.25 7.30 9.09 12.71 14.07 16.22

Table 4.13: Month of occurrence of short term and prolonged extreme flow conditions

(median) for the gauging stations in the River

Frome Catchment.

LU 1 LU2 - Segment5 LU 3 - Segment 6
River Hooke Frome (Dorchester) Frome (East Stoke)
Min
1-day Sep Sep Sep
30-day Sep Sep Aug
Max
1-day Dec Jan Jan
30-day Jan Jan Jan
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Figure 4.7: Annual hydrograph (by calendar month) for (a) the River Hooke, a tributary
of the River Frome located in Landscape Unit 1; (b) River Frome at Dorchester located in

Landscape Unit 2, Segment 5; and (c) River Frome at East Stoke located in Landscape
Unit 3, Segment 6.
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4.4.2 Valley chara cteristics

Table 4.14 lists the valley characteristics described in the D2.1 main report section 5.4.2.

The River Frome is a low gradient, unconfined river. Valley gradient is greatest in
Segment 1, intermediate in Segment 2 and very low for the remaining segments. There
are pockets where the valley is partly confined in Segments 2 and 3, however they

account for less than 10% of the channel length, and consequently all segments are
classified as unconfined. Thus, the river is unconfined along its entire | ength and the
valley width is 14  -28 times greater than the channel width.

Table 4.14 Valley characteristics for the segments of the River Frome. River confinement
index was calculated using the channel width (sum of all channels widths in a cross
section ).

Segment Gradient Valley River Confinement

Confinement Index
1 0.011 Unconfined 25.06
2 0.005 Unconfined 13.77
3 0.003 Unconfined 20.07
4 0.003 Unconfined 20.08
5 0.002 Unconfined 27.81
6 0.002 Unconfined 28.07

4.4.3 Sediment
0] Sediment size.

Dominant bed material calibre (D2.1 main report section 5.4.3(i)) was estimated using
RHS surveys of the River Frome. From the spot checks recorded in these surveys, the

dominant bed material is gravel -pebble (2 T 64 mm) for all segments. On average 91%
of RHS survey spot -checks identified gravel and /or pebble as the dominant bed
sediment size class, of which 26% were gravel, 52% gravel -pebble and 13% pebble.
However, MTR surveys, which estimate the percent cover of different sediment types
across the ent ire bed, rarely indicate more than a 50% cover of gravel and coarser
sediments (Table 4.21), suggesting that gravel -sand or sand -gravel might be a more

appropriate description of the dominant bed material. This theme will be revisited at the
reach scale. F urthermore, neither dataset provide evidence of a longitudinal change in
dominant bed material size (i.e. no apparent downstream sediment fining).

(i) Sediment supplied to the channel

This characteristic is listed in the D2.1 main report section 5.4.3(ii). For the Frome, this

was estimated from the PESERA dataset and a 500m buffer around the river, which

predicts 575 tons of fine sediment is delivered to the River Frome per year in tota I. The
average amount of fine sediment delivered per segment was estimated at 96 tons year 1
with values ranging from 0 in Segment 1 to 314 in Segment 5 (Table 4.15). Fine

sediment delivery expressed as a function of river length shows a similar pattern.
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Sediment delivery is substantially greater for the segments in Landscape Unit 2 than in

the other segments, and Segment 5 had the highest sediment delivery per km of river,

regardless of whether it was calculated using the length of the main channel or of all
minor and major channels.

No land surface instabilities connected to the channel were identified and thus bank
erosion is the only potential source of coarse sediment to the river, but this is likely to be

small, given the predominant composition of t he river banks (Figure 4.17, based on RHS
data, shows that o6éearthd is the dominant bank
as an intermediate source of fine sediment to the river, but the annual rates are

generally small because a similar or grea ter amount is accounted for in bank accretion

(see section 5.4.1).

Table 4.15: Estimated fine sediment delivery to the River Frome by segment, expressed
as total load and by channel length (main channel length and the length of all channels
in a reach).

LU Segment Sediment input Sediment delivery
(tonsyr 1) (tonskm tyr 'l
Main channel All channels
1 1 0.0 0.0 0.0
2 14.0 3.7 3.1
2 3 315 4.4 3.5
4 150.7 26.3 11.2
5 314.2 39.4 12.6
3 6 65.0 2.0 1.1

(iii) Sediment Transport and Budget

No sediment transport measurements are available for the Frome. Therefore, as
described in section 5.4.3(iii) of the D2.1 main report, a preliminary sediment budget

analysis was conducted for the River Frome catchment using SIAM (see Thematic Annex

1.1 for fu Il details). The base model represents the river as a single thread with a mixed
sand/gravel bed (based on combined MTR and RHS surveys), with river discharge based

on the flow duration curve, fine sediment input to the channel based on the PESERA

buffer a nd no coarse sediment input. This simplification was adopted because only the

very lowest layers of the river banks contain material coarse enough to count as a coarse
sediment input and bank erosion as a whole is generally balanced or exceeded by bank
aggradation (see section 5.3.2) suggesting that most eroded bank material is retained

and reabsorbed into the floodplain locally rather than providing a true addition to
sediment load. The analysis found that transport capacity exceed s sediment supply in the
tributaries, resulting in a net loss of bed sediment in all tributaries and Segment 1 of the

River Frome (Figure 4.8). Conversely, supply exceed s transport capacity for the main
stem, resulting in a net gain of bed sediment. The greatest annual loss of sed iment was
found in the South Winterbourne tributary, whilst Segment 6 immediately downstream of
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the confluence with South Winterbourne had the greatest annual gain of bed sediment
(Figure 4.9).

When the results are viewed by grain size, though, it becomes clear that the majority of
the bed sediment transported in the SIAM river network is sand. The only reach that had

a sediment transport potential for medium gravel was the South Winterbourne at
discharges that occurred for only 1 or 2% of the time, which r esulted in 9 tons of gravel
being transported to the downstream reach, segment 6 in the Frome, during a short

period (7 days) of high flows incorporated within the flow duration curve.

LocalBalance
‘@ Degradation
Equilibrium

@ Aggradation

D Watershed

10 Kilometers
YT T |

Figure 4.8 Predicted aggradation or degradation of bed material by sediment reach for

the base SIAM model (Yang transport equation, wash load maximum diameter = 0.062
mm, Pesera soil erosion source).

Local Balance

(tonslyr)

— 65,000 -30,000
-29,999 - -15,000
14,999 -0
1-15,000

s 15,001 - 30,000

30,001 - 65,000

[ watershed

Figure 4.9 Local balance of bed material by sediment reach for the base SIAM model

(Yang transport equation, wash load maximum diameter = 0.062 mm, PESERA soil
erosion source).
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4.4.4 Riparian corridor features
0] Presence of a riparian corridor

The characteristics required to describe the riparian corridor can be found in section
5.4.4(i) of the D2.1 main report. The Ri ver Frome is a low gradient, low energy river in a
humid temperate setting. The wide floodplain has minimal topographical variation, high
groundwater levels, and receives regular inundation from flood waters. Consequently,
riparian vegetation has the poten tial to grow over the entire floodplain, and the potential
riparian corridor is synonymous with the non -developed portions of the floodplain.
However, riparian vegetation is sparse, fragmented and heavily influenced by humans,

and only 10% of the riparian corridor is covered by functioning riparian vegetation.

Table 4.16 lists the dimensions of the riparian corridor and the areas of functioning
riparian vegetation that are found within it. Table 4.17 lists the continuity and wood
delivery potential of the functioning riparian vegetation located along the river margins.
Segment 2 has the highest proportion of functioning riparian vegetation within the
riparian corridor (61% of width and 35% of area), whilst Segment 4 has the lowest (9%

of width and 5% of are  a) (Table 4.16). The riparian corridor in the middle and lower
sections of the River Frome is much wider than in the upper segments and functioning
riparian vegetation is limited to small, often narrow strips along the river margins. Thus
riparian corrido r continuity is higher than the proportion of functioning vegetation by
corridor width or area in these segments (Table 4.17). The highest continuity is found in
Segment 1 and the lowest in Segment 4.

Table 4.16 Characteristics of the riparian corridor: average width, average area,
proportion of riparian corridor with vegetation.
Riparian corridor Riparian vegetation Proportion of corridor
under riparian vegetation
Segment Width (m) Area Width Area Width Area
(km ?) (m) (km ?)
1 70 0.36 31 0.11 44% 32%
2 122 0.38 74 0.13 61% 35%
3 227 141 43 0.15 19% 10%
4 345 161 32 0.08 9% 5%
5 603 3.48 59 0.28 10% 8%
6 585 12.96 71 1.27 12% 10%
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Table 4.17 Proportion of river length that abuts riparian vegetation (continuity), and

proportion of river length that abuts non -coniferous trees and tree/scrub that can
contribute to wood delivery (N.B. coniferous stands are excluded because they are
managed plantations that do not contribute wood to the river).

