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Summary

Floodplain Mapping - Model Study of the River Froms (Gloucestershire)
Final Report

Report EX 3191
August 1995

In September 1993 the National Rivers Authority - Sevem Trent Region
commissioned Wallingford Water, the joint venture between the Institute of
Hydrology and HR Wallingford, to carry out the *Floodplain Mapping, Model Study
of the River Frome (Gloucaestershire)® study.

This report gives a detailed description of the hydraulic modelling components of
the study, and provides a summary of the hydrological components which are
presented in detail in Report EX3171. The objective of the study was to develop
a computational hydraulic model for the purposaes of identifying flooded outlines
for events of various retum periods. The hydraulic model was constructed using
the SALMON-F modelling software, modified to cope with supercritical flows, and
was calbrated using observed data from three events, as well as data available
from the physical modelling study of the Ebley Mill gauging station, presented in
Report EX3170.
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1 Introduction

1.1 Background

In September 1993 the National Rivers Authority - Sevem Trent Region (NRA-
S$T) commissioned Wallingford Water (WW), the joint venture between the
Institute of Hydrology and HR Wallingford Ltd, to carry out the “Floodplain
Mapping, Model Study of the River Frome (Gloucestershire)” study. The overall
objective of the study was to construct and prove a hydraulic model of the River
Frome and a part of its tribiftary, the Nailsworth Stream, in order to determine the
flood plain limits for six design events of specified ratum periods of betwesn 5
and 150 years.

This report presents the results of the hydraulic modslling, including a summary
of the hydrological aspects of the overall study.

1.2 Terms of reference

The terms of reference for the overall study are defined in the NRA-ST document
“Brief for Report and Advisory Works. Floodplain Mapping - Mode! Study of the
River Frome (Gloucestershire)* of July 1993, the WW proposal to undettake the
study of August 1993 and the NRA-ST letter of appointment dated 24 September
1993. The terms of reference for the study can be summarised as follows:

(@) To identity current data availabilty for the Frome catchment, including
hydrological, hydrometric, topographical and structure data. Also to
detemine the requirement for further survey data required to complete the
model study.

(b) To undertake a hydrological study to identify suitable calibration events for
the modelling, and thereby to derive calibration and design inflows for the
hydraulic modelling.

(c) To set up and calibrate a hydrodynamic modsl of the River Frome batween
the Main River Limit at Whitehall Bridge and the flapped outfall into the River
Sevem, and of the Nailsworth Stream betwesn Egypt Mill and its confluence
with the River Frome,

(d) Todetermine the flood levelsforthe 1in 5, 1in 10, 1in 25, 1 in 50, 1 in 100
and 1 in 150 retum period flood events and plotthese on 1:2500 scale plans
of the River Frome.

{8) To identiy where existing residential and oomrmmlal property is at nsk from
flooding in &1 in 100 year flood event.

() To produce a reduced hydrodynamic model of the Lower Frome to

nvaestigate the effects of flows from the Gloucester and Sharpness canal in
relation to flows in the River Frome and levels in the River Sevem.

1 EX 3101, Ack 0GVHIS



1.3 The River Frome

The Frome catchment extends from the Cotswold escarpment in the east, on the
boundary of the Thames and Sevem-Trent regions of the NRA, through to the
River Sevem in the west. A plan of the catchmant and river system is shown in
Figure 1.

The River Frome rises in the north-east of the catchment, high up on the
Cotswold escarpment, and flows southwards. After about 10km the river tums
westwards for another 10km or so, during which it is joined by two tributaries from
the north, the Holly Brook and the Toadsmoor Brook. The Holly Brook
confluence is immediately downstream of the Main River Limit at Whitehall
Bridge. Along much of this stretch the river runs parallel to the now disused
Thames and Sevem Canal. The river then tums northwards for about 5km
towards Stroud, the largest town inthe catchment, and then westwards again fo
Ebley Mill gauging station. Ebley Milis the only gauging station in the catchment,
and has a catchment area of 198km’. Just upstream of Eblay Mill the river is
joined by the Nailsworth Stream from the south and the Dudbridge Bypass
channel from the north. The flood relief channel is part of the old Stroudwater
Canal and carries the flows from three northem tributaries, the Randwick Stream,
the Painswick Stream and the Slad Brook,

Downstream of Ebley Mill the river continues In a north-westerty direction for a
further 10km towards its confluence with the River Sevem. Along much of this
stretch the river runs parallel to the now disused Stroudwater Canal. About 1km
before the confluence, there is a flow diversion into the Gloucester and
Sharpness Canal for water supply to the Bristol area. The total catchment area
upstream of the River Sevem outfall is approximately 226km?.

The Frome catchment is characterised by stesp valley sides sloping down to the
fiver below and small, tast-flowing streams, particularty in the upper reachss.
The catchment lies on heavily fissured, oolitic limestone and liassic sandstone
bedrock which dips from the Thames basin into the Frome basin. The limestone
is thought to act like a sponge, absorbing water until the aquifers are filled; heavy
rain may take several days to have an sifect, and water lost in the upper reaches
may well reappear further downstream. The soils tend to be well-drained and
calcareous, with clayey, loamy and stony components. In the downstream part
of the catchment some non-calcareous soils are also present,

The catchment is predominantly agricultural in nature, though urban areas
account for around 10% of all land use. Bailey, Referance 1. assigned 50% of
the catchment to permanent grassland and 15% to temporary grassland, with
another 10% to woodland. The remander is mads up of crop-growing areas and
open water such as canals and lakes. The Stroud conurbation extends for some
distance along the nearby valley bottoms, as does the smaller town of Nailsworth
in the south of the catchment, Thers are also numerous small villages.

The river system itself can be visualised in terms of four reaches of differing
characteristics.

Frampton to Chalford Reach

This is the uppammost reach of the River Frome and is distinguished by the
general absence of floodplain development and a limited number of control
structures. The floodplain is relatively nammow and is shared with the relict
Thamas and Sevem Canal, which is thought to carry a proportion of the flow in
a flood event. The reservoir at Bakers Mill originally built to feed the canal is ona
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of the major features of the reach and the operation of the sluices at this location
may impact on downstream flooding. The downstream end of the reach is
characterised by housing devalopment adjacent to the floodplain, and a history
of flooding of the gardens of these properties. The end of the reach can be
considerad as the bridge at the main Stroud - Cirencester Road.

Chalford to Ebley Reach

From Chalford to Bowbridge the Frome is characterised by a generally narrow
floodplain and the large number of control structures and mill buildings. These
are at their most dense in the vicinity of Thrupp and the channel frequently splits
into two channels to provide separate flow paths around and through these. The
majority of the mills are disused and many of the controlling structures have been
rationalised in order to reduce the nead for maintenance and operation. A
number of the structures are derslict and inoperable. The Thames and Sevem
canal is Intermittent in this reach, though there appear to be a number of locations
where interaction between the canal and river could take place given sufficiently
high flows. Much of the floodplain is developed, and this includes both areas of
housing and industrial development of varying age. The end of the reach is
marked by the culvert carrying the river under the new Dudbridge road, and its
confluence with the Nailsworth Stream.

Ebley to the River Severn

This reach sees a marked change in the size of the river, pradominantly due to

the inflows of the Nailsworth Stream and Dudbridge Bypass channel in close

proximity to each other. Upstream of the Nailsworth Stream confluence the

floodplain remains relatively narrow and a number of mill structures occur but

downstream of this point the floodplain begins to sxpand and the mills bacome

less frequent. Downstream of Ebley Com Mill the river bifurcates into distinct.
north and south channels, and these do not have a confluence until Churchend, .
close to the M5 motorway. These channels in tum have a number of subsidiary

bifurcations, in particular the Banty Ditch which flows in-between the two

channels downstream of Ryeford. The enclosed floodplain is in the main

undeveloped, and is generally lower lying than the water level in the bounding

channaels.

Downstream of Churchend the river reverts to a single channel within a relatively
wide floodplain and the river is embanked to varying degrees. The embanking
is particularty pronounced downstream of Fromebridge Mill where low lying land
on the Sevem floodplain is protected. At Whitminsler part of the river flow is split
by a control structure into the old Stroudwater canal and from there into the
Gioucester and Sharpness canal which provides the water supply for Bristol. The
remaining flow passes into twin channels which cross under the Gloucaster and
Sharpness canal by siphon and then discharge into the River Sevem via a tide
flap. The area downstream of the canal and enciosed by the two channels is a
flood storage area designed to alleviate the possibilty of overtopping of the main
embankments onto the Sevem floodplain.

The Nailsworth Stream

The Nailsworth stream is the largest of the Frome tributaries and is similar in
characteristics to it. The stream flows through a small valley which it shares
throughout most of its length with the main Stroud - Nailsworth road. In its upper
reaches between Egypt Mill and Dunkirk Mill the channel is split and flows on
either side of disused mill ponds which are now heavily vegetated. The
confluance of the channels occurs within a culvert at the Critchley's site upstream
of Merrett's Mills and downstream of here the river is predominantly within a
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single channel. Thers are a number of mill structures though the control
structures on these are predominantly redundant. The floodplain is restricted
both by the proximity of the road and by the presence of new housing
development. Atthe Erinoid works the channel enters a long culvert before re-
emerging and then passing through a second culvert upstream of its confluence
with the River Frome. The stream drops over a weir into the old channel of the
River Frome at Dudbridge then passss under the new Dudbridge road by culvert
to join the River Frome.

2 Hydrological investigation

2.1 Introduction and approach to hydrological study

This section summarises the hydrological review of the Frome catchment which
is described in full in the "Hydrological Study*®, Report EX 3171. The review made
use of all available data to develop the best possible estimates of the design flood
inflows required by the hydraulic model, and also incorporated a routing model
of the Frome catchment and a physical model of the Eblsy Mill gauging station,
The methods of flood estimation adopted were those of the FSR and associated
documents. The FSR rainfall-runoff method, whereby rainfall is converted to flow
using a deterministic model of catchment response (the unit hydrograph and
losses model), was used for the hydrological modelling because it synthesises
the entire flow hydrograph, which is required in cases such as this where flood
routing is involved.

The three parameters of the unit hydrograph and losses modal are:

- Tp - time-to-peak of the unit hydrograph which detemmines how quickly the
catchment responds to effective rainfall input

- PR - the percentage runoff which is the ratio of total to effective rainfall i.e.
the proportion of the total rainfall input which becomes response runoff in
the river. PR is divided into two parts: a standard part SPR and a dynamic
part DPR

- ANSEF - the average non-separated flow or baseflow which represents the
flow in the river before the event started.

The model parameters are related via multiple regression equations to physical
and climatic characteristics of the catchment, enabling flood estimates to be
made at ungauged sites. However, the FSR recommaends that where possible
such no-data estimates are refined using observed data from or near to the site
of interest. There are three main ways in which these local data may be used,
all of which were used in the hydrological study:

- direct estimation of the model parameters at the subject site through
analysis of observed flood events

- indirect estimation of the modsl parametsrs at the subject sile through
estimation of hydrological characteristics which are related to the modal
parameters i.e. catchment lag tims is closely related to Tp, whilst baseflow
index is similarty related to SPR

- transfer of information from neighbouring catchmants.
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2.2 Physical modelling of Ebley Mill gauging station

The initial phase of the hydrological study involved a review of the out-of-bank
rating in use for the Ebley Mill gauging station. This was required for the purpose
of accurately assessing the magnitude of flows which were greater than bankfull,
and therefore beyond the range of the current rating curves. Under flood
conditions the weir, and the cableway site 90m upstream which is used to
calibrate the weir for in-bank flows, is bypassed by flow over the left bank
floodplain. The work was camied out using a physical model and the main
conclusions of tha study were as follows:

- the existing rating for the station was suitable lor flows up to 20m¥s (ie all
recorded flows to date)

- the rating derived from the physical model should be used for all flows in
excess of this (ie over bankfull).

The results of the physical modelling are presented in full in the "Ebley Mill
Gauging Station Physical Modsl Study”, Report EX 3170.

2.3 Data collection and processing

Both flood peak and flood event data were available for, and used in, the
hydrological study. The flood peak data were available in the form of annual
maxima data and peaks-over-threshold series. The flood event data typically
required for analysis include flow data for the event, recording raingauge data for
the event, daily raingauge data for both the event and the five days preceding it,
and estimated soil moisture deficit data at 09:00 on the first day of the event. Full
details of the events selected and the flood event analysis are given in the
Hydrology Report. The locations of gauges and stations from which data were
collected are shown in Figure 2.

Flow data were derived from stage data at Ebley Mill gauging station using the
appropriate rating equations. The flow record was continuous from January 1969
up to the present day, and data up to January 1994 wera collected, thus providing
24 complete water years of data. Major floods are known to have occurred
during the 1950's and 1960's, prior to installation of the gauging station, but
unfortunately very little information conceming these events was available. Some
stage data from six continuous level recorders within the catchment were also
available.

The raingauge coverage of the Frome catchment is adequate and genarally
better for daily gauges than for recording gauges. For a number of mid-1980's
avents only one recording gauge, usually some distance from the catchment, was
operational whereas the daily gauges were_spread fairly evenly across the
catchment. The only long-term recording raingauge within the Frome catchment
is at Miserden in the north-east of the catchment. There are, however, four long-
term recording raingauges nearby at Dowdeswaell, Longford and Netheridge, all
to the north, and at Kingswood to the south-west. In addition, three new
recording raingauges were installed within the catchment during May and June
1993 at Painswick Lodge in the north, at Eastington Park in the east, and at
Avening Court in the south. Daily raintall data from raingauges within or close to
the Frome catchmant were also obtained.

Estimates of soil moisture deficit at the beginning of each selected flood event

were oblained from three sites: Cheltenham to the north, Cirencester to the
south-sast, and Monmouth to the west on the Welsh side of the River Sevem.
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Physical and climatic characteristics of the catchments were derived from maps
to enable no-data estimates of the model parameters to be made using FSR
regression equations. These catchment characteristics are tabulated in the full
hydrological report.

2.4 Derivation of model parameters

The model parameters for the catchment to Ebley Mill were astimated directly by
analysis of observed flood events, and are presented in Table 1. The derived
model parameters showed considerable variation, indicating the dominating
influence of the downstream urban areas. Many of the flood peaks are clearly
the products of rapid urban runoff from the Stroud conurbation, which reach the
gauging station and pass before the rural runoff component has travelled
downstream. This made it necessary te divide the flood events into a group
whare the flow peak was caused by urban runoff, and a group where the entire
catchment was believed to be responding. This separation was done on the
basis of mean catchment lag time, as indicated in Table 1, and reduced the
vanability in the derived model parameters. Table 2 shows that the unit
hydrograph time-to-peak was some 44% lower than the value estimated from
catchment characteristics, whilst the standard percentage runoff was some 75%
lower than the value derived from catchment characteristics. Similarty the
catchment characteristics method overestimaled the baseflow by around 30%.

In another approach, hydrological characteristics which are related to the modal
parameters were estimated. The catchment lag analysis at Ebley Mill gave time-
to-peak values which agreed closely with those derived by flood event analysis,
as shown in Table 2. Lag analysis from the continuous level recorders in the
catchment gave inconclusive resulls. Standard percentage runoff derived from
BFi was similar to the value derived from catchment characteristics, whilst the
value derived from the new HOST classification was soms 60% higher, again as
shown in Table 2.

The model parameter values derived from the rainfall-runoff analysis were taken
as the best estimate of the true valuesfor the Frome catchment to Ebley Mill. The
limits of the hydrodynamic modal divided the Frome catchment naturally into six
subcatchments: Upper Frome, Toadsmoor Vallsy, Slad Brook, Painswick Stream,
Randwick Stream and Nailswoith Stream, as shown in Figure 3. The model
parameter information was transferred to each of these six subcatchments by
simply applying the ratio of the observed value to the no-data estimate of the
value at Ebley Mill to the no-data estimate for the particular subcatchment. The
model parameter values for each of the subcatchments are given in Table 3.

The transfer was straightforward for four of the subcatchments, where the
observed value used was that from the events showing a combined rural and
urban response, but more complicated for the Slad Brook and Nailsworth Stream
which both have a fairly large rural area with an urban area concentrated at the
catchment outfall. For these two subcatchments it was necessary to mode! the
rural and urban responsaes separately, with the rural parts modelled in the same
way as for the other four subcatchments, and the urban parts modelled in the
coiresponding way, but whare the observed value used was that from the events
resulting solely from urban runoff. The two hydrographs produced for each of
these subcatchments were added together to give the total subcatchment
hydrograph. Four remaining areas wars modslled as diffuse lateral inflows, with
their hydrographs modoelled on thoss for the Nailsworth Streamn subcatchment,
as described in the Hydrology Report.
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2.5 Derivation of calibration inflows and design inflows
inflow hydrographs were derived for calbration of the hydraulic model, and for the
six retum period design flood events. Three calibration events were chosen
occurring in December 1965, May 1979 and January 1994, and inflow
hydrographs were generated for each of the subcatchments using the observed
rainfall and soil moisture deficit data. Inflow hydrographs for retum periods of 5,
10, 25, 50, 100 and 150 years were generated for each of the subcatchments
using FSR design rainfall statistics.

The predicted calibration event inflow hydrographs for the May 1979 and January
1994 events were verified using a RIBAMAN routing modal of the River Frome,
and checking the shapes and peak flows of the routed hydrographs at Ebley Mill.
Resulls are presented in the Hydrology Report. The main feature apparent from
the routing was the inability of the FSR model to simulate the raised baseflow
component of the hydrograph which occurs after the event has passed. This
baseflow is interpreted as water entering into storage unrepresented in the model
for example groundwater. However, the routed inflows produced reasonable
estimates of peak discharge at Ebley Mill, which were conservative in terms of
the peak flow.

The tull hydrodynamic model, which provides a full representation of tlood plain
storage and performance of structures, produced a further reduction in peak flow
at Ebley Mill, possibly also associated with an increase in the length of time the
hydrograph took to peak. The design events were run only with the full
hydrodynarnic model, dus to the greater accuracy attributable to the results from
this model.

2.6 Flood frequency analysls
Flood frequency analysis was carried out at Ebley Mill using both the 24 years of
observed annual maxima data and a 26-year series including estimates of the

July 1968 and May 1969 flood peaks. The fitted cuives are presented in Figure
4,

The 24 years of observed flow dala at Eblay Mill, fitted by an EV1 line, appear to
be not wholly representative of the catchment. This record does not contain any
of the major floods reported in the 1950s and 1960's before the gauging station
was installed. The flood frequency curve fitted to the annual maxima steepens
significantly, trom EV1 to EV2, when the estimated 1968 flood peak is included.
It the 1968 flood is typical of large floods on the catchment, then this EV2 curve
may be a better representation of the true flood frequency curve of the catchment.
This EV2 curve corresponds fairly closely with the curve derived from the
observed mean annual flood and the region 4 growth curve.

The flood frequency curve derived from the routed design events has a higher
mean annual flood, but otherwiss is of similar gradient 1o the EV2 curve. This
would be expectad if large floods are missing from the observed record from
which the mean annual fiood was derived. The curve from routed flows
corresponds fairly closely with the curve derived from the observed mean annual
flood and the region 6/7 growth curve. This suggests that the behaviour of the
Frome catchment may be more like that of catchments in the neighbouring
Thames basin, than that of catchments in the Sevem region.

A fairty narrow band can be defined which indicates the most likely position of the

true flood frequency curve for the Frome at Ebley Mill. This band has a width of
about 3 m’s™" at the low (5-year) retum period end, and widens to about 8 m’s™
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al 150-years retum period. The flood frequency curve derived from the routed
flows forms the upper mit of this band, and it may be possible to narrow the band
by further data collaction and analysis.

3 The hydraulic model

3.1 General description

The hydraulic model was constructed using the HR package SALMON-F, which
is a general purpose river simulation model suitable for branched and looped
river systems. It can include floodplains where the water level is the same on the
floodplain as in the adjacent channel, or floodplains which are separated from,
and have difterent water levels to, the river. The version of SALMON-F usad for
the River Frome modelling includes the ability to spill directly between adjacent
channels as well as a modification 1o the calculation of channe! flow which ellows
the model to cope with the occurrence of supercritical flows.

A SALMON-F model is constructed by dividing the area to be modslled into cells
which can be of varying types including river, structure, junction and floodplain,
The cell boundaries can be made up of river sections, embankment sactions,
floodplain or causeway sections or no-tliow boundaries which act as a hard
boundary to the flow domain. Structures can be incorporated either within
structure calls, which allow multiple structure elements at a particular location, or
within embankments and causeways.

It is assumed within the software that the water level is constant across any
section, and that the direction of flow is petpendicular to that section. The
selection of section location is therefore critical. Storage in floodplain cells is
calculated from a tabulation of storage area against water depth used in
conjunction with the flow into and out of the call.

Inflows to the model are given at the upstream model boundaries, and tributary
mflows can be specified betwean adjacent river sections. Lateral inflows can also
be specified to allow a hydrograph to be input over a reach of the modal.
Downstream boundaries within the model require either a stage hydrograph or
a rating curve.

3.2 Avallabllity of survey data

At the outset of the study all availabls floodplain and channel survey data wera
collected from the NRA-ST officas at Tewkesbury. These data were then collated
in order to identify possible shortialls in the data availabilty. The data nitially
supplied included the following:

contoured floodplain plans for the River Frome between the A38 and the
River Sevemn (from the River Sevem floodplain survey - Cartographical
Services)

- contoured floodplain plans for the River Frome between the A38 and
Chalford (Cartographical Services)

- contoured & spot height plans for the River Frome from Chalford to

. Whitehall Bridge

- channel and structure survey forthe River Frome between Millend Mills and
Stanley Mills (1984)

- channet and structure survey forthe River Frome between the River Savem
and Meadow Bridge, between Stanley Mills and Whitehall Bridge, and of the
Dudbridge Bypass channel (Simmons Survey Partnership - 1987)
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- channel survey for the River Frome between Whitminster Wair and the M5
motorway (Land Development Services - 1990)

- channe! survey for the River Frome between Whitminster Weir and the A38
(NRA - 1991).

Additionally, a survey was carried out by Merrett Survey Partnership in 1992 of
the following reaches of the Frome:

- River Frome right channel downstream of Whitminster House (reach 1)

- Fromebridge Mill bypass and mill channels downstream of the A38 (reaches
2and 3)

- A38 to Millend Mill {reach 5)

- Churchend Mill bypass channel (reach 4)

- Meadow Bridge fo railway upstream of Bond's Mill (reach €)

- Bond's Mill culvert channal (reach 7)

- Railway upstream of Bond's Mill to the bifurcation downstream of Ebley
Com Mill {reach 8)

- Stanley Mills to the bifurcation downstream of Ebley Com Mill (reach 9)

- Fromehall Mill to the Thames and Severn Canal siphon (reach 10)

- Bowbridge to Gniffin Mill estate (reach 11)

- Gritfin Mill estate right hand channel {reach 12)

- Phoenix Mill to Bimscombe Pond (reach 14)

- Brimscombe Port to St Marys Mills (reach 17).

The above surveys totalled ¢.600 sections and provided the majority of data
required for the construction of the Frome hydraulic model, with some exceptions.
Initially, additional survey were identified as being required for the construction
of the physical model and ten sections were surveyed along the Ebley reach of
the river by Cartographical Services in December 1993 for this purpose. Further
data were required for the whole of the Nailsworth Stream, and for the reach of
the Frome upstream of Golden Valley Lock, and also for a large number of
structures throughout the River Frome valley which had either not been surveyed
previously or for which the available survey data was insufficient. In total an extra
420 sections ware identified as being required, 168 on the Nailsworth Stream, 39
on the upper reach of the Frome and 213 as infill for the previous surveys. The
survey data were collected by HR Wallingford's survey team under a separate
contract and as such details of the survey work are not given hers. A set of
master plans indicating the locations of all the Frome survey data has been
prepared for the purmposes of this study and these have been supplied separately
to NRA-ST along with the surveyed section data itseM.

3.3 The River Frome Models

Due to the length of the reach and the complexity of the features to be modelled,
the overall modsl was subdivided into three separate sub-models. The Upper
Frome sub-model extended from Whitehall Bridge t¢ upstream of the Bath Road
Bridge in Stroud, the Lower Frome sub-mode! extended from the downstream
end of this first model to the outfall into the River Sevem at Framilode, and the
Nailsworth Stream sub-model comprised the reach of the Nailsworth Stream
between Egypt Mill to downstream of the weir at the Frome confluence at
Dudbridge. The schematisation of each modael is described in detail in Section
34.
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3.4 Model schematisation
The mode! schematisation for the each of the sub-miodels was undertaken with
regard to the need to represent the following:

- structures within the modelled reach

- areas of floodplain storage and ficodplain flow separated from the channsl
by natural or man-made embankments

- the potential for flow between adjacent channels

- adequate representation of flow splits

- adequate resolution of the channel, particularly in steep reaches.

Schematic drawings of the River Frome models have been produced detailing the
location and extent of each of the model sections, plotted at 1:2500 scale for
direct comparison with the contoured plans. These drawings are presented in
Volume 2 of this report and a summary of the schematisation is provided in Table
4,

The Upper Frome sub-model

The Upper Frome sub-modsl included a total of 482 sections, of which 343 were
river sections, 110 were embankments and the remainder floodplain sections.
A total of 83 structure complexes were modelled, of which 28 were bridges. The
majority of the river was modellad using river sactions representing both the
channel and adjacent floodplain. However, 40 floodp!lain cells were usad in the
following locations:

Griffin's Mill - aflow path overland above the mill culvert
{floodplain cell 107)
Thrupp works - aflow path around the works separated

from the channel (floodplain cell 108)

Brimscombe Football Ground floodplain storage (floodplain cell 109)

Brimscombe Pond - allow path from upstream of Brimscombe
Mill Pond Culvert 1o the channel
downstream of the control sluices
{floodplain ¢ells 110, 111)

Brimscombe Port - floodplain sterage and a separate flow path
around the Brimscombse Port area
(floodplain cells 112, 113, 114, 115)

Wimberey Mills - foodplain storage and a separate overland
flow path avoiding the culverts (floodplain
calls 118, 117)

St Marys Mill - foodplain storage between the river and

the canal upstream of St Marys House
Culvert (floodplain cell 118)

Chalford Industrial Estate - foodplain sterage and overland flow route
avoiding the culverts (floodplain cells 119,
120)

Golden Valley - floodplain storage and flow route on the

right floodplain between Bakers Mill and
Goiden Valley Lock (floodplain cells 121 to
136)

Bakers Mill - Bakers Mill reservoir is represented by a
serias of floodplain cells between the canal
and the river (floodplain cells 137, 138,
139, 140)
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Puck Mill to Whitehall Bridge - floodplain storage and flow paths adjacent
to the river (floedplain cells 141 to 147).

The disused Thames and Sevem Canal was included in the model as two
separate river reaches. The first of these began at the siphon downstream of
Arundell Mill and continued up to the caravan park at Brimscombe. The second
reach bagan upstream of Brimscombe Port, and then ran continuously up to the
upstreamn model imit at Whitehall Bridge. Where interaction was possible either
between adjacent branches of the river or between the river and the canal,
embaniments wera incorporated into the model allowing direct spilling betwaen
the two channels. Spills of this type werse included in the following areas:

Arundell Mill - between the canal and the millpond, and around
the siphons

Bowbridge - between the canal and the river in the area of
Bowbridge housing estate

Giiffin's Mill - betwsen the twin branches of the river
downstream of Grifiin's Mill

Giriffin Mill Estate - between the canal and the river

Phosenix Mill - between the twin branches of the river and also
between the canal and the river

Boume Mill - between the canal and the river and between
the upper and lower lavals of the river

Wimberey Mills - between the canal and the river

St Marys Mill - between the canal and the river adjacent to St
Marys Mill Weir

lles Mill - between the upper and lower branches of the
river upstream of lles Mill Bypass Sluices

Balvedere Mill - between the canal and the mill pond adjacent to
Belvadere Pond Bridge

Golden Valley - throughout the reach bstween Golkden Valley
Lock and Whitshall Bridge between the river and
the canal.

The Lower Frome sub-model

The Lower Frome sub-mode! included a total of 765 sections, of which 354 were
river sections, 267 embankments and the remainder floodplain sections. A total
of 69 structure complexes were modelled, of which 23 were bridges. Unlike the
Upper Frome sub-model this reach included significantly more floodplain cells
{112) in the following areas:
Gloucester & Sharpness Canal - floodplain storage between the twin
amms of the River Frome and the-
Gloucester and Sharpness canal,
and adjacent to Wheatenhurst
Sluices (floodplain cells 1 to 10)
Walk Rhine to Fromebridge Mill . embanked floodplain storage
(floodplain cells 11 to 20)

Fromebridge Mill

to Meadow Bridge - left and nght bank embanked
floodplain storage (floodplain cells 21
to 40)

Meadow Bridge

to Ebley Refuse Tip - central floodplain between the

northem and southem branchas of
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the River Frome {floodplain cells 41
to 52, 58 to 63, 6910 73, 79 10 92)

Beards Mill - left bank floodplain adjacent to the
mill (floodplain cells 53 to 57)
Bridgend Mill - figit bank floodplain between

Bridgend Kennels and the railway
embankment (floodplain cells 64 to
68)

Banty Ditch - floodplain between the northem arm
of the River Frome and Banty Ditch
(floodplain cells 74 to 78, 83, 84)

Ryeford Stroudwater Canal - representation of the storage within
the canal adjacent to Ryeford Saw
Mills

Redhill Bridge - left bank floodplain adjacent to the

southern amm of the River Frome
{floodplain cells 93A 1o 95A)

Ebley Com Mill . floodplain storage between the mill
channel and the bypass channel and
on both banks upstream of the mill
{{loodplain cells 93 to 95)

Eblay Mill . left bank floodplain adjacent to the
gauging station and storage on the
fugby ground betwaen the Dudbridge
Bypass channel and the River Frome
(floodplain cells 98 to 101)

Fromehall Mill - upstream mill pond and adjacent
floodplain (floodplain cells 102, 103)

Lodgemore Mill - storage upstream of the mill between
the River Frome and the Stroudwater
canal.

As with the Upper Frome sub-model smbankments were included to allow dirsct
spilling between channels where there was no appreciable storage between
them, or where the floodplain in each channel was being modelled as par of the
river channal section. Spills of this type were incorporated in the following
locations:

Meadow Bridge - betwesn the twin branches of the river,
downstream of Meadow Bridge

Churchend - between the Churchend weir and bypass
channels

Bonds Mill - between the culvert and bypass channels

downstream of Bonds Mill,

The Stroudwater Canal was not modelled explicitly in its lower reaches, the
storage associated with this being incorporated into the associated floodplain
cells where appropriate. The canal adjacent to Ryeford Saw Mills was
represented as a single floodplain cell which provided storags in the avent of
overtopping of the embankment between the canal and the northem am of the
river. The Dudbridge Bypass channel was modelled as a river reach, using weirs
to represent the residual structures at sach of the locks.

