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1. Introduction

1.1 Background

Working as part of a consortium comprising of Footprint Ecology, Alaska Environmental Contrtttangd Cain Bio
Engineering Ltd.Edenvale Young Associates Ltd/YEhas been commissionéal provide hydrological and hydraulic
modelling suppd 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 ProjB&tP) a Heitage Lottery fundecprogramme. Amongst broader

cultural andeducational aims, the PKRI & | O2YYAGYSy G (G2 aXadzZllll2NI FI NYAy3
FYR YIAY(OGlFIAYy GKS AyONBI aA yRaff RPwdditd)Bin sigpatiofittis bGectiVateryei®el Ay t d
management plans (WLMRm) the Frome and Piddle designed to increase the area ofdesignated land under
environmental managementare proposed. Broad objectives include the restoration of grazing matshincrease

breeding wader habitaandthe restoration and maintenance of the extensive ditch netvgak thelower floodplains of

the two riversto the benefit of local flora and fauna

This report covers the hydrological and hydraulic modelling assessment carried out in support of thebedmme
objectives. The project requires that a flood risk assessment (FRA) is carried out for each landholding under
consideration in order to ensure thainy adverse impacts of proposed modifications to the catchmemésavoided or
appropriate mitigationimplemented as necessaryThisequirementA & O2y aA a0 Sy i 6A G K WIMPS 9y @A
for the River Frome (Environment Agency/ Halcrow 2006) in which arebealfor hydrological and hydraulic modelling

of any proposed water level management stiwres is identifiedn orderto ensure a system is produced which has no
adversempact on flood risko local propertyduring extreme events.

As an adjunct to the FRA(8)ater level management options have been examined in the model framework witlwa vie

to producing a system that is both robust in terms of minimizing flood risk to local propadyis both flexibleand
functional in terms of producing a series of options which achieve water level management objectives.

1.2 Objectives and Deliverables
The principal aimsand objective®f the hydrological and hydraulimodelling exercisas presented belowere:

Creation ofa hydraulicmodel coveringeach farm

Examination of the existing flooding mechanism on each land holdioginform selection of gitable water level
management options

Assessmentf flood risk for each land holdingand adjacent propertieg up to a maximum of thd.00-year CC design
event

Assessment of the probable operational performance of proposed water level managementsoption

Supportto 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 delivesahlgduded:
Estimates of flood locations, areas and depihinform the above aims

Final report coveringn assessment of flood risk both pand post the proposed water level management options



1.3 Overview of Approach Taken in this Study

In order D 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 breedle 1E2D ISISUFLOW model was constructedse

of this powerful modern modelling témique involved collection of cross sections covering both the main river and
selected areas of the ditch network stretching ghly from East Stoke to Wareham and subsequent pairing with LiDAR
survey of the surrounding floodplain.

In order that the 3 lad holdings were represented in an integrated fashipme. as part of the same catchment
floodplain ¢ a single model was created for the lower Frome covering all areas under considerah@allowed the
creation of a series of baseline outpu@muations of flooding withinthe catchmentin their current condition)rom
which comparative changes in flood extents and levels could be defpest inclusion of proposed engineering
alterations to he floodplain and ditch network) with greater confiderioghe impacts of changes to one land holding on
other areas of the local catchment.

In consuiation with members of the consortium undertaking the geasibility study, he baseline outputs were used to
examine the existing flooding mechanism within #reme catchmenand to inform thestrategiclocation of water level
managemenstructures. Further simulations of the model werarried out,designed to assess the operational flexibility
of the proposed management system and to examine floodirigke catchment.

It should be noted that previous modelling on this scale within the local catchments had not been attenifed.
outputs from this exercise and the data used in model construction are specific to the aims of this project atone
pragmatic approach to the characterisation of the behaviour of the local catchments has been taken proportionate
flood riskand water level managememtithin the study area.

As the project evolved, it became apparent that oalgmall areaf the lower Piddlecatchment as originally propode

for water level management would keevailable forconsideration. Consequently, a hydraulic model was not constructed
for this catchment. Instead, local LIDAR elevations were inspected in order to identify areas addieeflBodplain
which could potentially be manipulated to achieve WLMP objectivigssshould be noted that flood risk within this
portion of the Lower Piddle catchment is believed to be Ioksthe area proposed for water level management in this
catchment is relatively smallit is considered that hydraulic modelling would offer little benefit within thiens and
objectives of thigeasibility study.

