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1.  Introduction 

1.1 Background 
Working as part of a consortium comprising of Footprint Ecology, Alaska Environmental Contracting Ltd. and Cain Bio-
Engineering Ltd., Edenvale Young Associates Ltd. (EVY) has been commissioned to provide hydrological and hydraulic 
modelling support to a feasibility study to identify the opportunities for water level management to restore floodplain 
grazing marsh in the Lower Frome and Piddle catchments, Dorset. 
 
The study forms part of the Purbeck Keystone Project (PKP), a Heritage Lottery funded programme.  Amongst broader 
cultural and educational aims, the PKP Ƙŀǎ ŀ ŎƻƳƳƛǘƳŜƴǘ ǘƻ άΧǎǳǇǇƻǊǘ ŦŀǊƳƛƴƎ ǇǊŀŎǘƛŎŜǎ ǘƘŀǘ ŜƴŎƻǳǊŀƎŜ ōƛƻŘƛǾŜǊǎƛǘȅ 
ŀƴŘ Ƴŀƛƴǘŀƛƴ ǘƘŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ǊŀǊŜ Ƙŀōƛǘŀǘǎ ŦƻǳƴŘ ƛƴ tǳǊōŜŎƪέ (Ref: PKP website).  In support of this objective, water level 
management plans (WLMP) in the Frome and Piddle designed to increase the area of non-designated land under 
environmental management are proposed.  Broad objectives include the restoration of grazing marsh to increase 
breeding wader habitat and the restoration and maintenance of the extensive ditch networks on the lower floodplains of 
the two rivers to the benefit of local flora and fauna. 
 
This report covers the hydrological and hydraulic modelling assessment carried out in support of the above broad 
objectives.  The project requires that a flood risk assessment (FRA) is carried out for each landholding under 
consideration in order to ensure that any adverse impacts of proposed modifications to the catchments are avoided or 
appropriate mitigation implemented as necessary.  This requirement ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘ !ƎŜƴŎȅΩǎ WLMP 
for the River Frome (Environment Agency/ Halcrow 2006) in which a clear need for hydrological and hydraulic modelling 
of any proposed water level management structures is identified in order to ensure a system is produced which has no 
adverse impact on flood risk to local property during extreme events. 
 
As an adjunct to the FRA(s), water level management options have been examined in the model framework with a view 
to producing a system that is both robust in terms of minimizing flood risk to local property and is both flexible and 
functional in terms of producing a series of options which achieve water level management objectives. 

1.2 Objectives and Deliverables 
The principal aims and objectives of the hydrological and hydraulic modelling exercise as presented below were: 
 
Creation of a hydraulic model covering each farm  
 
Examination of  the existing flooding mechanism on each land holding to inform selection of suitable water level 
management options 
 
Assessment of flood risk for each land holding ς and adjacent properties ς up to a maximum of the 100-year CC design 
event 
 
Assessment of the probable operational performance of proposed water level management options 
 
Support to the production of a scheme that will be flexible in terms of adaptation to climate change, changes in farming 
practices and ownership patterns and wildlife requirements 
 
In addition to presence at meetings and consultations, final deliverables included: 
 
Estimates of flood locations, areas and depths to inform the above aims 
 
Final report covering an assessment of flood risk both pre- and post- the proposed water level management options 
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1.3 Overview of Approach Taken in this Study 
In order to identify suitable water level management options and to assess flood risk due the introduction of new 
structures to the Lower Frome catchment, an entirely new broad-scale 1D-2D ISIS-TUFLOW model was constructed.  Use 
of this powerful modern modelling technique involved collection of cross sections covering both the main river and 
selected areas of the ditch network stretching roughly from East Stoke to Wareham and subsequent pairing with LiDAR 
survey of the surrounding floodplain. 
 
In order that the 3 land holdings were represented in an integrated fashion ς i.e. as part of the same catchment 
floodplain ς a single model was created for the lower Frome covering all areas under consideration.  This allowed the 
creation of a series of baseline outputs (simulations of flooding within the catchment in their current condition) from 
which comparative changes in flood extents and levels could be derived (post inclusion of proposed engineering 
alterations to the floodplain and ditch network) with greater confidence in the impacts of changes to one land holding on 
other areas of the local catchment. 
 
In consultation with members of the consortium undertaking the pre-feasibility study, the baseline outputs were used to 
examine the existing flooding mechanism within the Frome catchment and to inform the strategic location of water level 
management structures.  Further simulations of the model were carried out, designed to assess the operational flexibility 
of the proposed management system and to examine flood risk in the catchment. 
 
It should be noted that previous modelling on this scale within the local catchments had not been attempted.  The 
outputs from this exercise and the data used in model construction are specific to the aims of this project alone.   A 
pragmatic approach to the characterisation of the behaviour of the local catchments has been taken proportionate to 
flood risk and water level management within the study area.   
 
As the project evolved, it became apparent that only a small area of the lower Piddle catchment as originally proposed 
for water level management would be available for consideration.  Consequently, a hydraulic model was not constructed 
for this catchment.  Instead, local LiDAR elevations were inspected in order to identify areas of the Piddle floodplain 
which could potentially be manipulated to achieve WLMP objectives.  It should be noted that flood risk within this 
portion of the Lower Piddle catchment is believed to be low.  As the area proposed for water level management in this 
catchment is relatively small, it is considered that hydraulic modelling would offer little benefit within the aims and 
objectives of this feasibility study. 

1.4 Purpose of this Document 
This document details the hydrological and hydraulic modelling approach taken to identify the opportunities for water 
level management and floodplain grazing marsh restoration on the lower Frome and Piddle catchments, Dorset.  The 
information contained herein is designed to inform potential water level management works within the two catchments 
with specific regard to achieving Higher Level Stewardship water level management targets and with particular regard to 
flood risk to local property. 
 
Where appropriate, the information presented below has been split into a consideration of each of the 3 main land 
holdings under consideration ς West Mills Farm, Manor Farm and Stokeford Farm.  The report has been further sub-
divided to cover the River Frome and River Piddle independently ς Section 3 and Section 4 respectively.  The approach 
described in this document is intended to be consistent with the recently published WLMP for the entire Frome 
catchment. 
 