Segment Continuity Wood delivery

potential

1 42% 32%

2 30% 14%

3 27% 24%

4 9% 8%

5 18% 13%

6 21% 13%

(i) Vegetation cover of the riparian corridor

The characteristics required to describe the riparian vegetation cover can be found in

section 5.4.4(ii) of the D2.1 main report. For the River Frome, the vegetation was
allocated to dominant classes through analysis of information from the Ordnance Survey
MasterMap land theme and the proportions of the corridor under different vegetation

patch types is shown in Figure 4.11.

The most abundant vegetation typ e found in the riparian corridor is non -coniferous tree
forest, which occupies 130 hectares and 64% of the total area covered by riparian
vegetation. The non -coniferous tree class is defined as having non -coniferous trees
dominant and can include other sec ondary vegetation types, such as scrub. Segment 6

has the greatest area of non -coniferous forests (78 ha) (Figure 4.10). This segment also

has the largest potential riparian corridor area, and consequently non -coniferous forests
only cover 6% of the ripari an corridor in this segment (Figure 4.11). Segment 1 has the
greatest proportion of non -coniferous trees relative to the potential riparian corridor
(26%). The second most abundant vegetation type is rough grassland, which occupies 37

hectares and 19% of t  he area covered by riparian vegetation. The greatest area of rough
grasslands is found in Segment 6 (12 ha) (Figure 4.10), however the greatest area of

grassland relative to riparian corridor area is found in Segment 2 (22%) (Figure 4.11).
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Figure 4.10 Areas of functioning riparian vegetation within the riparian corridor of
segments 1 to 6 based on the OS MasterMap classification of dominant vegetation type.
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Figure 4.11 Proportion of the potential riparian corridor occupied by functioning riparian
veg etation by OS MasterMap classification based on dominant vegetation type.

(i) Wood delivery potential

Wood delivery potential is characterised by the proportion of the river channel edge

covered by mature living or dead trees (D2.1 main report section 5.4.4(iii)). For the
River Frome, this was estimated as the proportion of the riverbank with adjacent non -
coniferous trees (< 1 m from either riverbank) (Table 4.17). Coniferous trees are

typically associated with plantations in this area and therefore are heavily managed and
not relevant to wood delivery potential. Segment 1 has the greatest wood delivery
potential with 32% of riverbanks covered with non -coniferous trees, followed by segment

3 with 24%. These are conservative estimates that only include in tact vegetated areas.

The MasterMap dataset used in the riparian vegetation characterisation records the
location of intact blocks of trees and not individual ones. From the satellite data, though,

it is clear that isolated riparian trees, of various sizes up to those with crowns spanning
the river, are found along the entire length of the Frome. These isolated trees have the
potential to deliver wood to the river; although it could be argued that they do not
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represent long -term sources of wood (i.e. an int act forest that would regenerate lost
trees).

4.45 Physical Pressures

The pressures that should be characterised at the segment scale are listed in section
5.4.5 of the D2.1 main report.

There are no major point interventions where water or sediment is added to or removed
from the River Frome

The River Frome has high numbers of blocking and spanning structures reflecting a long

history of agriculture, milling, water meadow management and transportation (Figure

4.12). A total of 93 blocking structures we re recorded in the Environme
inventory of engineering structures on the river network, 29 of which are rated as
intermediate and 63 low. Most of the low impact structures are sluices that control flow

into and out of artificial side channels. Th e medium impact structures are predominantly
fixed weirs constructed of concrete. These structures block all coarse sediment transport,

but impacts to water and fine sediment transport are minimal. Water appears to be

flowing over all weirs in the historic al satellite imagery (2005, 2008, and 2009/10). Fine
sediment may deposit upstream of these structures during intermediate to low flows but

is likely to be flushed out at high flows. Three blocking structures were rated as high

(Figure 4.12a). Two are weir s that have a significant impoundment effect (>700 m
upstream): Loudo6s Mi | [(EndronthentNAiganey, 2614 t 9)h and the third is
Stony Weir, which is a stone structure built in the medieval period and associated with

Bindon Abbey, near Wool. The weir is currently 0.6 m above the average level of the

Frome, and blocks flow and sediment from entering a meandering s ide channel for most
of the year. The side channel normally has a water surface 1.6 m below the weir crest.

Most of the anabranch channels in this area appear to be either straightened or artificial,

and the meandering nature of the Stony Weir channel may reflect the planform the
existed prior to recent human alteration.

A tot al of 226 spanning structures were recorded in
rated high, 47 intermediate and 158 low (Figure 4.12b). The high and intermediate

impact structures  are concrete or masonry bridges for roads or railways that have central

piers and/or abutments that extend into the channel, whilst the low impact structures are

predominantly simple span pedestrian bridges.

The greatest numbers of blocking and spanning st ructures are found in Segment 6 and

the lowest in Segment 1 (Figure 4.12). Because the length of segments (and reaches)

varies considerably in the River Frome, blocking and spanning structures area also

presented as the number of structures per kilometre o f river. Blocking structures are

most abundant in Segments 2 -5 and spanning structures in Segment 2 (Figure 4.13).

The high value for spanning structures per km in Segment 2 is primarily caused by the

large numbers of bridges that cross the multiple channe Is around the village of Maiden

Newt on and the short | ength of the segmentbés channel
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Figure 4.12 Count of (a) blocking and (b) spanning structures on the River Frome by

segment.

0.2

1 2 3 4

Figure 4.13 The num
river network length by segment.

45 Reach

m High
o int

o Low

ber of (a) blocking and (b) spanning

b)

structures per kilometre of

At the reach scale the analysis remains mainly based on information extracted from

secondary sources. However, field surveys in parts of reaches

4,5 and 6 provide

additional information on some aspects of reach characteristics.
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4.5.1 Channel dimensions (width, planform, gradient)

Section 5.5.1 of the D2.1 main report describes the relevant characteristics required to
describe channel dimensions. Those that were calculated for the River Frome are listed in
Tables 4.18 and 4.19.

The River Frome is a low gradient river that is predominantly sinuous in its upper reaches

and anabranching in its middle and lower reaches. Its high width:depth ratio, lo w stream
power and baseflow -dominated flow regime produce channels with similar baseflow and
bankfull channel dimensions (e.g. width and sinuosity). Therefore, a smaller number of

channel dimensions are reported below than are listed in Section 5.5.1 of th e main D2.1
document.

The narrowest channels and highest gradients are found in the reaches within the
headwater region of Landscape Unit 1 (Reaches 1 - 4) (Table 4.18). The river is sinuous
to meandering in these reaches.

Landscape Unit 2 has the reaches with the highest width:depth ratio (Table 4.19). Reach

6 flows past the site of an ancient monastery , Where the monks are believed to have
straightened and widened the river in the medieval period. The main channel is classified

as straight, but the prese nce of several smaller channels in the reach causes it to be
classified as anabranching. Channel gradients are low in Landscape Unit 2 (0.002 i
0.004) and decrease to 0.001 in Landscape Unit 3 (Table 4.18).

Extensive anabranching begins in Reach 9 downstre am of the confluence with Sydling
Water (Table 4.18). A second channel starts as a small artificial channel connected to the

main channel by a sluice gate, but grows to become a significant secondary channel that

later joins the River Cerne. The river has at least 2 significant channels along most of the
rest of its length, and in some sections anabranching indices reach as high as 4.67 due to

the presence of multiple, often artificial or straightened, side channels (e.g. Reach 11).

The main river is meande  ring in the last two reaches, but is classified as anabranching in
Reach 16 due to the presence of a significant, apparently artificial, side channel.

Channel widths are greatest in the anabranching sections, where the average combined
width of the multipl e channels can reach 29 meters (Reach 11) (Table 4.19).
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Table 4.18 Gradient and planform indices for the River Frome reaches.