1.4 Purpose of this Document

This documentetails the hydrological and hydraulic modelling approach takeidentify 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 withitwvtheatchments

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 considerati@aalf of the 3 main land
holdings under consideratiog West Mills Farm, Manor Farm and Stokeford Farfilme report has been further sub
divided to cover the River Frome and River Piddle independertiigction3 and Sectiorv 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 appeach, the Higher Level Stewardship options for each farm are also presented here in separate
sections, allowinghe proposals to be considered as a whabmsted proposaler each landholdinghave 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 analys 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 managememin each of the three landholdingsLiDAR elevations in the area of the Piddle
catchment potentially available for water level managemarg covered in a subsequent section.



Details of the models used and the background to these is presented in andippefith 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. Thereforesessment 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 eavation 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, he@hd 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 (Epsin8toke
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 deiivation of design hydrological estimates for both the Frome and Piddle catchments is described insSeation

4. 1t should be noted that hydrological estimates for the Piddle catchment were calculated prior to the removal of the
majority of the originh area to be considered from this study. The estimates for this catchment are included for
reference.

Figure2.1. Overview of major land holdings under consideration in this study by farm name
(Data supplied by Footprint Ecoloyy.

10



Prior to this study, the only prexisting models of the Lower Frome and Piddle catchments were constructed using a
broad-scale FLOW approach used nationally by the Environment Agency to give indicative extréyeat@nd 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 usin§ISTUFLOW linked :D / 2-D hydrodynamic modelling softwareto 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 @D1iSIS model toraulate conveyance during different design events along the
relevant main river to a-® TUFLOW, LiDARsed domain to simulate floodplain flow. Thi212-D approach has the
following advantages:

W Floodplain flow routes are explicitly defined within tBé domain and a relatively high level of confidence can
be placed in modelled flood extents

() Water levels in the area of the ditches during different water level management scenarios can be examined
W The impacts of the modification of existing and prepd 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

() The inclusion of LIDAR topography data for modellieg allows areas of lower topography which may readily
be modified or connected to the ditch system on the floodplain to be identified
W Mitigation options can be tested with a relatively high level of confidence if flood modelling indicates that

WLMP moditations 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 seetienseded,
along with a grid ofevels over the flood plain as well as any structures, such as culverts or bridges, restricting flow in any
channel(Maps1-12).

The river and ditch cross sections and structures details form the basis 4fBhiSIS modednd a grid of flood plain
levels forms the basis of theD 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 dusiegeGPS 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 hastslata qbyim

grid. This grid can be calibrated against the GPS survey data to achieve greater accuracy than with the raw LIiDAR data
alone.

The GPS based topographic survey was undertaken using a roving Leica GPS unit that maintained a live linkao the OS t
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 boththe 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 pitewaneoshthe 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 summarize(Tiadd@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, Environmer
Agency

General informatiory including
datum for site, spot flow
gagings, rating equations, dai
mean flow data

West Mills gauging statior
River Piddle

FMD Hydrometry, Environmer
Agency

Gereral informationg including
datum for site, spot flow
gaugings, rating equations, dai
mean flow data

River Frome flow time series

CEH, East Stoke Laboratory

As archived by Environmer
Agency

LiDAR DEM & DTM

Twerton, Environment Agency

Data as suppliedo Footprint
Ecology

Wareham tide gauge tim¢ FMD Hydrometry, Environmer Of limited use¢ uncontrolled
series Agency and no datum available
Bindon  Mill  topographica] Royal Haskoning via Purbe Unused ¢ upstream - of main

. aress of interest on the Rive
survey data Keystone Project

Frome

Topographical Survey Dat Cross sections used to constry
River Frome, floodplaif Cain BieEngineering Ltd. entirely new model of Lowe

drainage and spot heights

Frome catchment

Historical topographical surve
data: Eas Stoke Laboratory
area

CEH, East Stoke Laboratory

Covers original drawings of th
many structures and channe
within the laboratory complex

Aerial photography of From
and Piddle catchments, 199
and 2005

Footprint Ecology

Used to aid characterisationf g
floodplain hydraulic roughnes|
in the Frome model