It should be noted that none of the River Sevem Floodplain between the
Gloucaster and Sharpness canal and the River Sevem was modelled. However
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the model is capable of identitying if flow occurs over the embaniksnents without
modelling the exact floodplain levels that occur.

The Nallsworth Stream sub-model

The Nailsworth Stream sub-model was significantly smaller than the Upper and
Lower Frome sub-modals, including a total of 200 sections, of which 165 wers
river sections. However, 45 structures were still modelled, 22 of which were
bridges, in what is a relatively short reach compared to the other models. As no
confoured floodplain data were available for the Nalilsworth Stream, the
schematisation was based on the surveyed sections. In consequence, floodplain
cells were only used in one location, upstream of Dunkirk Mills, in order to
represant a sequence of mill ponds.

For the majority of its lower length the river only has a single channel.
Downstream of Egypt Mill howsever, the channet splits initially into two, and then
again nto thres at Dunkirk Mills. Flows into the left hand channel downstream of
Egypt Mills occur through a water wheel which is opsrated regularly as a feature
associated with the hotel which now occupies the site. For the purposaes of the
modelling, it has been assumed that the flow in this channel if negligible
compared to the flow in the main river channel. The laft hand channsl therefors
begins downstream of Egypt Mills, close 1o the link channel between the two
streams where it has been assumed that flows into the left hand channel may be
signfficant. The channels recombine in the area of Critchley's works. In order to
represent satisfactorily the flows in the area of Critchley’s, smbankments were
used betwaen the adjacent channels to allow for exchanges of water between
them.

3.5 Topographical data

River section data were takan from all of the pravious surveys which covered the
reach, including data from the 1984, 1987, 1992 and 1994 surveys. The data
were imported into AutoCAD as three dimensional xyz string data, and this then
allowed the use of the KeySALMON modal buikder developed by Key Systems
for use with SALMON-F. KeySALMON allows the surveyed data and other data
digitised into the AutoCAD drawing to be manipulated into a form for direct
importation into SALMON-F, Thus each mode} section can be labelled on screan,
model cells can be constructed and the appropriate data then associated with
each cell.

River sections were directly imported by identifying the spatial location of the
ends of each section on the 1:2500 scale contoured plans, and from this
calculating the xyz coordinate of each point on the section. These strings of
coordinatas werae then imported into AutoCAD to give a set of three dimensional
polylines. Once the sections to be used in the model had been identified, these
wero then inspected and where necassary they were extended to covsr the full
width of the floodplain by digitising further data points from the contoured plans.
Whaere embankments and floodplains were being used, these were also digitised
as polylines directly from the contoured plans.

Once all the section data had besn imported, KeySALMON was used to define
the cell network for the model, and to labet each of the model sections. For
simplicity the model sections were re-numbered using a standard system since
it was not possible to produce a satisfactory labelling system which referenced
the section numberings used in the previous surveys. However, the origin of any
particular modsl section can be detarmined by visual inspection of the section
location and model layout plans supplied.
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Fioodplain cell data where required were extracted by digitising areas from the
contoured plans, again within AutoCAD. The storage volume in any cell is
specified by a stage-area table defining the area covered by water within a
floodplain cell at a particular stage.

Roughness coefficients for the model were based on an assessment of the
channels being modelled. Howsvar, initially the channel roughness was set to
a ks length of 0.60m in the channel, and 2.0m on the floodplain throughout the
model.

3.6 Bridge data

SALMON-F uses a sepamte module to cakculate tables of afflux for bridges within
the modelled reach using the United States Bureau of Public Roads method,
Reference 2. The module calculates afflux tables based on a comparison of the
hydraulic properties of the bridge sits with and without the bridge present. These
tables are then referenced by the simulation program and appropriate values of
bridge afflux obtained. A limitation of the method is that it is unable to cope
adequately with supercritical flows at a bridge structure, and these were
encountered in a number of places in the River Frome sub-models, primarily due
to the steepness of the modelled channels. In each case where this was a
problem, attempts were initially made to model the structure using the USBPR
method prior to adopting an alternative representation of the structure.

The USBPR method requires information about each bridge structure to be
abstracted from the structure drawings and plans of the bridge site. This includes
data on the shape of the bridge abutments and piers, on the skew angle of the
bridge structurs to the direction of flow on both the floodplain and in the channel,
and a surveyed section of the channel and floodplain itself.

In the three River Frome sub-models a total of 73 bridge structures were
modelled using the USBPR method. Tables 5, 6 and 7 detail list all the structures
modelled and the representation used in each case. The USBPR method was
unable to cope with a number of the structurss initially modelled as bridges and
these were subsequently changed to an altemative structure type. The bridges
where this was necessary in the Upper Frome sub-modsl| were as follows:

Griffin Mill Footbridge
Brimscomba Mill Pond Culvent
Bensons Culvart

Wimberey Mills Culvert 1
Wimberley Mills Culvert 2
Chalford Chairs Culvert
Thanet House Bridge

Red Lion Bridge.

In the Lower Frome sub-modal:
Lodgemore Mills Culvert

GWR Embankment Bridge

Banty Ditch Culvert.

And in the Nailsworth Stream sub-mods!:

Erinoid Bridge
Cotswold House Bridge
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Frogmarsh Lane Bridge.

in each case except for Erinoid Bridge a discrete headloss was used to replace
the bridge. Erinoid Bridge was replaced with a sluice as the use of a head loss
produced an instability in the model which could not be resolved.

3.7 Structure data

Of the 187 structure complexes included in all three models, 73 were bridges,
and as such the incorporation of the data for these has been discussed in section
3.6. Whaere culverts were present in the modelled reach these were, in the main,
beyond the limit of applicability of the USBPR method since a significant headloss
is usually associated with them. The representation of a culvert was therefore
dependent on its characteristics. Culverts with control structures, for instance a
woeir or a sluice, were modelled as sluices. In the case of a culvert with a weir
control, the sluice opening was set to be a constant value and the sluice width
then adjusted. This then allows the sluice to have the correct area of opening
and to surcharge at approximately the comrect lavel as the culvert being modelled.
Where there was no pronounced control structure at the opening, the culvert was
in the majority of cases represented as a discrete headloss.

Shuice gates, weirs and siphons on the river were represented using the
appropriale structure type within SALMON-F. Where a weir had crests at varying
levels, or where sluices and weirs occurred at a location in combination, muttiple

- structure elements wers included within a structurs cell to represent this. The

locks on the Thames and Sevem and Stroudwater canals which use weirs to
impound the correct upstream level of water were all represented as weirs.
However, in a number of cases a low leve! sluice was also incorporated into the
structure cell for the waeir in order to lower the upstream water lavel to that which
was observed as being "normal®. This was necessary as in some reaches the
waeir at the upstream cill of the lock is at a high level, but the openings by which
the lock would have been filled when in use are at a lower level and provide the
normal drainage for the reach.

Initial discharge and drowning coefficients for each structure were derived by an
assessment of each based on site visits, photographs and experience of
coefficients used in previous modelling studies. In effect each structure was
grouped into a set of similar structures, and each group was then ranked and
default coefficients assigned to the group. For instance, all structures in group
1 would be expacted to have standard discharge coefficients (a Cd of 1.0), all
structures in group 2 a coefficient of 0.9 and so on. This system potentially allows
any calibration data which is available for one structure to be extended to all
similar structures being modslled. )

Sluice openings were identified for each structure by inspection of the survey
drawings and of the structures on the ground. For the purposes of the modelling,
the maximum opening and the apparent nonmal opening were identified, together
with whether or not it was feasible to operate the gate. Tables 8, 9 and 10 give
the sluice gate openings used in each of the models. The “gates” which are fixed
represant structuras which it is either not feasible to operate, primarily due to the
dereliction of many of them, or which represent culverts and other features for
which an orifice type flow equation is suitable. The maximum and minimum
openings for moveable gates are also identified.

Embankment structures were incomporated In locations where they were
observed or known to exist. These included culverts through embankments at
road and rail crossings of the valley, as well as links between the river and canal
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system where these could be clearly dentified and were thought to be significant.
Table 11 gives a list of the culverts and other embankment structures included
in the models,

3.8 Hydrometric data

The Upper Frome sub-model

Inflows for the sub-modals were required at all upstream reach ends, where
tributaries entered the main channels and as lateral inflows along particular
reaches. Figure 3 shows the ten Frome sub-catchments for which hydrological
estimates ware produced for the calibration and design events. The Upper
Frome catchment provides the upsiream input to the River Frome at section
RFA_389. A tributary point inflow is included for the Toadsmoor Stream at
Wimberley Mills, betwesn sections RFA_278 and RFA_279. The upstream
boundaries of the Thames and Sevem Canal reaches have nominal inflows at
SCC_070 and at SCB_024 in order to ensure that there is always some flow
along these reaches. The lateral inflow of the Upper Middle Frome catchment is
proportioned along the various reaches between RFA_175 and RFA_278 using
scaling factors based on thea lengths of each reach. These scaling factors are
necessary as a lateral inflow can only be incotporated along a single reach, and
cannot bridge across junctions betwsen reaches. The scaling factors applied are
given in Table 12.

The downstream condition for each of the model downstream boundaries is
provided by a mating curve. For the River Frome at section RFA_175 this is
based on the conveyance table used by the modsl for this section. For the two
downstream ends of the canal reaches, the rating allows a flow at all levels
equivalent to the constant inflow included at the upstream end. As a result the
canal reaches will cause ponding al their downstream ends of any additional flow
and this will then overflow as appropriate once all available storage is filled.

The Lower Frome sub-model

The Lower Frome sub-model takes as its upstream boundary at RFA_175 the
predicted flow from the Upper Frome sub-mods! at the same section. Similarty
the flow upstream of the Nailsworth Stream outfall weir al section NSA_002 is
provided by the flow hydrograph taken from the Nailsworth Stream model at the
same point. The upstream inflow for the Dudbridge Bypass channel at SCA_016
is provided by the Slad Brook hydrograph, and the Painswick Stream is then
spectied into the same reach of channel as a tributary inflow between SCA_011
and SCA_012. Similarty the Randwick Stream forms a tributary inflow between
SCC_005 and SCC_006. These arathe main inflows to the Lower Frome sub-
model.

The downstream boundary for the Lower Frome sub-model is provided by the
River Sevem downstream of the tida flap in the River Sevem embankments and
close to the Epney level gauge. This is atidal reach of the River Sevem and as
such the stage boundary is specified directly to the model as a hydrograph.

Lateral nflows to the model are provided from bath the Lower Middle Frome and
Lower Frome catchments and, as for the Upper Frome sub-model, these were
proportioned throughout the appropriate reaches of the model using scaling
tactors based on the relative reach lengths, Table 12. Nominal boundary inflows
ware also provided at RFM_003 and RFX_007. RFM_003 is the upstream end
of the channel which flows out from under Stanley Mills but which now appears
to camry no flow through the mill. The inflow is provided as a means of including
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this reach ot channel in the model. This is also the case for RFX_007, which is
the upsiream end of the old River Frome adjacent to the Nailsworth Stream
where the Dudbridge Culverts now carry the diverted River Frome.

The Naillsworth Stream sub-model

The Nailsworth Stream sub-model takes as its upstream inflow the hydrograph
for the Nailsworth Stream catchmant upstream of Egypt Mill at NSA_124. The
Lower Nailsworth catchment is specified as a series of lateral inflows to the
various modsl reaches, with scaling factors as shown in Table 12. A nominal
nflow is given for the upstream end of the reach leading from the Egypt Mill water
wheel, NSD_024, as this doas not necassarily camry flow at all times, and as such
would cause a failure of the model otherwise. The downstream boundary is given

_ as a stage hydrograph downstream of the Nailsworth Stream outtall welir, but with

aconstant level. This is necessary as the Nailsworth Stream sub-model has to
be run prior to the Lower Frome modesl, so no information on stage downstream
of the weir is available. However, due to the height of the outfall weir it is
reasonable to assume that the weir is in free-flow conditions for most of the time
and therefore the inflow from the Nailsworth Stream is independent of conditions
in the River Frome.

3.9 Initial conditions

Due to their complexity and size, attempts to nitialise the sub-models using water
levels calculated using nomal depth proved unsuccessful. The initialisation was
therefore undartaken by preventing flow over the modal embankments (by setting
their discharge coefficients to be zero), and then specifying a single water surface
throughout the model which was above the level of the highest channel section
(RFA_388). Asimulation was then run which gradually increased the discharge
into model boundaries, tributaries and lateral inflows to that required at the start
of the events to be modelled, whilst at the same time gradually lowering the
downstream tailwater level. This allowed the modelto achieve a stable state for
the required dischargse, theraby giving an in-channsl "cold" initial condition.

As floodplain cells had been used to represent Bakers Mill raservoir in the Upper
Frome sub-model and Ounkirk Mills ponds in the Nailsworth Stream sub-model
it was then necessary 1o allow flow onto the floodplains and generate a second
initial condition which included water in these floodplain cells. This was achieved
by setting the embanianents to have a low coefficient of discharge, allowing a
small amount of flow over them, and then running this simulation for sufficiently
long to allow the water loevels to equalise betwsen the channels and the
floodplain. This then gave a “warm® initial condition for the purpose of starting the
simulations. As a result, the Upper Frome and Nailsworth Stream sub-models
require an initial simulation in order to produce a stuitable initial condition, whilst
the Lower Frome sub-model can be Initialised directly.

4 Hydraulic model calibration

4.1 Calibration events

Three calibration events were specified for the model study, these being flood
events occuiring on:

() 5 January 1994

(i) 30 May 1979
(iiy 18 Decamber 1965,
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The January 1394 avent is the smaliest of the three events, being not much more
than bankfull at most locations in the model. The recorded peak flow at Ebley Mill
was 11.8mYs on 5 January 1894. However, the event was the largest since the
installation of the continuous leve! recorders and the availability of this data was
signiticant. The overall availability of data for this event is shown in the top part
of Table 13. Continuous level data were obtained from five of the six recorders,
the sixth being outside of the modelled area on the Painswick Stream. Peak level
data had also been obtained by NRA-ST from eight recorders which had been
read on either the 5 January or 23 February 1994. Flows and lavels at Ebley Mill
were also available for the event.

The 30 May 1973 event is the largest event for which flow data are available at
Ebley Mil, a peak flow of 19.2 m%s having been racorded, equivalent to a
bankfull event in this part of the river. As such, it was thought important to use
this event as part of the calibration procedurs, despite the absence of any other
level data elsewhere on the River Frome or Nailsworth Stream.

The December 1965 event is the largest on record for the River Frome for which
there are any observed level data available, and there were a large number of
observations made on the river system during the flood. However, the event
predated the nstallation of the level recorder at Ebley Mill and no peak level was
collected at this point. As a result, the peak flow for the event is unknown. A list
of locations where [evel data were collected is given in Table 13.

4.2 Tidal water levels at Framilode

Level data for the January 1994 even! at the Epney gauge on the River Severn
were supplied by NRA-ST for use in modelling the 1994 flood event. These data
were supplied in digital format and directly imported into the hydromstric data
files. At the time of the 1965 and 1979 events the Epney level recorder had not
been installed and as such no level data for the River Sevem ware available.
Whilst it would have been posshble to obtain level data for the downstream Lower
Frome sub-model boundary by running the River Sevem model with the observed
flows in the river and obsaerved tide curve at Avonmouth, this was discounted as
being outside of the scope of the current study. As such, the 1979 and 1965
events were both simulated with a constant water level in the River Sevem,
allowing a free outiall through the tidal flap on the River Frome at Framilods.

4.3 Fluvial inflows

The tluvial inflows for each model for sach calibration event were taken directly
from the flow hydrographs derived in the hydrological component of the study.
During the actual calibration there was some modification to the timings and to
the bassflows of these hydrographs, but these alterations are discussed in full in
the appropriate sections. The lateral inflow hydrographs were proportioned as
discussed in section 3.8

4.4 Calibration of Ebley Mill gauging station
In order to ensure that the model accurately modelled the relationship between
stage and discharge at Ebley Mill weir, cafbration was undertaken of a sub-modal
of the Ebley area. This extended from downstream of the confluence of the River
Frome and Naiisworth Stream to downstream of Ebley Mill bridge. This sub-
modael was calibrated against two sets of flows and levels:

- the May 1979 {lood event
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- the llows and levels recorded from the Ebley physical modal previously in
the study.

The work was undertaken by producing a small sub-model of the Ebley area,
extending between sactions RFA_133 and RFA_143 and neglecting the
Dudbridge Bypass canal, but otherwise identical to the same area in the Lower
Frome sub-model. Ebley Mill weir was spit up into three separate weir slements,
and these were given standard discharge coefficients. The recorded flow for the
May 1979 event or steady flows equivalent to those modelled in the physical
model study were then used as the upstream inflow for the model. The level at
RFA_139 was then matched to that recorded for the event by adjusting the
discharge coefficients for each of the three wair slements.

Calibration for the 1979 event was carriad out by using the recorded flows at
Ebley (predicted by the NRA rating from observed levels) as the model input,
whilst the downstream tailwater level was fixed at a constant 29.80m. This gave
free flow conditions over the weir throughout the event and this simplification can
be accepted as the physical mods! showed no signs of drowning of the weir until
flows in excess of 50 cumecs begin to surcharge the bridge downstream of the
weir. The embankment coefficients for the left bank around Ebley weir were
given a discharge coefficient and drowning ratio of 0.40, values shown in a
number of previous studies to provide an acceptable representation of flow over
embanianents. The weir flow coefficients for the three elements of the weir were
then adjusted until the predicted level hydrograph for the 1979 event matched
that observed at the station. A calibration to within 20mm was achieved
throughout the event, with the peak level being matched exactly. The stage
hydrograph from this calibration is shown in Figure 5.

Calibration for the steady flows modelled with the physical model was carried out
using a stepped flow hydrograph at the upstream boundary, which gave a series
of steady flows each of eight hours duration, whilst the matching physical model
tailwater lovels were applied to the downstream boundary. No further adjustment
of the weir or embankment coefficients was carried out during this calibration, and
the results are shown in Table 14. These show that, except at a flow of 20m?¥/s
where the predictions differ by 70mm, the physical model and SALMON-F model
agree to within 50mm for flows up to 50m®/s. Thisis sufficient to cover all the
flows to be modelled within this study (ie up to the 150 year retum period event).
The larger difference at the flow of 20m®/s occurs at approximately bankfull,
where the approximations within SALMON-F relating to the modelling of
embankments (a single mean level is calculated from the input data) have
greatest significance.

4.5 January 1994 event

For the January 1994 event, observed level data were available at the following
locations:

Upper Froms sub-modsl

- Thrupp {C3 continuous level gauge)
- Golden Valley (C4 continuous level gauge)
- Brimscombe (M6 peak level gauge)

- Chatford (M7 peak level gauge)
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Nailsworth Stream Model

- Persimon Homes  (C1 continuous lsvel gauge)
- Egypt Mill {C5 continuous level gauge)
- Woodchester (M10 paak level gauge)

Lowar Frome Modae$

- Dudbridge Weir (C2 continuous level recordsr)
- Ebley Mill weir {gauging station)

- Ryeford (M4 peak lavel gauge)

- Eastington (M1 peak level gauge)

- Wallbridge (M5 pesk lavel gatige)

- Upper Framilode {M8 peak level gauge)

- Saul {M9 peak level gauge).

These levals are delailed n Table 15. There is some doubt attached to the peak
levels recorded in the upper catchment, since a slightly higher event was
recorded in somse locations subsequent to that modelled for the calibration. The
levels wers read on the day of the peak of the calibration event, 5 January 1994,
at an unknown time, and also on 23 February. At a number of the peak level
recorders, the peak reading on 23 February exceeded that of 5 February,
implying a second, greater even! between the two dates. However, an
allemative possibility is that the peak levels were collected prior to the peak of the
event, and therefore that the second level may refar to the peak of the actual
calibration event. Additionally, the level record at the Thrupp and Golden Valley
gauges shown in Figures 8 and 9 does not show a hydrograph with a distinct
peak as such, but more a continuously incrsasing flow in this part of the river
throughout the event. There is some doubt with regard to the M9 and M8 gauges
at Saul and Framilode which, though both read on the same day, have a leve!
difference of 1.250m along a reach of ¢.700m in length, and which is controlled
by a structure.

The initial calibration for this event showed that the high underlying basetlows
were not being predicted by the hydrological model. In discussion with NRA-ST,
it was decided to raise the baseflow component of the hydrograph, though
without altering the peak of the evenl. This was achieved by identifying the
shortfall in baseflow at Ebley Mill wair, around 7m?/s, then proportioning this
additional flow required throughout the catchment based on the size of the
baseflow predicted by the hydrological study.

Additionally, from the timing of the paak at Dudbridge and at Egypt Mill it was
clear thal the hydrological inputs for the Nailsworth Stream, Painswick Stream,
Shad Brook and Ruscombe Brook all needed to be retarded slightly in order for
the time of the peak levels at Egypt Mil and Dudbridge Waeir to match with those
observed. As such, the inflows for the Slad Brook, Painswick Stream and
Ruscombe Brook have been delayed by 2.5 hours, and thoss for the Nailsworth
Straam and its lateral inflow by 1.5 hours. This modification was then carried into
the timings for the May 1979 and December 1965 calibration events and the
design events.

The calibration results at the continuous level recorders and at Ebley Mill for the
1994 event are shown in Figures 6 to 12, and a comparison of peak levels at all
sfles is given in Table 15. Accepting the nearest value for locations M6 and Ms5,
then all of the sites except for M7 and M3 are calibrated to within 80mm, with the
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majority calbrated to 50mm or better. These results are discussed in more detail
i section 4.9,

4.6 May 1979 flood event

For the event occuming on 30 May 1979, observed data is only available in the
form of tlows and levels at Ebley Mill, and these are plotted against the modal
predictions in Figures 13 and 14. However, levels at the calibration points used
for the 1994 event are also given for comparative purposes in Table 16.

The calibration plots show a peak stage at Ebley of 32.008m compared with a
recorded peak of 31.923m, a difference of 85mm. This difference must be
aftributable to the overprediction of the peak discharge at the site as the previous
calibration of Ebley Mill weir gives an exact stage match for the recorded
discharge. The peak flow prediction by the model is 21.3 m%s compared with the
rated flow of 19.2 m¥s, an overprediction of c10%. The shape of the
hydrographs is, however, reasonably good athough the high baseflow
component which persists after the paak of the event is not represented.
Because of the limited amount of data tor this avent, no adjustments of model
parameters were made and this event can therefore be considered as purely
veritying some of the mode| characteristics for flows up to bankfull at Ebley.

4.7 December 1965 flood event

The December 1965 event differs from the other two calibration events in that
there are a large number of level observations on the River Fromae for the event,
but no record of the flood hydrograph exists. The model inflows are therefore
purely based on the FSR modelling of the raintall for the event as discussed in
Chapter 2, without any flow validation data. The predicted stage and discharge
hydrographs at Ebley Mill are shown in Figures 15 and 16, and these indicate a
distinct triple peaked event. The level observations have been extracted by NRA-
ST from their level books, though the quality of a number of these is unknown.

The observed and predicted levals for this event are given in Table 17. It should
be noted that only one adjustment was made to the model to account for possible
changes in the condition and operation of structures since 1965. This was at
Meadow Mill where a significantly higher headloss coefficient was used to
reprasent the presence in 1965 of the mill sluices which have now been removed.

At the majority of locations for which observations are available, water levels are
matched to within 0.16m which in view of the uncertainties in the input
hydrographs, quality of level records and the date of the event is reasonable.

4.8 Calibration parameters

The final values of the roughness and structure coefficients are listed in Tables
18, 19, 20 and 21.

Channel roughnesses were increased from the initial values of a ks of 0.6m in the
channel and 2.0m on the floodplain where necessary in order to reproduce
observed water levels. However, as discussed in section 4.9, in much of the
model water lovels were found to be insensitive to roughness and were more
dspendent on local structure coefficients. Floodplain roughnesses were set to
a ks of 2.0m throughout the model.

As with roughness values, structure discharge and drowning coefficients were

adjusted where appropriate to reproduce observed water fevels. In general
structure coefficients were not altered unless the changes were justified.
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Changes in discharge coefficients from the default values were made where
approach conditions were thought to be particularty poor, for instance at very
harrow side sluicas,

Embankment coefficients were set throughout the model to have a discharge
cosfficient and drowning coefficient of 0.40. This is a value found in @ number of
studies to represent flow satisfactorily across an embankment modelled as a
broad crested weir which is the representation used within SALMON-F,

4.9 Discussion of calibration results

For the 1994 calibration event peak water levels are within 70mm throughout
most points in the model. The unsatisfactory calibration at M7 may be due to the
representation of the supercritical or near-supercritical tiow which occurs at this
site, combined with the complex channel geometry where the river tums through
90 degrees downstream of the gauge. The level at M3 appears to be
inconsistent with that at M8, indicating that the peak level recorded is either
inaccurate, or that it relates to a previous high level in this tidally influenced reach
of the Lower Frome. It seemns improbable that a water surface slope of 1 in 460
couid be obtained in a reach of the river where levels are in the backwater of the
tidal outtall.

For this avent the model also shows a general tendency for the modal to produce
a limited attenuation of the flood as it passes down the model and as such the
predicted peak occurs too early by about 1 hour and is over the observed poak
level by 58mm, Figure 12. The discharge peak sxceeds that calculated trom the
Ebley rating by about 1 m¥/s which represents an overastimate of 10%. The 1979
peak is overpredicted by a simiar amount, but the timing of the peak is
considerably better, Figure 14. Inthe case of both events the raised baseflow
occurring after the peak of the event is not found in the model. This is however
a function of the limitations of the hydrologica! study with regard to modelling
" baseflows and as such is discussed in detail elsowhere.

The 1965 event in theory provides the most valuable set of data against which to
calibrate due to this being a major flkod event. This has to be qualified by
reservations over the quality of the level readings which were collected sither
during or after the flood event; over changes in the river system which have taken
place over the 30 years since the event occurred; and over the lack of calibration
data against which to comparae the flows being modelled. Of these, changes in
the river system, and in particular in the condition of structures along tha river
system, many of which are now abandoned, are of the greatest concem. As
such, where predicted water levels have differed significantly from the observed,
then possible causes for this have been sought prior to camying out any
adjustment of the modef parameters. The predicted level is outside of the
recorded level by more than 150mmin a number of locations, and the locations
of these and possible causes are considered below.

RFA_331 - d/s Red Lion Pub
Supercritical flow occurs at this point, and the model has been simplified in terms

of the representation of the bridge in crder to copa with this. The predicted level
is, howevaer, conservative (+0.542m).
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RFA_271 - ws Boume Mill

This is a complex area where the exact location of the level is unknown, but is
downstream of a structure which is now disused, and is represented as such in
the model. itis possible that aperation of this structure would have produced a
significant increase in water levels immediately downstream of it.

RFA_232 - u/s Phoenix Mills

The level here is underpredicted, possibly due to operation of a now disused
sluice adjoining the weir structure.

RFA_184 - u/s canal syphon
RFA_183 - d/s canal syphon

The levels both upstream and downstream of the syphon are underpredicted for
unknown reasons. The upstream may possibly be due to blockage of the
syphon. Downstream the level could not be matched using roughness
coefficients and the reason for the discrepancy is unknown.

RFA_182 - w's Railway Mill

The location of the recorded level at this site is unknown and the structurs is now
dilapidated. The lower level may be a function of the blockage of the sluice parts
of the structure which has now occurred.

RFA_175 - Wallbridge
RFA_172 - Wallbridge

Both lavels in the vicinity of Wallbridge are below the observed levels. The level
at RFA_172 may be unraliable, whilst the exact location of the level assumed to
be at RFA_175 is unknown. The steepness of this reach of the river means that
supercritical flow is also present and this may also be a factor in the predicted
and observed level discrepancy.

RFA_104 - u/s Stanley Mills

The level at this site was taken immediately upstream of the sluices and weirs,
and as such may be in structure drawdown and as such is lower than that
predicted by the modal where the drawdown is assumed to occur within the
structure cell. The leval is hard to reconcile with that at RFA_106 upstream of-
Stanley Mills bridge which the model matches satlsfac‘lonly and which would
imply an improbable water surface gradient. -

RFA_0B7 - d/s Stanley Downton

The level at this point is underpradicted by 0.592m for reasons unknown. This
reach of the model is insensitive to roughness coefficients and is also outside of
any structure backwater. The level may be a function of a lack of discharge
within the southem channel, possibly due to the assumption that Stanley Mills
sluices are now inoperable.
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RFA_054 - u/s Millend Mills
RFA_053 - d/s Millend Mills

Both the levals at Millend appear excassively high. The level downstream of the
mill may be a function of the blockage of the footbridge in the reach downstrearn.
Howaver, the upstream level would imply overlopping of a 500m stretch of bank
which has a level 0.4m below that of the observed fevel. This seems unlikely as
the floodplain onto which the water is spilling would require a depth of water of
over 2m in order to drown the flow over the ernbankmaent.

RFD_061 - Upper Mills Bridge

The exact location of this level Is unknown, and it is in the vicinity of a bridge
which has been replaced racently in connaction with the new Ryeford Bypass.

RFD_033 - d/s Lower Mills

This observation is downstream of the now disused side sluices at the mill
complex. Operation of these sluices may have produced a different distribution
of flow around Lower Mills which may account for the higher level in this channel
than predicted.

CELL 52 - /s railway bank

This level was taken in the abandoned central channel of the Frome almost
immediately downstream of the railway. The level predicted by the modsl
represents an average for the cell in which the observation was taken. A
significant water surface siope along the abandoned channel may therefore result
in the observed level being significantly higher than the model prediction.

CELL 81 - d/s Ryeford Road

This level was taken close to the Ryeford Road in the vicinity of the railway, and
is associated with flow through the Ryaford Road bridge. The flow is predicted by
the SALMON-F model, but as in the case of the railway embankment above the
model gives a single level for the whole cell downstream of this point.
Addgtionally there have been significant improvements in the bridge and culvert
arrangements for water on the north side of the railway in association with the
new road bypass which follows the line of the railway and these may have a
significant effact on water levels in the upper part of the Banty Ditch.

CELL 89 - Ryeford Saw Mills
CELL 90 - Ryeford Saw Mills

Both water levels on the floodplain upstream of Ryaford Road occur at the
extreme edges of floodplain cells, for example close to the river bank. This
mmplies that they are likely to be higher than the model predictions as in the cases
discussed above due to the single water level predicted by SALMON-F for each
cell.