LU  Seg Reach Gradient Sinuosity Braiding Anabranching
Reach Channel Index Index
1 1 1 0.011 0.010 1.12 1.00 1.00
2 2 0.004 0.004 1.13 1.00 1.00
3 0.005 0.003 151 1.00 1.04
4 0.006 0.006 1.06 1.00 1.41
2 3 5 0.003 0.002 1.28 1.00 1.06
6 0.004 0.004 1.03 1.00 1.75
7 0.002 0.002 1.20 1.00 1.00
4 8 0.003 0.002 1.28 1.00 1.43
9 0.003 0.003 1.21 1.00 2.39
5 10 0.002 0.002 1.21 1.00 2.93
11 0.003 0.002 1.30 1.00 4.67
3 6 12 0.002 0.002 1.45 1.00 2.87
13 0.003 0.002 1.34 1.00 2.00
14 0.002 0.002 1.18 1.00 3.00
15 0.002 0.001 1.39 1.00 2.23
16 0.002 0.001 2.11 1.00 2.00
17 0.001 0.001 1.59 1.00 1.20
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Table 4.19 Average dimensions for bankfull / active channel for the reaches in the River
Frome. Total channel width includes all major side channels (measured from OS map
data: Profile DTM and MasterMap topography layers. Main channel dimensions are
derived from RH S

LU Seg. Reach All channels Main Channel
Width (m) Width (m) Depth (m) W:D
1 1 1 3.1 3.1 0.95 3.3
2 2 4.8 4.5 1.38 3.3
3 5.0 55 1.18 4.7
4 7.7 6.5 1.15 5.6
2 3 5 10.0 9.1 1.45 6.9
6 14.1 13.9 0.97 14.5
7 14.7 11.7 1.52 9.7
4 8 12.6 11.0 1.13 9.7
9 17.2 9.8 0.87 11.3
5 10 20.9 12.0 0.87 13.9
11 294 10.3 1.13 9.1
3 6 12 23.7 11.6 1.14 10.2
13 211 13.9 1.12 125
14 23.7 11.8 1.00 11.8
15 20.1 13.1 1.18 111
16 17.5 12.2 1.36 9.0
17 155 14.2 1.13 12.6

4.5.2 River energy

River energy characteristics are described in section 5.5.2 of the D2.1 main report.

Total stream power is lowest in the upstream reaches (1 - 3) and increases to a
maximum in Reach 14 (41 - 43 km downstream, mean = 439 W m 1) (Figure 4.14).

Specific stream power is greatest in Reach 1 (mean = 43.4 W m "2) where the channel is
narrowest and steepest. It decreases down through Reach 9 and then fluctuates around a

mean of approximately 14 W m "2 in the remaining reaches, due to variations in grad ient
and channel width. The lowest specific stream power is in Reach 11 (25 i 28 km
downstream, mean = 10.8 W m "2) (Figure 4.14), where the river has the highest

anabranching index and the greatest channel width (Tables 4.18 and 4.19).

Total and specific s tream power estimates are greater when calculated using annual

maximum instantaneous flows from the 15 -min flow record (Figure 4.14b,d) than when
calculated with the annual maximum 1 -day flows from the mean daily flow record (Figure
4.14b,d).

Average bed shear stress decreases with distance downstream (Figure 4.15), mirroring
the longitudinal pattern in channel gradient (Table 4.18).
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Figure 4.14 (a,b) Average total stream power and (c,d) average specific stream power

for Reaches in the River Frome, as ¢ alculated based on (a,c) annual maximum 1 -day
flows from the mean daily flow record and (c,d) annual instantaneous maximum flows

from the 15 -min flow record. Power estimates based on river flows at reach outlet that

are based on relationships between catch ment area and flow.
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Figure 4.15 Average bed shear stress by distance downstream in the River Frome at
bankfull discharge (Qp2). Each plateau in the long profile represents a reach.
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4.5.3 Bed and bank sediment

0] Sediment size

Descriptions of rel evant characteristics can be found in the D2.1 main report, section
5.5.3(i). Although gravel was identified as the dominant bed sediment size in 75 -100% of
the RHS spot -checks conducted on the River Frome (10 spot checks per survey) (Table

4.20), the more accurate percent cover data, estimated during Mean Trophic Rank
surveys, show that high percentages of the river bed are covered by sand and silt+clay

(Table 4.21). Silt+clay covered between 5 and 25% of the areas surveyed, with the

maximum found in Reach 9. Sand covered between 19 and 55% of the areas surveyed,

with the maximum found in Reach 8. Field surveys were conducted in parts of reaches 4,

5 and 6, which confirmed the higher percentage of finer sediment indicated by MTR

surveys (e.g. Figure 4.16). In general this mix of gravel and finer sediment, which is not

picked up in the RHS surveys (possibly because they are conducted in summer from the

river bank, at a time when aquatic macrophytes are extensive and cover the areas of the

bed most likely to r  etain finer sediment) indicates that gravel -sand or sand -gravel might
be the best descriptors of the river bed in most reaches. MTR surveys are more detailed

channel surveys, which require a deeper inspection of the river bed.

O0Earthd i s the bankmatermlbalomgdte rRiver Frome; 94% of the banks
surveyed during RHS spot  -checks were classified as earth (defined as crumbly material of
mixed particle size, typically < 2mm, and thus containing little potential bed material)
(Figure 4.17). These dat a further confirm the very small contribution bank erosion is
likely to make to bedload.
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Table 4.20 Dominant channel bed sediment size category, as percentage of RHS spot

checks (10 spot -checks per survey , n = number of surveys per reach).
LU Seg. Reach Silt+clay Sand Gravel Cobble Artificial Survey
n
1 1 3 87 2 15
2 82 12
3 6 91
4 14 11 75 3
2 3 5 12 81 13
6 96 5
7 18 83 3
4 8 2 9 89 6
9 95 7
5 10 3 88 9
11 100 9
3 6 12 6 94 8
13 4 96 16
14 100 6
15 2 98 9
16 17 83 5
17 100 9

Table 4.21 Percent cover for bed sediment (%) from Mean Trophic Rank surveys (CEH).

LU Seg. Reach Clay+Silt Sand Gravel Cobble Survey
1 1 11 19 62 8 (1n1)
2 2 15 40 45 1
3 20 38 42 3
4 20 40 40 1
2 3 5 13 31 49 7
6 5 22 72 3
7 0
4 8 8 55 33 5 2
9 25 33 42 3
5 10 14 36 50 3
11 0
3 6 12 10 30 60 1
13 10 45 45 1
14 13 43 45 2
15 0
16 14 43 43 1
17 15 40 45 1
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Figure 4.16 Fine sediment deposited on and within the surface layers of the River
Fromeds gravel bed in Reach 5.
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Figure 4.17 Dominant bank material in reaches in the River Frome as proportion of RHS
spot -checks.
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4.5.4 Riparian and aquatic vegetation

0] Riparian vegetation

Riparian vegetation characteristics are described in the D2.1 main report section 5.5.4(i).

As stated earlier (Section 4.4.4(ii)), the most abundant vegetation type in the riparian

corridor is non -coniferous forest (Tre e and Tree/Scrub; 65% of vegetated riparian area),
followed by rough unimproved grassland (18%). Whilst we do not have information on

the species or age of the riparian vegetation, we can infer a measure of maturity from

the vegetation classification itsel f (using dominant and secondary vegetation types) and
the principles of forest succession (Table 4.22).

Rough grasslands are areas of unimproved pastures that are composed of herbaceous

plants. This vegetation type, along with marshes, would represent the earliest growth
vegetation types that would recruit to a newly formed area of the floodplain in this

region. Scrub would be the next stage in forest succession, where herbaceous plants are

replaced by short to medium height woody plants (i.e. shrubs). Vege tation classified as
tree -dominated (non -coniferous, coniferous or non - coniferous/coniferous) would
represent the most mature stage of floodplain vegetation succession. Plant community
succession is a natural ecological process, but early growth stages may be maintained in
a landscape through grazing or other land management practices. Pasture is not normally

included in naturally -functioning riparian zones, but rough pasture is included here
because it is minimally managed and it has been identified as a h abitat that supports a
diversity of native wetland species (e.g. East Holme, Natural England 1991). Additionally,
the author has seen morphological features within rough grassland areas along the

Frome that naturally occur in wetlands (e.g. hummocks in Rea ch4) .

Table 4.22 Estimated vegetation maturity based on the vegetation classification used in
the land theme of the OS MasterMap topography dataset.

Vegetation classification Maturity
Marsh or reeds Pioneer
0}

Rough grassland; Marsh or reeds

Rough grassland Early growth

Scrub; Rough grassland @

Scrub Intermediate / juvenile

Scrub; Tree Q@

Tree; Scrub @

Tree Mature
Figure 4.19 indicates the proportion of the riparian
classes of riparian vegetation. Reach 1 has the greatest coverage of mature vegetation

(i.e. Trees) in the riparian corridor (Figure 4.18). This reach (which is the only reach in

Segment 1) had the second largest area of riparian vegetation relative to riparian

corridor area (32%) (Figur e 4.19; Table 4.16) and longest length of riverbank with

adjacent riparian vegetation (42%) (Table 4.17). Mature vegetation is sparse to absent

in Reaches 2 -8, but becomes more abundant in the middle to lower reaches (9 -15). The
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largest areas of intermedia  te growth (Tree/Scrub, Scrub/Tree and Scrub) and early
growth (Scrub/Grass, Grass and Grass/Marsh) vegetation types are found in the reaches
in Landscape Unit 3 (Reaches 13, 15 and 17). Relative to riparian corridor area, though,
Reach 4 has the greatest ¢ over of riparian vegetation proportional to the potential
riparian corridor and the greatest proportion of early growth vegetation (42%) (Figure
4.19).