East Stoke gauging station, B
Report

SW Flood Forecasting Tea
Environment Agency

Contained 3 cross sections us
in model construction

West Mills gauging station, By,
Report

SW Flood Forecasting dm,
Environment Agency

Further gauging statiof

information

Ordnance Survey basemaps

Footprint Ecology

Details of Priory Farm sluig
structures

Purbeck Keystone Project

Details of sluices as installed
part of the Priory Farm WLM
project

JFLOW floodutlines

GIS, Purbeck District Council

Existing flood mapping for th
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 changess to wa
level management were identified, assessed, minimized and mitigated against where appropsaepart of the flood
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risk assessment process, the modelling was also designed to allow examination of the existing flooding memhanis
each farm and t@subsequently inform the placement and design of any structures.

The following main modelling requirements were identified:
Construct an ISFBUFLOW model covering the Lower Frome catchment

Run baseline simulations to identify the existing flooding medras 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 operatiahperformance 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 thveekdrome catchmeng particularly below
Holme Bridge; 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 ofatiee 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 wasted a short distance upstream of East Stqlka which point

in the catchment sit two hydrological gauges maintained by the Environment Ag&aysequently, all inflow data to
the Lower Frome model was based either observed or theoretical desigiata derived on the basis of recorded
information from the East Stoke Flume and Weir siteModel boundaries as used in simulations carried out for the
purposes of this project are summarizedTiablel. A single inbw into the model domain at OS grid refererg@6300,
86740representing the main River Frome inflevas used for all simulations.

Design hydrological inflows were characterised by scaling a ReFH boundary unit in ISIS to be consistent with the
estimatesdetailed imMppendix 1 In the majority of extreme flow simulationsthe peak design flow was sustained
throughout the model run in order to ensure that the fluvial design peak coincided witlother tidal boundary peak

(see Section0 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 identifidal.assessing water level management
options, the full ReFH hydrograph wased 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 en ReFH
derived flow estimates foeach return period. Since the contribution to flooding within the main river valley was
assumed to be dominated by the main River Frdindluvial eventsand, since the smaller lateral tributaries are known

to generallypeak far sooner than the maiiver in flood events, thiapproach is considered adequate to schematise
hydrological response of the lateral catchments for the purposes ofwhier level management project and for the
purposes of examining local broadale flood risk.

3.2.2 Pairing of Fluvial and Tidal Boundaries

Asthe 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 estimatio®ection3.2.4 describes the configuration ohé 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 tidalemt was simulated by pairirgn extreme design tidal lev€00yearextreme

tidal leve) with a QMED fluvial input.
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Tablel: Model boundaries as characterized in all simulations.

Return Peod (years)/ Event Comment

Fluvial Tidal Tributaries

2 (QMED) | MHWS | 2 (QMED) ReFHderived fluvial hydrograph

10 MHWS | 10 Constant fluvial inflow, cyclical tidal boundary
25 MHWS | 25 Constant fluvial inflow, cyclical tidal boundary
50 MHWS | 50 Constant lfuvial 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 iAppendix 1 observed daily mean flow data was examined to give an
indication of the range of seasorféws 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:

1°' November to 28 February

1° March to 3f'May

1% April to 3" May

Daily mean flow dat for the entire record of the combined inflows at East Stoke, River Fforthe seasonal periods

outlined aboveis presented irFigure3.1and Figure3.2. For the purposs of this study, the periods'March to 3%' May
and T April to 3" May were conjoined.The range of observed data is also displayetainle2.

Table2 Range of observed daily meditow data for each seasonal WLMP period.

Total DMF East Stoke | 1% November to 1¥March to 15 April to
(cumecs) 28" February 31" May 31 May
Minimum DMF 2.408 2.14 2.14
MaximumDMF 26.851 21.921 19.644
Median DMF 8.454 6.949 6.352

Daily mearflows (DMFs) for the 3 seasonal periods are broadly similar in range although higher maximum DMFs were
observed in the winter period {1November to 28 February) than the spring {IMarch to 3£ May). In order to
increase the efficiency with whiclsISTUFLOW model runs were carried oitwas agreedthat, taking the range of

flows shown inError! Reference source not foundFigure3.1 and Figure3.2 into consideration, runs to the QMED
estimate for the total East Stoke inflogflume and weir combined) of 23.8 cumecs wolld sufficient tobroadly
represent the range of flows that would regularly be available for water lewglagement purposesUse of this anchor
design flow estimateavoided multiple simulations for broadly similar seasonal inflawd provided asinglebaseline

point from which changes due to water level management interventions could be assessed.