Consistent with this approach, the Higher Level Stewardship options for each farm are also presented here in separate 
sections, allowing the proposals to be considered as a whole. Costed proposals for each landholding  have been prepared 
seperately. 
 
Data sources and the areas of the two catchments covered by this study are described initially followed by details of the 
hydrological analysis carried out to support the high flow hydraulic modelling.  Details of the modelling approach applied 
to the Lower Frome catchment are given in conjunction with a discussion of the results and their implications for flood 
risk and water level management on each of the three landholdings.  LiDAR elevations in the area of the Piddle 
catchment potentially available for water level management are covered in a subsequent section. 
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Details of the models used and the background to these is presented in an appendix, with other appendices providing 
details of  ditches and the design and operation of sluices. 

1.5  Soils 
Published soils information for the county of Dorset is sparse, with only the SW Regional mapping at 1:250,000 scale 
being available.  Therefore assessment of the suitablity of soils and their wetness required the excavation of trial holes to 
validate the soils information available.  Six Trial Holes were excavated to validate the published information, and to 
confirm site soil suitability for the excavation of scrapes, or modifications to existing channels. 
 
The Trial Holes confirmed that the soils within the floodplain would generally be suitable for the excavation of scrapes, 
or the construction of small bunds.  The details of their location, height, and date of excavation were covered in the 
Interim Hydrologic Report at Appendix 1. 
 

2.   Modelling data and sources 

2.1 Existing data sources 
The study areas benefit from the location of Environment Agency Gauging stations on both the Frome (East Stoke) and 
the Piddle (West Mills).  These provide real hydrologic data for each river, and when used in combination with statistical 
enhancement provides a more reliable hydrologic input to the hydraulic modelling.  The hydrological data and its use in 
the derivation of design hydrological estimates for both the Frome and Piddle catchments is described in Sections 3 and 
4.  It should be noted that hydrological estimates for the Piddle catchment were calculated prior to the removal of the 
majority of the original area to be considered from this study.  The estimates for this catchment are included for 
reference. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1.   Overview of major land holdings under consideration in this study by farm name.  
(Data supplied by Footprint Ecology.) 
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Prior to this study, the only pre-existing models of the Lower Frome and Piddle catchments were constructed using a 
broad-scale J-FLOW approach used nationally by the Environment Agency to give indicative extreme 100-year and 1000-
year flood outlines.  These models are not of sufficient resolution to examine the local catchments in adequate detail.  It 
was therefore necessary to build a model to service the objectives of this project. 
 
The model was constructed using iSIS-TUFLOW - linked 1-D / 2-D hydrodynamic modelling software - to examine 
potential water level management scenarios and flood risk due to modifications of the floodplain drainage at the site.  
This involves the dynamic linking of a 1-D iSIS model to simulate conveyance during different design events along the 
relevant main river to a 2-D TUFLOW, LiDAR-based domain to simulate floodplain flow. This 1-D/ 2-D approach has the 
following advantages: 
ω Floodplain flow routes are explicitly defined within the 2-D domain and a relatively high level of confidence can 
be placed in modelled flood extents 
ω Water levels in the area of the ditches during different water level management scenarios can be examined 
ω The impacts of the modification of existing and proposed water level management structures on floodplain 
inundation can be examined in order to identify areas with the potential to achieve different wetland conditions 
throughout a range of design flows 
ω The inclusion of LiDAR topography data for modelling use allows areas of lower topography which may readily 
be modified or connected to the ditch system on the floodplain to be identified 
ω Mitigation options can be tested with a relatively high level of confidence if flood modelling indicates that 
WLMP modifications may have adverse impacts. 
 
The details of the model are more fully covered in section 4. 

2.2 Field data 
 
In order to construct a hydraulic model for the River Frome a combination of river and ditch cross sections were needed, 
along with a grid of levels over the flood plain as well as any structures, such as culverts or bridges, restricting flow in any 
channel (Maps 1-12).   
 
The river and ditch cross sections and structures details form the basis of the 1-D iSIS model and a grid of flood plain 
levels forms the basis of the 2-D TUFLOW model. 
 
To economically survey the whole of the study area whilst retaining appropriate accuracy and density of survey points a 
combination of surveying techniques was used.  River and ditch cross sections were surveyed using GPS level survey, as 
well as structures on them.  The flood plain topography was captured using a combination of LiDAR (Light Distance And 
Range) data with ground truthing by the GPS survey.  The advantage of the LiDAR data is that it has data points on a 1m 
grid.  This grid can be calibrated against the GPS survey data to achieve greater accuracy than with the raw LiDAR data 
alone. 
 
The GPS based topographic survey was undertaken using a roving Leica GPS unit that maintained a live link to the OS to 
give level data to Ordinance Datum for each data point.  This allows the survey results to be universally used.  The 
equipment was used for both the floodplain and ditch surveys as well as the boat based river channel survey.  The LiDAR 
data covered both the areas of the land holdings shown in the above figures and a portion of the catchment both 
upstream and downstream of these main areas of interest. 
 
The locations of the river cross sections, ditch cross sections, structures, and soil trial pits are shown on the revelant 
maps (see map section at end of report). 
 
The main data and their sources for the modelling inputs, as used in the project, are summarized below (Table 2.1). 
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Main data and sources as used in this study. 
 

Data Source Comment 

East Stoke gauging station, 
River Frome 

FMD Hydrometry, Environment 
Agency 

General information ς including 
datum for site, spot flow 
gagings, rating equations, daily 
mean flow data 

West Mills gauging station, 
River Piddle 

FMD Hydrometry, Environment 
Agency 

General information ς including 
datum for site, spot flow 
gaugings, rating equations, daily 
mean flow data 

River Frome flow time series CEH, East Stoke Laboratory 
As archived by Environment 
Agency 

LiDAR DEM & DTM Twerton, Environment Agency 
Data as supplied to Footprint 
Ecology 

Wareham tide gauge time 
series 

FMD Hydrometry, Environment 
Agency 

Of limited use ς uncontrolled 
and no datum available 

Bindon Mill topographical 
survey data 

Royal Haskoning via Purbeck 
Keystone Project 

Unused ς upstream of main 
areas of interest on the River 
Frome 

Topographical Survey Data: 
River Frome, floodplain 
drainage and spot heights 

Cain Bio-Engineering Ltd. 
Cross sections used to construct 
entirely new model of Lower 
Frome catchment 