Lateral gradient in riparian vegetation structure was assessed initially based on the

network of active  channels that was used in the earlier characterisation stages (e.g.
anabranching index and river lengths) (Figure 4.20a). Only side channels that were
connected to the river at both their upstream and downstream ends and had water

visible in the channels i n the historical satellite imagery were included. Based on these
channels, there is little change in the area of naturally -functioning riparian vegetation up

to 250 m from the channel margins, or in the relative proportion of vegetation types up

to 500 m ( Figure 4.21a,c). However when all channels and drains are included (Figure

4.20b), a pronounced lateral gradient in vegetated area is apparent (Figure 4.21b).

Riparian vegetation coverage quickly decreases with distance from the river and drain

banks, whic h aligns with previous observations that the vegetation is limited primarily to

narrow strips along the channel margins (Figure 4.21b). However, vegetation structure

still shows little variation with distance from the riverbanks. A slight increase in the a rea
of rough grassland and a slight decrease in tree and tree/scrub are noted in the first 50

meters, which is followed by a slight increase in the proportion of tree and tree/scrub

area at further distances. These subtle patterns do not suggest that fluvi al processes are
controlling riparian vegetation structure.

Figures 4.22 to 4.24 characterise | ateral gradients
for all 17 reaches of the River Frome. Several reaches show substantial shifts in

vegetation with distanc e from the riverbanks. For example, the proportion of vegetated

area covered in marsh increases with distance from the riverbank in Reach 3 (Figure

4.22), whilst tree cover increases in Reach 11 (Figure 4.23). The reach with lateral

gradients in vegetation structure that most suggest reworking by riverine processes is

Reach 17 (Figure 4.24). This meandering reach shows decreases in the area of marsh

and rough grassland, and increases in scrub and trees with distance from the river

banks.

The third character istic suggested in D2.1 main report section 5.5.4 (i) is patchiness

within the riparian vegetation. Riparian vegetation is found in small, often isolated

pockets on the River Frome, and as a result it is not possible to resolve small -scale
variations in st ructure beyond those reported in the above description of lateral
gradients.

In relation to the dominant riparian plant species present, no catchment -wide survey of
riparian vegetation was available for the River Frome catchment. Species information was
gathered from the MTR survey and scientific studies (Gurnell et al., 2006 ; Gurnell et al.,

2007 ). Whilst only plant species that are rooted below the water are recorded in MTR
surveys, many of the species that were identified are commonly found in wetland,
riparian and terrestrial environments (Table 4.23). In a study on channel bed seedbanks,
Gurnell et al. (2007) identified the riparian plant species found at two locations along the
river, in Reaches 5 and 6. Salix was the most abundant woody riparian plant genus, and
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was represented by the following species, in approximate decreasing order of abundance,
S. viminalis , S. cinerea, S. fragilis , S. alba and S. triandra . Other woody riparian species
included Alnus glutinosa , Rubus fruticosus , Fraxinus excelsior , Acer pseudoplatanus
Sambucas nigra and Symphoricarpus spp
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Figure 4. 20 Lateral gradient in riparian vegetation structure as calculated from (top) the
main channel network and (bottom) the main channel plus all minor channels and
drains.
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Landscape Unit 3.

Page64 of 514



D2.1 Hy Mo Multi -scale Framework 1ll. Full Case Stud y Application s

REEORM

REstoring rivers FOR effective catchment Management

Table 4.23 Plants identified during Mean Trophic Rank surveys of the River Frome, which
are oftenf  ound in terrestrial or wetland riparian environments.

Species Type
Agrostis stolonifera Graminoid
Asplenium spp. Fern
Cardamine spp. Herb
Carex acutiformis Cyperaceae
Carex pendula Cyperaceae
Carex remota Cyperaceae
Carex riparia Cyperaceae
Carex spp. Cyperaceae
Conocephalum conicum Liverwort
Epilobium hirsutum Herb
Epilobium sp. Herb
Equisetum fluviatile Herb
Equisetum sp. Herb
Eupatorium cannabinum Herb
Fissidens crassipes Moss
Fissidens sp. Moss
Fontinalis antipyretica Moss
Glyceria fluitans Graminoid
Impatiens glandulifera Herb

Iris pseudacorus Aquatic
Juncus acutiflorus Juncaceae
Juncus effuses Juncaceae
Juncus inflexus Juncaceae
Lycopus europaeus Herb
Lythrum salicaria Herb
Marchantia spp. Liverwort
Mentha aquatica Herb
Mentha spp. Herb
Mosses Moss
Myosotis scorpioides Aquatic
Oenanthe crocata Aquatic
Pellia epiphylla Liverwort
Persicaria hydropiper Herb
Petasites hybridus Herb
Petasites spp. Herb
Phalaris arundinacea Graminoid
Ranunculus acris Herb
Ranunculus repens Herb
Riccia spp. Liverwort
Rumex hydrolapathum Herb
Rumex spp. Herb

Salix spp. Woody
Scrophularia auriculata Herb
Solanum dulcamara Herb
Stachys palustris Herb
Stellaria spp. Herb
Symphytum officinale Herb
Thamnobryum alopecurum Moss
Urtica dioica Herb
Veronica anagallis -aquatica Aquatic
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Figure 4.25: The proportion of RHS surveys that reported the presence of (a) large
woody debris or (b) fallen trees. Present: 33%.over <33%, E xt

(i) Large wood

Appropriate characteristics (presence, abundance, distribution) of large wood are
described in section 5.5.4(ii) of the D2.1 main report.

RHS surveys report the presence of large wood and fallen trees in the upper and middle

reaches of the River Frome (Figure 4.25). RHS defines | a
is not attached to the bank and that was transported downstream of where it entered the
riverd. Fallen trees are defined as trees ¢ediniot are |y

the bank. Reaches in Landscape Unit 1 had the greatest occurrence of large wood and

fallen trees (Figure 4.25). Reach 3 had the greatest proportion of surveys reporting

large wood; large wood occurred at all surveys sites (n = 5) and was extensive at one
(Figure 4.25a). Fallen trees were observed most frequently in Reach 1; they were

present in 53% of surveyed reaches and extensive in 13% (Figure 4.25b). (Note: Reach

2 only had 1 RHS survey, so is not included in this interpretation). No large wood was
reported downstream of Reach 10. Fallen trees were rare downstream of reach 7 and

none were reported in the most downstream 4 reaches. No large wood was identified in
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the highest resolution satellite imagery on Google Earth. The narrow width of the
channel, the presence of overhanging trees in many sections and the relatively coarse
spatial resolution of the images limits the utility of satellite images for this purpose on
small rivers such as the Frome.

Field survey is needed to further characterise large wood within the small, channels of
the River Frome, which are often overhung by trees. Within the lengths of three reaches
investigated in the field, Reach 4 contained fallen trees, large wood jams and also

widespread encroachment of woody vegetatio n ( Salix spp.) into the channel, whereas in
Reaches 5 and 6, large wood and fallen trees were absent, but some riparian trees were
growing into the channel and acting as a trap for smaller wood pieces. This variability

between the lengths of channel invest igated support the spatially variable observations of
wood recorded in the RHS surveys.

(iii) Aquatic vegetation

Section 5.5.4(iii) of the D2.1 main report lists characteristics that describe the extent,
patchiness and species composition of aquatic vege tation. In this section aquatic
vegetation is assessed in its entirety and also in terms of emergent species only.

Aquatic vegetation is found in all reaches in the River Frome according to RHS and MTR

surveys (Figures 4.26 and 4.27). The extent of aquatic vegetation within the channel
generally increases with distance downstream. Aquatic vegetation is present in the upper

reaches, but at low percent cover, and is more abundant in the middle and lower

reaches. Submerged morphotypes are more abundant than em ergent ones. MTR data
has a finer resolution of percent cover and permits an estimation of average coverage

per reach. Reaches with the highest total average coverage of aquatic vegetation are 12,

15 and 17 with 78%, 72% and 58% cover, respectively (Figure 4.27). Reaches 1 -7 and
14 have the |l owest percent cover (O 6%).

Patchiness information is not included in the final MTR and RHS results. In the field, both
emergent and submerged macrophytes are observed to form a highly patchy mosaic,
with the former lar  gely distributed along the channel edges, and the coverage can be
extremely high in mid summer (e.g. Reach 6, Figure 4.28).