Throughot this study, it has been assumed that water level management objectives would be driven by the availability
of flood water from themain River Frome rather than floodwater frotime smaller, local scale catchments feeding the
drainage network on théloodplain. It should be noted that flooding from groundwatssurces was not considered
during this project. (Additionahformation regarding probabl@filtration of the varying soil types across the catchment

is available in a separate report which asseetblll data relevant to the achievement of water level management
objectives).
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Consequently, the selection of QMED (with an approximate return periodyet&s)which is generally éocident with
bankfull dischargand regularlocalised flooding is reasable For reference,iie WLMP document for the catchment

estimates bankfultlischarge at East Stoke 19 cumecs.
- = kil 4 6949
- A4 N 4 B39

01/03 - 31/05 East Stoke DMF's
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DMF (cumecs)
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01/10/1965 24/03/1971 13/09/1976 06/03/1982 27/08/1987 16/02/1993 09/08/1998 30/01/2004
Date
‘—E Stoke Weir E Stoke Flume E Stoke Total Q = = = Weir Median = = = Flume Median = = = Total Q Median‘

Figure3.1. Daily Mean Flow (DMF) data for the period_t]vlarch to 3F May for the entire flow record ér East Stoke.
Median of DMF serieshown on right of plot for reference.
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East Stoke DMFs - 01/11 - 28/02
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8.454
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Figure3.2. Daily Mean Flow (DMF) data for the period" November to 28 February for the entire flow record for
East Stoke Median of DMF sdesshown 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 thiésets, he downstreanboundary of the
ISISTUFLOW model was located the main River Frome to the souttast of Wareham A synthetic tidal hydrograph

was generated based on a characteristic tidal curve for Poole Harbour scaled to Environment Agéngyest Region

Report on Extreme Tide LevéRDMM/ Posford Haskoning, 2003) tidevel estimates (se&rror! 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 stlilg.archived information had not been subject

to quality control andcontained 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 {BL8-LOW frameworkvith confidence It is
understood that work is planned to improve thélity of this data in thefuture.

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 istwdg, necessary to collect an
entirely new set of topographical cross section dataering the main river, significant structures (including bridges and
culverts) andselected elements of the drainage network on the floodplaBurvey data collection focussed the land
holdings of interest and on selected areas of the floodplain teckhthe 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. Howewgance the draiage network is more accurately
represented in 1Devery effort was made to identify and include the main conduits within the ISIS donsaweral
subsidiarychannels on the floodplain, where not included in the topographical survey, were representegvéryng
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areas of the 2D, TUFLOW domain to ensure that floodwater at comparativefjolosvilows was directed along these
channels. This 2D approach to adding the ditches is suitable for giving adwaladndication 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 directlyotinected to the main river.The assumption was made that, at the start of all
simulations, the ditches in the 1D medrk would contain water t@pproximately0.5 ditch bankfull. This rough water

f SPSt 41 a | OKASOSR 0@ (K $thedzda8 of &ch 1Daditch éldment. a 6 SSG Sy Ay 3 Ff 26

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 noitlxpécried 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 managemen
options as installed to be attuned to observed catchment behaviour from year to {pra#.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 inclusia within the ISISUFLOW model framework, the LIDAR data forming the basis dbpugraphical
information covering the floodplain was checked agaisstveyedspot height informatiordistributed across the lower
Frome floodplairto ensure validity. Th&oot Mean Squared Error (RMSE) of the LIDAR data against the topographical
survey data was found to be within £100mpawithin the bounds of acceptable accuracgonsequently, no correction

was applied to the LIiDAR data.

Polygons were drawn around areasdiffering hydraulic roughness with reference to aerial photography, map data and
the unfiltered LiDAR Digital Elevation Model (DEM) supplied for the purposes of the profexte polygons were used

G2 RAOUGI (G40 thé TWFLOW Bl€ndent of throdel. 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 floodplaig such as banks and roads.