Historical topographical survey 
data: East Stoke Laboratory 
area 

CEH, East Stoke Laboratory 
Covers original drawings of the 
many structures and channels 
within the laboratory complex 

Aerial photography of Frome 
and Piddle catchments, 1998 
and 2005 

Footprint Ecology 
Used to aid characterisation of  
floodplain hydraulic roughness 
in the Frome model 

East Stoke gauging station, Bye 
Report 

SW Flood Forecasting Team, 
Environment Agency 

Contained 3 cross sections used 
in model construction 

West Mills gauging station, Bye 
Report 

SW Flood Forecasting Team, 
Environment Agency 

Further gauging station 
information 

Ordnance Survey basemaps Footprint Ecology  

Details of Priory Farm sluice 
structures 

Purbeck Keystone Project 
Details of sluices as installed as 
part of the Priory Farm WLMP 
project 

JFLOW flood outlines GIS, Purbeck District Council 
Existing flood mapping for the 
area 

 
 
 
 

3.  Frome hydraulic modelling 

3.1 Key Modelling Requirements 
The main objective of the modelling work was to ensure that any changes to flood risk due to proposed changes to water 
level management were identified, assessed, minimized and mitigated against where appropriate.  As a part of the flood 
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risk assessment process, the modelling was also designed to allow examination of the existing flooding mechanism on 
each farm and to subsequently inform the placement and design of any structures. 
 
The following main modelling requirements were identified: 
 
Construct an ISIS-TUFLOW model covering the Lower Frome catchment 
 
Run baseline simulations to identify the existing flooding mechanisms on each land holding to inform selection of water 
level management options and to assess existing flood risk 
 
Add selected water level management options and identify any changes to flood risk due to their introduction 
 
Examine the probable operational performance of the proposed water level management options 
 
It should be noted that due to the complexity of the drainage network covering the floodplain and  the multitude of 
differing fluvial and tidal event combinations that may be observed in the Lower Frome catchment ς particularly below 
Holme Bridge ς the model as configured for this study may not represent all catchment processes faithfully.  Every effort 
has been made to ensure that the final model framework is fit for use for the purposes of the water level management 
project: data collection and model configuration work has, by necessity, focussed on the land holdings of interest. 
 

3.2 Input Data: Model Boundaries 

3.2.1  Inflow Boundaries 

The upper extent of the areas under consideration was located a short distance upstream of East Stoke ς at which point 
in the catchment sit two hydrological gauges maintained by the Environment Agency.  Consequently, all inflow data to 
the Lower Frome model was based on either observed or theoretical design data derived on the basis of recorded 
information from the East Stoke Flume and Weir sites.  Model boundaries as used in simulations carried out for the 
purposes of this project are summarized in Table 1.  A single inflow into the model domain at OS grid reference 386300, 
86740 representing the main River Frome inflow was used for all simulations. 
 
Design hydrological inflows were characterised by scaling a ReFH boundary unit in ISIS to be consistent with the 
estimates detailed inAppendix 1.  In the majority of extreme flow simulations, the peak design flow was sustained 
throughout the model run in order to ensure that the fluvial design peak coincided with the lower tidal boundary peak 
(see Section 0 below).  This approach allowed an indication of the probable maximum flood extent due to a 
predominantly fluvial event in coincidence with a tidal peak to be identified.  In assessing water level management 
options, the full ReFH hydrograph was used in order to examine the drainage from the floodplain as well as the initial 
flood mechanism within the catchment. 
 
Ungauged lateral inflows from significant tributaries within the Lower Frome catchment were added based on ReFH-
derived flow estimates for each return period.  Since the contribution to flooding within the main river valley was 
assumed to be dominated by the main River Frome (in fluvial events) and, since the smaller lateral tributaries are known 
to generally peak far sooner than the main river in flood events, this approach is considered adequate to schematise the 
hydrological response of the lateral catchments for the purposes of this water level management project and for the 
purposes of examining local broad-scale flood risk. 
 

3.2.2  Pairing of Fluvial and Tidal Boundaries 

 
As the lower catchment is bounded by Poole Harbour, it was necessary to configure an estimate of the behaviour of the 
tidal boundary for the purposes of flood estimation.  Section 3.2.4 describes the configuration of the downstream tidal 
boundary of the model.  In general terms, for the purposes of estimating the maximum flood extent in design event 
simulations, a predominantly fluvial event was simulated by pairing the design fluvial inflow with a tidal boundary scaled 
to MHWS whereas a predominantly tidal event was simulated by pairing an extreme design tidal level (200-year extreme 
tidal level) with a QMED fluvial input. 
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Table 1: Model boundaries as characterized in all simulations. 

Return Period (years)/ Event 
Comment 

Fluvial Tidal Tributaries 

2 (QMED) MHWS 2 (QMED) ReFH-derived fluvial hydrograph 

10 MHWS 10 Constant fluvial inflow, cyclical tidal boundary 
25 MHWS 25 Constant fluvial inflow, cyclical tidal boundary 

50 MHWS 50 Constant fluvial inflow, cyclical tidal boundary 

100 MHWS 100 Constant fluvial inflow, cyclical tidal boundary 

100CC MHWS 100CC Constant fluvial inflow, cyclical tidal boundary 

2 (QMED) 200 2 (QMED) Constant fluvial inflow, cyclical tidal boundary 

2 (QMED) 200CC 2 (QMED) Constant fluvial inflow, cyclical tidal boundary 

 
Inflows for Water Level Management Objectives 
 
In addition to the design flows identified in Appendix 1, observed daily mean flow data was examined to give an 
indication of the range of seasonal flows likely to occur for the periods for which water level management targets were 
set.  These periods were as per the specification document for this study: 
 
1st November to 28th February 
 
1st March to 31st May 
 
1st April to 31st May 
 
Daily mean flow data for the entire record of the combined inflows at East Stoke, River Frome for the seasonal periods 
outlined above is presented in Figure 3.1and Figure 3.2.  For the purposes of this study, the periods 1st March to 31st May 
and 1st April to 31st May were conjoined.  The range of observed data is also displayed in Table 2. 
 
 
Table 2 Range of observed daily mean flow data for each seasonal WLMP period. 