Table 4.24 lists the plant species identified in the MTR surveys that have an upright habit

and are usually found rooted (i) below the water level (aquatic) or (ii) in the shallow
margins or above the water level (wetland). Sparganium erectum was the most
widespread of emergent species (aquatic or wetland) and was found at 66% of sites. The

second most widespread aquatic species was Apium nodiflorum  (49% of sites).  Phalaris
arundinacea, Veronica anagallis -aquatica , and Myosotis scorpioides were the most
widespread of wetland species and were reported at 49%, 46% and 42% of sites,
respectively.
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Figure 4.26 Coverage of aquatic vegetation identified in RHS surveys, reported as

proportion of spot -checks per reach. (a) Broad -leaved emergent, (b) narrow -leaved
emergent (e.g. reeds, sedges, rushes, grasses and horsetails), (c) amphibious (i.e.

marginal with trai ling shoots / leaves) and (d) submerged macrophytes. Present:

macrophyte is present but cover is <33%, Extensive: cover >33%.
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Figure 4.27 Average percent cover of (a) emergent and (b) submerged / floating -leaved
aquatic vegetation identified in MTR surveys.

Figure 4.28 Patchy distribution of emergent macrophytes (mainly Sparganium erectum )
and submerged macrophytes (mainly Ranunculus penicillatus ssp. Pseudofluitans) in a
part of Reach 6
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Table 4.24 Plants identified in the Mean Trophic Rank surveys, which record species growing within
the channel. Species are classified by preferred habitat (channel or wetland). Type is the growth
form or general taxonomic grouping of the species: Aquatic i rooted below wa terline, Cyperacea i
Carex species, Graminoid i Grass, Herb i herbaceous plant rooted above the waterline, Juncaceae i
Juncus species, Wood i woody perennial, shrub or tree).

Species Type

Channel

Apium nodiflorum

Callitriche obtusangula
Callitriche stagnalis

Elodea canadensis

Elodea nuttallii

Glyceria maxima

Myriophyllum alterniflorum
Myriophyllum spicatum

Nuphar lutea

Oenanthe fluviatilis

Persicaria amphibia
Potamogeton crispus
Potamogeton lucens
Potamogeton natans
Potamogeton pectinatus
Potamogeton perfoliatus
Ranunculus peltatus

Ranunculus penicillatus ssp. penicillatus
Ranunculus penicillatus ssp. pseudofluitans
Phragmites australis

Rorippa nasturtium  -aquaticum
Sparganium erectum
Sparganium emersum
Zannichellia palustris

Typha latifolia

Veronica beccabunga

Myosotis scorpioides
Oenanthe crocata
Persicaria hydropiper

Aquatic - Emergent
Aquatic - Floating -leaved
Aquatic - Submerged
Aquatic - Submerged
Aquatic - Submerged
Graminoid

Aquatic - Submerged
Aquatic - Submerged
Aquatic - Emergent
Aquatic - Emergent
Aquatic - Emergent
Aquatic - Submerged
Aquatic - Submerged
Aquatic

Aquatic - Submerged
Aquatic - Submerged
Aquatic - Floating -leaved
Aquatic - Submerged
Aquatic - Submerged
Graminoid

Aquatic - Emergent
Aquatic - Emergent
Aquatic - Emergent
Aquatic - Submerged
Aquatic - Emergent
Aguatic - Emergent

Wetland
Cardamine sp. Herb
Carex acutiformis Cyperaceae
Carex pendula Cyperaceae
Carex remota Cyperaceae
Carex riparia Cyperaceae
Carex sp. Cyperaceae
Epilobium hirsutum Herb
Epilobium sp. Herb
Equisetum fluviatile Herb
Equisetum sp. Herb
Eupatorium cannabinum Herb
Glyceria fluitans Graminoid
Impatiens glandulifera Herb
Iris pseudacorus Aguatic
Juncus acutiflorus Juncaceae
Juncus effusus Juncaceae
Juncus inflexus Juncaceae
Lycopus europaeus Herb
Lythrum salicaria Herb
Mentha aquatica Herb

Aguatic - Emergent
Aquatic - Emergent
Herb
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Species Type
Petasites hybridus Herb
Petasites sp. Herb
Phalaris arundinacea Graminoid
Rumex hydrolapathum Herb
Salix sp. Woody
Scrophularia auriculata Herb
Stachys palustris Herb
Stellaria sp. Herb
Symphytum officinale Herb
Veronica anagallis -aquatica Aquatic - Emergent

4.5.5 Physical Pressures

0] River Bed condition

How to characterise both armouring and clogging / burial, as well as artificial influences on bed
condition, are described in section 5.5.5(i) of the D2.1 main report.

Information on bed armouring is not available for the Frome, but observations in Reaches 4, 5 and
6 revealed a firm gravel bed with individual particles often encrusted with algae . Fresh, apparently
mobile gravel was largely restricted to locations where flow became confined by, for example, a

wood jam. However, the widespread presence of fine sedi ment within and on the gravel (e.g.

Figure 4.16) indicates that there is no genuine armour layer, rather the presence of largely
immobile gravel because of the low energy of the river and thus its inability to mobilise the gravel.

Fine sediment is reporte d to be a significant problem (Environment Agency, 2011 ). Collins and
Walling (2007) undertook a catchment wide survey of fine sediment storage in the river bed (bed
clogging) and other research studies on particular reaches have investigated fine sediment

accumulation and its dynamics (Cotton et al., 2006 ; Gurnell et al., 2006; Heppell et al., 2009 ).
Collins and Walling (2007) took measurements in reaches 4 to 17 and also in the Tadnoll Brook

and River Hooke tributaries. They found an average of 918 g.m 2 of fine sediment stored within the
gravel bed of the Frome, with extremes of 410 and 2630 g.m 2. Through the use of sediment
fingerprinting techniques, they attributed the fine sediment to the following sources: cultivated

land 7 70%, pasture 1 18%, channel banks and subsurface sources (e.g. field drains) T 10%,

woodland 1 2% (reported in Punchard, 2013). This links closely with the assessment of land cover
presented previously. Gurnell et al. (2006) found average depths of fine sediment deposited across

the surface of the gravel bed at study sites in reaches 5 and 6 to vary greatly thr ough time but
with minimum and maximum reach average values of 0.2 cm and 4.0 cm. Surface accumulations

were particularly high within emergent macrophyte stands where average depths of fine sediment

varied from 3 to 4 cm in early spring to over 8 cm in Aug ust. Heppell et al. (2009) report that fine
sediment storage varied between 11.6 and 66.8 kg m 2 at a site in Reach 4 in monthly
measurements over a 2 year period. The majority of this sediment was found within submerged
macrophytes growing in the middle o f the channel, particularly within patches of Ranunculus sp.
The proportion of the bed of the River Frome that is artificially reinforced is extremely

low. On average only 0.42% of RHS survey spot checks reported artificial bed material

(Table 4.20). Reach 2 has the greatest proportion of observations of an artificial bed
(12% of spot -check locations) and artificial bed material was only noted in one other

reach (Reach 1).

Figure 4.29a indicates numerous blocking structures on the Frome (the greatest number
of blocking structures is found on Reach 10, which flows through the town of
Dorchester), but they are predominantly low impact sluice gates that control flow into
and out of side channels. There are 4 weir structures rated as having an intermediate
impac t on water and sediment transport. When represented as the number of structures
per river length, Reach 4 has the greatest number of blocking structures (6.6 per km)
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due to the large number of sluice gates and weirs in the village of Maiden Newton (Figure
4.29Db).

No quantitative data is available on the removal of sediment, wood or aquatic vegetation
from the active river channel. In the past, the Environment Agency operated a policy of

aquatic vegetation (i.e. weedcutting) and wood (i.e. obstruction) removal, but their
programme of river maintenance works lists only obstruction removal for the 2013 -2014
operations year .
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Figure 429 (a) The total number of blocking structures and (b) the number per
kilometre of river in each reach by level of impact (low, intermediate or high).

(i) River Bank condition and processes

A variety of characteristics of river bank condition and processes are listed in section
5.5.5(ii) of the D2.1 main report, of which the following were evaluated for the Frome.

The banks of the River Frome are predominantly composed of natural material (Figure
4.17) . On average only 3% of RHS s ur-venfprced Ipanks. c hec ks
Reach 10 has the greatest proportion of reinforced banks (6.15% of spot check
locations). Reinforced banks were reported in all except Reaches 7 and 16. Of the banks

4 River and coastal maintenance programmes 2013 -2014. The Environment Agency.
http://www.environmenagency.gov.uk/homeandleisure/floods/109548.a8pressed on 8 -July-2013.
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wi t h Greiafarcéndent, the majority were composed of brick (55%) or concrete
(24%).

Banks with 6softd reinforcement (i . e. bi oeRH$i neer ed
surveys, so this characteristic could not be assessed without conducting field surveys.

Embankments on the banktop were identified at 14 out of a total of 2380 spot -checks
(0.6%). All were noted in the mid to lower sections of the Frome, with the great est
number (6) found in Reach 13.

No set -back embankments were noted in the RHS surveys on the River Frome.