3.3.3 Model Calibration

After construction of the ISTBUFLOW model framework, a calibration was attemptelt. should be noted thano
calibration data in the form of intermediary, objective water level measurements was available to verify model outputs
basal on events for which observed time series were availaldls.a result, calibration relied largely on the experience

of the modelling team to define realistic assessments of roughness values and model paraeatdravater levels
collected along the mairiver during the topographical survey.

Furthermore, although time series are available from an Enwiemt Agencymaintained tidal level monitoring auges
at Wareham, a datum was not available for this sifEhis data has also not been subject to qyatibntrol by the
hydrometric teams Consequently, it was not possiltie be confident in the validitpf the downstreantidal boundary
duringmodel calibration. An estimate of the datum was made during calibration using data from Novembeember
2007by backcalculating based on the surveyed water level at South Bridge, Warphaied against the observed tidal
time series

During the collection of survey data, water levels were colleaed the time of survey noted. This information was
paired wih inflow data from the East Stoke gaugesl model roughness values altered within the 1D ISIS element to
attempt to produce a reliable fit to the observed dateSince the survey was conducted when water levels were
relatively hgh within the main RiverrBme (with many of the measurements taken from a bpatncertainty is inherent

in each of the surveyed water level measurements.

Whilst attemptingcalibration,a large error in the Environment Agency datum held for the maih &a&e flume gauging

station was discoveredModel construction relied on the validity of several cross sections collected at this gauge for the
Bye Report in the pasti.e. since cross section data was already available for the East Stoke flume, this structure was not
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re-surveyed forthe purposes of this projectlnitial model runs produced large errors in the fit to observed water levels
in the gauge area. Subsequent investigation asglts by both the surveyor used by the consortium and the
Environment Agency survey tearardirmed an error of 0.64metres in the datum archived for the si@onsequently,
EVY made adjustments to the cross section input into the ISIS modetdpressent thegauge using the new site datum
and reattempted calibration to the observed water lel¢ recorded during the survey.

Final model calibration for the main river, ISIS element of the mpd®luced a RMSE of £200mm for the 1D domain.
Given the uncertainties in the data used to attempt calibration, and the lack of further supporting irtformthis is
considered a reasonable fit-urther support for the quality of the modelling assumptions can be faaridspection 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 floodsogit years; and, since observed
inflow data for floods of recent years was not supportedaebyisable time series of tidal data at the lower end of the
model at Wareham- a consultation with members of the publallowed the opinions of local residentsgarding the
veracity of model performance to be gained.

The public meetingwas held at Furzebrook Village Hall, Wareham or2@ay 2008, during which model outputs and
the flooding mechanism as simulated within the catchment were displayed. Gemnabn regarding the quality of the
model output the flooding mechanisrand the flood outlines as produced to that data were positi¥éis was taken as
an indication that the model was a reasonable representation of the behaviour of the Lower Frarheneat during
flood events.

Further model simulations were carried out after this meetingnworporate 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 extentsflooding me&hanismwas evident on completion of the above
checks.

3.4 Baseline Results

Once model calibration had been completed, a series of baseline runs wengeted to give a series aésults from

which any changes due to the introduction of water level ngamaent structures could bassessed.These, and the
configuration of the boundaries used in the simulations, are listefainle3. It should be noted that, ilorder to ensure

that the fluvial and tidal peaks aaiided at some point within the simulation, the hydrograph used for the assessment of
baseline flood extergthad a long, flat peakun for the majority of each model simulatioWWhilst this situation is unlikely

to occur in reality, the outputs from modelsing an inflow of this type will be conservative and, with coincidence with a
GARFf LISF{1 3dzr Ny yGiSSR dzaAy3a (KA& | LILINE I OKesigngimethfod. (2 | LI

It should be noted that the principal aim of the modefliexercise as conducted for this study was an assessment of
flood risk pre and post the introduction of water level management structure$he approach taken to give baseline
flood extents is similar to that which would be used in a flood risk mappiaccise: however, it is believed that the level

of local risk to people and property within the local catchment is I@®@ansequently,lte model has been designed to
accommodate WLMP optiorgswith greatest survey data collection effort and attention ptadhe parcels of land under
consideration for this purposelt 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 prexisting model data for the catchment was beson the use of a broascaé 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 reptaton of catchment behaviour
during extreme events than the prexisting JFLOW output#\ comparative flood extent for the 16@ear simulation for
the Lower Frome from both JFLOW and-TBI&ELOW is included below figure3.3. The flood extent for the Lower
Frome from a QMED fluvial simulation is also shown beldvigare3.4. These results were used to assess the impact of
the introduction of WLMP structures and silgle achievement of broad WLMP goals.