Total DMF East Stoke  
(cumecs) 

1st November to  
28th February 

1st March to  
31st May 

1st April to  
31st May 

Minimum DMF 2.408 2.14 2.14 

Maximum DMF 26.851 21.921 19.644 

Median DMF 8.454 6.949 6.352 

 
 
Daily mean flows (DMFs) for the 3 seasonal periods are broadly similar in range although higher maximum DMFs were 
observed in the winter period (1

st
 November to 28

th
 February) than the spring (1

st
 March to 31

st
 May).  In order to 

increase the efficiency with which ISIS-TUFLOW model runs were carried out, it was agreed that, taking the range of 
flows shown in Error! Reference source not found., Figure 3.1 and Figure 3.2 into consideration, runs to the QMED 
estimate for the total East Stoke inflow (flume and weir combined) of 23.8 cumecs would be sufficient to broadly 
represent the range of flows that would regularly be available for water level management purposes.  Use of this anchor 
design flow estimate avoided multiple simulations for broadly similar seasonal inflows and provided a single baseline 
point from which changes due to water level management interventions could be assessed. 
 
Throughout this study, it has been assumed that water level management objectives would be driven by the availability 
of flood water from the main River Frome rather than floodwater from the smaller, local scale catchments feeding the 
drainage network on the floodplain.  It should be noted that flooding from groundwater sources was not considered 
during this project.  (Additional information regarding probable infiltration of the varying soil types across the catchment 
is available in a separate report which assembles all data relevant to the achievement of water level management 
objectives). 
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Consequently, the selection of QMED (with an approximate return period of 2-years) which is generally coincident with 
bankfull discharge and regular localised flooding is reasonable.  For reference, the WLMP document for the catchment 
estimates bankfull discharge at East Stoke as 19 cumecs.   
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Figure 3.1.  Daily Mean Flow (DMF) data for the period 1st March to 31st May for the entire flow record for East Stoke.  
Median of DMF series shown on right of plot for reference. 
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Figure 3.2.  Daily Mean Flow (DMF) data for the period 1st November to 28th February for the entire flow record for 
East Stoke.  Median of DMF series shown on right of plot for reference. 

3.2.3  Tidal Boundary 

The lower portion of the Frome catchment (eastwards from Holme Bridge at OS grid reference 389060, 86660) is known 
to be subject to the tidal influence of Poole Harbour.  To accommodate these effects, the downstream boundary of the 
ISIS-TUFLOW model was located on the main River Frome to the south-east of Wareham.   A synthetic tidal hydrograph 
was generated based on a characteristic tidal curve for Poole Harbour scaled to Environment Agency South West Region 
Report on Extreme Tide Levels (PDMM/ Posford Haskoning, 2003) tidal level estimates (see Error! Reference source not 
found. for details of the combination of design fluvial and tidal boundaries). 
 
It should be noted that, although the Environment Agency maintain a tidal monitoring gauge at Wareham, the data 
available for this site was not readily used for the purposes of this study.  The archived information had not been subject 
to quality control and contained large blocks of questionable data.  The time series were also not referenced to a local 
datum point which precluded use of this information within the ISIS-TUFLOW framework with confidence.  It is 
understood that work is planned to improve the utility of this data in the future. 

3.3 Model Schematisation 

3.3.1  1D ISIS Model 

Since no modelling had been carried out in the Lower Frome catchment prior to this study, it was necessary to collect an 
entirely new set of topographical cross section data covering the main river, significant structures (including bridges and 
culverts) and selected elements of the drainage network on the floodplain.  Survey data collection focussed on the land 
holdings of interest and on selected areas of the floodplain to check the accuracy of the LiDAR data covering the 
floodplain. 
 
It should be noted that the complexity of the floodplain drainage network meant that faithful representation of every 
channel within the model framework was not possible.  However, since the drainage network is more accurately 
represented in 1D, every effort was made to identify and include the main conduits within the ISIS domain.  Several 
subsidiary channels on the floodplain, where not included in the topographical survey, were represented by lowering 
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areas of the 2D, TUFLOW domain to ensure that floodwater at comparatively low flood flows was directed along these 
channels.  This 2D approach to adding the ditches is suitable for giving a broad-scale indication of the likely flowpath of 
floodwater but is not sufficiently accurate to faithfully represent water levels within the drainage network. 
 
A further constraint in the characterisation of the ditch network was the lack of information concerning water levels 
within those elements not directly connected to the main river.  The assumption was made that, at the start of all 
simulations, the ditches in the 1D network would contain water to approximately 0.5 ditch bankfull.  This rough water 
ƭŜǾŜƭ ǿŀǎ ŀŎƘƛŜǾŜŘ ōȅ ǘƘŜ ǳǎŜ ƻŦ ǎƳŀƭƭ άǎǿŜŜǘŜƴƛƴƎ Ŧƭƻǿǎέ ŀt the head of each 1D ditch element. 
 
Although HLS aims for the catchment include targets to maintain water levels within the ditch network within a certain 
level below bank top, an analysis of the potential for ditch water level maintenance was not explicitly carried out in this 
study.  Detailed hydrological information covering the complex ditch network is not available.  Instead, this project 
aimed to demonstrate that a degree of flexibility would be possible within the system which would allow management 
options as installed to be attuned to observed catchment behaviour from year to year.  Due to this, attention was largely 
focussed on modelled water levels on the floodplain rather than in the ditches. 
 

3.3.2  2D TUFLOW Floodplain Model 

Prior to inclusion within the ISIS-TUFLOW model framework, the LiDAR data forming the basis of the topographical 
information covering the floodplain was checked against surveyed spot height information distributed across the lower 
Frome floodplain to ensure validity.  The Root Mean Squared Error (RMSE) of the LiDAR data against the topographical 
survey data was found to be within ±100mm  - within the bounds of acceptable accuracy.  Consequently, no correction 
was applied to the LiDAR data. 
 
Polygons were drawn around areas of differing hydraulic roughness with reference to aerial photography, map data and 
the unfiltered LiDAR Digital Elevation Model (DEM) supplied for the purposes of the project.  These polygons were used 
ǘƻ ŘƛŎǘŀǘŜ aŀƴƴƛƴƎΩǎ ΨnΩ to the TUFLOW element of the model.  It should be noted that the filtered Digital Terrain Model 
(DTM) formed the basis of the 2D domain: the unfiltered DEM was used for reference only and to define elevations for 
key features within the floodplain ς such as banks and roads.   
 