CELL 85 - Ryeford Canal
The storage cell representing the canal in this reach Is purely present In order to

provide an approximate representation of the storage available if the bank
between the river and canal upstream of Ryeford Saw Mills is overtopped.
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Changes in water level which may be a function of flow into the reach of the canal
from elsewhere or due to other links betwaen the canal and river which are not
included in the model are therefore not represented,

A general tendency observed in all three sub-models was an insensitivity to
roughness coefficients used for the channel reaches and also for the floodplain
sections. This is primarily thought to be a function of the steepness of the
majority of reachas, though also in many lecations roughness effects are masked
by the backwater effect from structures. As such, rmughness values have in the
main remained at the default values to which they were set in the initial phases
of the modelling. However, it has been observed in some reaches, in particular
the smaller channaels, that small increases in discharge can produce a significant
Increase in modelled levels. This suggests that whare flow splits occur in the
model, in particular in the Ryeford area, that level predictions are particularty
sensitive to the volume of water flowing along each channel.

§ Design event tests and floodplain mapping

5.1 Introduction

The primary aim of the Frome study was to produce maps defining the extent of
the Frome floodplain for a series of six design flood events. These represent
estimates of the 5, 10, 25, 50, 100 and 150 year flood events on the river system.
The inflows for the events were produced in the hydrological study as described
in Chapter 2, with the slight modifications in timing described in Section 4.5. The

tidal hydrograph for the events was based on results taken from the River Sevem:

model where the standard 6.7m repeating spring tide used throughout the Rivar
Sevem study was simulated with the mean flow in the fluvial part of the river.
This gave a tidal hydrograph at Framilode which repeats between 5.00m and
7.45m and which was used as a downsiream condition for all of the design event
tests. This hydrograph is shown in Figure 29,

There was no change to the model parametars between the final calibration of the
model and the design events. Howaever, it was assumed that all sluice gates
which were physically capable of being opserated would be tully open during the
design events, or in the case of the lower retum period events would be open as
far as necessary to prevent upstream flooding.

5.2 Test results

From the simulation of the six design events, peak levels at every model section
and floodplain cell were extracted giving a total of over 1000 points with predicted
peak water. levels. Additionally, peak flows at every river, floodplain,

embankment and causeway section were also extracted from the model. Fiom °

this information it was then possible to draw up the following presentations of the
modelled data. :

*  An annotated table of peak flow and level at every river section. This is

' presented in Appendix 1, together with the peak water levels for each
floodplain cell. Selected peak lavels for the design events are presented in
Table 22, along with the peak total flow predictad at Ebley Mill.

. Long profiles for each model reach of maximum water level, bank levels
and mintnum bed level. These were produced using AutoCAD and plotted
at a scale of 1:5000 horizontally and 1:50 vertically. Thesa plots are
presentad in Volume 3 of the report.
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. 1:2500 scale contoured floodplain maps of the River Frome. The 100 year
retum period flood event is prasentsd on one set of maps as Volume 4 of
this report, and the 5, 10, 25, 50 and 150 year events are presented as a
further set of maps in Volume 5. For the 100 year event, properties at risk
of flooding have been idantified from their threshold levels and are identified
on the maps. A list of all the threshold levels identifying the properties at
risk of flooding is presented in Appendix 2.

5.3 Method of floodplain mapping

The floodplain maps were produced by combining a number of separate sources
of information. Firstly, contoured plans of the River Frome at 1:2500 scale were
provided by NRA-ST. These had been produced from three separate aerial
surveys of the river and from a ground survey of the reach above Chalford. The
peak water lovels at every river section were then plotted onto these maps to
produce an envelops of channel and adjacent floodplain peak flood levels. The
peak water levels in each floodplain cell were then identified and plotted onto the
same setof maps. As each floodplain cell is assumed by SALMON-F to have a
single constant water level, it was then necessary to interpolate a continuous
water level surface from the level information. This then gave an envelope of
ftooding on the floodplain. The final refinement was to identify every location
whare flow onto the floodplain was cccumring and to extend the fiooded outlines
to include these areas as part of the floodplain.

One set of maps was produced for the 100 year event by this method whilst a
second set was used to depict the floded outlines tor the other events. Forthe
100 year flood event, maps indicating property threshold levels were supplied by
NRA-ST together with a listing of the addresses of each mapped property. From
this information, properties at risk of fiooding in the 100 year event were identified
as accurately as possible. The process was complicated by discrepancies
between the information on the list of threshold levels and information on the
threshokd maps. As such, some properties at risk of flooding may not appear on
the address list. Additionally, where properties are protected by features such as
walls then they may be indicated as at risk of flooding as without full surveys of
the protection it is not possible 1o identity whether they may be protacted from
channel or floodplain water levels.

For the Nailsworth Stream no information was available on genera! floodplain
levels and threshold levels so it has not been possible to prepare maps of flood
extent or lists of flooded properties. The results are therefore presented purely
in tabular form and do not form part of the following discussion.

5.4 Discussion of results

The following discussion of the results of the design event testing has besn
structured on a reach by reach basis for clarity. The reaches are presented in a
downstream to upstream order to match the order of the floodplain maps.

Wheatenhurst Sluices to A38

This reach is characterised by embankments on both sides of the river. The
results of the design tests indicate that neither embankment is overtopped by any
ot the design events tested. The right bank floodplain is dry for the 5 year event
butfor the larger magnitude events flow occurs through the culverts on the right
bank of the A38 and the floodptain then acts purely as floodplain storage. For the
100 year event and over the levels on the floodplain are sufficient for water to
reach the Stroudwater Canal though this ends in high ground at both ends. It has
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been assumed for the design tests that the sluice canying Walk Rhine under the
Frome will be closed to prevent flooding of the left bank floodplain from the Walk
Rhine. Afeature of this reach is the area of dry ground between the A38 culverts
and the river upstream of Fromebridge, which results from the line of higher
ground running from the A38 along the floodplain.

A38 to Meadow Bridge

Meadow Mill is the cause of a significant headloss for all the events modelled.
This has the effect of forcing tlow over the embankments upstream and onto the
floodplain for events exceeding 5 years in retum period. Localised flooding
occurs for the 10 year avent, whilst for the 25 year event the whole of the left
floodplain between the A38 and Meadow Bridge is flooded. Flow onto the right
floodplain upstream of Meadow Mill is prevented from passing down the
floodplain by the higher ground that the mill buildings stand on and as such right
bark flooding is restricted to upstreamn of Meadow Mill and downstream of the M5
embankment. The mill buildings themselves are at risk of fiooding in the 100 year
event. The caravan park immediately downstream of Meadow Bridge is just at
a sufficiently high level not to be flooded by the 100 year flood event but is
threatened by the 150 year event.

Meadow Bridge to Railway Embankment

This reach is characterised by the splitting of the river into two main southem and
northem channels. Howsver, in the vicinity of Churchend a number of smaller
channels are also present. The splitting of the channels in this way produces a
wide central floodplain which is significantly lower than nomal water levels in the
two channels. As a result, this central area is flooded for all the design events
tested. Flow onto the floodplain comes from upstream of Bonds Mill, from
upstream of the Market Garden Weir, and from lecations on the south channsl
where the banks are lower. Once on the central floodplain, flow passes under
Millend Lane via culverts and retums to the northem channel downstream of this
point. For avents of 50 years and over Millend Lane itself is overtopped. The
buildings at Bonds Mill are at risk of flooding for the 100 year event as are those
at Beards Mill.

Railway Embankment to Downton Road -

Upstream of the railway the river maintains two separate channels, but the width
of the central floodplain decreases considerably. Bridgend Mill is the major
feature on the north branch of the Frome and for all the design events flooding
occurs upstreamn of the mill on the right floodplain. This progressively increases
and for the 100 year event properties at the mil are at risk of flooding. The
northem road into the mill forms an obstruction to flow around the north of the mill
buildings.

For all the events, flow occurs onto the central fioodplain from both channels
upstream of the railway embankment. Additionally, for the 100 and 150 year
events flow will cross Downton Road itself and will flood the upper part of the
floodplain.

Downton Road to Ebley Refuse Tip

This reach sees an expansion in width of the central floodplain, together with the
presence of a third channel, the Banty Ditch, which runs between the north and
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south channels. The Banty Diich is significantly lower than the other two
channels and this forms the line of fboding along the floodplain. Downstream of
Ryeford Road there is no flooding from the south channel onto the floodptain for
any of the events modellad, though immediately downstream the flood envelope
links with the relict channel leading from Stanley Mills. Flow from the north
channel onto the floodplain occurs from upstream of Upper Mills and from the
area between Upper Mills and Bridgend Kennels. Flow also occurs from between
Ryetord Saw Mills culvert and the disused railway (now a new road) which then
Inks through a smal! culvert to the Banty Ditch. This is reflected in the pattem of
tlooded properties along the lower half of the reach, all of which lie along the
north channel. The exceptions fothis are two properties at Stanley Mills which
are potentially at risk of flooding.

Upstream of Ryeford Road, floodng of the central area is more extensive and
flow occurs from both of the river channels. The overtopping becomas more
extensive for each of the design events resulting in a greater depth of flooding on
the central floodplain. For the 25 year design event and over flow occurs along
the line of the old railway through Ryeford Road and onto the central fioodplain
downstream. The raprasentation of hisin the model has been based on existing
data on the railway and tloodplain layout as it was understood that the new road
was to maintain the existing ground levels. If this has not been the case then the
construction of the new road may be significant in altering the flow pattems and
depths of flooding.

Ebley Refuse Tip to Dudbridge Culvert

The refuse tip at Ebley restricts all ths flow in the Frome to a narrow channe! with
no floodplain prior to splitting into the north and south channels downstream of
this point. Upstream of the tip, the channe! briefly splits in two for the mill and
bypass channels at the Com Mil tseft before retuming to a single channel
throughout the reach to Dudbridge. The struciures at Ebley Com Mill result in
flow being forced onto the left floodplain upstream of the mill for all the design
events, though for the 5 year event this acts purely as storage. For the other
events flow is able 10 bypass the structures via this routs. Flow onto the right
tloodplain occurs for the 10 year event and over, though this Is unabls to bypass
the mill due to high ground to the north. For the 100 year event the buildings
around the Com Mill are at risk of flooding.

Al Ebley Mill the channel is again restricted by the mill buildings and the railway
though bypassing of the gauging weir at Ebley occurs for flows of 25 year retum
poriod and over. Flow occurs over the river bank over the left bank adjacent to
the confluence of the river with the Dudbridge Relief Channel. Flooding of the
playing fields betwaen the canal and the river occurs for the 50 year flood event
and over.

Dudbridge Culvert to Bath Road Bridge

Between Dudbridge and Bath Road the Frome is generally tightly constrained to
a single channel with no floodplain. Flooding of Red!ler's works is possible for the
50 year event and over though the mechanics of the flooding are difficult to
represent within the model. Dependent on how water may flow through the
Redler's site then other properties adjacent to the Dudbridge Road may also be
at risk. The flooding occurs from a low point on the right bank at the upstream
end of the works. The river is then constrained again until Fromehall Mill is
reachad where the river flows through a complicated series of culverts and
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structures. Flooding of the area to the north of the mills occurs for the 25 year
event and over from the upstream mill pond. A hydraulic link between the canal
and the river has not been included in the model at this point though it is possible
that water levels in the canal may be high enough to overtop the canal bank into
this area.

At Lodgemore Mills, water levels in the mill pond appear not to exceed the level
required for flooding of the mill buildings. However, potential flooding of one of
the buildings in the 100 year flood has been indicated as the threshold level is
below the level of the upstream water level although it is unclear where the
threshold for the building is. Upstream of Lodgemore Mills flooding occurs of the
depot to the north of the river for the 100 year event and over. This is primarily
due to the poor culvert opening at the entrance to Lodgemore Mill Pond.

Bath Road Bridge to Thames and Severn Canal Syphon

This is one of the steepest reaches of the model and flow is near supercritical
along much of the reach for all the events. Some inaccuracy in the water level
predictions is therefore likely. Flooding of the properties on the left bank
upsiream of Bath Road Bridge is predicted for the 100 year flood event but the
rest of this reach is deeply incised and thers is no risk of other flooding for any of
the events.

Thames and Severn Canal Syphon to Brimscombe Pond

Upstream of the syphon, some interaction occurs betwsen the canal and the river
for the larger events. However, the river is again within a deep channe! until
upstream of the housing estate at Bowbridge. The river channel then becomes
noticeably smaller and begins a series of frequent bifurcations around the many
mill buildings and structures which are present. In general, the channel splits
produce a central area of undeveloped floodplain into which the larger floods can
spill. However, the modsl identifies that localised properties are at risk of
flooding. Forthe 100 year event these include works at Statford Mills, Griffin Mill
and Phoenix Mill. One of the industrial units upstream of the caravan park at
Thrupp is also at risk of flooding for the 100 year event.

Brimscombe Pond to Wimberfey Mills

AtBrimscombe Pond flow occurs onto the left bank floodplain from upstream of
the culvert leading into the pond for events of 25 year retum petiod and over.
This results in the potential tlooding of a number of properties in this area. The
river is then constrained through a number of culverts and bridges until
Brimscombe Port is reached. Here there is flooding for the 100 year event of the
Benson's site, though there is no flooding from any event of the Brimscombe Port
Industrial Estate. This is protected by a line of slightly higher land and walls along
the right bank of the river.

At Boume Mills tlooding occurs for the 100 year event and there is a signiticant
area of flooding upstream of this point where flow from above the mill control
structures spills across the downstream floodplain.

Wimberley Mills to Chalford Industrial Estate

Immediately upstream of Wimberley Mills, flooding occurs of the site car park for
the 100 year event and over, though levels are nol sutficiently high to cause flow
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overand and through the mill buildings. Between Wimberley and Chalford two
areas of localised flooding then occur. At St Marys Mill, flow occurs from
upstream of the culvert at lvy Cotiage into the low lying area between the river
and the canal but this does not threaten any properties. Similarly, flooding occurs
upstream of St lles Mill where the channels split but no properties are at risk. For
the 100 year event, Clayfiekis Mill adjacent to the canal may be at risk of fiooding
due to a low threshold level.

At Chalford Indusirial Estate the river passes under the site through various
culverts and control structures, the main one of which is at the upstream end of
the site. Water overtops the sluice headwall for the 100 year event and over and
a number of industrial units are then at risk of flooding.

Chalford Industrial Estate to Whitehall Bridge

The model identifies a number of properties at risk of flooding in the 100 year
event around Chalfford Bottom and Rack Hill, in particular along the High Street.
Upstream of this point the river takes on a rural characteristic and there are a
limited number of properties affected by potential flooding. The right bank
floodplain upstream of Golden Valley Lock is flooded for all events, though
upstream of Ashmeade House the bank levels are sufficiently high to prevent
flooding. Two properties along this reach are at risk in the 100 year event,
including Ashmeade House.

Upstream of Bakers Mill the river interacts with Bakers reservoir and in the 100
year flood event Bakers Mill iself is threatened with flooding. The culvert at Puck
Mill is then the last significant structure on the river and this acts as a major
constriction dus to its small size. As a result, flooding occurs of the whole of the
floodplain upstream of this point and this results for the 25 year event and over
in the canal carrying some of the flood flow.

6 Sensitivity tests

6.1 Introduction

In order to identify the sensitivity of the model to changes in flow and structure
coefficients a set of 4 sensitivity tests were carried out. The four tests were as
follows:

1)  Increase in flow hydrographs by 10%

2) Increase in flow hydrographs by 20%.

3) Reduction of structure cosfficients by 10%

4)  Reduction of structure coefficients by 20%

These modifications were modaled with the 100 year flood event and the results
tabulated in a similar way to the design event maximum levels. This table is
presented in Appendix 3. Water leveal increases are discussed in section 6.2 for
the flow sensitivity tests whilst Table 28 gives a list of mode! structures where

significant increases in upstream water level occur for the structure coefficient
sensitivity tests. These are then discussed in section 6.3.
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6.2 Sensitivity to flows

For the purposes of the flow sensitivity tests every inflow was increased by 10%
or 20% throughout each hydrograph for the 100 year design event. This gave an
increase in peak flow at Ebley Mill of 2.3m%s for the 10% increase and 4.9m¥s
for the 20% increase over the original peak flow for the 100 year event of
37.4m%s. The table presented in Appendix 3 was then produced comparing
levels at each model section and csli for the existing 100 year design event and
the 100 year event with either a 10% or 20% Increase in flow. From this table,
locations where the water level increase exceeded 0.10m were identified, this
being considered a signiticant increass for these purposes. The following
discusses locations where water level increases exceed this limit on a reach by
reach basis.

Wheatenhurst Sluices to Fromebridge Mill

This reach of the model shows an almost constant lavel increase between the
two structures. For the 10% test, the increase in water lavel only exceeds 0.10m
at section RFA_020. Howavaer, for the 20% test the level increase is batween
0.09m and 0.29m throughout the reach.

Fromebridge Mill to Ebley Refuse Tip

This whole reach of the model is characterised by the generally small increases
in water lavel in the river for both sensitivity tests. Atthe same time water levels
on the floodplain increase indicating that the lack of water leve! increase in the
channel is the result of more water entering storage. The area of greatest
change in floodplain levels is around the A38 where water levels rise by up to
0.5m for the 20% test, but large increases in water level also occur upstream of
Ryeford Road. Localised channel water level increases occur in the channels
upstreamn of Meadow Bridge (0.13m for the 10% test, 0.19m for the 20% test) and
upstream of Beards Mill Bridge {0.07m and 0.12m).

Ebley Refuse Tip to the Thames and Severn Canal Syphon

At the bifurcation weirs at Ebley Refuse Tip the two tests produce water level
increases of 0.05m and 0.11m respectively, and thers are similar increases
upstream of Ebley Com Mill brikige (0.04m and 0.11m) and Ebley Mill weir (0.06m
and 0.11m). Howaever, for the reach of the river upstream of this point to
Lodgemore Mills there are no water lavel increases exceeding 0.10m. The
exception to this is the Dudbridge Relief Channel which is sensitive to increases
in flow. Levels in the channel rise by around 0.10m for the 10% test and up to
0.20m for the 20% test. Water levels upstream of the exit from Lodgemore Mill
pond rise by around 0.10m and 0.15m for the two tests until upstream of the Bath
Road Bridge where the channel steepens considerably.

Thames and Severn Canal Syphon to Stafford Mills

The syphon carrying the river under the canal appears to be very sensitive to
increases in discharge. The 10% increase in flow gives a 0.22m rise in water
lovel, whilst a 20% increase results in a 0.43m rise in water levels. An effect of
this is to cause a dramatic rise in levels within the disused canal due to flow
passing over the river banks downstream of Butterow Bridge. Level increases
upstream of this point as tar as Thrupp Works are then of the order of 0.10m to
0.25m for the 10% test, and 0.16m to 0.45m for the 20% test.
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Stafford Mills to Brimscombe Pond

Upstream of Stafford Mills water level increases are generally restricted to short
reaches where the 0.10m increase is excesded. Between Griffin's Mill
Footbridge and Griffin's Mill bypass weir levels for the 20% test rise by 0.14m.
Levels in the bypass channel around Phoenix Mill also rise significantly, the
largest increases being 0.15m end 0.34m for the two tests upstream of the
Swimming Pool bridge at section RFA_229. Levels upstream of the Thrupp
caravan site bridge are also sensitive to discharge with the tests producing
increasas of 0.23m and 0.50m respactively. An increase of this magnitude would
be sufficient to cause fiooding of the caravan site on the left bank upstream of the
bridge. The level increase at the bridge gradually reduces upstream until
Brimscombe Pond is reached.

Brimscombe Pond to Belvedere Mill

The reach betwesn Benson's culvert and Boumne Mill is relatively sensitive to
ncreased discharge with a level increase of 0.18m throughout most of the reach
for the 20% sensitivity test. Howaever, this increase is still insufficient to cause
flooding of Brimscombe Port. A sscond localised increase occurs around
Wimberfey Mills where levels between RFA_284 and RFA_288 rise by up to
0.18m for the 20% test. Water levels batween St Marys Mill and St lles Mill rise
by up to 0.39m for the 20% lest at section RFA_310.

Bealvedere Mill to Whitehall Bridge

Water level increases throughout almest all of this reach exceed 0.10m for both
the sensitivity tests. A particularly significant increase is at Challord Industrial
Estate sluices where water levels rise by 0.24m and 0.37m for the two events
ensuring significantly more overiopping into the estate of the head wall for the
sluices. Between Red Lion bridge and Ridley Mill water levels tise by 0.15m and
0.30m at aimost every section. Upstream of Ridley Mill until Harley Lane is
reached level increases are only over 0.10m (0.13r to 0.15m) for the 20% test.
The reach between Harley Lane and Ashmead Sluices shows a dramatic rise in
water level in both the channel and on the floodplain. For the 10% test levels
increase by between 0.22m and 0.25m, whilst for the 20% test the increase is
between 0.46m and 0.50m. Upstream of Ashmead sluices the increases only
exceed 0.10m for the 20% test where the lavel rise immediately upstream of the
structure is 0.31m. Bakers bridge is sensitive 1o discharge with upstream level
increasas of 0.17m and 0.47m for the two tests. Above Bakers Mill sluices the
reservoir effectively limits level increases to below 0.10m unti) upstream of Puck
Mill. Here level increases of 0.16m and 0.32 m for the tests occur throughout the
reach. One effect of these increases is to cause more tiow into the canal in its
upper reaches.

The Nallsworth Stream

Due to the confined channel of the Nailsworth Stream, level increases occur
amost everywhere for the two flow sensitivity tests. Between Salsley culvert and
the downsiream end of Erinoid culvert lavel increases are betwesn 0.21m and
0.30m for the 10% test, and between 0.47m and 0.63m for the 20% test. Similar
lavel increases are apparent upstream of the culver, between Erinoid bridge and
The Priory bridge. Above The priory increasas do not exceed 0.10m for the 10%
tast, but are between 0.18m and 0.24m for the 20% test.

32 €X3101 Rod  0GTIS



li{ngford
Water

The most sensitive structures to increases in flow are the various culverts
canying the stream under Rooksmoor Mill. Immediately upstream of Rooksmoor
Mill, levels increase by 0.50m for the 10% test, and 1.03m for the 20% test. A
level increase of this magnitude would be Ekely to cause extensive flooding along
the road down the Nailsworth valley though limitations on the available data mean
that this is not fully represented in the Nailsworth Stream model. The backwater
from Rooksmoor affects the reach upstream as far as Birds Crossing so it is not
possible to detenmine the level increase in this reach due to the increase in
discharge alone.

Once upstream of Birds Crossing there is then a long reach as far as Merretis
Mills where water level increases are reasonably consistent, varying between
0.13m and 0.29m for the 10% test, and between 0.25m and 0.44m for the 20%
test. There are then a series of localised increases in the area of Critchley’s
works where water level increases are around 0.40m for the 10% test and 0.80m
for the 20% test.

From Dunkirk Milts up to the culvert downstream of Egypt Mill, water levels in the
reach show a constant pattem of increass in both channels running besida the
old mill ponds. Levels in the right hand channel rise by between 0.07m and
0.13m tor the 10% test, and between 0.15m and 0.23m for the 20% test. In the
left hand channel the increasses are around 0.15m and 0.27m for the two tests
throughout the reach. o

For the remaining length of the model from the garage culvert to upstream of
Egypt Mill larger level increases are again seen. These reach a peak of 0.27m
and 0.67m in the short reach downstream of Egypt Mill before the culvert is
reached.

6.3 Sensitivity to structure coefficlents

Changes to the structure coefficients were made by reducing every coefficient in
the model by either 10% or 20% as appropriate. The exception to this was at
bridges where the bridge afflux coefficients were increased by the appropriate
amount to achieve an increase in upstream head. No changes were made to
cosfficients relating to embankments or embankment structures.

From the results in Appendix 3 it is apparent that the effect of changing all the
coefficients globally in the model produces a pattem of water level changes which
is not straightforward to interpret. For example, levels upstream of some
structures actually fall due to changes in the flow in the channel resulting from
other structure coefficient changes. Structures where upstream water levels rise

by more than 0.10m have besn identified in Table 28. In the majority of these

cases level rises are localised and rastricted to immediately upstream of the
structure. However, in some locations the level increases are sufficient o cause
a significant increase in level throughout the reach upstream of the structure,
These latter cases are discussed below.

Thames and Severn Canal Syphon

The previous set of sensitivity tests indicated that this syphon is very sensitive to
increases in tlow. However, the effect of a 20% reduction in coefficients is to
produce an even larger increase in upstraam water level of 0.53m. This increase
appears 1o affect sections until upstream of Eagle Mill, though cieary there may
be some additiona! local increase in water level at these sites which is masked
by the level increase at the syphon. The increased water level downstream of
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Butterow Hill bridge may be the cause of the 0.22m increase in level upstream
which affects sections until upstream of the second Bowbridge estate bridge.

Thrupp Caravan Site Bridge

This bridge is not as sensitive to increases in the afflux coefficient as it is to
increases in discharge. However, water levels throughout the reach upstream
to the football ground at Brimscombe pond are raised as a result. This rise in
level may be sufficient to cause flooding in the area of the caravan park.

Puck Mill Culvert

Upstream of Puck Mill culvert the river has a relatively shallow gradient until the
upstream model boundary is reached. As a resull, increases in water lovel
upstream of the culvert affect both the river reach, right bank floodplain and flow
into the canal upstream. A 20% reduction in structura coefficients at this structure
results in an increase in watar levels of 0.26m throughout this reach.

Rooksmoor Mili Culverts

The culverts under Rooksmoor Mill are as sensitive 1o decreases in structure
coefficients as they are to increases in discharge. A 10% reduction in coefficiants
produces an upstream increase in water level of 0.39m, whilst a 20% reduction
gives an increase of 0.84m. The effect of this then probably extends as far
upstream as Stalion Road Works though the effect of other structures along the
reach may also be significant.

South Woodchester Works Bridge

A 20% reduction in cosfficients at this bridge produces a 0.30m increase in water
lavel which then eftects upstream levels as far as Frogmarsh Lane Bridge.

6.4 Discussion of results

The sensitivity lasts camried out indicate that water levels in the model, particularly
in the upstream reaches and in the Nailsworth Stream, are sensitive to the
estimates made of the structure cosfficients and the inflow hydrographs. As
such, a small error in either of these could lead to a much larger emor in the peak
water level predicted. However, what the tests do tend to indicate is locations
where blockage of structures or the channel may be critical. Ot major interest is
the finding that for the River Frome downstream of Dudbridge the moda! is
relatively insensitive to erors in the peak flow and assumed structure
coefficients. The main reason for this is that flow is able to find other routes
around structure complexes by spiling onto the floodplain. Assuming that the
coefticienls used for embankments in the model are reasonable, and the
coefficients used are bome out both by previous work on other modslling studias
and by the close maich between the physical model and SALMON-F models of
Ebley gauging station, then the modal results can be treated with a reasonable
degree of confidence.

Of more concem is the general senstivity n the upper reaches of the Frome from
the Thames and Sevem Canal syphon to Whitehall Bridge to increases in peak
discharge. This suggests that minor discrepancies in flow pattem resulting for
example from unmodelled links betwesn the canal and the river may have a
significant effect on the modal predictions. Whilst efforts have been made to
dentity and nclude in the model all the links between the channels, undoubtedly
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a number of links exist which have not baen modslled as no information is
available as to their whereabouts or dimensions.

A number of structures have been identified whers structure blockage is a major
concem and these can in general terms be taken as those structures listed in
Table 28. Obviously of these structures some are more critical than others in
terms of the effects of raised water levels resulting from structure blockage. In
particular Fromehall Mill, Lodgemore Mill, the Thames and Sevem Canal syphon,
Thrupp caravan site bridge and Chatford Industrial Estate sluices are critical on
the River Frome. On the Nailsworth Stream the Rooksmoor culverts, Station
Road works structures at Critchleys are of concem.

7 Modelling of additional flows downstream of the
Gloucester to Sharpness Canal and the effects
of tide lock

7.1 Introduction

The drainage system of the River Frome downstream of Wheatenhurst Sluices
is complicated by the presence of the following factors:

. the River Sevem
« the Gloucester and Shamness Canal
. tha River Froma offtake into the Stroudwater Canal.

The River Sevem is tidal in this reach and has periodically overtopped the Sevem
flood defences. In order to preserve the continuity of the detences, the River
Frome discharges into the Sevem at Framilode through a pair of flap gates. The
Gloucestsr and Sharpness Canal (GSC) acts as afeeder channe! for water to the
Purton Treatment Works which supply water to Bristol. Water is colfected by the
canal from the River Cam, from the River Sevem {during periods of low flow) and
from the River Frome. In the case of the Frome, water is diverted from upstream
of Wheatenhurst sluices into the old Stroudwater Canal and from there into the
GSC. As aresult of this function of the GSC, It incorporates an overspill structure
adjacent to the siphons which cany the River Frome undemeath it. The overspill
structure is designed to discharge excess capacity in the GSC into the Frome
and from there into the River Sevem through the tide flaps.

As a result of thesa interactions, the River Frome requires a significant storage
capacity downstream ot Wheatenhurst Sluices. Water passing through the
sluices under flood conditions, as well as overspill from the GSC, may be unable
to exit through the fide flaps due to tide locking from the Sevem. To
accommeodate this, the embankments between the Frome channels and the
Severn ficodplain are of the order of 9.5m to 10.0m in height, whilst those
between the twin Frome channels are lower to allow for the storage of water
undar extreme flows. Additionally, the carrying the Walk Rhine under the track
which branches to the north from Walk Bridge incorporates a wooden flap to
exclude water.

As part of the River Frome Study, NRA-ST requssted that the sffects of tide-
tocking by the Sevem, overspill from the GSC and flooding in the Frome be

- considered together for this reach of the modal.
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7.2 Modelling of flows and tides

The modsl used for this aspect of the study was the same as that used
previously, though the upstream model boundary was provided by the flows
taken trom the main model upstream of Wheatenhurst Sluices. The modal takes
no account of flow over the main Frome embankiments or over the Stroudwater
Canal, though modsls fully interaction between the twin channels and the
intermediate storage. This representation givaes a limitation to the model which
is discussad in more detail balow.

The 5, 10, 25, 50 and 100 year fluvial floods in the River Frome were combined
with standard repeating tides with & peak level of 4.88m, 6.00m, 8.00m, 10.00m
and 10.50m. The low tide level for each of these lay between 4.00m and 4.50m.
The peak of the fluvial flood was timed to coincide with a peak tide level in the
River Sevem, in order to give a "worst case” scenario. Flows from the GSC were
represented in each test by a contihuous inflow of 10m?s into the left hand
channel downstream of the siphon.