Figure 3.5llustrates thebaseline flood extent derived from a fluviatipminated event (10§ear fluvial inflow with a
MHWS tidal boundary) against that derived from a tiddibminated event (20§ear tidal boundry paired with a
QMED fluvial inflow).Differences between the two simulations consist largely of a sligindpder flood extent athe

base of the catchment during the tidallominated event and a larger flood extent from the fluviallyminated event
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.

Table3 Baseline simulations and boundary configurations.

Return Period (yearSEvent Comment

Fluvial Tidal Tributaries

2 (QMED) | MHWS | 2 (QMED) Anchor event for WLMP options assessme
10 MHWS | 10 -/-

25 MHWS | 25 -/-

50 MHWS | 50 -/-

100 MHWS | 100 Exreme 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

Figure3.3. JFLOW and ISTRJFLOW flod extents: 10Byear return period (fluvial) simulation.
JFLOW outline in light blue; outline from this study in dark blue.

Figure3.3 clearly shows the difference between the JFLOW andy&ad flood maximum exints. Lower confidence
should be placed in thaccuracy of the JFLOW output due to the br@adle, automated approach used in derivation of
the JFLOW extent. Note that positional inaccuracies in the JFLOW flood extents are visigleaB.3 ¢ e.g. the
watercourse running from Luckfoi@vhich runs to parcel 28s displayed in the figuy¢o the main River Frome does not
follow the true mapped route of the underlying OS basemap.
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Figure3.5. Lower Frome flood extent: fluviallgominated extreme event
(100year fluvial, MHWS tidal dark blug vs tidally dominateéxtremeevent (200year tidal, QMED fluviallight blue.

3.5 Incorporation of WLMP Options

Water level management options were entered into the model post consultatiith the wider consortium teanas
informed by the performance of the model duritttge fluvial QMEDbaselinesimulation (for reasons discussed in Section
3.2.7). 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 sassesct 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 obsergeds ogposed to theoretical flows.This appoach 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 sttures, final modifications to the drainage network and floodplaivere
simulated within the ISFSUFLOW model.Details of the location and nature of the proposed alterations to the
catchment are showin Maps 14-19. Options as incorporated within thodel 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 ofsluices 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 tle options outlined iMMaps 14¢19 within the ISISTUFLOW model framework was effectedaltering

the baseline model. The changes made to the ISIS and TUFLOW elements of the model respectively are datliaed in

4. In order D 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 levelsithin the Frome catchment. Consequently, all examination of flood risk for high return
period events wasonducted with the sluices shut on the basis that this model configuration would result iighest
simulated water levels on the floodplain.

Talde 4 General approach to model reconfiguration to accommodate final WLMP options.

Option Alteration Comment

Pond to a maximum of 1n

Pond and scrape Lower TUFLOW LiDAR domail depth; scrape to a maximum (

0.5m depth
RaiseTUFLOW LiDAR domain
Low bunds 0.4 metresusing Zlines along| -/-
proposed bund location
Lower TUFLOW LiDAR dom| .. e
Gives indicative changes

Reintroduction of ditches

using 4ines along proposed
route of reintroduced ditch

drainage

Alter TUFLOW -lfhes along

Repair low points in rivdsanks bank top to fill low points

Alter TUFLOW bank lines

Create openings in river banks locations indicated

Add spill unit at bank full leve

Introduction of sluices 10 1SIS 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 logturn period simulations (QMEBNd 1 in 25year) anda highreturn
period simulation {00-year CC)

No increase in flood risk to local property in a tidalbminated event (QMED fluvial inflow paired with a 3@@ar CC
tidal boundaryg consistent with 106year CC fluvialldominated eveny

Flexibility in system meration in QMED simulationg i.e. sluices open and sluices closedconsistent 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 exté&nfor the baseline and proposed WLMP scenario.