3.3.3  Model Calibration 

 
After construction of the ISIS-TUFLOW model framework, a calibration was attempted.   It should be noted that no 
calibration data in the form of intermediary, objective water level measurements was available to verify model outputs 
based on events for which observed time series were available.  As a result, calibration relied largely on the experience 
of the modelling team to define realistic assessments of roughness values and model parameters - and water levels 
collected along the main river during the topographical survey. 
 
Furthermore, although time series are available from an Environment Agency-maintained tidal level monitoring gauges 
at Wareham, a datum was not available for this site.  This data has also not been subject to quality control by the 
hydrometric teams.  Consequently, it was not possible to be confident in the validity of the downstream tidal boundary 
during model calibration.  An estimate of the datum was made during calibration using data from November ς December 
2007 by back-calculating based on the surveyed water level at South Bridge, Wareham paired against the observed tidal 
time series. 
 
During the collection of survey data, water levels were collected and the time of survey noted.  This information was 
paired with inflow data from the East Stoke gauges and model roughness values altered within the 1D ISIS element to 
attempt to produce a reliable fit to the observed data.  Since the survey was conducted when water levels were 
relatively high within the main River Frome (with many of the measurements taken from a boat), uncertainty is inherent 
in each of the surveyed water level measurements.   
 
Whilst attempting calibration, a large error in the Environment Agency datum held for the main East Stoke flume gauging 
station was discovered.  Model construction relied on the validity of several cross sections collected at this gauge for the 
Bye Report in the past ς i.e. since cross section data was already available for the East Stoke flume, this structure was not 
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re-surveyed for the purposes of this project.  Initial model runs produced large errors in the fit to observed water levels 
in the gauge area.  Subsequent investigation and visits by both the surveyor used by the consortium and the 
Environment Agency survey team confirmed an error of 0.64metres in the datum archived for the site.  Consequently, 
EVY made adjustments to the cross section input into the ISIS model to re-represent the gauge using the new site datum 
and re-attempted calibration to the observed water levels recorded during the survey. 
 
Final model calibration for the main river, ISIS element of the model produced a RMSE of ±200mm for the 1D domain.  
Given the uncertainties in the data used to attempt calibration, and the lack of further supporting information, this is 
considered a reasonable fit.  Further support for the quality of the modelling assumptions can be found in inspection of 
the modelled rating outputs at the two gauging stations.  With the appropriate datum correction applied, both sites give 
a good fit to the observed gaugings at each site and the existing Environment Agency rating curves (derived with 
reference to local datum only) for these two sites. 
 
Whilst no information was available to verify the flood extents for significant floods of recent years ς and, since observed 
inflow data for floods of recent years was not supported by a usable time series of tidal data at the lower end of the 
model at Wareham, - a consultation with members of the public allowed the opinions of local residents regarding the 
veracity of model performance to be gained.   
 
The public meeting was held at Furzebrook Village Hall, Wareham on 23

rd
 May 2008, during which model outputs and 

the flooding mechanism as simulated within the catchment were displayed.  General opinion regarding the quality of the 
model output, the flooding mechanism and the flood outlines as produced to that data were positive.  This was taken as 
an indication that the model was a reasonable representation of the behaviour of the Lower Frome catchment during 
flood events.   
 
Further model simulations were carried out after this meeting to incorporate and check observations made by members 
of the public.  These included: 
 
A check of the modelled flooding mechanism in the area around Holme Bridge 
 
A check of the levels for the banks around Holme Bridge as derived from the LiDAR DEM 
 
A check of the crest levels of the upper sluices as installed at Priory Farm downstream of Holme Bridge. 
 
No change to the modelled baseline flood extents or flooding mechanism was evident on completion of the above 
checks.  

3.4 Baseline Results 
 
Once model calibration had been completed, a series of baseline runs were completed to give a series of results from 
which any changes due to the introduction of water level management structures could be assessed.  These, and the 
configuration of the boundaries used in the simulations, are listed in Table 3.  It should be noted that, in order to ensure 
that the fluvial and tidal peaks coincided at some point within the simulation, the hydrograph used for the assessment of 
baseline flood extents had a long, flat peak run for the majority of each model simulation.  Whilst this situation is unlikely 
to occur in reality, the outputs from models using an inflow of this type will be conservative and, with coincidence with a 
ǘƛŘŀƭ ǇŜŀƪ ƎǳŀǊŀƴǘŜŜŘ ǳǎƛƴƎ ǘƘƛǎ ŀǇǇǊƻŀŎƘΣ ƻǳƎƘǘ ǘƻ ŀǇǇǊƻȄƛƳŀǘŜ ǘƘŜ άǿƻǊǎǘ ŎŀǎŜέ ǎŎŜƴŀǊƛƻ ƛƴ ŜŀŎƘ design simulation. 
 
It should be noted that the principal aim of the modelling exercise as conducted for this study was an assessment of 
flood risk pre- and post- the introduction of water level management structures.  The approach taken to give baseline 
flood extents is similar to that which would be used in a flood risk mapping exercise: however, it is believed that the level 
of local risk to people and property within the local catchment is low.  Consequently, the model has been designed to 
accommodate WLMP options ς with greatest survey data collection effort and attention paid to the parcels of land under 
consideration for this purpose.  It is, therefore, not the aim of this study to provide a definitive map of the flood extents 
for the Lower Frome catchment.   
 
However, the only pre-existing model data for the catchment was based on the use of a broad-scale modelling technique 
(JFLOW) which is widely known to be comparatively inaccurate.  Consequently, it is believed that, whilst not definitive, 
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the flood extents produced during this WLMP project are likely to be a better representation of catchment behaviour 
during extreme events than the pre-existing JFLOW outputs.  A comparative flood extent for the 100-year simulation for 
the Lower Frome from both JFLOW and ISIS-TUFLOW is included below in Figure 3.3.  The flood extent for the Lower 
Frome from a QMED fluvial simulation is also shown below in Figure 3.4.  These results were used to assess the impact of 
the introduction of WLMP structures and possible achievement of broad WLMP goals. 
 