7.3 Results of additional modelling

The results of the modelling are presented in tabular form in Tables 23 to 27.
These indicate that the primary control on water levels downstream of
Wheatenhurst Sluices is the period of tide-locking due to levels in the River
Sevem. Levels upstream of the tide flaps are shown in Figure 30. The 4.88m
tide peaks at the level of the invert of the tide flaps. As such, no period of tide-
locking occurs and these can be considered as the water levels which would
result from each retum period flood combined with the GSC overflow if the Frome
was freely discharging. For the 5 year event, only the central floodplain upstream
of the GSC is flooded. However, forevents of 10 year retum period and over the
downstream area of storage is also filled. The floodplain between the
Stroudwater Canal and the left branch of the Frome upstream of the GSC, is
flooded only by the 100 year event. Water remains excluded from the floodplain
upstream ot Walk Bridge by the flap on Walk Rhine upstream of its confluence
with the Frome for all events. Water lavels in the channals for all the events are
wall below the levels of the sumoundng embankments, so flooding is constrained
to within the Frome itself.

The 6.00m tide gives identical peak level results to those from the 4.88m tide.
Water levels are consistently at least 1m higher upstream of the tide flaps than
downstream and as such the discharge through the flaps is only marginally
affectad by the increased peak tide level. The upstream water levels are
therefore unchanged throughout the river channasls and floodplain downstream
of Wheatenhurst Sluices.

The 8.00m tide produces a significant increase in water levels immediately
upstream of the flapped outfall compared to the 6.00m tide. Howaever, the sffact
of the weir downstream of Framilode Bridge causes water levels upstream of this
point to increase only by a small amount for all of the events modelled. The
majority of water level increase are of the region of 30mm or lass upstream of
Framilode weir. The effect of these small increases is howaver significant in
relation to the 100 year flood event where water Ievels in cells 3to 10 are all of
the order of 9.00m OD. There is also an increase in water level over the smaller
tide avents of 90mm in cells 1 and 2.

The 10.00m tide results in peak water levels upstream of the tide flap which

exceed 9m OD for all the events. This level is sufficient to cause a significant
increase in water levels throughout the whols system downstream of
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Wheatenhurst sluices. The eftect of tide-locking is particularty apparent in that
water levels downstream of Wheatenhurst sluices are no more than 210mm
above those at the outfall for any of the events, and also thers is virtually no
headloss across any of the channel structures except for the canal syphons. The
10.50m tide produces only a slight further increase in peak level over the 10.00m
tide and shows a very similar pattem of water levels and flooding. For both
events, the height of the embankments along the Frome is sufficient to restrict
flooding to within the Frome floodplain itself so that no flow occurs onto the
Sevem floodplain.

One main feature of the two larger tide events is the water level reached in cell
10. The model simplifies the area adjacent to Wheatenhurst Sluices by assuming
that flow is not possible back under the Stroudwater Canal into Walk Rhine
thereby causing flooding of the land to the south of the canal and river. However,
walter levels of the magnitude of those resulting from the 10.00 and 10.50m tides
for all the events would be likely to flood this land from Walk Rhine itself. Asa
resuft, it might be expected that flooding of this land would produce slightly lowar
levels than those predicted by the model as constructed through filling of this
storage via the culverts under the Stroudwater Canal.

8 Conclusions

8.1 A combined hydraulic and hydrological modelling study has been carried
out of the River Frome and its catchment at Stroud in Gloucestershire.

8.2 A physical model of the Ebley Mill gauging station was constructed to
assess the rating curve for the site. A new rating curve for flows greater
than bankfull was developed.

8.3 Flood Studies Report rainfall-runoff procedures backed by available local
data for the catchment wers used to develop models of the River Frome
subcatchments. These models were used lo predict tlows per observed
flood events in 1994, 1979, and 1965. The 1994 and 1979 events were
verified against actual data at the Ebley Mill gauging station through the use
of a RIBAMAN routing model.

8.4 The verified FSR models were used to provide flow predictions for the 1965
flood event, and for the 5, 10, 25, 50, 100 and 150 year retum period flood
events.

8.5 Three SALMON-F computational hydraulic models of the catchment were
constructed, including the whole of thé Main River Froms, and the
Nailsworth stream downstream of Egypt Mill. The models were based on
data surveyed betwesn 1984 and 1994.

8.6 The SALMON-F models were calibrated for observed flood events in 1994,
1979 and 1965, the inflow hydrographs which had been produced in the
hydrological study. The calibration for the 1994 event was satisfactory at
most locations. For the 1965 event the calibration was unsatisfactory at
some locations, though this may be a function of changes in structure
condition and operation since 1965,

8.7 The SALMON-F models were used to simulate the 5, 10, 25, 50, 100 and
150 year retum period floocd events.
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8.8 Floodplain maps for the 100 year flocd event and for the 5, 10, 25, 50 and
150 year flood events have been produced at 1:2500 scale from contoured
plans of the river.

8.9 Sensitivity tests indicate that the model is relatively insensitive to peak flood
flows and choice of structure coefficients in the lower reaches of the modsl.
The tests also indicate that water lavels in the upper reaches of the modal
are generally sensitive to increases in peak discharge.

8.10 Modelling of the interaction of the River Frome, the Gloucester and
Sharpness canal and the River Sevem has been carried out for a range of
flows and tide levels. The results indicate that the Frome defences are
adequate for the events modsalled.
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Table 2 Estimation of unit hydrograph and losses

model parameters by different methods

Method Time-to-peak Standard Baseflow ANSF
Tp(0) percentage (m¥s)
{hr} runoff SPR
(%)
Catchment 7.3 14.3 4.80
characteristics
Flood event 3.0 8.5 2.22
analysis :
4.1 ruralfurban 3.7 rural/urban 3.15 rurallurban
1.1 urban 8.5 urban 1,57 urban
LAG from tlood 2.8 -
event analysis
4.7 rural/urban
1.0 urban
BFI from flow 148
BFI tfrom HOST 234
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Table4  Breakdown of features of the River Frome

models
Number of occurrences
Feature ::J::::; Lower Frome N:::::::h Total

Total sections 482 765 200 1447
Total calls 376 531 173 1080
River secllons 343 354 165 862
Floodplain 27 82 0 109
seclions
Embankment 110 267 30 407
sections
Causeway 0 19 3 22
sections
River calls 239 243 108 590
Structure cells 83 69 45 197
Floodplaln cells 40 112 S 157
Junction cells 12 26 7 45
Bridges 28 23 22 73
Headlosses 9 4 7 20
Sluice elemeants 35 47 15 g7 '
Woeir elements 65 47 15 127
Siphon elements 2 1 0 3
Tide flaps 0 1 0 1

]
Permanent 10 1 0 11
breaches

h Culverts 1 12 0 13
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Table5 Upper Frome sub-model structure
elements
Structure name Structure cell Element type Element labe!
Raliway Mill Weir RFA_180 WR GWRMLWR1
RFA_181 WR GWRMLWR2
WR GWRMLWR3
WR GWRMLWR4
WR GWRMLWRS
Canal Syphon RFA_183 SY THSEVSYP
RFA_184
Arundell Mill RFA_186 WR ARUMLWR1
Slulces RFA_187 WR ARUMLWR2
SL ARUMLSL1
SL ARUMLSL?2
Eagle Mills RFA_189 BR CVNWKCUL
RFA_190
Butterow Hill RFA_192 BR BUTHILBR
Bridge RFA_ 193
Bowbrldge Estate RFA_194 BR BOWESBR1
Bridge RFA 195
Housing Estate RFA_198 BR BOWESBR2
Link Bridge RFA 199
Stanton's Bridge RFA_203 BR BUTFTPBR
RFA 204
Stafford Mills RFA_207 SL THRUPSL 1
RFA_208 SL THRUPSL2
WR THRUPWR1
WR THRUPWR2
Griffin's Mill RFA_214 HL GRFMLBR1
Footbridge RFA 215
Gritfin's Mill RFA_217 SL GRFBYSL1
Bypass Weir RFA_218 WR GRFBYWR1
WR GRFBYWR2
WR GRFBYWR3
Griffin Mill Estate RFA_219 BR GRFACSBR
| Bridge RFA 220
Griffin Mill Estats RFA_221 BR GRFMLBR2
Bridge 2 RFA_222
Phoenix Mill RFA_224 BR BROOKBR1
Bypass Channal RFA_225
il Bridge
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Table5  Continued
Structure name Structure cell Element type Element label
Phosanix Mill Lock RFA_226 BR HAMLCKBR
Footbridge RFA 227
“ Swimming Pool RFA_228 BR SWMPOLBR
Footbrdge RFA_229
Phosnix Mill RFA_230 WR PHXBYWR1
Bypass Walr RFA_231 WR PHXBYWR2
WR PHXBYWR3
SL PHXBYSL1 |
Thrupp Works RFA_233 BR PHXACSBR
Bridge 1 RFA 234
Thrupp Works RFA_235 BR PHXFTPBR
| Bridge 2 RFA_236
Thrupp Works RFA_237 SL PHXESSL1
Siuices RFA_238 WR PHXESWR1
WR PHXESWR2
WR PHXESWR3
Thrupp Works RFA_239 BR HAKSIDBR
Bridge 3 RFA 240
Caravan Park RFA_241 BR THPCVNBR
Bridge RFA 242
" Brimscombe Mill RFA_249 SL BRIPOSLA I
Pond Sluices RFA_250 SL BRIPOSL2
WR BRIPOWR1
Brimscombae Mil} RFA_252 HL BRIPOCUL ||
Pond Culvert RFA_253
Brimscombse Hili RFA_254 BR BRIMSCBR I
Bridge RFA_255 |
Brimscombe Port RFA_256 BR BURKETEBR
Exit Bridge RFA_257 l
Brimscombe Mill RFA_258 HL BENSNBR1
Culvert RFA 259
Brimscomba Mill RFA_260 BR BENSNBR2
Access Bridge
Brimscombe Mill RFA_262 SL PTINDSL1
Sluices RFA_263 WR PTINDWR1
WR __PTINDWR2
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Table 5

Continued
Structure name Struciure cell Element type Element label
| tes Mill Cutvert RFS_0o02 SL ILEMLSL1
RFS_003 SL ILEMLSL2
WR ILEMLWR1
lles Mill Bypass RFT_002 sL ILEBYSL1
Sluicas RFT_003
Butterow Hill SCB_006 HL BUTCANBR
Canal Bridqge SCB 007
Bowbridge Lock SCB_008 WR BOWLCKWR
Weir SCB 009
Griffin's Mill Lock SCB_015 WR GRIFMLWR
Waelr SCB 016
Phoentx Mill Lock SCB_019 WA HAMLCKWR
Woeir SCB_020
Wimberley lock SCC_00s SL WIMCNSLA1
Weir SCC_006 WR WIMCNWRA1
WA WIMCNWR2
St Marys Mill SCC_013 WR ILECNCUL
Canal Culvert SCC 014
lles Mill Lock SCC_015 WR ILELCKWR
Wair SCC 016
Springside Canal SCC_017 WR BELMLCUL
Culvert SCC 018
Graystones SCC_019 SL CHCANCWV1
Canal Culvent SCC 020
Chalford Canal SCC_o021 SL CHCANCV?2
Culvert SCC 022
Cowcombe Hill SCC_023 SL CHCHCNCV
Culvert SCC 024
Ciowes Lock " 'scc_ 026 WR' CLOWESWR
Wair _ ) SCC_027
Golden Valley SCC_030 WR GOLDVWR1
lock Weir SCC 032 WR GOLDVWR2
Bakers Mill Lowser SCC_046 WR BAKCNWR1
Lock SCC_047 WR BAKCNWAR2
SL BAKCNSLA
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Table 5 Continued

Structure name Structure cell Element type Element label
Bakaers Mill Upper SCC_050 WR BAKCNWR3
Lock SCC_051 WR BAKCNWR4
WR BAKCNWRS
Puck Mill Lowar SCC_057 SL PUCKMSL1
Lock SCC 058 WR PUCKMWR1
Puck Mill Upper SCC_059 WR PUCKMWR2
Lock SCC 060
Whitehall Lower SCC_061 WR WHITEHWR
Lock SCC 062 SL WHITESL1
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Table6 Lower Frome sub-model structure
elements
Structure name Structure cell Element type Element labe}
Dudbridge Weir NSA_001 WR NLSOUTWR
NSA 002 SL NLSOUTSL
Rivar Severn RFA_001 FL RIVSEVFL
Quttall RFA CO1A
Upper Framilode RFA_002 SL UFRAMSL1
Weir RFA_003 SL UFRAMSL2
SL UFRAMSL3
SL UFRAMSL4
Gloucestar & RFA_00BA SY GSCLHCSY
Sharpness Canal RFA_009
Waest Channal
Siphon
Whitminster West RFA_012 WR WHILHWRA1
Channel Weir RFA_013 WR WHILHWR2
WR WHILHWR3
WR WHILHWR4
Whitminster RFA_015 BR WHITMIBR
Bridge RFA 016
Wheatenhurst RFA_018 SL WHEATESL
Sluices RFA_0G19 WR WHEATWR1
WA WHEATWRZ2
Walk Rhine RFA_023 BR WALKRHBR
Bridge RFA 024
Fromebridge Mill RFA_032 WR FROMEWR1
RFA_033 WR FROMEWR2
WR FROMEWRS3
SL FROMESLS
A38 Road Bridge RFA_034 BR A38RODBR
RFA 035
MS Road Bridge RFA_039 BR MSROADBR
REA 040 . i
Meadow Mill RFA_043 HL MEADOWHL
RFA 044
Meadow Bridge RFA_048 BR MEADOWBR
RFA_049
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Table 6 Cbntinued

Structure name | Structure cell Element type Element label "
Millend Miils RFA_0S53 SL MILLESLA
RFA_054 SL MILLESL2
SL MILLESL3
SL MILLESL4
SL MILLESLS
Beards Mill RFA_074 BR BEARMIBR ”
Bridge RFA 075
Beards Mill Side RFA_C76 WR BEARDWR1 ||
Woelr RFA_0Q77 WR BEARDWR2
Stantey Downton RFA_087 BR STOOWNEBR "
Bridge RFA_088
Stanley Mills Weir RFA_103 SL STANMSLA
RAFA_104 SL STANMSL2
SL STANMSL3
SL STANMSL4
SL STANMSLS
Stanley Mills RFA_105 BR STANMIBR "
Bridge RFA 1056
Redhill Culvert RFA_114 BR REDHILBR ‘
RFA 115
Refuse Tip Weir RFA_118 WR REFWR3-1
RFA_119 WR REFWR3-2
|| Ebley Corn Mill RFA_125 SL EBCORNSL
Sluices RFA_126
Ebley Corn Mill RFA_128 BR EBCORNBR
Bridge RFA_129
Ebley Mill Bridge RFA_135 BR EBMILLBR
BFA_136
Ebley Mill Weir RFA_137 WR EBLMLWR1 '
RAFA_138 WR EBLMLWR2
WR EBLMLWR3
Dudbridge Road RFA_145 SL DUDBRCUL
Culvert RFA_ 146
Rediers Mill RFA_147 SL REDLRSL1
Sluices RFA_148 . WR REDLRWR1
WR REDLRWR2
WR REDLRWR3
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Table 6 Continued

Structure hame Structure cell Element type Element label
Fromehall Mil RFA_156 . WR FROMLWR1
Bypass Sluices RFA_157 WA FROMLWR2
SL FROMLSL1
SL FROMLSL2
WR FROMLWR3
Fromehall Mill RFA_159 BR FRMILLBR
Bridge RFA_160
Lodgemore RFA_163A BR LOMILLBR
Bridge RFA 164
Lodgemore Mills RFA_165 SL LODMLSLA
Sluices RFA_166 WR LODMLWR1
WR LODMLWR2
Lodgemare Mill RFA_167 HL LOMILLCU <|
Culvert RFA 168
Bath Road Bridge RFA_170 BR A46BRDBR I
RFA 171 ‘
" Spring Hill Bridge RFA_002 BR SPRINGBR
RFC_003
Gloucester & RFB_003 sY GSCRHCSY
Sharpnass Canal RFB_004
East channel
Siphon
Whitminster East RFB_007 SL WHIRHSLA
Channel Weir RFB_008 SL WHIRHSL2
SL ‘“WHIRHSL3
SL WHIRHSL4
SL WHIRHSLS
WAR WHIRHWR 1
Spring Hill Weir RFC_001 WR CARVPWR1
RFC 001A WR CARVPWR2
Churchend RFC_005 BR CHESCHBR
Bridge RFC_006
" Churchend Weir RFC_007 WR CHESCWR1
RFC_008 WR CHESCWR2
Millend Lane RFD_003 BR MILENDBR
| _Bridge RFD_004
Churchend RFD_o007 SL CHESLSL1
Sluices RFD_o008 SL CHESLSL2
SL CHESLSL3

EXJ191.Rob 2270385



Table 6 Continued

Structure name Structure cell Element type Element labe)

Bonds Mill RFD_019 SL BONCUSL1
RFD_020 SL BONCUSL2

GWR RFD_g25 HL GWREMBBR

Embankmaent RFD_026&

Bridge

Ocean Pool RFD_026 BR OCPOOLBR

Bridge RFD 027

Bridgend Mill RFD_034 sL BRIDGSL1

Side Weir RFD 035 SL BRIDGSL2

Bridgend Mill RFD_037 BR BRIDMIBR

Bridge RFD 038

Bridgend RFD_043 BR BRKENNBR

Kennels Bridge RFD 044

Bridgend RFD_047 SL BRIKENSL

Kannels Sluices RFD 048

Downton road RFD_050 BR DOWNFTBR

Footbridge RFD 051

Upper Mills RFD_o052 BR UPMIFTBR

Footbridge RFD 053

Upper Mills RFD_054 SL UPMILLSL

Sluices RFD 055

Upper Mills RFD_060 BR UPMILLBR

Bridge RFD 061

Ryeford Saw RFD_06€7 SL RYEFDSL1

Mills Culvent RFD_068 SL RYEFDSL2

WR RYEFDWR1

Refuse Tip Waeir RFD_078 WR REFWR1-1

3 RFD 079

Reluse Tip Weir RFD_080 WR REFWR2-1

2 AFD_ o081 WR REFWR2-2

Market Garden RFE_({04 WR MARGDWR1

Waeir RFE 005 WR MARGDWR2

Beards Mill RFF_002 WR BEARDWR3
HFF__OOS WR BEARDWR4
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Table 6 Continued

Structure name Structure cell Element type Element label
Bonds Mill Side RFG_005 SL BONSLSL1
Sluicas RFG_006 SL BONSLSL2
SL BONSLSL3
SL BONSLSL4
Ebley Corn Mill RFH_003 SL EBCNCULA1
Culverts RFH_004 SL EBCNCUL2
Bridgend Mill RFJ_002 WR BRIDGCUL
Culvert REJ 003
Bridgend Mill RFK_003 WR BRIDGBYP
Bypass RFK_004
Banty Ditch RFL_010 HL BANTYCUL
Culvert RFL_011
I:mw Ditch Weir RFL_D14 WR BANTYDWR
RFL 015
Fromehall Mill RFN_004 SL FRMHLCL1 -
Sluice RFN 005 SL FRMHLCL2
Dudbridge Lock SCA_004 WR DUDLCKWR -
Wair SCA_005
Printing Works SCA_006 WR RUSBRKWR--
Lock Weir SCA 007
Ledgemore SCA_012 WR PSWCKSWR -
Canal Welr SCA_ 013
Cainscross Road SCA_014 WR CAINSWR1
Lock Wair SCA_015 WR CAINSWR?2

EX3191.Rob 230095



Table 7 Nailsworth Stream sub-model structure

elements

Structure name Structure cell Element type Element label

Dudbridge Waeir NSA_001 WR NSOUTFWR
NSA_002 SL NSOUTFSL

Selsley Hill NSA_0D4 BR SELSLYCV

Culvert NSA 005

Erinoid NSA_012 WR GANTRYWR

Downstream NSA_013

Control Waelr

Erinoid Culvert NSA_013 HL ERINODCYV
NSA 014

Erinoid Bridge NSA_015 sSL ERINODBR
NSA 016

Car Park Bridge NSA_018 BR CARPRKBR
NSA 018

Cotswoki House NSA_022 HL COTSHOBR

Bridge NSA 023

New Tynings NSA_024 BR NEW'T'YNBR

Footbridge NSA 025

Priory Bridge NSA_027 HL PRIORYBR
NSA 028

Rooksmoar Mill NSA_037 SL RKSMRCVR

Right Channel NSA_038

Culvert

Rooksmoar Mill NSA_038 WR RKSMRWR1

Wair NSA 033 SL RKSMRWR2

Selsley road NSA_044 BR SELSLYBR

Bridga NSA_045

Selsley Road NSA_045 WR SELSLYWR

Waeir NSA_ 0465

Paul's Rise NSA_047 BR PAULSRBR

Bridge NSA 048

Railway Bridge NSA_051 BR NSRAILBR
NSA_052

Forge Weir NSA_053 WR FORGEWR
NSA 054

Birds Crossing NSA_055 BR BIRDSXBR

Bridge NSA_056
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Table 7 Continued

|| Structure name Structure cell _Element type Element [abel
Station Road NSA_061 st STRODSLY |
Works NSA_062 WR STRODWR1
WR STRODWR2
SL STRODSL2
SL STRODSL3
Station Road NSA_062 SL STRODSL4
Bridge NSA_063 WR STRODWR3
South NSA_064 BR STHWODBR
Woodchester NSA_0E5
Works Bridge
Frogmarsh Lane NSA_075 HL FROGMSBR
Bridge NSA_ 076
Bath Road Bridge NSA_077 BR BATHRDBR
NSA 078
Merrett's Mills NSA_0B2 BR MERRMIBR -
Bridge NSA 083
Marrett's Mills NSA_085 HL MERRETSL -
Culvert NSA_086
Inchbrook Bridge NSA_088 BR INCHBKBR -
NSA_089
Inchbrook Culvert NSA_090 HL INCHBKSL -
NSA_ 092
Critchley's Bridge NSA_092 BR CRITHBR1
1 NSA 093
Critchley's New NSA_095 BR CRITHNCV
Culvert NSA_096
Critchlay's Bridge NSA_097 BR CRITHBR2
2 NSA 098
~ Dunklirk Mills NSA_100 SL DUNKRSL1
Culvert NSA_101
" Garage Culvert NSA_118 ""BR GARAGECY
NSA_119
Egypt Mill Weir NSA_121 WR EGYPTWR1
NSA_122 WA EGYPTWR2
WR EGYPTWR3
Rooksmoor Mill NSB_001 SL RKSMRSL1
Left Channal NSB_002 SL RKSMRSL2
Culvert
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Table 7 Continued
Structure name Structure cell Element type Element label
Critchley's Left NSC_o01 WR CRITRDWR
Channel Culvert NSC_002 SL CRITHSL2
Critchley's Bridge NSC_007 BR CRITHBR3
! NSC 008
Critchley's Bridge NSC_008 BR CRITHBR4
4 NSC_009 “
Tennis Court NSC_O11 HL TENISBR2 ||
Bridge 2 NSC 012
Dunkirk Mills NSC_014 BR DUNKRBR1 I
Bridge 1 NSC 015
Dunkirk Mills NSC_015 WR DUNKRWR1
Side Spills NSC_016 WR DUNKRWR2
. SL DUNKRSL2
I Critchley's Bridge NSD_o01 SL CRITHSL1 |
5 NSD 002
Tennis Court NSD_o00s BR TENNISBR
Bridge 1 NSD_ 006
Elm Brook Bridge NSD_007 BR ELMBRKBR
NSD 008
| Gables Bridge NSD_009 8R GABLESBR
NSD 010
Dunkirk Milis NSD_011 BR DUNKRBR2
Entrance Bridge NSD 012
Filling Station NSD_018 SL FILSTCV1
Culvert NSD_018 WR FILSTCV?2

d
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Table8 Upper Frome

Sub-model sluice gate

openings
" Element Label Flxed Opening Minimum Maximum
Opening Opening
ARUMLSL1 - 0.00 1.30
ARUMLSL2 - 0.00 1.30
THRUPSL1 1.23 - -
THRUPSL2 _ 1.19 - -
| GRFBYSL1 0.35 -
PHXBYSL1 0.50 - -
PHXESSLY 0.30 - -
BRIPOSL1 0.25 . -
BRIPOSL2 - 0.00 1.00
PTINDSL1 - 0.00 0.80
PHXMLSL1 - 0.0 1.80
BORMLSL1 0.80 - -
BORMLSL2 1.15 - -
MARBYSL1 0.72 -
MARBYSL2 0.57 - -
ILEUPSL1 0.80 -
CHINDSL1 0.45 - -
CHINDSL2 - 0.00 1.20
CHINDSL3 0.10
RIDLYSL1 062 . .
BAKERSBR 1.80 - -
BAKERSL1 - ,._0'0(.)_, - O.GQ _
I wammss | yae | :
ILEMLSL1 0.20 -
| ILEMLSL? - 0.00 0.70
ILEBYSLA - 0.00 0.80
WIMCNSL1 0.10 -
CHCANCV1 1.20 . -
CHCANCVZ2 0.55 . -
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Table 8 Continuéd '

~ - )
Element Label Fixed Opening Minimum Maximum |
Opening Opening
BAKCNSL1 0.10 - -
PUCKMSL1 0.10 - -
WHITESL1 0.10 - -
CHCHCNCV 1 1.16 - - ‘II
THANHOBR 1 2.35 - - "
I_ PUCKCULV 1 1.314 - - "
Notes:

1 These structures are culverts represented using the orilice type tlow equation of a

sluice gate.
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Table9 Lower Frome Sub-model sluice gate
openings
Element Label | Fixed Opening Minimum Maximum
Opening Opening
NLSOUTSL 1.00 - -
RIVSEVFL 2 275 - -
UFRAMSLA 2.93 - -
UFRAMSL2 1.82 -
UFRAMSL3 1.24 -
UFRAMSL4 0.61 - -
WHEATESL - 0.0 1.80
FROMESLS - 0.0 1.7
MILLESL1 0.50 -
MILLESL2 0.50 .
MILLESL3 0.90 - .
MILLESL4 1.10 - -
MILLESL5 0.90 . .
STANMSLA 0.69 - -
STANMSL2 0.66 - -
STANMSL3 0.74 -
STANMSL4 - 0.00 1.30
STANMSLS - 0.00 1.30
EBCORNSL 1.35 - -
DUDBRCUL 1 1.55 - -
REDLRSL1 - 0.00 1.30
FROMLSLA1 0.40 - -
FROMLSL2 0.30 -
LODMLSL1 - 0.00 1.30
WHIRHSLA 1.83 -
WHIRHSL2 1.51 - -
WHIRHSL3 1.19 - -
WHIRHSL4 0.87 - -
WHIRHSLS 0.55 - -
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Table9 Continued
Eloment Label | Fixed Opening Minimum Maximum
Opening Opening

| CHESLSL1 1.14 - -
CHESLSL2 1.55 - -
CHESLSL3 1.58 - -
BRIDGSL1 0.05 - -
BRIDGSL2 0.00 - -
BRIKENSL 1.42 - -
UPMILLSL 1.30 - -
RYEFDSL1 0.00 1.60
RYEFDSL2 - 0.00 1.85
BONSLSL1 0.00 - -
BONSLSL2 1.10 - -
BONSLSL3 1.30 - -
BONSLSL4 1.30 - -
EBCNCUL1 1.36 - -
EBCNCUL2 1.61 - -
FRMHLCL1 0.68 - -
FRMHLCL2 0.45 - - "
BONCUSL1 1.91 - -
BONCUSL2 1.94 - -

Notes:

1 These structures are culverts represented using the orilice type flow equation

of a sluice gate.