On average only 6% of the river has infrastructure within 0.5 bankfull width of the
channel. The reaches with the highest occurrence of infrastructure near the channel are
located in Landscape Unit 2, particularly within and around the town of Dorchester (i.e.

Reach 10) (Figure 4.30).

0.15

0.10

0.05 A

Proportion of riverbank length

0.00 +
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Reach

Figure 4.30 Proportion of the riverbank length with infrastructure within 0.5 bankfull
width of the ¢ hannel by reach.

The total proportion of potentially erodible channel margin was calculated by combining

the RHS spot -check data on artificial banks and embankments with the ArcGIS analysis

of river bank length with nearby infrastructure. Due to the imprecise nature of the RHS
spot - check locations (survey start locations are accurate to 100 m, and individual spot -
check location and bank data are not recorded), it was difficult to determine which spot -

checks corresponded to the river length data (locat ion accurate to 1m). Therefore, a
conservative estimate was generated by multiplying the proportion of spot -checks with
artificial banks or levees in each survey by the survey length (500 m) and adding it to

the river length data (Figure 4.31). The pattern by reach is similar to the inverse of

Figure 4.30, except with lower values for several of the reaches (e.g. Reach 1 dropped by
0.057 with the inclusion of the RHS data).

The proportion of actively eroding channel margin is estimated from RHS spot -check d ata
on bank features. The survey records the presence of
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meters, and notes whether they are stable or eroding. Eroding bank cliffs were reported

at 53 spot -checks and stable cliffs at 154, accounting for 2 and 7% of spot -checks
conducted on the River Frome. Eroding banks were rarely reported along the river, and

the most numerous were identified on the meandering Reach 5 (5% of spot -checks)
(Table . This dataset gives an indication of the proportion of actively erodin g margins,

however it shows far lower values than were observed during field surveys of three sites

within reaches 4, 5 and 6, where field surveys were undertaken. Here, 23, 40, and 0%

bank length was eroding in the surveyed parts of Reaches 4, 5 and 6, re spectively.
Further RHS data shows that vertical and vertical with toe bank profiles are the dominant

bank profile and are extensive in all reaches, which are profiles suggestive of active or

recent bank erosion.

The width of the erodible corridor is class ified as wide for all reaches (> 10 bankfull
width) (Figure 4.31b). It is lowest for Reach 3 because of the railway embankment that

cuts across the floodplain (10.6 times river width), and is widest in Reach 12 (38). The
erodible corridor extent was based initially on the extent of the floodplain and corrected
for the presence of infrastructure that would impact the mobility of the river.
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Figure 4.31 (Left) Proportion of potential erodible channel margin and (Right) the width
of the erodible corridor a s a function of average channel width by reach.
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Table 4.25 The proportion of RHS spot
high), and the proportion of RHS reaches with extensive vertical or near

- checks with eroding cliffs (eroding banks > 0.5 m
-vertical bank

profiles.
LU Segment Reach Eroding Extensive vertical Survey
cliffs bank profile (n)
1 1 1 2% 87% 15
2 2 0% 100% 1
3 4% 80% 5
4 4% 67% 3
2 3 5 5% 91% 11
6 0% 100% 3
7 3% 75% 4
4 8 0% 60% 5
9 1% 94% 8
5 10 1% 94% 9
11 2% 100% 3
3 6 12 1% 56% 9
13 3% 72% 16
14 0% 83% 6
15 3% 91% 11
16 4% 90% 5
17 3% 100% 5
50
a)
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[ ] -
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10 B
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b) 8 |
6 H High
4 Int
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] - - B
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Figure 4.32 (a) The total number of spanning structures and (b) the number per

kilometre of river in each reach by level of impact (low, intermediate or high).
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(iii) Riparian corridor connectivity and condition

There are numerous spanning structures along the River Frome (Figure 4.32a) but they

are mostly low impact pedestrian or rail bridges. There are 12 medium and 7 high impact
spanning structures, predominantly roa d bridges with abutments that extend into the
channel and/or have central piers. When represented as the number of structures by

river length, Reach 4 has greatest number of spanning structures (8.8 per km) due to

the large number of bridges spanning the t wo channels in the village of Maiden Newton
and the short length of the channel (Figure 4.32b).

Characteristics to describe the riparian corridor connectivity and condition are listed in
section 5.5.5(iii) of the D2.1 main report.

On the Frome, all areas of the potential riparian corridor are accessible by floodwater.

The floodplain was delineated based on the flood extent of the 1 in 100 year flood, which

was the only flood extent information available, and incorporated the impacts of rail and
road embankments on the lateral extent of the floodplain.

The riparian corridor was defined as the maximum extent of naturally functioning riparian

vegetation within this floodable area. Only a small portion of the potential floodplain was

excluded due to embankments: 8.0% in Reach 3, 0.76% in Reach 16 and 3.2% in Reach

17. Any vegetation in these excluded areas would have been part of the riparian corridor

prior to the construction of the railway line in the 19 ™ century, but these areas are no
longer inundated by floodwater. Currently, though, no riparian vegetation is growing in

these areas (total area: 10.5 ha, 0.5% of floodplain area).

It is not possible to estimate the proportion of the active channel margin and riparian
corridor under ri  parian vegetation that is subject to management. Woodland patches are

generally smal | and di sconnect ed, and, in the

Satellite imagery and LIiDAR data could potentially be used to assess this characteristic,
however fiel d surveys would be necessary to identify areas of intense woodland
management and to calibrate any automated (or semi -automated) analytical processes.

Abundance of alien, invasive plant species can be estimated from RHS survey data, which

shows that over h alf of all surveyed sites have at least one of the three most common
invasive species present (55%). The survey records the presence of giant hogweed
(Heracleum mantegazzianum ), Japanese knotweed (  Fallopia japponica ), and Himalayan
balsam ( Impatiens glandu lifera ), all of which were identified at least once on the River
Frome (Figure 4.33). Reaches in Landscape Unit 1 had the lowest occurrence of invasive

species, with invasives present at none of the survey sites in Reaches 1 -3 and 33% in
Reach 4. Invasive  species were present at all reaches in Landscape Units 2 and 3 with

the exception of Reaches 16 and 17. Himalayan balsam was the most common invasive
speci es, present (<33% bank cover) at 48% of
cover) at 3%.

Impervious su rfaces cover a small proportion of the River Frome floodplain area (Figure
4.34). On average, only 2% of the floodplain is covered by buildings, roads or other man
made surfaces (e.g. tarmac). The greatest cover of impervious surfaces is found in
Reaches 9 and 10, caused largely by transport infrastructure (Reach 9) and the town of
Dorchester (Reach 10). The lowest proportion of impervious surfaces was in Reaches 2
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and 3 and all reaches within Landscape Unit 3, where less than 1% of the floodplain area
is covered by impervious surfaces.
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Figure 4.33 The proportion of RHS surveys that reported the presence of 3 of the most
problematic invasive plant species: Giant hogweed, Japanese knotweed, and Himalayan

balsam.
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and other manmade surfaces.
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4.6 Channel and floodplain geomorphic units

An assessment of channel and geomorphic units was conducted using a combination of
River Habitat Surveys and historical aerial photographs from Google Earth to extract the
characteristics listed in section 5.6 of the D2.1 main report.

4.6.1 Geomorphicu nits within the bankfull channel
(@) The river bed

As inferred from RHS flow types, glides and runs, indicative of a relatively featureless

bed, were present at 95% of the RHS spot -checks (Figure 4.35). Glides, which are

typically associated with smooth, near -laminar, flow over a relatively featureless bed,

accounted for 55% of spot  -checks; runs, which are typically associated with a rippled

water surface, accounted for 40% (N.B. RHS surveys a
baseflow conditions). Poolsan d ri ffl es, as inferred from the f1l ow
flowd and dédunbroken standing wavesd respectively, we

the spot -checks on average, showing a much lower frequency than would be expected for

a gravel -bed river, althou gh RHS defines these features quite restrictively. There also
appears to be little variation in bed configuration between reaches, although there was a
slight increase in runs and glides with distance downstream, corresponding with a
decrease in riffles. R iffles and pools are also expressed as a reach count within the RHS
(Figure 4.36) and, as would be expected, riffles are more common in headwater reaches
with a relatively steeper slope, although pools did not show the same pattern.

90% -
80% -
70% -
60% -
50% -

100%-IIIII.- -I E R EEE

M Pool or ponded

Proportion of RHS spot-checks

H Riffles
40% -
20% Runs
20% - M Glide
10% -
0% -
1234567 8 91011121314151617
Reach
Figure 4.35 RHS flow types reported as the proportion of spot - checks and used to infer

bed configuration
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Figure 4.36 Average number of riffles and pools identified in RHS reaches and scaled to
kilometre of river. The total number of riffles and pools was visibl e in each study reach
was recorded additionally to flow types.