Figure 3.5 illustrates the baseline flood extent derived from a fluvially-dominated event (100-year fluvial inflow with a 
MHWS tidal boundary) against that derived from a tidally-dominated event (200-year tidal boundary paired with a 
QMED fluvial inflow).  Differences between the two simulations consist largely of a slightly broader flood extent at the 
base of the catchment during the tidally-dominated event and a larger flood extent from the fluvially-dominated event ς 
particularly upstream of Holme Bridge.  This is consistent with existing observations of catchment behaviour which 
suggest that the influence of the tidal fluctuations at Poole Harbour can extend as far upstream as Holme Bridge.   
 
Table 3 Baseline simulations and boundary configurations. 

Return Period (years)/ Event 
Comment 

Fluvial Tidal Tributaries 

2 (QMED) MHWS 2 (QMED) Anchor event for WLMP options assessment 

10 MHWS 10 -/ - 

25 MHWS 25 -/ - 

50 MHWS 50 -/ - 

100 MHWS 100 Extreme fluvial event 

100CC MHWS 100CC Extreme fluvial event + climate change 

2 (QMED) 200 2 (QMED) Extreme tidal event 

2 (QMED) 200CC 2 (QMED) Extreme tidal event + climate change 

 
 

 
 
Figure 3.3.  JFLOW and ISIS-TUFLOW flood extents: 100-year return period (fluvial) simulation. 
 JFLOW outline in light blue; outline from this study in dark blue. 
 
 
Figure 3.3 clearly shows the difference between the JFLOW and 100-year flood maximum extents.  Lower confidence 
should be placed in the accuracy of the JFLOW output due to the broad-scale, automated approach used in derivation of 
the JFLOW extent.  Note that positional inaccuracies in the JFLOW flood extents are visible in Figure 3.3 ς e.g. the 
watercourse running from Luckford (which runs to parcel 20 as displayed in the figure) to the main River Frome does not 
follow the true mapped route of the underlying OS basemap. 
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Figure 3.4.  Lower Frome flood extent: baseline QMED fluvial simulation. 
 
 

 
 
Figure 3.5.  Lower Frome flood extent: fluvially-dominated extreme event 
(100-year fluvial, MHWS tidal ς dark blue) vs tidally dominated extreme event (200-year tidal, QMED fluvial ς light blue). 
 

3.5 Incorporation of WLMP Options 
 
Water level management options were entered into the model post consultation with the wider consortium team as 
informed by the performance of the model during the fluvial QMED baseline simulation (for reasons discussed in Section 
3.2.1).  Options consisted largely of a combination of small embankments and sluices designed to retain water on the 
floodplain for longer post regularly occurring flood events.  Rather than assess exact storage volume on each land 
holding due to each structural change, it was elected to attempt to demonstrate some inherent flexibility in the options 
as simulated in order to allow adjustments to observed ς as opposed to theoretical flows.  This approach should allow 
the system to be adjusted to differing hydrological conditions from year to year. 
 
Following consultation with members of the consortium and model iterations to examine catchment behaviour with 
differing combinations and locations of structures, final modifications to the drainage network and floodplain were 
simulated within the ISIS-TUFLOW model.  Details of the location and nature of the proposed alterations to the 
catchment are shown in Maps 14 -19.  Options as incorporated within the model included: 
 
Introduction of a pond 
Introduction of a shallow scrape 
Creation of several low bunds to retain water 
Repair of low points in several banks 
Creation of openings in river banks 
Reintroduction of ditches within the floodplain 
Introduction of sluices at strategic points within the ditch network 
 
These results were compared to the baseline outputs in order to assess probable system performance and determine if 
any change in flood risk was likely due to their introduction.   
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Incorporation of the options outlined in Maps 14 ς19 within the ISIS-TUFLOW model framework was effected by altering 
the baseline model.  The changes made to the ISIS and TUFLOW elements of the model respectively are outlined in Table 
4.  In order to inspect the probable flexibility within the proposed WLMP system, QMED simulations were run with all 
sluices open and all sluices closed.  It should be noted that it was assumed that closing all the sluices would have the 
greatest impact on flood levels within the Frome catchment.  Consequently, all examination of flood risk for high return 
period events was conducted with the sluices shut on the basis that this model configuration would result in the highest 
simulated water levels on the floodplain. 
 
Table 4 General approach to model reconfiguration to accommodate final WLMP options. 

Option Alteration Comment 

Pond and scrape Lower TUFLOW LiDAR domain 
Pond to a maximum of 1m 
depth; scrape to a maximum of 
0.5m depth 

Low bunds 
Raise TUFLOW LiDAR domain by 
0.4 metres using z-lines along 
proposed bund location 

-/ - 

Reintroduction of ditches 
Lower TUFLOW LiDAR domain 
using Z-lines along proposed 
route of reintroduced ditch 

Gives indicative changes to 
drainage 

Repair low points in river banks 
Alter TUFLOW Z-lines along 
bank top to fill low points 

-/ - 

Create openings in river banks 
Alter TUFLOW bank lines in 
locations indicated 

-/ - 

Introduction of sluices 
Add spill unit at bank full level 
to ISIS element of model 

-/ - 

 

3.6 WLMP Options: Results 
Post completion of both the baseline and the options modelling as outlined above, the outputs were inspected to ensure 
the following: 
 
No increase in flood risk to local property in low return period simulations (QMED and 1 in 25-year) and a high return 
period simulation (100-year CC) 
 
No increase in flood risk to local property in a tidally-dominated event (QMED fluvial inflow paired with a 200-year CC 
tidal boundary ς consistent with 100-year CC fluvially-dominated event) 
 
Flexibility in system operation in QMED simulations ς i.e. sluices open and sluices closed ς consistent with HLS 
requirements. 
 
Assessment of flood risk to property within the floodplain was made via an initial visual comparison of the relative 
differences in maximum flood extents for the baseline and proposed WLMP scenario.   
 
Figure 3.6, Figure 3.7, Figure 3.8 and Figure 3.91 show the comparative flood extent maxima for the baseline and WLMP 
option models for QMED, the 1 in 25-year and 1 in 100-year CC events respectively.  Further details and discussion of the 
flood extent results can be found on a landholding basis in Sections 3.7.1, 3.7.2 and 3.7.3 below.  None of the flood 
outlines derived from models with the inclusion of the proposed WLMP scenarios showed a significant increase in risk to 
property within the Lower Frome catchment.  
 