2 This is a flapped outfall.
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Table 10  Nailsworth Stream Sub-model sluice gate

openings
— s 1
Element Label | Fixed Opening Minimum Maximum
Opening Opening
NSOUTFSL 1.00 - -
RKSMRCVR 1 1.59 - -
RKSMRWR2 0.326 - - JI
STRODSL1 0.90 - -
STRODSL2 0.40 - -
|_sTRoDSL3 0.00 . -
STRODSL4 1.72 - - |
DUNKRSL1 0.60 - -
RKSMRSL1 0.30 - -
RKSMRSL2 0.39 - -
CRITHSL1 1.49 - -
DUNKRSL2 0.70 - -
CRITHSL2 0.69 - -
FILSTACV 1 1.06 - -
ERINODBR 2 1.62 - -

Notes:

1 These structures are culverts represented using the orifice type flow equation
of a sluice gate.

2 This struclure is a bridge represented using the orifice type flow equation of a
sluice gate. - o

EX 3191 Aok 230485



Table 11 Embankment and causeway structures
included in the River Frome Sub-models
Structure Model section | Structure type Label
location
Upper Frome sub-model
Canal link to ELA_18B5 PB CAN2RFA1
river upstream PB CAN2RFA2
of canal syphon
Canal link to ERQ_004 PB CAN2RFQ1
river upstream
of Bourme Mills
Link between ERA_301A cv MARYLINK
River Frome
and canal /s of
St Marys House
Link between ERA_358 PB ASHMDPB
Ashmead Mill
channel and
River Frome
Bakers Mill ERA_369 PB BARESPB1
reservoir spills PB BARESPB2
Links batween ERA 371 PB BARESPB3
the River Frome
and Bakers Mili ERA_372 PB BARESPB4
reservoir ERA_373 FB BARESPB5
ERA 374 PB BARESPB6
Lower Frome sub-model

Culverts CLA__015 CcvV WALKCV
adjacent to
Walk Bridge CLA_017 cv WALKCV2
A38 road bridge CLA_035 Cv A38CV1
left hand culvert
A38 road bridge CRA_035B cv A38CV2
nght hand cv A38CV3
culverts
M5 road bridge CLA_039 Cv M5CV1
left hand culvert
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Table 11 Continued
| Structure Model section | Structure type Label
location

M5 road bridge CRA_039 cv M5CV2
right hand cv M5CV3
culverts and

"Joot tunnel
Millend Lane CRA_053 cv MILLENDCV
culvert
Railway CLD_026 cv RAILCV1
smbankment
central culvert
Ryeford CRL_O11 cv RYEFDUP
underpass
Rysford Road CLA_067 cv RYEFDRY
railway bridge
Link between ERA_161 PB FRMHLPND
River Fromea
and Fromeshall
Mill pond

Nailsworth Stream sub-model

Lsft channe! ERD_021 PB PB1
feed into
Dunkirk Mills ERD_018 PB PB2
ponds -
Link between CLA_111 cv Cv1
Dunkirk Mills
ponds CLA_110 Ccv cvz
Right channel ELA_108 Ccv Cv3
feed into
Dunkirk Mills
ponds
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Table 12 Locations of model inflows for the River

Frome Sub-models

Inflow name Typo Location Scaling factor
Upper Frome sub-model
Upper Frome Upstream RFA_389 ) ||
boundary
Upper Middle Lateral inflow RFA_279 -
Frome RFA_298
RFA_299 -
RFA_302 0.1922
RFA_303 - 0.0210
RFA_307 0.0275
RFA_308 - 0.0194
RFA_311 00275
RFA_312 - 0.7124
RFA_316
RFA_317 -
RFA 389
Toadsmoor Tributary inflow | RFA_278 - )
Stream RFA_279
Lower Middle Lateral inflow RFA_175 -
Frome RFA_209
RFA_210 -
RFA_218 0.2790
RFA_219 -
0.0734
RFA_222
00147
RFA_223 -
0.0457
RFA_231
0.2741
RFA_232 -
0.0326
RFA_271 0.0098
RFA_272 - '
RFA_276
RFA_277 -
RFA_278
Downstream Rating section
Boundary RFA_175 - ’
Thames & Upstream
Sevem Canal - | boundary SCC_070 -
Uppsr reach
Thames & Rating saction
Sevem Canal - SCC_001
Upper reach
Thames & Upstream
Sevem Canal - boundary SCB_024
Lower reach
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Table 12 Continued

Intlow name Type Location Scaling factor
Thames & Rating section
Sevem Canal - SCB_001 -
Lower reach
Lowet Frome sub-mode}
Lower Frome Upstream
boundary RFA_175 -
Nailsworth Upstream
Stream boundary NSA_002 ) It
Slad Brook Upstream SCA_016 A
boundary
Painswick Tributary inflow | SCA_011 -
Stream SCA_012 )
Randwick Tributary infow | SCC_005- i
Stream SCC_006
Lower Middle Lateral inflow RFA_145-
Frome RFA_153 0.0935
RFA_154-
0.0581
RFA_161 0.1191
RFA_162- ’
RFA_175
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Table 12 Continued

Intlow name

Type

e ———

Location

Scaling factor

Lower Frome

Lateral inflow

RFA_c01 -
RFA_005
RFA_006 -
RFA_013
RFB_001 -
RFB_008
RFA_015 -
RFA_046
RFC_001 -
RFC_009
RFA_050 -
RFA_071
RFD_008A -
RFD_011
RFD_012 -
RFD_017
RFD_021 -
RFD_031
RFA_078 -
RFA_089
RFA_100 -
RFA_119
RFD_040 -
RFD_046
RFD_047 -
RFD_066
RFD_087 -
RFD_081
RFA_128 -
RFA_140
RFA_141 -
RFA_144

0.0482
0.0487
0.0605
0.2381
0.0230
0.1120
0.0174
0.0263
0.0459
0.1059
0.0835
0.0190
0.0571
0.0589
0.0410
0.0135

Downstream
Boundary

Stage boundary

RFA_001

Stanley Mills -
mill stream

Upstream
boundary

RFM_003

Duchridge -
relict Frome

Upstream
boundary

RFX_007

Nailsworth Stream sub-mode!

Nailsworth
Stream

Upstream
boundary

NSA_124
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Table 12 Continued

Inflow name Type Location Scaling factor
Lower Lateral inflow NSD_002 - 0.03773
Nailsworth NSD_021 0.01802

NSD_022 - 0.01104
NSD_031 0.02760
NSA_Q96 - 0.01711
NSA_101 0.35760
NSA_102 - 0.22503
NSA_113 0.30587
NSA_114-
NSA_122
NSC_003 -
NSC_004
NSA_Q01 -
NSA_036
NSA_040 -
NSA_ 094
Egypt Mill - Upstream NSD_024 -
wheel channel houndary
Downstream Stage boundary | NSA_001 -
boundary
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Table 13  Availability of calibration data for the River
Frome modeis

Callbration Location Record type Equivalent
event medel section
Ebley Mill Continuous RFA_139
gauging station | level recorder &
flows

C1 - Persimon Continuous NSA_001

Homes level recorder

Nailsworth

Stream

C2 - Dudbridge Continuous SCA_005

Weir level recorder

Stroudwater

Canal

C3 - Thrupp Continvous RFA_220

River Frome level racorder

C4 - Golden Continuous RFA_360 +

Valley leval recordar (RFA_361 -

River Frome RFA_360)'0.25
81

C5 - Egypt Mill Continuous NSA_124

Nailsworth level recorder

5 January 1994 Stream

M1 - Easlington | Peak level RFA_045 +

River Frome recorder (RFA_046 -
RFA_045)*0.25
75

M3 - Ryseford Peak level CELL 89A

Cableways recorder

M4 - Ryeford Peak level RFA_109 +

South recorder {(RFA_110 -

River Frome RFA_109)"0.53
28

MS - Wallbridge | Peak level RFA_172 +

River Frome recorder {RFA_173 -
RFA_172)*0.79
a5

M6 - Peak level RFA_265 +

Brimscombe recorder (RFA_266 -

River Frome RFA_265)"0.72
57
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Table 13 Continued

Calibration Location Record lype Equivalent
avent model section
M7 - Chalford Peak laval
River Frome recorder
| M8 - Upper Peak level RFA_006 +

Framilode recorder (RFA_0O7 - "

5 January 1994 River Froms ggA_OOS) 0.58
M10 - Peak lovs NSA_050
Woodchester recorder
Nailswonth
Stream
Ebley Mill Continuous RFA_139 “

30 May 1979 gauging station | level recorder &

flows
18 December d/s Red Lion PH | Observedlevel RFA 331
5

196 uw's Boume Mill Observed level RFA 271
w's Brimscombe | Observedlevel RFA_253
Mill Pond
Culvert
Brimscombe Mill | Observed level RFA_250
Pond
u/s Thrupp Observed level RFA_238
Works
d/s Thrupp Observed level RFA_236
Works
w's Phoenix Observed lavel RFA_232

" Mills

d’s Griffin's Mill | Observed level RFA_216
Bypass Weir
d/s Phoenix Observed level RFP_003
Mills
d/s Griffin's Mill Observed lsvel RFQO 008
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Table 13 Continued

Calibration Location Record type Equivalent
event model section

Ww's Stafford's Observad level RFA_208
Mill
w's Stanton’s Observad level RFA_204

18 Decomber | Bridge

1965 d/s Butterow Observed level RFA_192
Bridga
d/s Eagle Mills QObserved level RFA_189
w's Arundell Ml { Observed level RFA_187
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Table 14 Comparison of SALMON-F model and
physical model levels at Ebley Mill

Discharge Ebley Mill gauging station level Difference (m)
(m*/s) {mOD) :
20 32.012 31.942 -0.070
25 32.033 32.015 -0.018
30 32.074 32.076 +0.002
35 32.099 32.130 +0.031
40 32.146 32176 +0.030
45 32.200 32.232 +0.032
50 32.294 32.288 -0.006
55 32.416 32.359 -0.057
60 32.519 32432 -0.087
67 32.606 32.572 -0.034
75 32.683 32.724 +0.041
IL 90 32.799 32.958 +0.159
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Table 15 Comparison of observed and predicted
peak water levels
calibration event

- January 1994

Gauge Peak water leval (mOD)
location Observed Predicted | Difference (m)
C1 34.803 34816 +0.013
c2 34.205 34.233 +0.028
C3 [see text] 48.306 -
C4 [sea text] 79670 -
cs 57.308 57.906 -0.002
M1 13.472 13.547 +0.075
M4 28.150 28.144 -0.006
L M5 38.449 / 38.596 38.383 -0.066 /-0.213
| M6 56.910 / 57.066 57.029 +0.119/-0.037
M7 72.384 72.167 0.217
M8 7.350 7.365 +0.015
}, M3 8.600 7.637 -0.963
l M10 43.670 43,697 +0.027
| Ebley Mill 31.686 31.744 +0.058
Peaak flow (m3/s)
{__ Ebley Mill 11.84 12.97 11.32
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Table 16 Comparison of observed and predicted
peak water levels - May 1979 calibration

event
Gauge Peak water lavel (mOD)
location Observed Predicted | Difference (m)

C1 - 31.588 -

C2 - 34.518 -

C3 - 48.429 -

C4 - 79.818 -

C5 - 58.126 - |
M1 - 13.937 - ‘
M3 - 26.59) -

M4 - 28.252 -

M5 - 38.601 -

Mé - 57.166 -

M7 - 72.245 -

M8 - 7.157 -

M9 - 7.546 -

M10 - 44.008 -

Ebley Mill 31.923 32.008 +0.085
Peak flow {m?/s)
Ebley Mill _ 19.2 21.3 +1.9
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Table 17 Comparison of observed and predicted
peak water levels - December 1965 flood

event
Poak water level (mOD)
Gauge locaticn /
model section Obsetved lovel Predicted |evel Ditference (m)

Ct . 35.234

c2 . 34.570

& . 48463 .

¢4 . 79.884

C5 . 56.136 .

M1 . 14.300

M3 . 26.594 . |
M4 . 28.240

M5 . 38.634 . [
M6 - 57.109

M7 . 12.328

Mg . 7657

Mg . 7927
M10 - 44.012

Ebley Mill - 32.047
Peak flow {ms)
Ebley Mil - 24.133

Observed peak water levals (mOD)

RFA_253 - uls
Brimscombe Mill £§5.960 56.024 +0.064
Pond Culvart
Ebley Mil - 32.047
Peak flow (m%s)
Ebley Ml - 24.133
Observed peak water levels (mOD)
RFA_253 - u/s
Brimscombe Mill 55.960 56.024 +0.064
Pond Culvert
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Table 17 Continued

Peak water leve) (mOD)
Gauge location /
model saction Observed level Predicted tevel Difference (m)
Observed peak water levels (mOD)
RFA_250 -
B o 55.390 55,425 +0.035
RFA_238 - u/s Thrupp
Wi 52.020 51084 003
RFA_236 - d/s Thrupp
B 50.730 50570 0.160
RFA_232 - uls Phoanix 50.250 50044 0206
Mils
RFA_216 - d/s Griffin's )
M Brosce Woi 47.860 47901 0041 - |
I RFP_003 - dis Phoanix 48770 48611 0.159
Mills
RFO_009 - d's Griffin's 47610 47679 +0.069
Ml
RFA_208 - u/s
I N 46.900 46,864 0036
RFA_204 - uis
Soron's Bidae 45.880 45916 +0.036
RFA_192 - dis
Sutoron e 44640 44509 0.131
RFA_189 - ds Eagle 43410 43555 +0.145
Mils
RFA_187 - u/s Aindell 43370 43428 +0.058
NGl |
RFA_184 - s Canal 42720 ~42.461 0259
phon
RFA_183 - d's Canal
Syobon 42.160 41.740 0420
mx_mz - Ws Railway 41290 41687 +0.397
RFA_175 - George
'ﬁm & Co. Walbndas 39.720 39314 0.406
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Table 17 Continued

Peak water level (mOD)
Gaugs location /
model section Observedlevel | Predictedlevel | Difference (m)
Observed pesk water levels (mOD)

RFA_172 - Wallbridge 39,980 38 498 -1.482
RFA_146- ufs
Duchidas Culvr 33.440 32618 0822
RFA_118 - dis Refuse 28.860 28711 0.149
Tip Wair 1
RFA_114 - us Redhil
v 28.490 28.345 0.145
RFA_106 - W's Stanlay
Vits Bidoo 28.020 28124 +0.104
RFA_104 - /s Stanley 27.830 28107 10277
Mils Wair
RFA_087 - d's Stanley
Downton Bicee 22.330 21,738 0592
:;;Lm - ufs Beards 20.220 20197 +0.023
RFA_O74 - s Beards
il aac g 18.640 18716 +0.076
RFA_054 - ufs Millend 16.810 15.758 1,052
Mills
AFA_053 - dis Milend 15670 14.880 o190 |
Mills
RFA_046 - dis Spring
il Viei 14.470 14.330 0.140
AFA_044 - u/s Meadow 14.440 14,298 0,142
MU
RFD_CE0 - dis Refuse 28.7% 28.858 +0.068
Tip Weir2
RFD_075 - Rysford
Nt 28.250 28.117 0423
RFD_0561 - Upper Mills
Eridee 25370 25,060 20310
RFO_057 - w's Upper
il Shices 24,980 24958 0022
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Table 17 Continued

Peak water ievel (mQD)
Gauge location / mode Observed level | Predicted lovel | Diff
saction L1 icted lov erence {m) |
Obsetved peak water lovels (mOD)
RFD_043 - ufs Bridgend
Konnols Brice 22330 2339 +0.009
RFD_038 - ws Bridgend
|LM'“ Bridas 22136 2034 0,102
RFD_033 - Lower Mils 21220 20635 0.585
d's Sluica I
RFD_025 - North Channel
s Ry 19.480 19.483 +0.003 "
RFD 021 - ws Bonds Mil 19.330 19.197 0.133 "
RFD_017 - d/s Bonds Mil 16.880 16751 0.129
RFC_004 - Easfington 14.940 14765 0175
church
RFC_003 - ws Eastington 14,660 14756 +0.096
road bridge
RFL_014 - Banty Ditch 25540 25018 0522
SCA_005 - Dudbridge
o W 34640 34570 0070
CELL 52 - d/s Railway
ombermant 19.400 18447 0,070
CELL 81 - d’s Ryeford
" 25,950 24979 0971
CELL 89 - Ryeford Saw 26,740 26,604 0136
Mills
CELL 90 - Ryeford Saw 28004 21491 0603
. Mills - : :
CELL 85 - Ryeford Canal 28350 27,899 0.451
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Table 18 Final roughness parameters for the River
Frome models

" Model reach Channel ks Floodplain ks
Upper Frome sub-mode]
RFA 175 - RFA 389 .60 2.00 ]
RFO_001 - RFO 012 0.60 2.00
RFP_001 - RFP_006 0.60 200
RFQ_001 - RFQ 004 0.60 2.00
RFR_001 - RFR 002 0.60 2.00
RFS_001 - RFS 007 0.60 2.00
RET_001 - RFT 003 0.60 2.00
SCB_001-SCB 024 160 2.00
SCC 001 - SCC 070 0.60 2.00
All Floodplain sactions _ 2.00
Lower Frome sub-model I

NSA_001 - NSA 002 060 ) 2.00
RFA_001 - RFA 032 0.60 200
RFA_033 - RFA 048 080 2.00
RFA_050 - RFA_053 1.50 200
RFA_049 - RFA 077 0.60 2.00
RFA_078 - RFA_087 1.50 200
RFA_088 - RFA_103 0.60 2.00
RFA_104 - RFA_118 1.00 2.00
RFA_119 - RFA_170 0.60 2.00
RFA_171 - RFA 175 2.00 2.00
RFB_001 - RFB_003 0.60 2.00
RFC_001 - RFC 009 1.50 2.00
RFD_001 - RFO_067 0.80 2.00

" RFD_068 - RFD 081 1.00 2.00
RFF_001 - RFF 003 0.60 2.00

L RFG_001 - RFG_006 0.60 2.00
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Table 18 Continued

Model reach Chanped ks Floodplain ks 11
Upper Frome sub-model
RFJ_001 - RFJ_003 0.60 2.00
RFK_001 - RFK_004 0.60 200
RFL_001 - RFL_016 1.00 ' 2.00
‘ RFM_001 - RFM_003 0.60 2,00
RFH_001 - RFH 004 0.60 2.00
RFN_001 - RFN_006 0.60 2.00 "
IjFX_OOI - RFX_007 0.60 2.00 “
SCA_001-SCA 016 0.60 200
RFE_001 - RFE_005 1.00 2.00
All Floodplain - 2.00 j
Nallsworth Stream sub-model
NSA 001 - NSA 124 060 2.00
NSB_001 - NSB_002 060 2.00
NSC_001-NSC 016 0.60 2.00
NSD_001 - NSD 024 0.60 200
" NSE_001 - NSE_002 0.60 2.00
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Table 19  Final structure coefficients - Upper Frome

sub-model
' Structure Element label | Elsment Type Cd, K, Aff Dr |
Name .
GWRMLWR! WR 1.50 0.67
GWRMLWR2 WR 1.50 067
vy W GWRMLWR3 WR 1.50 067 <
GWRMLWR4 WR 1.50 0.67
GWRMLWRS WR 1.50 0.67
Canal Syphon THSEVSYP sY 0.50 0.67
ARUMLWR1 WR 0.90 0.67 ‘I
Arundel] Mil ARUMLWR? WR 0.80 0.67
Shuices ARUMLSL1 SL 0.90 0.67
ARUMLSL2 st 0.90 0.67
Eagle Mills CVNWKCUL BR 10.00
Butterow Hil BUTHILBR BR 1.00
Bridge
Bowbridge BOWESBR1 BR .00
Estate Bridge _
Housing Estate | BOWESBR2 BR 1.00
Link Bridge
Stanton's Bidg |  BUTFTPBR B8R 0.70
THRUPSL sL 0580 0.67
THRUPSL2 sL 0.80 0.67
Stafford Mills
THRUPWR1 WR 0.80 0.67
THRUPWR2 WR 0.40 067
Griffin's Ml GRFMLBR1 HL 073
Footbridga
GRFBYSLI sL 0.90 0.67
Grifirs Mil GRFBYWR1 WR 1.00 067
Bypass Weir GRFBYWR2 WR 1.00 067
GRFBYWR3 WA 0.40 0.67
Griffin Mil GRFACSBR BR 1.00
Estate Bridge

EX 3101 Roby 2303195



Table 19 Continued

Structure Name Element Element Type Cd, K, Aff Dr
label

Griffin Mill Estate GRFMLBR? BR 1.00 l

Bridge 2

Phoenix Ml BROOKXBR1 BR 1.00

Bypass Channel

Bridge

Phosanix Mill Lock | HAMLCKBR BR 1.00

Footbridge

Swimming Pool SWMPOLBR BR 1.00

Footbridge
PHXBYWR1 WR 0.70 0.67

Phosnix Mill PHXBYWR2 WR 0.40 0.67

Bypass Weir PHXBYWR3 WR 0.50 0.67
PHXBYSLI SL 0.70 087

Thrupp Works PHXACSBR BR 1.00

Bridge 1

Thrupp Works PHXFTFBR BR 1.00

Bridge 2
PHXESSLI SL 0.70 0.67

Thrupp Works PHXESWR1 WR 0.80 0.67

Sluices PHXESWR? WR 0.50 0.67
PHXESWR3 WR 0.40 0.40

Thrupp Works HAKSIDER BR 1.00

Bridge 3

Caravan Park THPCVYINBR BR 1.00

| _Bridge ]
] | B BRIPOSL1 - st ] e | oer

Brimscomba Mill

Pond Stuices BRIPOSL2 5L 1.00 0.67
BRIPOWR1 WR 0.40 0.40

Brimscombe Mill BRIPOCUL HL 050

Pond Culvert

Brimscombe Hill BRIMSCBR BR 100

Bridge

Brimscombe Port BURKETBR BR 1.00

Exit B
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Table 19 Continued
Structure Element label | Element Type Cd, K, Aff Dr
Name
Brimscombe BENSNBR BR 1.00
Mil Culvert
Brimscombe BENSNBR2 HL 0.15
Mil Access
Bridge
PTINDSL sL 080 0.67
Brimscomba PTINDWR1 WA 0.80 067
Mill Sluices
PTINDWR2 WR 0.80 067 I
Brimscombe PORTINBR BR 1.00
Port Bridge
Boume Mil BORMLWAI WR 070 067 I
Bypass Slikes | o o0 wRe WR 0.40 0.40
WIMMLWR WR 1.00 0.67 "
WIMMLWR2 WR 1.00 0osr |
:‘fe’i"rbe"ey Mils 1 winmLwRs WR 0.90 067
WIMMLWR4 WR 0.40 0.67
WIMMLWRS WR 040 0.40
Knapp Lane WIMBERBR BR 1.00
Bridge
l| Wimberey Mils | WIMBCUL1 HL 004
Culvert 1
Wimberey Mils |  wiMBCUL2 HL 053
Culvert 2
LSt Marys Mil MARCNWR WR 100 0.67
el
er MARCNWR? WR 1,00 067
“ St Marys Mil MARBYSL1 sL 0.70 067
Stui
Bypass Suices | rvaL2 sL 0.80 067
StMarys House | MARHSCUL BR £.00
Culven
lles Mil Raivay |  ILERLCUL BR 100
Culvert
lles Ml Bridge ILESMLBR BR 100
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Table 19 Continued

[ Structure Eement label | Eement Type Cd, K, Aft Dr ”
Name
lles Mill Bypass |  ILEUPWR1 WR 0.80 067 ‘
Weirs ILEUPSLY s 0.80 067
BELVEWRI WR 1.00 0.67
Balvedare Mil
BELVEWR? WR 1,00 0.67 |
Bevedere Pond | BELVMLBR BR 1,00
Bridge
CHINDSL1 sL 0.70 067
Chalford
ndustral Esiate. |—CHINDSL2 s 0.80 067
“ CHINDSL3 s 0.50 067
]
Chalford Chairs | CHLCHCUL HL 050
Culvert
ThanetHouse | THANHOBR sL 150 0.80
Bridge "
Red Lion Bridge |  REDLINBR HL 032
Brooklyn Bridge |  BRKLYNBR BR 1.00
SubStn. Bridge |  SUBSTNBR BR 1.00
Ridley Ml RIDLYSL1 sL 1.00 067
Sluicas RIDLYWR WR 0.70 067
Harey Lane HARLEYBR BR 1.00
Culverts
ASHMDWR1 WR 0.90 0.67
Ashmeade ASHMDWR?2 WR 0.90 067
Sluicas
ASHMDWR4 WR 0.70 067
Bakers Bridge. .| BAKERSBR- sl 0.90 067
Bakers Mil BAKERWR! WR 0.80 067
Siuicos BAKERWR2 WR 0.80 067
BAKERSL1 sL 1,00 067
Puck Mill PUCKCULY st 0.50 0,67
Culven
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7 ngford
Water
Table 19 Continued
[ Structure Element label | Element Type Cd, K, Aff Dr "
Name
Clinson Housa GRFMLER3 BR 1.00 '
Footbridge
GRFMLWR!1 WR 0.90 0.67 I
3’;'::"5 Milds | cremiwre WR 1,00 07 |
GRFMLWR3 WR 0.40 0.40 4|
Griffin's Ml GRFMLCUY HL 0.35
" Culvert
" GRFMLWR4 WR 0.80 067
fv':::"'s Mlus | GREMLWRS WR 080 067
GRFMLWRS WR 0.80 0.67
Phoanix Mill BROOKEBR2 BR 1.00
Stream Bridgs
Phoenix Mill PHXMLSL1 SL 0.80 0.67
Boume Mil BORMLSL1 sL 0.80 067
Sluices BORMLSL2 sL 0.60 0.67
St Marys Mill MARMLSL1 SL 1.10 067
Culvert
ILEMLSLY SL 1.00 0.67 i
lles Mill Culvert ILEMLSL2 SL 0.90 0.67
ILEMLWR1 WR 0.90 0.67
lies Mill Bypass ILEBYSL1 SL 0.80 067
Sluices
Butterow Hill BUTCANBR HL 1.40
Canal Bridge
Bowbridge Lock | BOWLCKWR WR 1.00 0.67
Wair
Griffin's Mill GRIFMLWR WR 1.00 0.67
Lock Wair
Phoenix Mill HAMLCKWR WR 1.00 067
Lock Wair
WIMCNSL1 SL 0.80 067
Wimberey lock | vmeNwR! WR 1.00 067
Wair
WIMCNWR? WR 1.00 067
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Table 19 Continued

Structure Name Element Element Type Cd, K, Aft Dr
label
lles Mill Lock ILELCKWR WR 1.00 0.67
Wair
Springside Canal BELMLCUL WR 0.90 067 'I
Culvert
Greystonas CHCANCV{ SL 0.90 0.67
Canal Culvert
Chalferd Canal CHCANCV?Z SL 0.90 067
Cutvert
Cowcombe Hil CHCHCNCY SL 0.50 067
Culvert
I Clowas Lock CLOWESWR WH 0.40 067
Wair
Golden Valley GOLOVWR!1 WR 1.00 0.67
o .
ck Weir GOLDVWR2 WR 1.00 067
" BAKCNWR1 WR 0.90 0.67
Bakers Mil
Lower Lock BAKCNWR2 WR 0.90 0.67 |
BAKCNSL1 SL 0.80 0.67
BAKCNWR3 WR 1.10 0.67
Bakers Ml BAKCNWR4 WA 1,00 067
Upper Lock
BAKCNWRS WR 1.00 0.67
Puck Mill Lowar PUCKMSL1 SL 0.680 0.67
Lock PUCKMWR WR 0.90 0.67
Puck Mill Upper PUCKMWR2 WR 0.90 0.67
" Lock ‘
Whitehall Lower |- WHITEHWR WR-  ~ 1.00 ~ 067
Lock
WHITESL1 SL 0.80 0.67
—— =
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Table 20 Final structure coefficients - Lower Frome

sub-model
" Structure Name Element Elament Type Cd K, Aff Dr
labed
Dudbridge Weir | NLSOUTWR WR 0.80 0.67
NLSOUTSL sL 0.90 0.67
River Sevem RIVSEVFL FL 0.80 067
Outtall
UFRAMSL1 sL 0.90 0.10
Upper Framiode |_UFRAMSL2 SL 0.40 067
Weir UFRAMSL3 SL 0.40 0.67
UFRAMSL4 SL 040 0.67
GAScanalWest | GSCLHCSY sy 0.80 0.67
Siphon
WHILHWR WR 0.90 0.67
Whitninster West | WHILHWR2 WR 0.60 0.67
Channel Weir WHILHWR3 WR 0.60 0.67
WHILHWR4 WR 060 0.67
Whitminster WHITMIBR BR 1.00
Bndge
Wheatenhurst WHEATESL sL 0.80 0.67
Sluices WHEATWRI WA 080 067
WHEATWR2 WR 0.80 0.67
Walk Rhine WALKRHBR BR 100
Bridge
FROMEWR1 WR 0.80 067
FROMEWR2 WR 0.80 0.67
Fromebridge Ml
FROMEWR3 WR 0.80 0.67
FROMESLS sL 0.60 0.67
A38 Road Bridge | A38RODBR B8R 1.00
MS Road Bridge | MSROADBR BR 1,00
Meadow Mil MEADOWHL HL 1.50
Meadow Bridga | MEADOWBR BR 1.00

EX 31903 Rcd 2303705



Table 20 Continued

Structure Name Element Element Typeo Cd K, Aff Dr
label
MILLESL1 SL 0.80 0.67
MILLESL2 SL 0.80 0.67
Milend Mills MILLESL3 SL 0.50 0.67 I
MILLESL4 5L 0.50 0.67
\l MILLESLS SL 0.50 0.67
Beards Mil BEARMIBR EBR 1.00
Bridge
Baards Mill Side BEARDWR WR 0.50 067
Weir BEARDWR? WR 0.20 067
Stanley Downton | STDOWNBR BR 1.00
Bridge
STANMSL1 SL 1.10 0.67
STANMSL2 SL 1.10 067
Stanley Mils STANMSL3 sL 1.10 067
Wair
STANMSL4 SL 1.10 067
STANMSLS SL 1.10 0.67
Stanley Mills STANMIBR BR 1.00
Bridge
Redhill Cuvert REDHILBR BR 50.00
Refuse Tip Weir REFWR3-1 WR 0.90 0.95
1 .
REFWR3-2 WR 0.40 0.40
Ebley ComMil | EBCORNSL sL 0.80. 0.67
Sluices
Ebley Com Mil EBCORNBR BR T 1.00
Bridga
" Ebley Mill Bridge EBMILLBR BR 1.00
| Eblay Mill Weir EBLMLWR1 WR 1.10 067
EBLMLWR2 WR 0.85 0.67
EBLMLWR3 WR 0.60 0.67
Dudbridge Road DUDBRCUL SL 0.90 067
Culvert
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Table 20 Continued

Structure Name Eloment Element Type Cd, K, Aff Or
label
REDLRSL{ sL 0.80 0.67
Redlers Mil REDLRWR1 WR 0.80 0.67
Sluices REDLRWR2 WR 0.80 0.67
REDLAWRZ WR 0.80 067
FROMLWR WR 090 0.67
FROMLWR2 WR 0.90 067
Fromehall Mil FROMLSL1 sL 070 0,67
Bypass Sluices
FROMLSL2 sL 070 0.67
FROMLWR3 WR 0.80 0.67
Fromahall Ml FRMILLBR BR 100
Bridge
Lodgemors LOMILLBR BR 100
Bridge
LODMLSL SL 0.90 0.67
Lodgemore Mills | i wh WR 0.80 0.67
Sluices
LODMLWR2 WR 0.70 0.67
Lodgemore Mills | LOMILLCU HL 1,00
Culvert
Bath Road A46BRDBR BR 500
Bridge
Spring Hill Bridge | SPRINGBR BR 50.00
G&S Canal East | GSCRHCSY sY 0.80 067
Siphon
WHIRHSL1 sL 0.50 0.67
WHIRHSL2 SL 0.40 0.67 IM
Whitminster East | WHIRHSL3 sL 0.40 0.67 "
Channe! Weir WHIRHSL4 sL 0.40
WHIRHSLS sL 0.40
WHIRHWR1 WR
CARVPWR1 WR
Spring Hil Weir
CARVPWR? WR
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aH{ngford
Water

Table 20 Continued

Structurg Name Element Element Cd, K, AH Dr 4“
fabel Type
Churchend Bridge CHESCHBR BR 50.00
CHESCWR1 WR 1.00 0.67
Churchend Weir
CHESCWR2 WR 1.00 0.67
Millend Lane MILENDBR BR 1.00
| Bridge
CHESLSL1 SL 0.80 0.67
Churchend Sluices | CHESLSL2 SL 0.80 0.67
CHESLSL3 SL 0.80 0.67
BONCUSLI SL 0.40 0.20
Bonds Mill
BONCUSL2 SL 0.40 0.20
GWR GWREMBBR HL 0.30
Embankment
Bridge
Ocean Pool Bridge | OCPOOLBR BR 10.00
Bridgend Mill Side BRIDGSLA SL 0.60 0.67
Wei
o BRIDGSL2 sL 0.70 067
Bridgend Mill BRIDMIBR BR 5.00
Bridge
Bridgend Kennels | BRKENNBR BR 1.00
Bridge
Bndgend Kennels BRIKENSL SL 0.70 0.67
Sluice
Downton Road DOWNFTBR BR 1.00
Foothridge
Upper Mills - UPMIFTBR BR 1.00 )
Footbridge
Upper Mills Sluices UPMILLSL SL 0.70 0.67
Upper Mills Bridge | UPMILLBR BR 5.00
RYEFDSL1 SL 0.60 0.67
Ryeford Saw Mills
Culvert RYEFDSL2 SL 0.60 0.67
RYEFDWR1 WR 0.20 0.00