(i) Depositional emergent sediment features

The analysis of emergent sediment features was conducted using two data sources, RHS
and aerial imagery. RHS reports the number of islands, bars a nd vegetated bars in a
survey. The average numbers were calculated per survey reach and scaled to km to yield
the number of features per km. This analysis found the greatest number of channel

geomorphic features in Reach 5, and the lowest (0) in Reaches 4, 11, 16 and 17 (Figure
4.37). Reach 1 had the greatest number of unvegetated bars, Reach 9 vegetated bars
and Reach 7 islands. Note: only bars composed of coarse -grained sediment are recorded
in RHS.
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Figure 4.37 The number of vegetated and unvegetated b ars (point, side and mid -

channel) and mature islands identified in RHS per kilometre of river and as the
proportion of spot -checks.
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A second analysis using historical Google Earth Imagery (2002, 2005, 2008 and
2009/20) and supported by OS maps found the g reatest number of emergent channel
features in Reach 13, but the greatest number per km of river in Reach 5 (Figure 4.38).
Vegetated sediment features were the most commonly identified and comprised 56% of

all features identified on the river. The lower r eaches are dominated by vegetated bars,
particularly vegetated point/side bars. Reaches in the upper and middle Frome had the
highest number of islands and mid -channel vegetated bars. The lack of data for Reaches
1 and 4 is caused by the difficulty observi ng features due to the narrow channel widths
and the presences of riparian vegetation obscuring the channel. Figure 4.39 illustrates

how geomorphic features can be identified from successive aerial images, and how they

can induce changes in channel width a nd planform over time

The results from the two data sources show little similarity, with the exception of Reach 5

(Figures 4.37 and 4.38b). Unvegetated bars appear to be under -represented by the
aerial imagery analysis as compared to RHS. The most likely r easons for this are the
timing of aerial images in relation to river levels (i.e. bars were submerged) or the
presence of overarching riparian vegetation.

Not represented in the above results is a general trend of encroachment of the channel

by vegetation in the middle reaches. The channel visibly narrowed over the time series of
aerial images in Reaches 11  -14. Whether this is due to changes in land management (i.e.
exclusion of grazing of the riparian zone) or an artefact of the data is not clear. We do
not have exact dates for the aerial images, and it is possible that the more recent images
were taken at later  time s in the year and thus would have greater macrophyte cover or
lower river levels. For example, Figure 4.40 shows encroachment of the channel by
marginal vegetation in a meander bend of Reach 12.

Finally, it is worth pointing out that neither data source identified geomorphic units in
Reach 4. This reach has dense riparian vegetation bordering the channel, so aerial

imagery was unsuitable. A field survey was conducted in this reach in September 2013
and numerous vegetation - and large wood -induced sedimentary features were found in
the channel.
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Figure 4.38 Channel geomorphic features identified from Google Earth imagery, (top)

total number per reach and (bottom) features per km of river. Note: the lack if
geomorphic features in Reaches 1 and 4 is related to the small size of the channel and

the presence of riparian vegetation that obscures the channel.
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Figure 4.39 Vegetated sedimentary fe atures within the channel in Reach 14 identified
from successive aerial images, which have resulted in planform change (© Google Earth,
Getmapping, Infoterra and Bluesky).
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Figure 4.40 Encroachment of the channel by marginal aquatic vegetation in Reach 12.
(© Getmapping, Infoterra and Bluesky).
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(iii) Large wood and vegetation induced bars, benches and islands

Field surveys are needed to fully identify large wood and veget ation induced bars,
benches and islands, particularly in small river channels that are well -shaded by trees.
The RHS data presented earlier on large wood and fallen trees provides some information

of the potential for wood  -induced geomorphic features (Figu re 4.25). Moreover, many of
the bars reported in the RHS dataset (Figure 4.37) and probably all of the vegetated bars

from the aerial image analysis, which account for over half of all sedimentary features

identified (Figure 4.38) are likely related to aqu atic or riparian vegetation.

Figures 4.41 7 4.48 show examples of vegetation -induced emergent sedimentary
features found in Reach 4. Reach 4 was previously straightened and in some places its

banks were reinforced. Riparian vegetation has been left to grow since at least the early
1970s, and has contributed to the formation of abundant and diverse geomorphic
features.

Figure 4.41 The River Frome in Reach 4. Left: Photo facing upstream towards a section
of river with limited influence by riparian vegetation and large wood. Note: the channel

is shallow and has a thick and uniform covering of fine sediment over the gravel bed
(channel is ca. 5 m wide). Right: Facing downstream at the same location towards a
section with natural riparian vegetation that is interacting with fluvial processes. Note:

the large wood and tree jam on the left bank that is narrowing the channel and directing

it t owards the right bank. A riffle composed of clean gravel/cobbles has formed in the
narrowed channel.
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Figure 4.42 Left: A large wood jam complex. Note: flow is directed to the left bank
producing high flow velocities and scouring a pool. Right: Fin e sediment deposition
downstream of the wood jam on the right bank.

Figure 4.43 Gravel bar formed downstream of a living tree branch that is in contact with
the river bed. Note: the reduced channel width on either side of the bar has increased
flows and produced riffles (Photo facing upstream).
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Figure 4.44 A vegetate d bar (incipient island) that developed as follows: submerged
Ranunculus sp. patch accumulates fine sediment (sand and silt), other aquatic
vegetation colonise the nascent bar and induced further fine sediment accumulation
(dark fine sediment layer) (Photo facing downstream).

Figure 4.45 Bench on left bank downstream of large wood and above and lateral to a
living riparian tree (Photo facing upstream).
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Figure 4.46 Ridged bench structures formed downstream of riparian trees and wood

jams. Left: Bench with scroll -like forms on its surface on the left bank of the river. Right:

A separate bench further downstream with multiple scroll -like forms on the left bank.
The photo is facing upstream and the river is to the left of the picture (Photos facing

upstream).

Figure 4.47 Two depositional forms induced or stabilised by vegetation. In the lower
portion of the photo, a small vegetated bar is visible within a Ranaunculus
upper portion of the image, a ridged bench has been stabilised by vegetation, and fine
sediment behind the ridge has been scoured to form a small vegetated island (Photo

facing downstream).

stan d. In the
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> ,.%21’5/& i j'.l?: pOT e y
Figure 4.48 a) a log jam accumulated around branc hes of a tree that have rooted into
the river bed and then sprouted to produce a shrub and wood reinforced island in the

middle of the river channel; b) a tree growing within the edge of the channel with roots

= =

forming an obstruction across the channel bed; c) roots from trees growing in the
channel edge stabilising a bar -bench of fine sediment; d) tree trunks and branches
rooting into the channel bed and stabilising a bar -bench of fine sediment

4.6.2 Marginal and bank features

RHS data was used to  investigate bank profiles. Bank profiles are recorded during the
sweep -up phase of the survey, and profile types are recorded as being present (present

but <33% of riverbank length) and extensive (>33%) for the left and right bank
independently. The data f or each bank were combined and are reported as the
percentage of surveys reported as present or extensive for each profile type and reach.

A vertical profile was the most commonly identified profile type, and was reported as
extensive for 81% of the survey s and present for 12% (Figure 4.49). Steep planar was
the second most commonly occurring bank profile, and was reported extensive at 18% of

the sites and present at 42% (Figure 4.50). A gradual planar bank profile was present at

51% and extensive at 2% of the sites, and was locally extensive in Reach 7. A vertical
with toe bank profile was rarely identified, and was only found to be extensive in surveys
within Reaches 5 and 13. Complex bank profiles were present in only 1% of sites. Figure
4.51 shows exampl e of steep bank profiles in Reaches 5 and 6.
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Figure 4.49 The proportion of RHS surveys where a vertical (left) or vertical with toe
bank profile (right) was present or extensive by reach.

=
|

Present

M Extensive

Proportion of RHS sites
©c oo o0 o0Cc o o0
BN W R YN 0 WD
|

o
|

12 3 45 6 7 8 910111213 14151617
Reach

HS sites

Proportion
o
w
|

0 ‘..H“...H'j—rl..‘

12 3 45 6 7 8 9 10111213 141516 17
Reach

Figure 4.50 The proportion of RHS surveys where a steep planar (left) or gradual planar
profile (right) was present or extensive by reach.
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Figure 4.51 Examples of steep bank profiles in Reaches 5 and 6

4.6.3 Floodplain units

Floodplain geomorphic units were initially investigated using aerial imagery from Google
Earth and historical topographic maps. Features identified in one source (e.g. location of

a wetland or oxbow in a historical map) were confirmed in the other source (e.g.

difference in vegetation structure between the oxbow and surrounding lan d). Only
features that were confirmed to be induced by fluvial processes were included, w ith the
exception of former land drains that were flooded in aerial imagery creating backwater

habitat.