It should be noted that the nature of flooding within the catchment at high return periods will, at peak discharges, be 
dominated by widespread floodplain flow.  Consequently, whilst initial flooding may be spread across the floodplain via 

                                                             
1 Note that the field numbers shown on Maps 3.7-3.21 for West Mills Farm have been superceded by those shown on 
Map 68  
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the drainage channels, the introduction of sluices and low-level bunds to the catchment is expected to have minimal 
bearing on the maximum flood extents at all locations considered.  That is, modelled observations that the introduction 
of sluice and bund structures have little impact on flood extent are consistent with anticipated catchment behaviour at 
in high return period events.  It is expected that structures and low-level bunds will rapidly become overwhelmed by 
floodplain flow. 
 
Figure 3.6 shows changes to the flood extent for the lowest return period simulated - QMED.  Increases in maximum 
extent (shown in red) are evident upstream of the sluice and bund structures as proposed with changes most prominent 
in parcel 22 in which an overall decrease in flood extent was simulated. 
 
For the 1 in 25-year event shown in Figure 3.7, the most prominent change was in the removal of flooding at this return 
period from parcel 23.  In the baseline situation, simulated flooding originally occurred via backwater running up the 
culvert leading from parcel 23 to parcel 22 at Stoke Crossing.  Introduction of a sluice directly upstream of the culvert at 
this location (closed in the simulation) meant that back flow up the culvert no longer occurred leading to a decrease in 
flood extent in this area.  This same change is evident in the 100-year CC fluvial event (Figure 3.8) and the extreme tidal 
event (Figure 3.9). 
 
It should be noted that the flooding mechanism at parcel 23 may not be well-represented in the current model.  It is 
possible that, during high flow events, flood flows may occur to the north of the railway embankment and inundate 
parcel 23 via the fields to the south of Stokeford Cottage (approximate grid reference 386680, 87170).  However, 
inclusion of the potential flood route to this parcel of land would necessitate a significant increase in data collection 
requirements and a substantial increase in the area covered by the 2D element of the ISIS-TUFLOW model.   
 
Given the low potential for use of the land by wildfowl and waders at this location and the relative lack of direct 
connection to the main River Frome, it was considered unnecessary to represent this area in detail within the modelling 
framework to assess the potential for attainment of suitable conditions at QMED.  Nonetheless, the model outputs 
should give a reasonable indication of the relative impacts of the introduction of the proposed structures on flooding in 
this parcel in low return period events. 
 
Figure 3.10 shows the relative impact on flood extent during a QMED simulation of closing all the proposed sluices 
against a situation in which all proposed sluices are open.  Figure 3.11 and Figure 3.12 show the same information in 
more detail for the upper and lower sections of the Frome as modelled.  The largest changes to the overall extent are 
found when all sluices are shut with an increase in the overall area of inundation.  Opening all the sluices also increases 
flood extent at several locations ς notably parcel 23 (due to the reasons discussed above) and parcel 22.  Elsewhere, 
changes due to allowing free passage of water along the drainage network on the floodplain were marginal and less 
pronounced. 
 
Note that the potential for retention of water on the floodplain due to the introduction of the WLMP structures is 
discussed in more detail below.  It is envisaged that, if the proposed system is installed as modelled, some sluices will be 
opened to flood certain areas whilst others are shut ς ƛΦŜΦ ǎƻƳŜ Ψfine-ǘǳƴƛƴƎΩ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ƛǎ ƛƴŜǾƛǘŀōƭŜ ŀǎ ǘƘŜ ²[at 
scheme will react to observed flows rather than broad-scale, theoretical discharges as simulated in this feasibility study.  
No attempt to simulate combinations of open and closed sluices has been made within this study. 
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Figure 3.6.  Comparison of baseline and WLMP option flood extents: QMED.  Note all sluices closed.  Green ς no change; blue ς flooding removed; red ς flooding 
introduced. 
(©Crown copyright. All rights reserved. Licence No 100046223) 
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Figure 3.7.  Comparison of baseline and WLMP option flood extents: 1 in 25-year.  Note all sluices closed.  Green ς no change; blue ς flooding removed; red ς flooding 
introduced. 
(©Crown copyright. All rights reserved. Licence No 100046223) 
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Figure 3.8.  Comparison of baseline and WLMP option flood extents: 100-year CC.  Note all sluices closed.  Green ς no change; blue ς flooding removed; red ς flooding 
introduced. 
(©Crown copyright. All rights reserved. Licence No 100046223) 



26 
 

 
 
Figure 3.9.  Comparison of baseline and WLMP option flood extents: tidally-dominated event.  Note all sluices closed.  Green ς no change; blue ς flooding removed; 
red ς flooding introduced. 
(©Crown copyright. All rights reserved. Licence No 100046223) 
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Figure 3.10.  Comparison QMED WLMP option simulations: sluices open and sluices closed.  Green ς no change; purple ς flooding introduced by opening sluices; red ς 
flooding introduced by closing sluices. 
(©Crown copyright. All rights reserved. Licence No 100046223) 
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Figure 3.11.  Upper Frome comparison QMED WLMP option simulations: sluices open and sluices closed.  Green ς no change; purple ς flooding introduced by opening 
sluices; red ς flooding introduced by closing sluices. 
(©Crown copyright. All rights reserved. Licence No 100046223) 
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Figure 3.12.  Lower Frome comparison QMED WLMP option simulations: sluices open and sluices closed.  Green ς no change; purple ς flooding introduced by opening 
sluices; red ς flooding introduced by closing sluices. 
(©Crown copyright. All rights reserved. Licence No 100046223) 
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3.7 West Mills Farm 
 
West Mills Farm covers parcel numbers 1 to 20.  Figure 3.13 and Figure 3.14 show flood extents on this land holding for 
the highest return periods simulated ς a fluvially-dominated 100-year CC event (100-year CC fluvial inflow paired with a 
MHWS tidal boundary) and a tidally-dominated extreme event for comparative purposes (QMED fluvial inflow paired 
with a 200-year CC tidal boundary).  Little difference is visible between the baseline simulations and those including the 
proposed WLMP options indicating that flood risk to property within this area is likely to remain unaffected in both a 
tidally-dominated and a fluvially-dominated event. 
 