Figure3.6, Figure3.7, Figure3.8 and Figue 3.9 show the comparative flood extent maxima for the baseline and WLMP
option models for QMED, the 1 in3&ar and 1 in 10§ear CC events respectively. ther detailsand discussion of the
flood extent resultscan be found on a landholding basis in Secti8irsl, 3.7.2 and3.7.3 below. None of the flood
outlines derived from models with the inclusion of the proposed WLMP scenarios showed a significsagenn 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 initi@idiog may be spread across the floodplain via

! Note that the field numbers shown on Maps @21 for West Mills Farm have been superceded by those shown on
Map 68

21



the drainage channels, the introduction of sluices and-level bunds to the catchment is expected to have minimal
bearing on the maximum flood extents at all locations considerBadat is, modelled observains that the introduction

of sluice and bund structures have little impact on flood extent are consistentamtiicipated catchment behaviour at
in high return period eventslt is expected that structures and leevel bunds will rapidly become overwhetd by
floodplain flow.

Figure3.6 shows changes to the flood extent for the lowest return period simulat@MED. Increases in maximum
extent (shown in red) are evident upstream of the sluice and bund structures as proposed with changes most prominent
in parcel 22n which an overall decrease in flood extent was simulated.

For the 1 in 25/ear event shown ifrigure3.7, the most prominent change was in the removal of flooding at this return
period from parcel 23.In the baseline situation,imulated fooding originally occurred via backwater running up the
culvert leading from parcel 23 to parcel 22 at Stoke Crosgimtgoduction of a sluicdirectly upstream of the culvest

this location (closed in the simulation) meant that back flow up the ctilve longer occurredeading to a decrease in
flood extent in this area.This same change is evident in the 4@ar CC fluvial evenFigure3.8) and the extreme tidal
event Figure3.9).

It should be noted thathe flooding mechanism at parcel 23 magt 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 referer@&8@887170). 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 ti&JEBIOW 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 iwitlgtaithe modelling
framework to assess thpotential for attainment of suitable conditions at QMEDIonetheless, thenodel outputs
shouldgive a reasonable indication tife relative impacts of the introduction of the proposed struetsi on flooding in

this parcelm 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 opigure3.11 and Figure3.12 show the same information in

more detail for the uppernd 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 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 othe 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 sqik @S @ fireZ ¥MFAWIQ 2F GKS aeadtsSy Aa
scheme will react to observed flows rather than breswdle, theoretical discharges as simulated in this feasibility study.

No attempt to simulate combinations of open and closed sluices has been nitiile this study.
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Figure3.6. Comparison of baseline and WLMP option flood extents: QMERote all sluices closedGreen¢ no change; blueg flooding removed; redc flooding
introduced.
(©Crown copyright. All rights resesd. Licence No 100046223)
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Figure3.7. Comparison of baseline and WLMP option flood extents: 1 iny2ar. Note all sluices closedGreeng no change; blue; flooding removed; redg flooding
introduced.
(©Crown copyright. All rights reserved. Licence No 100046223)
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Figure3.8. Comparison of baseline and WLMP option flood extents: #@far CC Note all sluices closedGreeng no change; blue; flooding removed; redg flooding
introduced.
(©Crown copyright. All rights reserved. Licence No 100046223)

25



Figure3.9. Comparison of baseline and WLMP option flood extents: tidadigminated event. Note all sluices closedGreen¢ no change; blue flooding removed;
red ¢ flooding introduced.
(©Crown copyright. All rights reserved. Licence No 100046223)
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Figure3.10. Comparison QMED WLMP option simulations: sluices open and sluices cl@eng no change; purple; flooding introduced by opening sluices; red

flooding introduced by closing sluices.
(©Crown copyright. All rights reserved. Licence No 100046223)
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Figure3.12. Lowe Frome comparison QMED WLMP option simulations: sluices open and sluices closed. @rearhange; purple; flooding introduced by opening

sluices; red; flooding introduced by closing sluices.
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3.7 West Mills Farm

West Mills Farm covensarcel numberd to 20. Figure3.13 and Figure3.14 show floodextents on this land holding for
the highest return periods simulategia fluviallydominated 108year CC event (18@ear CC fluvial inflow p&id with a
MHWS tidal boundary) and a tidalpminated extreme event for comparative purposes (QMED fluvial inflow paired
with a 2008year CQidal boundary). Little difference is visible between the baseline simulations and those iimgjuble
proposed W.MP options indicating that flood risk to property within this aredikely to remairunaffected in both a
tidally-dominatedand a fluvidl-dominatedevent.