EX 3181 Rob 2600095



Table 20 Continued

Structure Name Element Element Cd, K, AHf Dr
label Type
Refuse Tip Wair 3 REFWR1-1 WR 0.60 0.67
REFWR2-1 WR 0.80 0.80
Rofuse Tip Weir2
REFWR2-2 WR 0.80 0.80
Markat Garden MARGDWR1 WR 0.70 0.67
Wair MARGOWR2 WR 0.40 067
BEARDWR3 WR 0.001 0.67
Boards Mil
BEARDWR4 WR 0.20 0.67
BONSLSL1 SL 0.40 0.20
Bonds Mil Side BONSLSLZ SL 0.40 0.20
Sluices BONSLSL3 sL 0.40 0.20
BONSLSL4 SL 0.40 0.20
Ebley Com Mil EBCNCULY SL 1.00 0.67
Cuhverts EBCNCUL2 st 1.00 0.67
Bridgend Mil BRIDGCUL WR 0.70 067 |
Culvert
Bridgend Mil BRIDGBYP WR 0.60 0.67
Bypass |
Banty Ditch BANTYCUL HL 1.00
Culvert
Banty Ditch Weir BANTYDWR WR 0.70 0.67
Fromehall Mil FRMHLCL1 SL 0.90 0.67
Sluice
FRMHLCL2 SL 0.90 0.67
Dudbridge Lock DUDLCKWR WR 1.00 067
Wair
Printing Works RUSBRKWR WR 1.00 0.67
Lock Weir
Il Lodgmore Canal PSWCKSWR WR 1,00 067
Weir
Cainscross Road CAINSWR1 WR 1.00 0.67
Lock Wei
o CAINSWR2 WR 1,00 067
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Table 21 Final structure coefficients - Nailsworth
Stream sub-model
Structure Name Element Element Type Cd, K, Aff Dr
tabel
Dudbridge Weir | NSOUTFWR WR 1.00 0.67
NSOUTFSL sL 0.90 0.67

Salsley Hil SELSLYCV BR 1.00
Culvert
Erinoid GANTRYWR WR 0.90 067
Downstream
Control Weir
Erinoid Culvert ERINODCV HL 1.00
Erinoid Bridge ERINODBR sL 0.90 067 |
Car Park Bridge CARPRKBR BR 1.00
Cotswold Houss | COTSHOBR HL 0.04
Bridge
New Tynings NEWTYNBR BR 1.00
Footbridge
Priory Bridge PRIORYBR HL 0.3
Rooksmoor Mill RKSMRCVR sL 1.00 067
Right Channsl

" Culvert
Rooksmoor Mill RKSMRWR1 WR 0.80 0.67
Weir RKSMRWR2 sL 0.80 0.67
Selsley road SELSLYBR BR 1.00
Brdge
Selstey Road SELSLYWR WR 0.80 0.67
Wair
Paul's Rise - PAULSARBR BR 1.00
Bndge
Railway Bridge NSRAILBR BR 1.00
Forge Weir FORGEWR WR 0.80 0.67
Birds Crossing BIRDSXBR BR 1.00
Bridge
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Table 21 Continued
Structure Elementlabel | Element Type Cd, K, Aff Or
Name
STRODSL1 sL 0.70 0.67
STRODWR1 WR 0.40 0.67
Station Road STRODWR? WR 0.40 067
Works
STRODSL2 sL 0.80 0.67
! STRODSL3 sL 080 067
Station Road STRODSL4 sL 090 0.67
Bridge STRODWR3 WR 0.40 0.67
South STHWODBR BR 1.00
Woodchester
Works Bridge
Frogmarsh FROGMSBR HL 0.16
Lane Bridge
Bath Road BATHRDER BR 1.00 {
Bridga
Morett's Mills MERRMBR BR 1,00
Bridge
Merrott's Mills MERRETSL HL 0.94
Culvart
Inchbrook INCHBKBR BR 1.00
Bridge
Inchbrook INCHBKSL HL 0.01
Culvert
Critchlay’s CRITHBR1 BR 1.00
Bridge 1
Crilchlay's New CRITHNCY BR 1.00
Culvert
Critchiay's CRITHBR? BR 1.00
Bridge 2
Dunkirk Mills DUNKRSL1 SL 0.90 067
Cuhvert
Garage Culvert GARAGECV BR 1.00
EGYPTWR1 WR 0.90 067
Eqypt Mill Wair EGYPTWR2 WR 0.90 0.67
EGYPTWRS3 WR 0.90 067
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Table 21 Continued
1l
Structure Name Element Element Type Cd, K, Aff Dr
label

Rooksmoor Mil RKSMRSL1 sL 0.80 067
Left Channel
Culvert RKSMRSL2 sL 0.80 067
Critchley's Left CRITROWR WR 0.90 0.40
Channel Cubvert | - o ria1o sL 100 067
Critchley's Bridge | CRITHBR3 BR 1.00
3
Critchley’s Bridge | CRITHBR4 BR 1.00
Tennis Court TENISBR2 HL 0.10 ||
Bridge 2
Dunkirk Mills DUNKRBR1 BR 1.00
Bridge 1

DUNKRWR1 WR 0.90 0.67
Dunkirk Mills
Side Spills DUNKRWR2 WR 0.90 0.67

DUNKRSL2 sL 0.90 067
Critchley's Bridge | CRITHSL! sL 0.90 067
5
Tennis Court TENNISBR BR 1.00
Bridge 1
Elm Brook Bridge | ELMBRKBR BR 1.00
Gablas Bridge GABLESBR BR 1.00
Dunkirk Mills DUNKRBR2 BR 1.00
Entranca Bridge
Filing Station FILSTCV1 sL -0.90 0.67
Culvert

FILSTCV2 WR 0.40 .. 067
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Table 22 Design event return period water levels

-
Location | 5 year 10 yoar 25 year 50 year 100 year | 150 year ‘
Ci 34978 35.154 35.407 35.654 35.948 36.306
c2 J34.349 34470 34,667 34.838 35.001 35.105
C3 48.350 48414 48.515 48.592 48.647 48.684
C4 79.747 79.797 79.836 80.005 80.145 80.239 ||
C5 57.991 58.082 58.228 58.463 58.923 59.264
M1 13.745 14.161 14276 14.350 14 416 14,437
M3 26.461 26.464 26.500 26.563 26,629 26.785
M4 26.189 28.222 28.259 28.276 28.294 28.302
M5 38.459 38.573 38.726 38.978 39.080 39.161
M6 57.026 57.033 57.168 57287 57.407 57.454
M7 72175 72.227 72.288 72471 72.582 72642
M8 7.864 7.900 7.985 8.042 8.060 8.156
Mg 7.999 8.043 8.150 8.185 8.199 8.336 ’
M10 43.826 43.955 44161 44.631 45157 45.669
E:,;EV 31859 | 31981 | 32089 | s21s8 | 32196 | 30228 II
Peak flow (m'/s)
Ebley
Ml
16.4 204 269 31.0 37.2 40.7

EX 3191 Rob 2300/95



lingford
@ Water

Table 23 Additional modelling downstream of Wheatenhurst Sluices -

4.88m peak level tide

Hiacﬂon Label | 5 Year Event | 10 Year Event | 25 Year Event | 50 Year Event | 100 Year Event l
RFA_001 4.88 4.88 4.88 4.88 4.88

| River Severn Tidal Outfall
RFA_001A 7.01 7.12 7.13 7.16 7.22 —IL
RFA_002 7.26 7.36 7.37 7.40 7.45
Upper Framilodo Weir
RFA_003 8.20 8.32 8.33 8.35 8.42
RFA_004 8.32 8.43 8.44 8.48 8.54
RFA_005 B.44 8.56 8.57 8.60 8.66
Junction with RFB_001
RFA_006 8.44 8.56 8.57 8.60 8.66 'h
RFA_007 8.52 8.64 8.65 8.68 874
RFA_008 8.60 8.70 B.72 8.74 8.80
RFA_008A 8.65 8.75 8.76 8.78 8.83
Gloucester & Sharpness Canal - Left Syphon
RFA_009 8.70 8.84 8.86 8.88 8.95
RFA_010 873 8.88 8.90 8.92 8.99

f RFA_011 8.73 8.88 8.90 8.93 9.00
RFA_012 8.74 8.89 8.91 8.93 9.00
Whitminster Wair - Left
RFA 013 B.78 B.93 8.94 8.97 9.04
Junction with RFB_008
RFA_014 B8.78 8.93 8.94 8.97 9.04
RFA_015 B.78 8.92 8.94 8.96 9.03
RFA_016 8.78 __ 892 8.94 896 904
RFA_017 8.80 8.94 B.96 8.98 9.05
RFA_018 8.81 8.95 8.97 8.99 9.06
Wheatenhurst Sluice
RFA_019 1015 | 1007 1009 1013 10 08 H




Table 23 Continued

Section Label

10 Year Event

100 Year Event H

5 Year Event 25 Year Event | 50 Year Event
RFB_001 8.44 8.56 8.57 8.60 8.66
RFB_002 8.49 8.60 8.61 B.65 8.71
RFB_003 8.52 8.63 8.64 868 8.74
’ Gloucester & Sharpness Canal - Right Syphon
RFB_004 8.67 8.82 8.84 8.87 8.94
RFB_005 8.73 8.88 8.90 8.92 8.99
I RFB_006 8.74 8.89 8.91 8.93 9.00
" RFB_007 8.76 8.90 8.92 8.94 9.01
'»Whitmlnster Welr - Right
RFB_008 B.78 8.93 8.94 8.97 9.04
Floodplain Cells |
Cell 1 8.20 8.48 8.56 8.65 8.71
Cell 2 8.10 8.23 8.56 8.65 8.71 |
Cell 3 8.73 8.88 8.90 8.92 9.00 "
" Cell 4 B.74 8.88 8.90 8.93 9.00 "
Cell 5 8.74 8.89 8.91 8.93 §.00
Cell 6 8.20 8.20 8.20 8.20 8.87
Cell 7 8.40 8.40 8.40 B.40 8.87
Cell 8 8.80 8.80 8.80 8.80 8.80
" Cell 9 8.37 8.37 8.37 8.37 8.37
839 1 839 —8.39 —B8.39 830




Table 24 Additional modelling downstream of Wheatenhurst Sluices -

6.00m peak level tide
Section Label | 5 Year Event 10 Yo;r Event | 25 Year Event [ 50 Year Event | 100 Year Event
RFA_001 6.00 6.00 6.00 6.00 6.00 4“
i River Severn Tidal Outfall
l RFA_0O1A 7.01 712 7.13 7.16 7.22
RFA_002 7.26 7.36 7.37 7.40 7.45
Upper Framilode Weir
RFA_003 8.20 8.32 8.33 8.36 8.42
RFA_004 8.32 8.43 8.44 8.48 8.54
RFA_005 8.44 8.56 8.57 8.60 8.66
Junction with RFB_001
RFA_006 8.44 8.56 B.57 8.60 8.66
RFA_007 8.52 8.64 8.65 8.68 8.74
RFA_008 8.60 8.70 B.72 8.74 8.80
RFA_00BA 8.65 8.75 8.76 8.78 8.83
Gloucester & Sharpness Canal - Left Syphon
RFA_009 8.70 8.84 8.86 8.88 8.95
RFA_010 8.73 8.68 8.90 8.52 8.99
RFA_011 873 8.88 8.90 8.93 9.00
RFA_012 8.74 8.89 8.91 8.93 9.00
Whitminster Weir - Left
RFA_013 8.78 8.93 8.94 8.97 9.04
Junction with RFB_008
RFA_014 8.78 8.93 8.94 8.97 9.04
RFA 015 8.78 8.92 8.94 8.96 9.03
RFA_016 8.78 - 8.92 8.94 8196 _ 904
RFA 017 8.80 8.94 8.96 8.98 9.05
RFA_018 8.81 8.95 8.97 8.99 9.06
Wheatenhurst Sluice
|_|&_m 10.15 10.07 10.09 10,13 1008




Table 24 Continued

Section Label | 5 Year Event 10 Year Event | 25 Year Event | 50 Year Event | 100 Year Event
RFB_001 8.44 8.56 857 8.60 B.66
RFB_002 B.49 8.60 8.61 8.65 8.71 |
RFB_003 8.52 8.63 8.64 B.68 8.74
Gloucester & Sharpness Canal - Right Syphon
RFB_004 8.67 8.82 8.84 8.87 8.94
RFB_005 8.73 8.88 8.90 8.92 8.99 ’
RFB_006 8.74 8.89 8.91 8.93 S.00
RFB_007 8.76 8.90 B8.92 8.94 9.01
|rWhitmlnstor Waeir - Right
RFB_008 8.78 8.93 8.94 897 9.04 |
Floodplain Cells
Cell 1 8.20 8.48 8.56 8.65 B.71
Cell 2 8.10 8.23 8.56 865 8.71
Fall 3 8.73 8.88 8.90 8.92 9.00
| Cell 4 8.74 8.88 8.90 833 9.00
Cell 5 8.74 8.89 8.91 8.93 9.00
Cell 6 8.20 8.20 8.20 8.20 887
Cell 7 8.40 8.40 8.40 8.40 8.87
Cell 8 8.80 8.80 8.80 8.80 8.80
Cell 9 8.37 8.37 837 8.37 8.37
||_Qe.|L1.0 __8.39 839 1 839 839 839 |




Table 25 Additional modelling downstream of Wheatenhurst Sluices -

8.00m peak level tide

Kcﬁon Label | 5 Year Event 10 Year Event | 25 Year Event | 50 Year Event | 100 Year Event
RFA Q01 8.00 8.00 8.00 8.00 8.00
River Severn Tidal Outtall
RFA _001A 8.11 8.14 B.16 8.18 8.22
RFA_002 8.14 8.18 8.20 8.22 8.27
Upper Framilode Welr
RFA_003 8.43 849 8.54 8.57 8.65
KFA_004 8.47 8.54 8.59 8.62 8.71
RFA_005 8.55 8.60 8.65 8.67 8.77
Junction with RFB_001
RFA 006 8.55 8.60 8.65 8.67 877

| RFA_0Q7 8.60 8.66 8.71 874 8.83
RFA_008 8.66 8.71 8.76 879 8.87

I RFA_008A 8.70 8.75 8.80 882 8.90
Gloucester & Sharpness Canal - Left Syphon
RFA_009 B.75 8.84 8.88 8.91 8.97
RFA_010 8.77 8.88 8.92 8.85 9.00
RFA_011 8.77 8.89 8.93 8.96 9.00
RFA_012 8.78 8.90 8.94 8.97 9.01

| Whitminster Weir - Left
RFA_D13 8.81 8.93 8.97 9.00 9.04
Junction with RFB_008
RFA_014 8.81 8.93 B.97 9.00 9.04
RFA_015 8.81 8.92 8.96 8.99 9.03
RFA_016 8.81 8.93 8.97 9.00° ~ 904
FEFA 017 8.83 8.95 8.98 9.01 9.06
RFA_018 8.84 8.96 8.99 9.02 9.07
Wheatenhurst Sluice

I_I_é@_& 1015 1007 10.09 __10.13 1008 |




Table 25 Continued

Section Label | 5 Year Event 10 Year Event | 25 Year Event | 50 Year Event | 100 Year Event
RFB_001 8.55 8.60 8.65 8.67 8.77
l RFB_002 8.58 8.62 8.65 8.68 8.80
RFB_003 8.60 8.64 8.69 B.71 8.81
Gloucester & Sharpness Canal - Right Syphon
RFB_004 8.72 8.83 8.87 8.90 8.96
RFB_005 8.77 8.88 8.92 8.95 9.00
RFB_006 8.78 8.89 8.94 897 9.01 "
RFB_007 8.79 8.91 B.94 8.97 9.01 "
" Whitminster Welr - Right I
| RF8_008 8.81 8.93 B8.97 9.00 9.04
Floodplain Cells |
Cell 1 8.20 8.48 8.65 868 8.80
I Call 2 8.10 8.46 865 B.68 8.80
" Ceoll 3 B.77 8.89 8.93 8.96 9.00
Cell 4 8.77 8.89 8.93 8.96 9.00
Cell 5 8.77 8.89 8.93 8.96 9.01
Cell 6 _8.20 8.20 8.20 8.20 8.98
Cell 7 8.40 8.40 8.40 8.40 8.98
Call B 8.80 8.80 8.80 8.80 8.97 ‘l
" Cell 9 8.37 8.37 837 8.37 8.97 {
8.39 839 ___8.39 8.39
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Table 26 Additional modelling downstream of Wheatenhurst Sluices -

10.00m peak level tide
Section Label | 5 Year Event | 10 Year Event | 25 Year Event | 50 Year Event | 100 Year Event
RFA_001 10.00 10.00 10.00 10.00 10.00 —Ii
River Severn Tidal Outfall
| RFA 001A 9.04 9.07 9.13 9.17 9.31
RFA_002 9.04 9.07 9.13 9.17 9.31
Upper Framilode Welr
RFA_003 9.04 9.07 9.13 9.17 9.31
RFA_004 9.06 9.09 9.15 9.19 9.32
RFA_005 9.09 9.12 9.17 9.22 9.35
Junction with RFB_001 "
RFA_006 9.09 9.12 9.17 9.22 §.35
RFA_007 g.11 g.14 9.19 9.23 9.37
RFA_008 912 9.14 9.20 9.24 9.37
RFA_00BA 9.13 5.16 9.22 g9.26 9.39
Gloucester & Sharpness Canal - Lett Syphon
RFA_009 §.16 9.20 9.28 9.32 9.44
RFA 010 8.17 9.22 9.30 9.35 9.46
RFA_011 9.18 9.22 9.31 9.35 9.46
RFA 012 9.18 9.23 9.31 9.36 9.46
Whitminster Welr - Left
RFA_013 9.19 9.24 932 9.37 9.47
Junction with RFB_008
RFA 014 9.19 8.24 9.32 9.37 9.47
RFA_015 9.19 9.24 9.32 9.37 947
RFA_016 920 | _ 924 9.33 - 937 9.48
RFA_017 8.20 9.25 9.33 9.38 9.48
RFA_018 9.21 9.25 9.34 9.38 9.48
Wheatenhurst Sluice “
A 019 1015 1007 10.10 1014 10.10 “




Table 26 Continued

» Section Label | 5 Year Event 10 Year Event | 25 Year Event | 50 Year Event | 100 Year Event
RFB_001 9.09 9.12 9.17 9.22 9.35
RFB_002 9.11 9.13 9.19 9.23 9.36
RFB_003 9.12 9.14 9.19 9.23 9.37
Gloucester & Sharpness Canal - Right Syphon

RFB_004 9.16 9.21 9.29 9.34 9.45
RFB_005 9.18 9.23 9.31 935 9.46
RFB_006 9.18 923 9.31 9.36 9.46
RFB_007 9.19 9.23 9.32 5.36 9.46
" Whitminster Weir - Right

RFB_008 9.19 9.24 9.32 9.37 9.47
Floodplain Cells

Cell 1 9.11 9.14 8.19 9.23 9.37
Cell 2 9.11 9.14 5.19 9.23 9.37
Cell 3 9.18 9.23 9.31 9.35 9.46
Cell 4 9.18 9.23 9.31 9.36 9.46
Coll 5 9.18 9.23 9.31 9.36 9.46
Cell6 9.17 9.22 9.31 9.35 9.46
Cell 7 9.17 922 9.31 9.35 9.46
Cell 8 9.16 9.22 9.31 9.36 9.46
Cell 9 9.07 9.16 9.32 837 947
"_Ca.ILm 908 914 825 9.30 942




Table 27 Additional modelling downstream of Wheatenhurst Sluices

10.50m peak level tide
[
Section Label | 5 Year Event 10 Year Event | 25 Year Event | 50 Year Event | 100 Year Eventjl
RFA_0O1 10.50 10.50 10.50 10.50 10.50 Il
River Severn Tidal Qutfall
RFA_001A 9.15 9.16 9.17 9.19 9.36
RFA_002 9.16 9.18 9.20 9.21 9.36
Upper Framilode Welr
RFA_003 9.16 9.18 9.21 9.24 9.37
RFA_004 9.16 9.18 9.24 9.26 9.40
RFA_00S 9.16 9.19 9.25 9.29 9.44
{| Junction with RFB_001
RFA_006 9.16 8.19 9.25 9.29 9.44
RFA_Q07 9.17 9.21 9.27 9.31 9.45
RFA_008 9.18 921 9.28 9.32 9.46
RFA_0OO0BA 9.20 §.23 9.30 9.34 947 -
‘ Gloucester & Sharpness Canal - Left Syphon
RFA_009 9.23 9.27 9.35 9.40 9.52
RFA_010 9.25 9.30 9.38 943 9.54
RFA 011 9.25 9.30 9.39 943 9.54
i RFA_012 9.25 9.30 9.39 9.43 9.54
Whitminster Weir - Left
RFA_013 9.26 9.32 9.40 8.45 9.55
Junction with RFB_008
RFA_014 9.26 9.32 9.40 9.45 9.55
RFA_015 9.26 9.31 9.40 9.45 9.55
RFA 916 9.26 9.32. - 9.41 ~9.46 9.56
éFA 017 9.27 9.32 9.41 9.46 9.56
RFA 018 9.27 9.33 9.41 9.46 9.57
Wheatenhurst Sluice
| BFA_(19 1015 1008 10.11 1014 10,10




Table 27 Continued

Section Label | 5 Year Event 10 Year Event | 25 Year Event | 50 Year Event | 100 Year Event
RFB_001 9.16 9.19 9.25 5.29 9.44
| RFB_002 9.17 5.20 8.27 9.31 9.45
RFB_003 8.18 9.21 9.27 9.31 9.46
Gloucester & Sharpness Canal - Right Syphon
RFB_004 9.24 8.28 9.37 9.42 9.53
RFB_005 9.25 9.30 9.39 9.43 9.54
RFB_006 9.25 9.30 9.39 9.44 9.55
RFB_007 9.26 9.31 9.39 9.44 9.55
Whitminster Weir - Right
AFB_008 9.26 532 9.40 9.45 955
Floodplain Cells _l
Coll 1 9.17 g.21 9.27 9.31 9.45
Csll 2 9.18 9.21 9.27 9.31 9.45 "
Coall 3 9.25 9.30 9.39 9.43 9.54
Cell 4 9.25 9.30 9.39 943 9.54
Cell 5 9.25 9.30 9.39 9.44 9.54
’ Cell 6 9.25 9.30 9.39 9.43 9.54
Cell 7 9.25 9.30 9.39 9.43 9.54
Cell 8 9.24 9.30 9.39 9.43 9.54
I—(:::i[l g.21 9.30 9.40 9.45 9.56
___9.14 924 932 937 9.48 -




Table 28  Structure coefficient sensitivity tests - locations where upstream
water level increases exceed 0.10m

- Water level increase {m) for decrease
Structure Name Upstream section in coefficients of:
10% 20%

Il.ower Frome Sub-model
Wheatenhurst Sluices RFA_019 0.01 0.14
Millend Mill RFA_054 0.12 0.21
Stanley Downton Mill race RFA_0S0 0.05 0.11
Refuse Tip Wair 1 RFA_119 0.08 0.17
Ebley Mill Weir RFA_138 0.05 0.11
Fromehall Mill Bypass Sluices RFA_157 0.086 0.12

| Lodgemore Mills Sluices RFA_166 0.05 0.11
Reluse Tip Weir 3 RFD_081 0.08 017
Dudbridge Lock Wair SCA_005 0.09 0.20
Ruscombe Brook Wair SCA_007 0.08 0.18

(| Cainscross Road Weir SCA_015 0.06 0.12
Upper Frome Sub-mode!
Thames and Sevemn Canal Syphon RFA_184 0.25 0.53
Arundell Mill Slujces RFA_187 0.14 0.34

Eagle Mills Cutvert RFA_190 0.14 0.30
Butterow Hill Bridge RFA_193 0.10 022
Bowbridge Estate Bridge RFA_195 0.10 0.21
Bowbridge Estate Bridge 2 RFA_199 0.06 0.14
Griffin Mill Footbridge 1 RFA_215 0.03 0.20
Griffin Mill Bypass RFA_218 0.03 012
Thrupp Caravan Site Bridge ' RFA_242 011 0.23
Brimscombe Mill Pond Qutlet RFA_250 0.06 0.12
Chalford Industrial Estate Sluices RFA_324 0.21 0.30
Thanst House Bridge RFA_331 0.06 0.12
Ridley Mill Sluices RFA_344 0.06 0.12
Ashmead Sluicas RFA_357 0.06 0.13
Bakers Bridge RFA_367 0.14 0.41
Puck Mill Culvert HFI\}S?Q 012 0.26
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Table 28 Continued

Structure Name

Upstream section

Water lavel i

nerease (m) for decrease

in coefficlents of:

10% 20%

Griffin Mill Waeir 2 RFO_012 0.03 0.12 I
" Butterow Hill Canal Britdge SCB_007 0.08 0.33
Puck Mill Upper Lock Wair SCC_060 0.07 0.15
Whitehall Lower lock Weir SCC_062 0.13 0.26

Nallsworth Stream Sub-model

Erinoid Bridge NSA_016 0.15 0.33
'gr Park Bridge NSA_019 0.15 0.33

" Cotswold House Bridge NSA_023 0.08 0.19 |
New Tynings Footbridge NSA_025 006 0.15
Rooksmoor Mill Culvert - Right NSA_D38 0.39 084

Rooksmoor Mill Weir NSA_039 0.38 0.83 I

|| Selsley Road Bridge NSA_045 0.37 0.82 4'
" Selsley Road Wair NSA_046 0.36 0.80
" Pauls Rise Bridge NSA_048 0.31 073
I Railway Bridge NSA_052 0.29 0.63
The Forge Waeir NSA_054 0.26 0.57
Birds Crossing NSA_056 0.21 0.28
Station Road Works NSA_062 0.22 0.40
Station Road Bridge NSA_063 0.17 0.35
South Woodchester Works Bridge NSA_065 0.14 0.30
Frogmarsh Lane Bridge NSA_076 0.07 0.11
Bath Road Bridge NSA_078 0.07 0.12
LMen'etls Mills Bridge NSA_083 0.08 0.14
, Merretts Mills Culvert NSA_086 0.10 017
Inchbrook Bridge NSA_089 009 0.15
Critchleys (New) Culvert NSA_(096 0.06 0.15
Critchleys Bridge 2 NSA_098 on 023
Dunkirk Mills Culvert NSA_101 0.09 019
Garage Culvert NSA_119 0.12 0.25
| Eqypt Mill Weir & Whaeel NSA=122 0.12 0.25
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Table 28 Continued

Water level increase (m) for decrease
Structure Name Upstream section In coefficients of:
10% 20% "
Rooksmoor Mill Culvert - Left NSB_002 0.38 0.83
Tennis Court Bridge NSC_012 0.26 0.06
Dunkirk Mills Bridge 1 NSC_015 028 0.12
Dunkirk Mills Side Sluices NSC 016 009 019
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Figure 16 December 1965 calibration results - discharge at Ebley Mill
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Figure 18 5 year return period flood event - discharge at Ebley Mill
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Figure 19 10 year return period flood event - stage at Ebley Mill
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Figure 21 25 year return period flood event - stage at Ebley Mill
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Figure 26 100 year return period flood event - discharge at Ebley Mill
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Figure 28 150 year return period flood event - discharge at Ebley Mill
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Design event maximum water levels
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Appendix 2

Properties at risk of flooding in the 100 year return period event

EX 3191 Rob 04095






PROF

: i g
O Uy

R e T T T e T T e L Ty T Y N TN ey T Ty T PV TT I T )]
8;335922-8888;3&8558;;=.'—?3:2&&83‘45’.3.3'-‘1358::88885888%2‘—?&3‘-’.?3;288386833683;75'.'—?'&1‘-’.

o
vao
"X udn’d: oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

R i il R SRR A gk g i S G S A S S e

TR P EEE R RS I I HE D R R R e R PR R T FE P R S 1

S AL E L L DL A DR R RS TR R R A R 4 3 L e L I P e e PR LT T e P
RSBRReRRIRRIRI2RBEBERRERES 95935392§gg Eggggﬁgggggaggﬁgﬁs ge gﬁﬁ §§E°s§g§§
55§§§§;§§552&5§5§§5§§§§ggggggggg%ﬁgg 322 § g 2ERR §§§§§§ §§§§ B

288 BRIRIVERRSE 82923222088 CERNIBYBERBRY 8 282832 re £ 82 Z¥REZS
HEH G R R R P R I B R I T B

"~ P
nnnnnnnnnnnnnnnnnnnnnnnnn ERRRRERE RS ESEER RS EEESERESEESERERRERLE

= g - SecbapebompesOabeS Ssessanse =p ] 2252-. _gggogl! . L) - » E:B
§§§§§§§§§§§§§§££§§§§EEE?E?EE?EEE%E§§§£§§§§§§§§§§E§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§
R RRRR2ER R RN AR R 22222222202 R R RRRRE R R RRR 2R - RER R R S SRR R2ssnegraggaay

Whiimens®
Whtmina ter

o

D

Easbngion Incusiral E

uuuuu



IR R B ER T I T P TN T T S R ER I RIS ST TSI FITH

s:aasaaaaaa:s:asa;::aaaaaaas::::ﬂ.:azzz#:awaas:naasassaaa%aaaaazasssnzaauu

I I I I I I N NN IO E M M NN N N NV O N O O IO T TP P U DO N O D C T OD S we s o~
—————

- e o CEEMCSE T CErr TR EREEE b T e rE rhEEEERERECrr T e, e, rer e R R0 YE

B T e T L T T e T L T T T T T
5§Egﬁﬂ§§§g°§°9?333°°85§°°°°°Rg°8332°3°°°ﬂ3°°°§°ﬁ§3EE_&Q_S_ﬂg:QSg;SiEgE:§§8§38§§g§ l
B88SS88 EaRR R R R RRRERR R R G R R IE AR RIS ARERERE 3988 RRIRGIRSRREFEESS
R R R R s B
S L T e d T BT R T DL

seGETNes Emsssesspocs capgpsppsemsesssey ppeepGEpases sgozs 2ileatas
i sl

P RRRRRERARR 2R 22 P RRRRR R RARR2RRARSRERERR2R g2 SECZR222Z{2RTRIZ22RR 28282

Emsangton Incust
Eastington
Churchend
Exstington
romabaidge
romabrdge
Churchend
Churchend
Emsbngion
Ex3nngton
MDeng
Miend
Churchend
Eastington
Eastington
Eattington
Enstington
aargion
g
Merd
aa0ngion
Miend
MiNngnd
Churchend
astingion
MEeng
Enstington
Eratingion
satngion
Mg
Crurchend
Easdngton
Eaamgion
Easmgion
Churchand
Eattington
M
Emstington
asIrton
Churchend
Esingion
Mend
Churchend
Churchend
Churchend
Churchand
Churchend
Churchend
Churchend
S3ONGIoN
MEong
Witmngter
Fromatridge
Churchand
romabriops
Chyrchend
WhitTdoa e
Esgtington
romebdge
romebndge
omebniige
ronebidge
WISt
romebridoe
omagide
romabadgs
romebridge

- -
a a4 ﬂ..