Wetlands associated with abandoned channels were the most comm on type of floodplain
geomorphic unit, and comprised over 50% of features recorded (Figure 4.52). The

second most abundant type was wetland associated with oxbows (33% of features).
Floodplain geomorphic features were more abundant in the mid to lower From e, with the
greatest number found in the meandering, single -thread Reach 17. Overall, the
floodplain contains few geomorphic features other than the anabranches (natural or
otherwise) identified in the reach -scale assessment. The geomorphic units that were
identified from the aerial imagery were small in size relative to the floodplain area.

To explore whether additional features were present that were not identifiable from maps

and colour aerial images, DEMS derived from Lidar surveys were also inspected. These
revealed more widespread remnants of old channels, including major channel shifts as

well as cutoffs, including ox bows, and scrolls left by channel migration (see Figures 6.1,

6.2 and 6.3). These very subdued features, suggest that the geomorphic fe atures
identified from the map and image sources are actually more widespread, but because of

their subdued nature they have little effect on floodplain morphology.
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Figure 4.52 The number of floodplain geomorphic features per reach identified using
ae rial imagery, including abandoned channels (AC) and oxbows that are functioning as
wetlands or open water (lakes, backwaters).
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5. Characterising temporal change in spatial
units

51 Introduction

This section provides an overview of changes that have occurred in hydromorphology in
the River Frome over approximately the last century. The structure follows that of
Section 6 in D2.1, in which similar characteristics are grouped together and presented at

their largest relevant spatial scale. The specific indicators that are extracted from this
analysis for the assessment of river condition are presented in Section 7.

5.2  Catchment and landscape unit

5.2.1 Topography and coarse sediment production

The River Frome is a lowland catchment with no significant sources of coarse sediment.
Coarse sediment production may have changed over time as a result of land cover and
land use changes. Palaeo work in other catchments in Britain has shown that sediment

production has high in the medieval period because of chan ges in agricultural practices
and deforestation; however evidence does not suggest that this was sediment was
delivered to the channel in large quantities in chalk catchments (Lewin, 2010 ).

5.2.2 Land use

Information on changes in land cover and land use can be obtained from several sources,

both cartographic and statistical. Based on a comparison of the 1889 and 2013 Ordnance

survey maps, land cover has changed minimally at the catchment scale over the las t 100
years; though there has been an expansion of urban areas, particularly the town of
Dorchester. The Frome catchment was and remains a rural catchment. According to the

2006 CORINE dataset, land cover is predominantly associated with agriculture (86%). To
explore changes in land use that could impact soil and runoff production, the June
agricultural census was used to track changes in the amount of arable land, permanent
grasslands and rough pastures, as well as the number of livestock in the catchment.

Estimates are only available at the county scale, and are used to infer changes within the

Frome catchment. This is a reasonable approach as the Frome catchment comprises a
substantial portion of the county (18%) and elevation, land cover and land use are

similar within the catchment and in the rest of Dorset.

At the county level, total agricultural area has remained unchanged over the past 100
years at approximately 2000 km 2 which encompasses approximately 75% of the area of
Dorset (Figure 5.1). Decreas  es in the area of permanent grassland and rough pasture are
evident over the time series. The area of arable land fluctuated in the early 20th century,

but increased to account for half of the agricultural area by the 1960s. Figure 5.2 clearly
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illustrates  the switch from low -intensity agriculture (grasslands and pastures) to high -
intensity, tilled agriculture that has occurred over the last century. County -level
agricultural statistics also provide information on the total area of arable land under

cultivat ion for different crop types. Examples are provided for selected cereals and root

crops (Figure 5.3). The area of agricultural land under cultivation for cereals decreased

during the early part of the 20 ™ century, increased during WWII, and then increase d
dramatically in the late 20 ™ century, first with barley production and then wheat (Figure

5.3a). The area under root crops used for fodder decreased to zero over the first half of

the 20 ™ century, whereas potato cultivation was historically low, but pe aked during WWII
(Figure 5.3b).

To complete this picture, crop yields are needed to investigate if the intensity as well as

the type of agricultural production has changed over this time period. Unfortunately, crop

yields are not available on a county basis. Country -level crop vyields, though,
demonstrate that the amount of wheat and barley produced per hectare of land increased
dramatically from the 1930s (Figure 5.4a). The increase in yields for cereal crops at the
national -scale was accompanied by an increase in the area under cultivation (Figure
5.4b) that exhibited similar temporal trends to the Dorset County dataset (Figure 5.3a).

Crop yields in the Frome catchment would have likely seen a similar trend in crop vyield,

as the modernisation of agricul tural practices that produced this increase in crop yield
would have been adopted over the country, albeit at slightly different times. The
statistical data strongly suggest that the Frome catchment would have experienced an
increase in the amount of land under tilled agriculture along with an intensification of
agricultural production.

Livestock numbers have also changed substantially over time in Dorset (Figure 5.5).
Total livestock numbers were high in the early 20 ™ century, declined until the 1950s,
th en increased to a maximum in 1995 and have since declined. Sheep were the dominant
livestock in the early 20 ™ century; however numbers declined markedly and were
surpassed by cattle in the 1940s. The cattle numbers reached a high in 1975 and have
since de clined to a similar level as sheep. Grazing by cattle and sheep influences
vegetation cover and biomass and as a result impacts fine sediment production. Cattle
accessing the river for drinking water (i.e. poaching) has been identified as a major
source of bank degradation, and thus fine sediment input, for chalk rivers such as the
Frome. The recent increase in the number of pigs may also be associated with an
increase in outdoor breeding, which releases significant quantities of fine sediment.

Recent chang es in land use between 1990 and 2007 show a fluctuation in the area
occupied by arable crops and pasture, likely reflecting market forces, and little change in
other land use types (Figure 5.6).
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Figure 5.1  Agricultural land use for Dorset obtained from the June agricultural census
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Figure 5.2 Agricultural land use for Dorset, comparing the amount of arable land and

grass / pasture

Paged4of 514



REFORM

D2.1 Hy Mo Multi -scale Framework 1ll. Full Case Stud y Application s

REstoring rivers FOR effective catchment Management

__ 40
%]
a ]
) ® 35 -
ot
bt
= 30 -
k]
825 -
=
3 20 -
2
£ 15
]
= 10 -
-]
=
S 5+
0 T T T T T
1900 1920 1940 1960 1980 2000
=4—\Wheat =—@=Barley == Oats
14
b).
212 -
8
bt
£ 10 -
k]
€ 8 -
=
a
3 6
-=
=
o 4 -
v
=]
2 2
m
-
1900 1920 1940 1960 1980 2000
—4—Potatoes =@=Turnips and other rootcrops for stockfeeding

Figure 5.3 Area of agricultural land under cultivat

for Dorset.

ion for (a) cereals and (b) root crops

Paged5of 514



REFQRM D2.1 Hy Mo Multi -scale Framework 1ll. Full Case Stud y Application s
ay

REstoring rivers FOR effective catchment Management

oo
o
1

Iy
=
L

o
=1
L

b
=}
L

e \Whe at

by
=}
1

Barley

Crop yield {tonnes/hectare)
w
=]
L

g
=
1

=
(e}
1

e
o

T T
1860 1910 1960 2010
2500 -

2000 -

b)

1500 -
= \\heat

1000 | = Barley

500 +

Crop area (thousands of hectares)

T
1860 1910 1960 2010

Figure 5.4 (a) Crop yield and (b) crop area and for the two major cereals in England and
Wales over the last 150 years.

w

[9a)

o
]

8

[a=]

%2}

o
L

g

—— Cattle

150 | == Sheep

e Pigs

Livestock numbers (thousands)
=
<]

wu
o
L

0

T T
1900 1920 1940 1960 1980 2000 2020

Figure 5.5 Historical livestock numbers for Dorset obtained from the June agricultural
census

Page96 of 514



REFDRM D2.1 Hy Mo Multi -scale Framework 1ll. Full Case Stud y Application s
=y

REstoring rivers FOR effective catchment Management

Figure 5.6 Recent changes in land cover according to the UK Countryside Survey for the
Frome catchment

5.2.3 Rainfall and groundwater abstraction

No significant chan ge in rainfall is detected in the precipitation gauging station records
for either annual or maximum monthly rainfall (Figure 5.7). Similarly there is no
significant change in run  -off ratio over time, as estimated from the Yeovilton rainfall
gauge time ser ies and the East Stoke river gauging station records (Figure 5.8). Runoff
ratios in the time series are greater than the estimates provided in Section 4.2.1 because
annual average rainfall at Yeovilton, the nearest gauge to the catchment, is lower than
the catchment average, although temporal trends would be similar.

Figure 5.7 (Left) Total annual rainfall and (Right) monthly maximum rainfall based on
the Yeovilton rainfall monitoring station.
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