An inspection of the simulated performance of the WLMP options in terms of the flexibilibegiroposed 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 showRigare3.15 and Figure3.16 respectively. Modelled

flood extents and depths were, broadly speaking, similar in both scenarios for the West Mills Farm landholdings under
consideration.

Figure3.17 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 il 15, 19 and 20.

An assessment of the potential for water to be held on the floodplain by closing theslascproposed was made by
comparing the baseline outputs and the WLMP option outputs at the peak of the simulated flowyapidown the
falling limb of the simulated hydrograph and at the base of the falling limb of the hydrograph at the lowest flow
simuated after the peak. The results are showirigure3.18, Figure3.19andFigure3.20respectively.

Although results at the peak flow simulated (showrFigure3.18) suggest that water levels may be marginally lower
than the baseline situation due tthe introduction of the proposed structures at this point in the simulatpmost
notably in parcels 11, 13, 14 and A&sults 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 t03.20, show that the structures proposed will successfully retaodfivater 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: 10§ear CC baseline vs. WLMP options (sluices closed) maximum flood extérégen¢ no change; blue; flooding removed; redg
flooding introduced
(©Crown copyright. All righ
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Figure 3.14. West Mills Farm: Tidal 26@ear CC baseline vs. WLMP options (sluices closed) maximum flood ex@mtenc no change; blue; flooding removed; red
¢ flooding introduced.
(©Crown copyright. All rights reseed. Licence No 100046223)
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Figure3.15. West Mills Farm: QMED WLMP options. Maximuspths¢ sluicesclosed.
(©Crown copyright. All rights reserved. Licence No 100046223)
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Figure3.16. West Mills Farm: QMED WLMP options. Maximum depgsluices open.
(©Crown copyright. All rights reserved. Licence No 100046223)

] / .; ._‘l L ". ‘:" ‘“"- tr~ 3
""‘Ei_;__ . West M‘ill_s@r_m

g” -
- S

5.0

34




Figure3.17. West Mills Farm: QMED WLMP options included. Difference in maximum moddbgths (sluices closethinus sluices open).
(©Crown copyright. All rights reserved. Licence No 100046223)
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Figure3.18. West Mills Farm: QMED Recession WLMP options. Event peakcflmageline vs sluices closed. Note thalue shows areas that no longer flooat this
point in the simulation
(©Crown copyright. All rights reserved. Licence No 100046223)

0.5

0.1

etres

36



Figure3.19. West Mills Farm: QMED Recession WLMP options. -ioht of recessioniib ¢ 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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Figure3.20. West Mills Farm: QMED RecessiWLMP options. Final point of recession lingkbaseline 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 cosrs parcel numbers 21, 24 and 2bigure3.21 and Figure3.22 show flood extents on this land holding
for the highest return periods simulateya fluviallydominated 10@year CC event (16gear CC fluvial inflow paired with

a MHWS tidal boundary) andtigally-dominated extreme event for comparative purposes (QMED fluvial inflow paired
with a 200year CC tidal boundary)isual inspection of the data revealed that a small amount of additional flooding was
simulated in parcel 21 in the tidaljominated extreme eventbut little changewas found elsewhere within the
landholding However, a shown inFigure3.21 and Figure3.22 the model results suggesghat no propertyin this area

will be placed at additional risk of flooding due to the introduction g proposed WLMP options in either a fluvially
dominated or tidallydominated 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 cdimhs during operation) was also made. Relative depths of water held on
the floodplain with sluices closed and sluices open are showRigare3.23 and Figure3.24 respectively. Modelled

flood extents and depths were, broadly speaking, similar in be#narios for the Manor Farm landholdings under
consideration. Figure3.25 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 bibleda the proposed scheme.

Figure3.27Figure3.26, Figure3.27 Figure3.28 demonstrate the modelled capability of the system to hold water on the
floodplain for longer via introduction of the proposed WLMRustures (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 tbd égtent 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 dhianced with a visible
increase in the extent, depth and duration of inundation from floodwater as simulated.
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Figure3.21. Manor Farm: 10§ear CC baseline vs. WLMP options (sluices closed) maximum flood ex@&mteng no change; blueg flooding removed; red; flooding
introduced.
(©Crown copyright. All rights reserved. Licence No 100046223)
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