Gloucester County Councl Depot

- — -
B D= iOD = Ve SXunAan-0= o, adnnredre Yl v nlanl0coudt awond ey - 0 ZwZuwil3

Esta
E
Fi
F
B 0N & O A G BN BN S B D D EE B e




Il B BN B B B B TR U D B e s
£ : 3

34 1 E B B HHEEHEEREL
ggggggm gggggggggggg g ggg mgm ggg gsg gm “g“gggggggggsggggg ggggggggg

eno 2Rooo

83388 gsg: g,agaggssa $2oR388% ss°°°93§s= s°s=§s§~sassssg 23222285 8°SSS°“S§3 an

39883889 B8RB R IR I2ERRBREEE SR eRB B R BBR 2 BRRE R BEREBRE2RE5SS
Eaﬁ%agga§§§§§§§§§é§§§§§§é§§§§§§ 5353 §§§gaaﬁéééﬁﬁééééé%ﬁgééééégméé EE TR

G HE B HRHE R 5§§§§§§§§§§§§§8§§§§§§§§§§°

]
uit vl adnlbdode

P RRRRRRRZRARRRARR® 2228222 QR R 2222222 23R RRRRRSRR R g2 22gsaR SRE2RRRe

1
Omamental Ironworks Sridgend

H § £ i3 i :
b it £ oo i £

5
EREagee &
fg i E%EEEE%?;%E

T w=oy



Stenehouse

go
oo

_2rxz

§2§§§§s€£sgg£§§§§z feff Eis

Uy UUOUBY
2 NRITLLQIZEERE
ﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁgﬁﬁﬂﬂ
vg

XXX

EEIERE ﬁﬁﬁ 32
33338333838
2828RERE2

&

§§§§§E§E§ E

Stonahouye
Bridgend

-~
WweawN

-

IB0220 204650 432

Briggend

od

I-x

LT

Stona

!

WWwNGOw T e TPl -

g 2
§§§§§§§§§§§§§§§§§§§§§§g§§§§§§§§§§§§§§§§§§§§§§§§§§§§§
A e AR
§§§§S§§§§§§,_--%f%?::§_§55555325??%392%3??“%?2,:§§§3
E§§E§2822:= ES8”“83288838“33ﬂ?°3°“8393°3'§ 2383228 ng
B2g228 T S Sy R IS P T P R TR FER TR T Y
éééégéggggﬁéééééégéééééééééééééééééﬁﬁéééééﬁéééékéééé

333BREERRR I8 R RRE22 22333 B203rRE8IR88LERY g
HiH T HHE IR HER B HH R
§
EEASR YL GRS OSSR eDIREPERREES g seas
Sggf?géégéggg ggz§££§§§§§£2§§§55822555eé§a§§2g§§§3§

ITHINTI I §§§g§f§§§§52§§§és§§§§§§§§§
R



B(E B N N B T G E 0 B O U =N TS = =l
A

dduuuoouqqqduouooouooooqooqqddqq-_qqqq oooo JUUUUUU U0 yUUUddd U0y oaoudd 3]
ﬂ.nnua.qnla_o.nngnunqngnqggq;qqquqa@3ggm@qg &&&&& . gu_mmnqaanmgnnqsaag nnnnnnnnnnnn §m_§n,
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo ]
SeUBRs L3R aREs8558888 LI TN2VNNNGRY nssa"""maasnsgqaass 3;33;;3;;;38;;

ggng ggnngz g’.gﬂgsa;?\&a:‘"“““" """"""""""""""""""""""""""""""""""""""

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

xxx ——-o-——.---———---—--——.-..----v--—-_.._————- —p.—.--—...-.-.-—.---——....—..-.-._...-_..-._.....-.........-.-—_.._

338838%"“ NoB39YREYYYeagTeeRYeSS 9853““9 53299 3&?“8 339 EEE °§9 VISR UYSIeNRY 8°

%%2%25&2§§§e§§252522225?%SE‘EEEEES’E?E%% 25225225% FHH O A
rreg -ﬂ'ﬂ"°8 a2 28E 8383

HEH R FEER LR R R LR L HA PR ERREE

S §sﬁEznssgéﬁsfsé?gsgésgsaaézsggsssﬁggéizsﬁs

B R RN IRRRRRR RN R R AR R R R R R R 2 R SRR R R R R SRR AR RRE SRR R RT RESRREE2S S

g
:
§
P 3 I :

3
d
2 4

§§§§§§§§§E§§§§§§§§§§§ §§§z§§ a§§§§§§ss g s% ggmgmm& il

:

5 %
§§§.§§§§§§§§§§§§§EE§ i il §§3g33§£§5 ; fs§§§§§§§%§33§5§§§§§ §§§§§§§§§ ]
s A e A i



§§§§§§g§§:§§§§§§§§§§§§§§§§gggggggﬁggzgﬁﬁg;gg‘g’ﬁgxgz;§§§§§§§§§§§§§§§§§§§§§§§§§§
§§§§§§§2§§§§§§%2§§§3§§S§§§§§555%&%353@3233%@?233335§§§§§3233§§§§§3§§§5§§§§§§§
D T T T Tt L -
G E R R R E R e S L e L P P T T PPt
FEHH LR R R L B B R R T T

2REPLZ - cggge £8g23 338988298823 F2288828g"
R HH RN R B R R e SR R B
.- N N ¥ 2 bCssonnRessbohpagesnaPRRSS L] 2 g peeo 288 - N B N N sStaomepe
sl nbmn s nnnunbnng
333338588822382323333983338323822239333389338325!292328928398883883388833388338

b3}

g w

i _E. :
N ANRTRL S . é

3 3 2 Em _5’9 Emm 2gea - 2

HAH e a T e s T

: i
S.55 £ E &3 z
R ITHTHIT *‘“ééggggf ’;‘{;5*‘ §§g;éé - ity
§§§§§§§§§§§§§§§§§§§§§g§§;¥h?ig?’fgggggéégggg‘gg%;;§§§§§§ggeggéggggéﬁéﬁgégigg%?g



I B I S D N B B B e
‘ :

PROF

PROF

aaaaaaaaaaaaaaaa

58

78

108

380533 20481
7

Upped Mg Industnal Estate

-
T o e e e e o T T vm em wm e e A o o A B PR e o e

Ryelarg

Magchinery LIJ

PROF

NNNNNNNNNNN
vvvvvvvvvvv

E

495 204585 200

«12

HIHHIT

SSRRRRRRRRRSRRR=2R2RRZRRRR2RR

RAyatond

Machinery Lid

1
380750 204700 375

14 -

1 »

Enginserng & Chamical Supplies
Wascale Packaging Lid

2 Wharidale Way
nit 4!

9 Indusirial Estate

§§;§§§ i

380178 204888 42

Jodddu . doo
§ aaaaaa g
coooas

e Y e = e o

sl

CAREERRAKRRRR

Wets Incustrnd Estate

42

20 Incustrial

-

-

Ryetord

Lra

Unit 45 {3}
34 Wharidaie Wary
20 Whankisie Way
80 Wharkisle Way
Staniey Enginsens
Flawsling 4 Seeley L10
c

Man industisl Valves
6 Seiwin Close

72 Wharidale Way

74 Whartdais Way
waal & Co

Nutshel Cortage
Crston Const Lid

085 204223 108
3IB0225 204775 63 1838A

380215 204875 83
301565 204525 130

8

Stroug

3B0ET0 204700 o8

PROF

[*1S o
535 IS e
38 ~eeggecnaRy3zesagy
x°saagaggggﬂaaggagggga;haazgg

e e o e e -

381535 204525 210

Ryelord

Liwa

§§§z§3§ |

Oww

768
430
a1
537

381095 20422% 108
IB1178 204688 100
181295 204605 150
380335 204853 42
380165 204885 63
360208 204880 63



#0ud

o'd'a e
dQ iNe
100Q 79962

£0g 062

2331383

233286383388

 EENVERREREER

gdu
gmmm
[=YaYa]
3
=
o~

0'd'a sTer
2dQ STBT
od0 ST
Jd'Q wWEe
J9d0 E282
00 61 82
1000 082
00 1092
000 1092
100Q 8822
000 98°L2
000 984T
DdQ W4T
000 18
1000 BLZ
1000 6142
000 ¥ii2
000 €212
00g 1T
100Q 69'L2
000 8942
x00Q 5912
000 rLT
0og 29z
Hog 2942
000 1942
000 6542
o) 8g'Ld

VHEL 2
[ TS ¥
YRl 09
8L 0061
oriy 22
AR ]
L1891 or
269 0SEL
159 O0r
L Sl
6541 0T
1941 S2
091 ST
LT
irLL By
544 TC
rSil e
iELe 2L

‘e e

Sk, ¥O
Bl S
0S4t ST
2541 OF
0281 002
151 SRl
8rzL €2
(1739
98 L€
899 0T
e 09
899 001
Q184 00F
SEL ¢
699 521
gLor 22
[T 4
Z0LL OF
SOLL 0L
oL 3¢
00LL 02
oLl Or
0L 0L1
aigL o8
1261 0§
8281 08
8081 02
£281 0f%
8081 0%
v29LL 0%
BrEL 2o
L0L 0%y
F3 1Y 4
68L 8y
gL 09
Lt pe
i o5
8481 9E
6c81 09
88L 08
SLih 9E
4 TAN T
8. or
vl GE
£l ot
RiLl W

S08K0Z SyI06T
SLOPQZ SZT08E
F12v02 STZISE
080502 06BALE
C98¥0Z S5208T
SHarQZ SRZ08T
£85r02 SyCIRE
orc0Z 00CaLC
082802 OZtesE
021502 ofgasE
S0Or0Z SOCONE
SEEY0Z SOCOSC
SEBNOZ  SOCOBE
SEArOZ  S8Z08C
$90P0Z SEIORE
SYErQZ S0206T
SrOr0s 5S2D6T
S6Y0Z S0209C
SEBMOZ SS209E
021502 02888
021502 OLg6sE
COO¥02 SECIRE
S88H0Z SCLOOE
SLO¥QT SFIOSE
SPOX0Z  SNTOEC
SBBYOT SFIOET
SYOr0Z SYZoet
SOOY0E SEHOSE

S18v02 C5208€
SLEYQZ Grzomt
COOP02Z SICINE
SIEM0Z CEZ0RC
C20v02 £5208C
CI6¥02 ©3200¢
0O4E02 02Z8iC
052502 OriBLL
$OS¥02 SERIEE
080T OvZoLC
SUSYOZ SZILFT
090502 0aBALE
082902 OCZ6LE
0ZZrOZ 09009t
$98¥0Z SZI08C
S94r0Z SiL06C
SP6r0Z S0108%
$HOXC SOL08C
F9Er0C SZ10GC
SS6Y0C F0L08E
Srr0Z S0108¢
S09v0Z SIELRE
SS9v02 C5LLEC
SN2 S21190
S26vIZ SESISE
SEOXOZ SHPIRE
525002 SEILET
£1E2r02 $911BT
0LLYOZ DOLOSE
010502 0S68LE
QLLYOZ (vEO9E
ME90Z 0169:E
069502 OYORIE
Si2y02 si2i8C
STHrOZ SCriet
S9IrOZ SLZIBL
SSIr0Z S8L18C
0EIS02  UYOGLE
SIZrOZ £9210T
SZZYOZ SOLIBE
099502 010MLE
F9Zr0Z $5218¢
S9ZYOZ SSZINT
S{Zroz SBZIEL

ey 02
0y 02
ajenig 81
oM 02
Mg 02
©RMg O
Rutuwo) 8|
matnpu; 02
Ao (2

d 6l

Nepd 02
omMg 02
g 02
"G O
ey 02
umntd 02
o[k 02
"Ny 02
aenrg 02
WENId 81
ey BL
ol 61
"eALg 02
vy 02
Sisny QT
seapg O
WG 02

L TR S
RIUSUANOY 02
muaenou o2
02Ny D2
SIBNd 02
sivig 0F
und 02
WeNd 02
R (02
Slenrg 02
o1y 91
Ny 02
vy 02
oiraug 02
U0 OZ
1HUeUALCD (O
ey 61
[FFRSUALOD) (F
mASOu| 02
POH 02
MRIsUALOD 2
ng 02
Mg 0Z
ey Q2
NNId 02
g 0
oisNg 02

LU T v
AWNg 0F
IPFUSUALDD 02
g g1
KRy g1
EIUHRLOD 02
LU TP 1Y
MRUOUALOY Q¢
masnpu| gy
Rduk ¢
Wy gt
Aowe o2
Ay 02
eAd B
oy Bi
NeNg B
Sl 61
ferud 61
RAd 0Z
LAL TN T
uNg 02
lang 02
g 81
Ny 4y
NeNLg 8L

P0G

pang

puojely or2

AEoiowne) 5

LA BT RIE ] S oirg hl

AENOBUOLS

D.o_!n-._

puopiy

pnaig

BIBIST RUISADW SaK 180dN
OENOYBLCLS

SINT] MUISNOU Sawy aeddny
obppaeuws 3

UNOMEN

Aanes Cuy

paciaiy

Aoquwss Buy

02084y

umOLMaN

faung Supt

Aoumg Sy

MOy

Aaung Bupy

Aoumg Bury

Aoumg Bupy

AT txeog 21
1% - "]
atncy xoG MO L
18104 LUNOD PEN0LEUIG
SAp (] PROg L2 104d
(514} 8400 WHROP CL-P2 S0y
w essn0f
wodwury

PI AunOr SRALY
Salyy umij 0D g
Q0 100 §T kg
SAL]) P0G B0 10w
AN OG IC g
WU TR0 T 10
BALQ PE0F 02 101
MO P0G L7 10w
a0 B 82 10
*ALQ Pwog L) 10w
My g 2 Id
L2T R FRTLEL YT
SR WY O] | )
00y DOIMYE § 2
BAI] EXR0Q #L
BALQ PR0Q 02
S0 SXB0T ¥l 10
A0 sYeog 41
BALQ HROG #Z 10U
NG IO B
WORIDY el

v
Sty g WA
Oy L g LD ¥
Sl wudy UNOD &
by g Yno) T
by LUSy UROT)
S BROg 9r g
SAYQ TIROQ TP 0%
N0y e
{5} eap () BYR0Q CP-BF Kt
AU BR08 ¥ 0id

100H BNOT STNOUMILG
LMG D
edauog sy

] eiog #2

SN Be0g BZ

{siwy) a0 oxw0g 2020
SAU] SwBog 92

AU B0 22

R Byitog OC

{s1vu) BApQ Tum0g Qr-vr
Yy

sSao] mue) |
eSeo) mE) 2

0000 oAy Z
SO (RKIMUWD?Y) EN0URLOIS
UOHBA

iy min

yang 1,49 18
LN

sSru0) soysoLOy
#8007 ¢

Ll g

06007 ojedy |
»OH v €

obenod mueD ¢
| My

o e ¢

300) UMe5 7
odauo weeg
M0 ITW |

0 DM #)

»OH PN §



00] 92 958  Siv 05Dr0Z OB8EET PRUWo) O¢ pnans TG Oy J WAL Aeqig

000 1LTE ¥eS L1 OLBYOZ 0:629C FRBWWOD 02 prang FOWRS Oiy § WAL Aeqi3
000 69C  B9F 95 0ICOZ 0GBIBC Sy 81 pnailg Ay 08007 mOpeaN
o0 IFIL 55F  SIZ  QUOMOZ 0L620C MUPURLOTD 02 pranlg swaueg olny § wid) fea)
1000 G PZL 2L 021502 OrEsst o1mAg 81 SIS ey ULE S LNOD L
000 9¥PIC 229 691 019¥OZ 009ZST wpd 02 : Amqy #wroy sboug
000 FE B SLL 021902 OCBALE “end 81 OSIOYRIDIS Sy uul4 LNOD 9
40Hd 000 ZGIE SPE 1991 01902 0L628C HALD 81 pnang Amqy SOURO FOUNOD BVING DA
100 LIE 295 SL1T O19POZ 01628E Ao 61 prang ka3 shomnuea
Od0 IEIE YL 2 SOIS0Z §3108E ey 02 poang PTOL) MOUVE B
000 ZFIE B09 S 010KOZ OPSZRE LLETN. 4 A3 peoy ebpug | venueg) seu | AaoH ¢
‘od0 I eIy ZL 590502 SB008C Ay 02 pnauig | 0] MOLRg 91
000 ¥iIT B0 SL  019K02 OSSIWE wepd 02 Amq3 peoy ebpyg | USOIBE 0L RUIOM 1
000 REIE 019 S DIYOZ OESEC mwgd 02 Aoq3 peoy obovg OO SJL AOH £
OdOBELE  SELL L S60S0Z S0L06T olesd 02 . ; pRang ‘9RO MOLRE 9
04d WOQCCIC  ¥S #8 QLEKOZ OE6ZBT WO 61 pnaulg g3 RO KOUNOD PIIRO PONIS
A0 RTIE €02 ¢ S21602 $HOOSE olmAg 02 prang ! 0010 MOUNG 01
000 SIE K29 IE OLSvOZ O09ZET LILLPE ]S Anq3 {9snoH 84e0) esnoy efipug
OdQ2VIE  ¥2L TL SL0S0Z SOMOBE oitag 02 poulg | 95010 MOYEG ¥
Q0 ZVIE 6221 2z SP0S02 5.008C oleng 02 prans ! 050t mopeg gt
Ddq it 2Lt €9 SO0C0Z  CO00RC sllaugd 02 Ppeuls | SR MOEE T
1000 1L IE CPEL OF  STOPOZ SPPISC L TETFETS mody | sfrucD sppnadeuou
000 LIC a8l 0§ SYOr0Z SIiPIBC WAy &) poojady .A #5ap00 S S roeD |
000 {\E ¥R S0 S20v0Z SETIER 0 61 pojedy | #Enoy puoakyy |
DdQ QUL 22 S $S0502 SL006C vy 02 praig 080D mOUTY |4
JdO0LOIE 821 22 SBOSOT S9008T aeNg OZ poagg | 010r) Mojeg OZ
DO S0IE  TELL L FIISOZ SL006E oAy 02 phang RO MOUTE 21
000 E0IE 2¥8) 05 SEYROZ SSHIGE LR pojdy ebxyo) Buwceg
Dd0COIE  ¥L €9F OBOTOZ DLRELC kA 02 SENOURIDIS Sumey LoD
DdQ S0  IBLL 2L $01S02 SL008C L L UTHIES pnang QTOP) MOUTY ¥ |
UdQ vE0E 121 $6 CO0S0Z $BO0RT Hd 02 praig SROR) MOUNG §
000 GO0C  G19 Ly  0SSYOT 0OSTBE BRIswweD 02 fanq3 TI0IOW UEMSIM
000 SEOC  1P91 5 CYOYOZ $OPIBT NiNId 61 noaiy sbeyo]) (wumg
Dd0 MOC  82L1 IX  $90507 SS5006T g 02 poang 30 MoyEg 51
DJd'Q 290C [ PR 5] SR0S0Z SSI108E Nid Arenpaoay 02 pnons [WOH MOUS) SEOD MOUTE T 1]
‘OdQ I80E Il B S20S02 SELOEE oA 02 poaig 80 $AB0Q 2
O'd0 B0E SiL1 S8 $2090Z SYI0GE vy 02 pnang A yeog ¥
000 BL0C 919 691 0BSYOZ OBSIRT LAWY B4 Aomqy 00N RAMITOM
‘0°d’0 940C  €TLY 08 SLOSOT S1I0GE Nty 02 prang T MOUNg 2
000 6L0C  BEL 0OC  060SOZ 0S6BLE RIM 02 ) 19K7H WNOT) SENOUIOIS
000 S2'0C  ZI9 ZIL O55¥02 OAPZEC orug O Aay 9003 L0iem
Dd0SL0E BLL 0L GTOG0Z S1108E ol 02 pnouis #90K) MOUNG §
000 ¥LOE  ZEL @1 02502 0698LC LLETRN Y] ! umOUNK) SEUPOY
100Q €L0C  IEL  O%F  0rES0Z 0686LEC unanun 81 esnoysuals weg
DdQELOT LKL TL SYO502 SZI0ST oIvapg OZ paang 9RO mOUEY |
Od0 2'0E G¥EL Y9 QLEMOZ 0I90SC Al 02 SSADOY UMLK
Dd QL0 ZriL 05 S0050Z SZZOSC IRy 02 bnculy QAuQ) Salog 81 ¥y
Od0 630 Cril 08  $00S0Z §Z206C oirug 02 pACuIS emug tavoy 8140
Oda Y0E 21 T2 §I0S02 SYOOET avug 02 PG 0503 MOUTE L}
KO0 10 €940 S OLBYOZ 0LrOGT oivad 02 pnang DOCY 1018V ¢
FdQ 190 SiL1 08 SEOSOZ SZLOGT olvmrd 02 pAOAS 990L3 MOUNg €
000 §0E 0tL 001 0E1S0Z OgediE e 81 PENOUBUOIS ' BnoD emn
000 90E LIBI O€  SSSY0C SECIBE WRSURUOD 1 [590140) poydy woPRweD Bupeg ROy
000 850C #1929 OUCKOZ OFSISE LLETEN L E] PrpRorg
000 BEOC  O0ZD S¢ OSYOT OPSIEE uIUm) 02 L3 £17 VORI ARG
000 ISO0C BZL T9  OLISOZ DuBBLE ueg 6L esnoyeuols 05WIO0 sNmpnang
Od0 900 02LL 2L SKOSOZ SEO0ET g 02 PAOIIS PR0[) MOUTQ L
000 60 CEL IEH  0LISOY QLESIE QUETEN 95M0URUOIS VOQUNY LNOD
A0Hd woq ot €19 001 095Y0Z QP5TBEC sleraugd 02 L F] ofruoy episawos 4
VA LL00  prLL TL SBSYOZ Sw208C WY 02 POOIIS AuQ SY90g 02 ©0d
F0Hd 1000 CCOC 819 BIF  0SSYOZ OOSTRT [ERLOuALDT) 81 Aeq3 REAS MLy
#0ud Joog 6Z0T 819 0F  0ESY0Z 02SZBE RSO (0 Aaq3 DI LONAISUOY) UBASY
'Dd0LZ0C  6vElL 001 00GYOZ 0OLOSE Aoue 02 S5O0V UmOUNN
D0 STOE  OvLl 95 SUSKOZ $1208% oeng 02 pnasg oruQ Suog 91 g
‘O'd0 STOE WLl 05 SGEPOT §1208C Qg DZ praig A0 oy L od
Od0 LI0E SYN TL SI6WOT §5208C vy 02 pnourS SAp] P0G |2 g
408d 00 YIOE LI STV O9SYO0T OSSZEC MRALA0Y) 02 Lo E SIS Iy
000 CI0E VL ¥S  SEQROZ SYYOSC R 02 poaig FEN0H PIRLLIOOLT
000 BOOE 5181 XL $19¥02 SSEIGE sHeard 81 profeky sebeuos) Buxds |
000 PO0C 0L SZr  001S0T OTBALE REH 02 . RIOH UMY FENOURIOLS
200 S00C  SilL 2 S09P0Z SSEISE oy 81 ROy . so0euo0 buds 2
000 WOOE  FIBL 2E SOIMOT SSLIEC ey 01 R0j0Ay sebmo) buds ¢
2000 COOE €18l 26 SASKOZ SrELgC g 6L Rojely selwuc) Bupds »
00Q 1006 2191 2C  SASY0Z SvLlet LLETHIC T ook sabeyed Duds §
Dd0 682 rILL OF SOOGS0 SOI0ET HAY O prang | 0 g 9
Od0 6862 ZiLl I SBBYOZ SSIOT nwg 02 pooag | AU ©0g 04
240 6462 L10\ ST OILZFOT OrOORT g 02 vowog s | 000D Baiay
IO 86 €I Sr  S6AF0Z $SI08E sy 02 poang | ) oy ¢
0O ez  LZX 21 021502 Oredul suwd 81 SENOURUOLS i by UN 4 BNOD §

|
B “



4064 ooQ iv'vE  IB0L 009 Q9LPOZ OLSEHT AU 9 pRLg o OO [y pNOuS

00 9EYE P23 SZZ  0SIPOL 06YIRT euduaue) 0Z Aan3 D17 SOMS WL 89y Aar
#0ud 000 rEYE 0801 €297 DOLYOZ OL9CRT esnpu| 02 pnong =] D W DALINS
VOO EEF. 109 29 069r0Z 0A5ZEE SNy 6l A3 SN £
000 ZEYE 1901 BE 08902 OBYCEE sRNg OF prang o5 40ova ¥
000 TYE 829 02 QL9r0Z 09200 I'Ad 02 o3 PRCY) CNEMSIM COE
000 £l 200 2. 069¥QZ (PSZBE oleard B Aoy SeuoIparp €
J0og 629 {901 D€ O8¥0Z 0RYEET g 02 poag sp5-00oyg g1
000 RZ'WC 001 BE  0R9YOZ O6KEEC LILLTE I poouls ws-etoun 21
000 LZYC  Z90L BE  OREYOZ OOSEWT nrAg 02 PouIg orS-aforg o
D40 LTYC 65T #HC OBIYOZ 09WZWC RRUSULOD §F phoig Asqi3 UBAD PIOMESNCD
1000 SZ¥E C90L 9E  OBBYOZ 0OSCEE nsng 02 pnaug o0rS-e00uE 01
000 TYE 009 I3 0BRMOZ (LSCEE e 61 ko3 seutitpay) |
000 9TYE Y90l ST 0EBMOZ OOKCEE BN 02 pnag eorg-eloug 11
000 ¥TYE WS IE ORLYOZ O0BZEE neAd 61 paauig Ao PeOL URAISOM 1T
40Hd 00g 2yl S80I OFSL OQLY0Z 0BSESE ®asnpul 0 phaug il - Y]
000 ET¥ 155 B9 0LLvOZ 02BZSE MTUowwo] 02 prangg SEN0H JNOW TDTEN
Dda v WA 09 09:¥0Z 012C8E Ny 02 [ TH BSOS i g 0}
000 ZZvE 0011 CAL OBZ¥OZ 015890 AAENou; 02 poang wBowapng pey
Oda v C8ZL 0%  09iv02 012E00C ey 02 Py PRIV S )|
0o IVve $ZZL 09 QLYvOZ OGFEEC L LR poaug #Sopapng A R
BOQ ZLYE 9T §9 08YYOS 0OYCEE L L pryuIS wOpugeng OCRI0T IV SR
900 1'FC 69 5T 09IX0T O9RCEC sy 02 Aq3 PEOH EMSIM SOF
1000 LOPC §29 LGS OLIVOZ (LPZBE mpewwey) OF ] 017 RIS Kid 860G AR
Q4UCOYC  I0CH ¥S  QOLYOZ OOOLBL aiwsg OZ . pnans ISUTD W4 62
O 0OYE CES 0LCE OFSTOC OOrECBE Lt T prag elipuaong BICH § Bme
I WYC L€ B8 QLLYOT QYOESS RN O nnang cuooul bwasy o¢
000 ¥E ECZh ¥IL O6PYOS (USESE eulsnou) 02 pouis s8puapng TOUER 4 CULA
404d 000 ¥ Y801 SO0 (Div0Z 0OCEOC maenput 02 prang ey
Od'086EC  00E1 ¥S 00L¥0Z OBOCEE QR 02 ooy SR000 S0y BT
J00Q BAEE 6801 LJD  0Z9»02 OLCEGE UIWWoD 02 nooag SaH Wiy DAOGE
0O RBEL 09% 002 00:v0¢ DHBZBL UL (2 pAGNg Aoqin Awdecimy
UM S EE LZ4E YOZ QULSYOZ OSSEST neNId 6l -1 TH scnoy eBopanne 18moy
KOQ FGEL EC3 Y OL9YOC DISCEE [BRUBUALOT (2 L] PLY EOG ity 840G Ler
40 8REE  08ZL 09 00/¥0Z DCZECC Ned 02 prQIS AN w05 §
D40 WEL  IRZL 00 DIIMDZ 0ZZ0SC GRNId 02 prang A0 Bos5 §
0] BL'EE 8221 0012 0CSM0Z OQviOE REudunes 02 pnong *Gopapng 001005 RO AR
#0Hd 000 9I'EC /801 0802 OrO¥OZ O¥CCOC IMNOURLGD 02 pag ol ey
000 Z2LCC BLQL OS2 SEDWOZ $2618C ubLALCD 02 P Amg3 10D Ve e TADeULEN
1000 126 286 9 069Y0Z OvZEE  bu owoy swaipmpd 0Z pnans U LE] PUOH pIesTOM LB
000 GOCC BTZL L DISYOT OUFESC LT TRV T pnoss #3pugpng seNueg LIND A3
X000 E9EC  L¥ZE O OZ9¥0r ODYEET Sltrug 61 prosis #IN0H BEA
000 (HEC  ©r2y 12 OGEMOZ OSFEQC Ao ¢ prang efeno) poilkeg 2
000 EFCC  ¥r2) O SEIXOR SERIBE IrALg 02 [ICH LY mobung oy
000 ZREC SrZL 001 ORIYOZ OLYEEC A 61 pnailg oy saieg 2
D40 I9EE ELZL €9 06Lr02 0GZLRT Ny 02 pnoulg SUBLEE WOl |
0'd0 9L LLTL B9 0AL¥OZ OSZERE Henrd 02 poalg SWPRID WO §
O'd0 85LE B0 ZL  DESYOZ OOOTHE LULE TP prag WG WSS P
000 LSCE U6 22 OSOFOZ  OLOTEC IusuALOD 02 pang RS Supmu) ArQi3
000 BECE P21 Sr 0BDFOZ OLYLET fow3 g1 prang SINCH MIANE |
Od'Q 9L BLZL ¥S OLIOT OP2CET ®vyd 02 BBUTD P04 B
DdQSSEC  TOCH 8L OO0LPOZ OZOCEL Ll T pnays SISy (E
0oQ SSCC P2 92 0O3PFOS QIFCEE Aue 0 pnayg a0aue) g ¢
TdQESTEL BT B9 QRLMOC OSSEEL Nty 02 poaus SUGLUTY) U4 ¥
JdOITEL  WEL 8L 00Lr0S CBOLHE o8Nl O pnang CUDIIID) Gwoud OF
J000) BrET 2001 611 QOBYQZ OSYEEE IR} 02 proas A4 LS PROLS
D40 MWEL  SLZL ¥S  0UIYOZ 0SZEBE sleny 0Z prang TOMED Swaly ¢
D40 SPEE w2V S 0RUIMOZ L2000 clend 02 DRosg UML) g E
000 CFEC E09 Z1t OS9¥0Z OGCZEE PrUouALC) 02 Asq3 £010v Py #8ou
Oda IFtt 8221 09 OLIMOZ 0rZTEEC e 02 pnag TDIND S0 L
0 ETCC S00L 99 069rOZ OS0CWC Ny 02 pnasis PROITD BWOI4 [T
OJQ e rOLL B9 OOLMOZ CQOOERT Hkg 02 poa|g RO Dy IE
000 (60 1E9 2T OS9MOZ 09rZET BRI 02 Aem13 0 wec00H
100 SE'EE M0LL OS5V OLBYOZ OEYEBT B0 O praig M MRl PROIIS
K0Q ZECE w21 Oy OQUYOZ D9YEBT oeNId 61 pnong UGB UIDIS) | |
000 ¢TE 19 521 01gK0Z 01528C olend 81 Ama3 #EN0Y 901 AROH
000 LTEC  POH 18 09902 020290 RRULWOD 02 Aon3 wuddng Supung podmuit]
1000 EZEC LGS 286 05902 0I6Z8L FRUSHLLOD 02 phang shameuodin
000 BLEC T2 06 O9TYOZ OSPERC LLLTEN 1) pnang SUSLAT) DRICHID D1
w000 LEL vl 05 OBLMOZ OrrEEt HEA 81 powig #0puaong SUGURD S £
000 S0CE €95 FYE  099P0Z OEB2RE mspul §Z pNo:Ig Ao shemeusp
000 COEE  ¥EZL Ly 09400T Q2FEEE UL pnasg eSpugpng KA 001080 B
o0 WEE  SEZL 2 0%4vOT QZPEEC g 6l pra|g elpuqong SOUNE H0IDeD [
000 (62X 6EZ L 0BIvO2 OrYERe LRy 5 pruIS odpuqeng SUSUSE BAADI|O 2
000 68T LE21 OF  OILr0Z O2PCST oend B prailg obpuqpng SUHUED) SANDND) ¥
000 9FIC 9T Iy 09LM0Z 02YCEE olmNd B} pnang sSpuapng ORI MNP §
00 S8TC BETL 1L 00BP0Z OFYOEE LU T prag sSpugpng SUBLURD SRU0NID |
KOQ (@2 185 1L OOLPOZ 008ZEE MWL) 0F pnang STNOH JOIOW TRTIN