An inspection of the simulated performance of the WLMP options in terms of the flexibility of the proposed system (to 
respond to varying flows and catchment conditions during operation) was also made.  Relative depths of water held on 
the floodplain with sluices closed and sluices open are shown on Figure 3.15 and Figure 3.16 respectively.  Modelled 
flood extents and depths were, broadly speaking, similar in both scenarios for the West Mills Farm landholdings under 
consideration. 
 
Figure 3.17 shows the difference between the sluices closed scenario and sluices open scenario in terms of depth of 
inundation.  Given the options as described above, the model outputs indicate that flexible management of water levels 
should be possible in parcels 11 to 15, 19 and 20. 
 
An assessment of the potential for water to be held on the floodplain by closing the sluices as proposed was made by 
comparing the baseline outputs and the WLMP option outputs at the peak of the simulated flow, mid-way down the 
falling limb of the simulated hydrograph and at the base of the falling limb of the hydrograph at the lowest flow 
simulated after the peak.  The results are shown in Figure 3.18, Figure 3.19 and Figure 3.20 respectively. 
 
Although results at the peak flow simulated (shown in Figure 3.18) suggest that water levels may be marginally lower 
than the baseline situation due to the introduction of the proposed structures at this point in the simulation ς most 
notably in parcels 11, 13, 14 and 16 - results from the recession limb of the hydrograph show that it should be possible to 
retain water in parcels 10 to 16, 19 and 20.  
 
Figures 3.13 to 3.20, show that the structures proposed will successfully retain floodwater to give shallow flash flooding 
or high  groundwater levels in the desired locations for breeding and feeding waders or wintering waders and wildfowl.  
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Figure  3.13.  West Mills Farm: 100-year CC baseline vs. WLMP options (sluices closed) maximum flood extent.  Green ς no change; blue ς flooding removed; red ς 
flooding introduced 
(©Crown copyright. All rights reserved. Licence No 100046223) 
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Figure  3.14.  West Mills Farm: Tidal 200-year CC baseline vs. WLMP options (sluices closed) maximum flood extent.  Green ς no change; blue ς flooding removed; red 
ς flooding introduced. 
(©Crown copyright. All rights reserved. Licence No 100046223) 
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Figure 3.15.  West Mills Farm: QMED WLMP options.  Maximum depths ς sluices closed. 
(©Crown copyright. All rights reserved. Licence No 100046223) 
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Figure 3.16.  West Mills Farm: QMED WLMP options.  Maximum depths ς sluices open. 
(©Crown copyright. All rights reserved. Licence No 100046223) 
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Figure 3.17.  West Mills Farm: QMED WLMP options included.  Difference in maximum modelled depths (sluices closed minus sluices open). 
(©Crown copyright. All rights reserved. Licence No 100046223) 
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Figure 3.18.  West Mills Farm: QMED Recession WLMP options.  Event peak flow ς baseline vs sluices closed.  Note that blue shows areas that no longer flood at this 
point in the simulation.   
(©Crown copyright. All rights reserved. Licence No 100046223) 
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Figure 3.19.  West Mills Farm: QMED Recession WLMP options.  Mid-point of  recession limb ς baseline vs sluices closed.  Note that blue shows areas that no longer 
flood at this point in the simulation.  
(©Crown copyright. All rights reserved. Licence No 100046223) 
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Figure 3.20.  West Mills Farm: QMED Recession WLMP options.  Final point of recession limb ς baseline vs sluices closed.  Note that blue shows areas that no longer 
flood at this point in the simulation. 
 (©Crown copyright. All rights reserved. Licence No 100046223) 
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3.8 Manor Farm 
Manor Farm covers parcel numbers 21, 24 and 25.  Figure 3.21 and  Figure 3.22 show flood extents on this land holding 
for the highest return periods simulated ς a fluvially-dominated 100-year CC event (100-year CC fluvial inflow paired with 
a MHWS tidal boundary) and a tidally-dominated extreme event for comparative purposes (QMED fluvial inflow paired 
with a 200-year CC tidal boundary).  Visual inspection of the data revealed that a small amount of additional flooding was 
simulated in parcel 21 in the tidally-dominated extreme event but little change was found elsewhere within the 
landholding.  However, as shown in Figure 3.21 and Figure 3.22 the model results suggest that no property in this area 
will be placed at additional risk of flooding due to the introduction of the proposed WLMP options in either a fluvially-
dominated or tidally-dominated extreme event. 
 
An inspection of the simulated performance of the WLMP options in terms of the flexibility of the proposed system (to 
respond to varying flows and catchment conditions during operation) was also made.  Relative depths of water held on 
the floodplain with sluices closed and sluices open are shown on Figure 3.23 and Figure 3.24 respectively.  Modelled 
flood extents and depths were, broadly speaking, similar in both scenarios for the Manor Farm landholdings under 
consideration.  Figure 3.25 shows the difference in depth of flooding between the sluices closed scenario and the sluices 
open scenario and gives an indication that flexible management of floodwater may be possible in the proposed scheme. 
 
 
Figure 3.27Figure 3.26, Figure 3.27 Figure 3.28 demonstrate the modelled capability of the system to hold water on the 
floodplain for longer via introduction of the proposed WLMP structures (sluices closed).  Each figure illustrates the flood 
extent at the peak fluvial inflow during a QMED simulation, the flood extent at the mid point of the recession limb of the 
hydrograph as modelled drainage of the floodplain progresses and the flood extent at the lowest modelled flow on the 
recession limb as the floodplain drains to the lowest simulated flow respectively.  Parcels 24 and 25 show little modelled 
impact from the proposed WLMP whereas the potential to retain floodwater on parcel 21 is enhanced with a visible 
increase in the extent, depth and duration of inundation from floodwater as simulated. 
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Figure 3.21.  Manor Farm: 100-year CC baseline vs. WLMP options (sluices closed) maximum flood extent.  Green ς no change; blue ς flooding removed; red ς flooding 
introduced. 
(©Crown copyright. All rights reserved. Licence No 100046223)