000 IETE IST el 0QIYOZ OR8ZWT RRMuAL0) (02 pneulg SEN0Y JOXN BN



000 L850 EL0L 09 OSEFOZ 099E6T soluet gz oroug {sabwsef) ABoowpoy w3

000 €8S 1§ LE Owr02 O08ZRE LILLTRIECTY pnauls Amqy PROL IURMISOM |12

2000 §5¢ 96 Ly OPIPOZ O19ZBE olg 6L pnang Ay PEOY PreaMIeM, £ 02

007 @St SSZL By OSSPOZ 0GZLNEC g 02 phong S MODRON Pug mopEdy 7

OdQ BLFE 00TV S OSPYOZ OLSERC "ey 02 prang wopseyy louang 09

VA WS 66IL O  OSYYO? ORSEeT g 02 paais mopey eipuaEng Bs
OdQSLSE 9121 0L OSY0T 02SEET Heny 0Z PG sbopapng | IS NRRIQ

0'd'0 SUST 81 O  OvVPROZ 00GERS nend 02 png wopEOp e0oNg re

OO MST 6L O OSPROZ OGSESE Neny 02 pans mopsep oSN 95

DdO LI BBLN SE Ovre0Z OOSCEE neNy 02 oS | wopwapy e0MKONg 26

DdO W TN 0F  09rr0Z O9SEEE Hewy 02 poalg | mopeoy oSpuapnQ 29

DdA e ¥ITL BF  OLMOZ OOSCRE eATg 6L pNouiS eSouapng | mOA WRd 2

000 SHCE LS 05 OELPM0Z DEOIEC N 61 poauls hoya3 PO EMSOM |02

000 ¢9SC w9 SL1L 099Y0Z 0OrZIC MUY OZ . : APYL3 0 LRC00H

00Q ¥9ST  r§ZL ST OSSYOT OBZLWE By 02 pnang o mopeoy | PUJ MODRO |

000 95 EiS I Z2ivP02 OEGZET Gl d 61 pnaulg iaqy PROY PIBMITEM 6L

w00 GSST S EZ 0ZLNOZ OCRZEE oNg 61 pnaig lom3y PROY [UBALTOM /61

000 LESE WS LE OZLYOZ OvEZBC o1NG 61 poong Anaz | PROH QURMISOM 61

1000 2GSE S4S §2 ORI OZBINEC oiRAUg 81 prauIg Ao 7 POy RRMISOM $02 § £02

KO0 Gr S ¥CBL 095 SL0r02 SHPIBE OS2 projedy ﬁ FOODS JORINT IPoAiA

D'd0 v 0621 99 oLIr0Z 09108 neag 02 pnong | TULED SIS @1

Oda IvEe ZBzZL v§ OCzIvOZ CSiCoC NAug O pnang VRRIED )4 OF

OdA rst €621 99 OCLYOZ QPIEET eng 02 poaug SORIPD el 17

000 $ESE CBOI ¥ OCLPOZ OL9E8C masngu 62 poang Rpoy

VO ASE L1 0L OSSKOZ 00SESE ARIBLWOY 0 pnoug ebppoong | e moy

000 STST LT3 02 0I8K0C O9YZRE uwg 02 lamy PEOY RRMISIM LOE

1000 ¥ZST 695 SL  OLLYOZ O¥RZEE L)L TP 3 PG Amay PROH URMISOM 101

DdQ IZST 63TV 09 OvIPOZ OLICHE L TG pnang CUBLTD SukL 2|
Dd'0IESE @8ZL 0 Oriv0Z OLMERE viwary 02 poouls , CUBDIED SuKL S D1
dQTSE ¥OZL @9 OLLMOZ OFIEBE neng 02 pocuig SR BW0I S 22

Ddg T 9021 0S1  COPPOZ OOSESE Ldwse oz moprey ebopqony ! UORDIEL0D MU Bupgng

000 BI'SE £5%  L0r OEIYOZ 0G6IEL N USR] 02 LG PUOY pUBMS0p, ; WS Oy

DdQ ISt $6ZL P8 QLLMOZ OCIERE weNId 02 pnouts | CUIITD Gu 4 £2

000 SIS OL§ SL 0LLPOZ OrBTBLC s 61 pulg Az PROY RIS £61

2000 ZISL 0§85 SZL OZLrOZ 016ZBT NG 61 pnauis pwoy A3 sany e0ouguatd

4O VSE 821 ¥S  OCLYOZ (BIEBE ey 02 phang SOQYD owald 6}

40 605E  $BZ1 L& OSLYOZ OOTCEE LT pnong suepusd ewasy gt

HOQ BOSE 929 00Z 0B9YOZ DOS2EC RASUALGD) 02 faq3 SOIMIUOTD EXARSIN SUCRRND

Od0 L0SE  ¥BZL &L OSLYOZT OOZERE "uepy 02 poang WAIY G4 2}

1000 S0SC  CTBL 0001 S9O¥O2 SEPIEE POPS 02 RORAY TI0OGDS JORNT MRS

$04d 2000 SE 8200 OZ1  0BLYOZ OWLESE 1musnpun Q2 paang m 00 UCLIBLIRYY PUBIOD By
DdQ BV P8I L& (0SL¥0T OGIEBT oed 02 prang suapES) el pi

000 BEYE 95 29 OLLr0Z 0062RT ey gL A0S L E] PROL AURMIEOM, L4}

Od0 LBYC 2821 L& ORIVOZ OBICRE aspg 0 prang SUBITD swol] G|

404d 000 96'¥e 601 BO1  0BLrOZ DZICSC masnpu 02 pnang 1 PN 01 UCRIBLIYD U0 L
000 28'¥E  §50¢ B 06GY0Z OCSLSC g 02 pnang sors-abpug 2

000 I6¥C 9504 L OBBFOZ OZSCET neg 02 pnauts epmeboug ¢

000 6YE Y501 9T 068YOZ OCSESE oleng 02 pnouis sors-eloun |

00] 89 ¥C (501 B 06BXOS OISCEC uenid 02 pnoIg ops-efoug »

000 63 ¥E  SE9  Z91 09902 O0vZRT lefueuRIOD 02 ka3 0 £10000H

000 :B¥E 16§ 801 QLLPOZ 05528 eIy 02 Aorq3 LI T TR . ri Ry

000 E¥C GBS 0§ OOLYOZ OELSZEC neAuy 61 pnang Ama3 PROY PUBMITIM G8 L

000 GLYE (08 S 0SLv0T 05SZ8C UL A3 pEcy sbpep £

000 riLye EER DST  OY9YOZ O2#Z8T MU (02 483 10 RRGOOH

000 LLYE $09 05 099X0C 055Z8C LI Ty tqy | Py elovg |

404d 000 rve L0l 001 0LIK0Z 02LEBE masngul o2 pnoag P17 09 LORIBURY) PUTBOD Gyt
000 #2vE BIZL €SI 025002 00BCEE RIUURDD 02 (LT ebpuapng LT [ 1 ¥

000 €LY 909 SZ 0BLKOZ 04S28C sy gy Amqa peoy #0pyE T

DA WYe 8101 0F  00ZrOZ DEOOSE g 02 vomo() Aeamns BMA VOPOD

1900 0L ZZZL BLE  DEFYOZ OVSESE HASER (¢ pNoNS s0opQpng Lo L]

1000 897 BS0L 9C  (OBYOZ OLSESC "y 02 poasis epec-aboug §

000 B9YC 8501 BE  DBBYOZ QUSERT "R 02 pnang | sixs-odpug ©

40dd X000 69'YE 1201 O0BE 0LM0Z 0L9E8C masnou| 02 ONUIG m , 07 LOEANUTYD PURIICOD YL
000 GOKC 0BOL OF  0GEMOZ 01508C wend 0Z pnang o150y ¢

1000 99 1901 9 OGEYOZ OOSTIE ey 02 pnong opxs-eloup 8

#0Hd ROQ SIrE SL01 SZBS 059r02 OSICHE Musney| 02 S T i1 07 LORALIYD PUREGOD) By
‘DdA LTI (ST 0B OSSPOZ OMCESE LT pnaug QU MODRIY pocwbuny

D40 19vE 0221 20y 06¥HOZ O0FEIC IRELAWWOD 92 poong o6ppaong sfurp g 1 ¥

Id0 ¥ 0£9 001 (L9Y0Z OvP2EC BSNOH 15000 61 fon3 PO PURMISIM LOT

00O WM L2 ST 00SYOZ OSYORT Kduwe g1 P sbouapng O Sy

000 95'yC I IBL  09INOZ OCFTBL RRUBIWOY 02 - AG3 0 LRG0CH

4044 000 ISSYC B0V Sr 002002 OQOLESE ATl 02 pnong P17 07 LOSREYY) DU y)
Od0 ST 6821 PS5 OKLKOZ 00LEEBT oA 02 . R Suy 42

DAQ S 0621 99 OlWOZ 0ZifeT awpd 02 prous , ROOUTD) Gu g ¥

A0 ¥YE 621 Y8 OLLYOZ 01ITSE aNY 02 prans SUODITY) MK §2

000 ¥Sre  61ZV OO OOSYOZ OZ9TSC UILA0D OF poang Opuxpng LT ARQ

Fd'Q CEYC B6ZL 99 DILMOZ OOIEBE ey 02 pnang : SUOIE Bwol4 B2

J08d 2000 ISYL 0L0L ¥EE  OSBYOZ OFBESE AU 02 pnaysg i FBooage) aiwuy
#08d 000 ¥ ZBOI 0SS Ovir0Z 0Z9C8E WO 02 poang on oD Bu3 eugounayy



AA I Svi 05 OCHYOZ OmEEE oG 02 pnaulg o AR L2
VIO ECRE 8C11 ST 0LMPOR 02:08E KrAug 02 pnaug o Aspmis ¢
OdQ BEBE  0SLL Oy  D6EXOZ 0SL0HC oleAug DZ pnoulg naep Aopws LE
VdOIEE  SrLL O 06LKOZ OSICRT asy 0 pogug aup dopg op
OdaEEHE 6EIL OF  OIPPOZ O2LEE sy 02 pnoag Mo ABEIS
Oda SE 1wl ST 0P OLEBE L2 TGY prang i Aaroms C1
DdASTI  Oril Or  02YNOZ O2LEEE ey 02 pnQuig moA Aormig 1|
000 ¥C'9E  1£Z1 Or  00SYOZ OLr{St A 41 poang elppapng Lt
VdQ e U 0r  QLEYOZ OSIESE Neng 02 pacug o, honis g2
DO EESE 8L ST O2rP0Z OYOEET g 0z pnang sopwepy #Souapng gt
TdOEEPE SN §E 01PPOZ OL9ERE ug 02 poang uop Aaris 0L
d0 I AL Sy OATKOZ 0EICHT neNy 02 PAONIS oA AormiS 02
DdO L 8Ll SE OLL¥0Z 0OSLEET neRly 0F poaig oy Aorons 92
DAL TR Or  OOF¥OZ OZ9CSC aeng 07 prang e ABRIS G
D40 IS 0811 Or  0ZKOZ OFOCET N 02 prans “0pW0py $0PLDNG €1
Od'0 LR BZIL Oy OLEN02 OFPEEE LU LTERY] [T moup ABuTrS 92
DA QO Tl Or OCYY0Z OETCRC "tNg 02 pnaug “opesw wlouapng §
DdJd0 EW ey ST OErrOC 0BSERT ukng Q7 pnong mopoow slpnapng ¢
D40 6Z0C  BLIL SE QK0T OVOLET nang 02 pnong anp Asng 2z
Dda6Z9C  ¥BLL SE O0LYPOZ OZICBT e 02 phasg mop Aonmng 71
H00Q 8L9€  B8S  LEW  00LYGZ 009Z8E IO 61 o3 eaydng Buping poomusey
DdO8ZE £yl 05 OFPROT OILESE oy 02 praulg wmp Aams gL
Od0 BT 18I S D6EYOZ OC9LEE 0RAld 02 prang mp, AormS B4
Dd'QBZIE 01 ST 00PYOZ OZTLSC nand 07 proulg ~p APATS r L
Dd'0ZLZHE ¥LY @y QIENOZ OwiCEC ey 92 pnang mhp Awuly oy
Dd0 LT vl 0§ orrr0Z 01L208T ALy 02 sSppapng s S |
d0 9T Ly £ 00FN0Z OL9T%C PlRALy 02 Poss A Sy
VA0 RKE 151 SE D6EYO2 OCifEt LLETGT] poaig mOlA ADNSIS 6
0d0 e 511 8y 0IEW0Z OCLCHT uvAg 02 [ TR whis Aorms oy
Dd0 ST O£kl Or  OOPFOZ OLOTEHT weAd 07 g o Adermig 2
OWO TR $0ZL U8 OLRrOZ ORSCEL A G P s0ouanng LORINUEUGD Apun Bupeng
DAQCZO eIl Or  OCr¥OZ OSULUL sieany OF praly ~OpEey $00LADNA L1
DO EZI 261 Or  OACYOT OCLECOT weasg 02 pOIIS amp Aonmis |y
‘Od'OBINC  SIi 6 OCK0Z Q49E6C sy 02 paus A Aones of
VSO BLBE BBL1 ST 0ZKROY 009CET weNg 02 [ mepRap G0ouqEng @
Dd0BIe oL Or 0ZTroZ O0LCHE oleALy 0T pnans lbe;gm 149
000 BIDE  Yi0L S OIBYOZ QZ9CET wiuel g pRoAS (cofaies) ABowouyne) a3
DAQBLPE kil SE OLOMOZ OIFLVT g 0Z pnoNg woip Aossers 2e
DdABVBE Gl ST OBEKFOZ OBICOL oy 02 poquig woun Aarseig v
DYQ LI Sl SY QGETOZ OR9EHT "%y 02 pAtuLS s AsemlG 9C
OdQ S19C  i81F Or  QOFYOS (SIESE L LT DI “iy, hBmS §
QG ML ST 00PYO¢ 059E8E NeNg 02 pneulg LT Y
2dASHE 91 Or  QSUYOZ 0:9€8E eNd Q2 prong mmp AormnS gy
JdU T SS9 SE OCEFOC QO9EERE elenug 02 pAoIS =ty eSO
‘a0 rISC 345 ST OCEPOZ DOLEET WBNd 02 poaIS =t Aerumis 9§
OdOFI9C 9914 S OFENOZ 0Z9EBL Slrad 02 poang mons Aorumis gy
1000 LISE UE9  LF L9902 OBEZET oAy 02 Ao3 POOY BN 810
da LWEE  ELL §5  OBEPOZ 01L8C avng 02 phong oA Aems ¢
dC 119 ¥EIL ST 02rr0Z 01808¢ od 02 poosg mopee s $OOUGON() ¢ |
240U MO ST OFEY0Z (9908C oiraug 02 pnang g, fopms 2§
AU LI TBIL 01l OYPYOZ 029E8E oIvAug 02 prailg ~“opeopy 80ppapng (siwy} 05 pp
4O BOGE 281 OJ1 OYPRO2 (OK9ESC oivaud 02 paculg ~#0panyy eippapng (61eg) Zr9g
DdOBOET  $ELL SE O2»YOZ 0L00SE sy 02 pnaus mopRep elouaenq 81
Od0R06C 0914 §C OCLrOZ OLE8C ey 02 pncalg o Aorig 09
D40 B0 2024 Or  OSKKOZ 0SSEEE oy OZ DAGUIS MO0Bop 00U ¥
00 0K 190 SE 0ECKOZ 0LLCRE oy Of phays A Aopnng oc
DdQLOBE 651L O OMEROZ OLLCEE %vNg 02 pang wap Aspmis 29
DdO %K B € OSEVOZ OGYCET uisug 02 pnasg mmp oS vy
DdU I SZ1 O 08KHOZ OF9LEE alemd 02 pnasg uopeayy sboyapng of
DdO YIS 021k Or  0OSMOZ O99EEE ey 02 prang mopeapy sdpuapng 02
00 B09E 665 B0 OQUPDZ (ESZED e 02 Amq3 L] TR ]
Ud0 £08C 6811 Or  OSLYOZ 06OCEE fuey 02 paaig “ap ABAIS 2y
0d'QE0BE  EZIL OF  OBYPOZ O5DCRC oAy 02 paduls MOpEoYy S0PADNG §2
DA W vZH OF  O0RPKOZ O9LNE weNig 02 oo mopeoy $00ueDng 92
DdQ 209 22V 82 06rYOT OS9EEC ey 02 phaig umopesw sBouang »2
VL0 08 9L 82 09¥YOZ 0SHEEC g 02 pAQUIS sopeepy eboyapng 20
000 109 BSZL S*  QSSPOZ 0L2080 sirAud 02 pnaug ST MODRIN ou3 mopep ©
DG 900 1ZH Or  005r0Z 089CRE sleng 0Z poaLg =op¥on 8dpuqpng 22
Jd0 8E T4 28 09vr0Z OSOEBE Iy 0Z pnaig mopweyy e8puapn( pf
9d 0 9 841 ST OSEWOZ O2LESE Ntay 02 pnoug oA AenmS vo
odq 8¢ {SHL ST OSTYOZ OZLE8C g 02 pnang »oi AnaS 99
000 BFSE 20l $61  0PEYOZ OSHESE mAsnpu| 02 pNawg ABoroupde) w3
O'd'0 B6'SE  5CLL SC 0Lrr0Z 069C8C Wiy 02 paaug i Asums £
1000 SPE'ST  BOS 60 0LL¥0Z QYSIRC e 02 faa3 U0 ML §§
OdQ L858  STLE ST 00T 069CSE lenrd 0F poag wop Aomms |
000 896'SC 8/§ 9%  0EL¥OZ 00GZET Nrd 61 pOQUIS koma3 PUOY pUBMITIM BOT
DO SSLE 0 QUEROZ OLIEES wRALG 02 pheys nap MRS BE
Od0 S 0511 §T 09CWOZ 0LI0EC uepy 02 Pnous oA JonmIS Oy

000 GUST 200 008 SOLYOZ SOYIBE [ T oply OOUS JORIY BLIRAM



g Begpt ¢ 131 ¢ g ¢
S L L I T T R T Ty S Y FEg Ty Ty TG Py S PP r o e ] Y TS TITI T
EEPEEEL R B EH R e R L s L DL T
e B e N e e T T P LR L T e PR T T II I T
R98ZARAYIIREIBILINIEARBIFILIRELEVE" 889385 TRL R AYnIRREREREEEAzRBEIZRA§RRIARS
HEEEEFR R R L B FL R R B R B

b= g 4 2 Re SREZ2 ow =t -4 2 =4 14
HEHEHBHE R e R e L He R T R R Y.
E 2. ] ’E'
£§£§§§§§3£§§E€§§£§§§§£§§§§Eﬁé§§§§§B§§§§£s§§§§§§§§§i gg HHEHHEHHHE
RESEERRBERER 2K 2R RERAS282]8gR 828382838288“288’288".‘38’8888‘“’2%83 888’892882888282
Iy ;g
i bbb vy TN
; il I S
| RTINS N ST
i gl nhillniniandmdineaduiie ol
g § 8 ,
i i ; fg §g§§§ §§ g 5§=§' 3 E g% §s§§§§§ 3 gg §

3 R i 3 1 O3B 3231 in
sl gt athad piled i B i

: s ;i S s thatieh ik Dl
fﬁ?ggmggﬂiggggiggﬁEiesgiggsiggggési355Eézgésgézszugaﬁgf?gggéf‘



3 g & 3¢ 2
I TR S T3S TSR U TS T HI T LA T ET R LA TT T ETE e TRIN, mgzgggggafs‘g’gggsgggggggﬁ
e L e L e L ey D e T 3SSEEYEXERAINSTEESRRTS
aaa33833sﬁssgassssgasgaaaanﬁmsaaaa saagmmaammgaasas%asns’s.,999,939..:...
EAAAAAEEEREEERER LA AR PR R S R P PRI FE R P LR EFLE PEEEEFELEPEFT D
ssasgg;ggssgsszss:gnagaggsaa:sxaggggg::gsazss;s;sgsegsamaz9exaggagnnga§sgggsgg
] g BBEECERE28ES g3f SEBEBPBEPE R B BB RRE2383BgR 292325808 2288
éggggggggggggﬁaggﬁugégéégggégagggﬁéééaiaéééaéﬁeeaéééﬁéiéééééégiﬁéﬁggémggéézé
B PR B e ISR BI2 R IR REISRR238283R883 893582 2es CBI-RBZREOR2B23838229§R
gaﬁas&aaagamﬁgaa§§§§§5§§asg55555553'&*&&&5&5§§§§é§§§g§§a§§§§§§§igaﬁaﬁgaiggagaggg
- 8 7 g §§ s
e:zsggsggz poet s Ez sssgbofPanse 2gecopasssCfone .-_s._!s en = - Te -
§§££§§§§§£§E§£§§§£?§§§§§§§§§§§£§EEE§§§§§§.§.?:E"§§§§§§§§§§§§§555E§§§§§§§?éE?EE?gﬁ
8332823228888822828822388828288&83288882282888882828“—’89?—’22888282388298288228228
g i
! g £e §5
I S IS i 1 3 i
1§ f gl 3 !}oig N0 N T I R | N
] iy ; i1} .
B P =
it ety gbsd | o phemibbonnt ol
o T B §
.. .. ST S I B . .
i MG onnioani i %ggg;gﬁg;z;,§g§§232g5 SRR T
HEE §§§ ggggé‘fiﬁsg i §§§5§§u,i%g£§§;§3§§§§§§gs ¢ gg%ég’g §§§§
52223 22333 JSppziiierl gliiiid g,gEfgigigé



%00 SO%r 9204 BY  OCGPOZ OLKDET IHUOLCD 61 prens RO DAMISOAL CONTH BN pAUS

1000 EO9Y 9921 2ZF  OEYOZ O6ECST orRMId 02 paeug PO UBMSOM 69
000 09 00r  SPE O26¥0Z 0L0G8E musnpu 02 . SROES ANG ot
00 66Cr Sty GZIL O0ISOZ OSUvEC 0NOH d0Nd 61 pnang 10K 190G Sy
000 90'5r  HZ1 ¥S 00OPOZ OFECEC IMuSuAOD 02 proas  t Latunoog g #KnoQ
000 R6Sy @921 vC QOBYOZ OGEESC ald 02 PNONS i Py Ao Wi
000 GESr 6921 Or  0BBIOZ OUEESE PRIWUOD 02 praug S0 2y vobeug 0
000 @8SY  9CF Iu  0SOSOZ ORSKET PRRUWOD 02 paoulg XN Baang $As9Y WD
000 (@S 02§ OFl 091502 OZEves oand 0z poaig Py STaoUEY 21080 ArnuwoD LERSIAD
00 SBSY  1LZL B9 DSEYOZ (9CLEE oleAud 02 pooug PROY PIRMISOM 1L
1000 BLGY 0421 2r  0BYOZ OLECET §eNIY 02 pnang PROY PrUMERM S
000 wCr 6T OF  ORSPOZ OGSSHT g 02 pocuts i o0eUCD LW Py 2
K00 LUEr 960 ST OASYOZ (USSEE g 02 phouig AdRU0T MY MpUTUY |
wog g5y LZ01 9T OS6MDZ OPYESE LT T peang wans elovg |
1000 S9'Sr 2T Y OF9R0Z 0ICLEE LR prang PROY ARMISIM 67
A0S 605 ¥ 021502 GOOXEL oy 0z prang | Apmany
DdQersr  S5CL BE 021602 O¥BERT LU LT poang U masey COED Y
MOPUM ¥ S Q15 ZIS 051502 QOvrst VIO JIRSH ‘Nid B pnaulg PEOY SILOUND i Ul ARAN() 5097115
204d woQ TS ESE 41 S9IMOT SLLGBE LLUTEN ! [s1¢;) 3507 6Bppgmog §-1
000 BLSr  LiP 21 026¥02 05690T BRG] 02 prely SWn0m Suoang o5 ¥ Hng i 1
MOOUM ELEP  ZiP ¥S 0OOSOZ 0LSVRE Ry 02 poaig B2MLB Y JoutY 21
sOpuUsA LOSK [ F3 I 4] QOGSO 0LSYSC Siiapy DZ g QORI | KRERSY ¥L
000 IEFP G201 Of  OFEPOZ 0GMRE uvug 02 prang | g o80ug 2
MODUM ZI'PP Civ S 000S0Z 0SSPMIC oepd 02 pnays ! GCLSE MAPY §
000 69yr  ZZEL By 028v0Z 0BIESC RLUowu) 02 pnoig vonms Bugly FsaRse)
MOPUM BIYF  XiF PSS DIOSOZ OSSIBE Wy 02 prong 0IRULD | JOUPUY O}
000 Y9 Yy  BZ0L ¥r  OYBNOZ OOMEST Wed 02 poang waug efoug ¢
000 €9y ZTOL BSL  006YOZ OZSTET OO WD 0 pnauig PYOY pURMISEM QSNOH Wwoy |
1000 LS¥F 0LP ¥ 00OSOZ OBSYEE oy 02 poang 00 JOUPUY D1
000 CE'vr  LEP TL  OCOSOZ O16FRL 0D 6} pnoulg L.y Bupeny $3Aeey WD
000 GCPr LI ¥EL  QAIYOZ OBIESE MUBUALOD OZ ponis Lo PRANS
000 SEYY  ZIE1 002 OI8YOT 0IZESC LRI oY pAang PROY PUEAISIM CON TR H
000 LEvr CLEN 085 O2BPOZ O22EEE WL §L pnong DUOY PUBMISAL . CLOOW T H
000 BZTYe  OCOL v OPOPOZ OOSERT ki 02 poang wang eloug v
000G STFY  Ziv B2 DOOSOZ 0CEHRT WsUALGD 02 poals  wuRgew Gupang wO5 B H ] 1
00Q FI'PY  SIY 9y O0S0Z 06SYEE Pusuwa) 02 Powis AUy Supang OGP H 8 1
AT 60 8ir OFt  OL8¥02 OZLYET LLETRR T poig 9En0H SOOUARM
000 [0Pr  CiP 0001 O9GXOD OZEMEC WEeUALDD 02 pnosig ey Guprng w05 P H L) 1
2d4Q L0rr ¥SEL 01 011602 OLGESE ¥ 02 praulg LY R Rl T 15840000
000 L0ry 1OV 92 O¥BPOZ DOSESE kg 02 poalsg waus adpyg §
WO ROY Sy P22 OWKROT O6SKIT Xang 02 prong ane) MROS § O ¥ b Peaus
000 0Cy  ¥iv 2L OCOS0Z OGKOL FRMWLOD 02 pang  stutyaey Gupang 05 TH ] . 1
000 (S5CY  9ir ¥ DIOSOZ 0CBIST BRS¢ pAuls iy Buppng RS ¥ H a9 1
Jd09Er I9EL 9 060502 (26ERT ey 02 phoug PAOY SSOOUND LoD Ang
OdQOLEr ¥ES ST OCIS0Z Oviwet RAd 02 pnoig #802) S0wo0pe &
OdOBTEY ££5 S 01502 OCCYEL LI TR Y] pnarlg $0r7 arowelpo) §
D40 IVEr  IES 9E  OCIS0Z O2TMIT neg 0Z ] 0013 Ssowelno p
00 ZICY  SICL 08 OQLYOZ 0RICRT PROUAOD 02 praug oy seieg
2dQ ey IES BE OCIS0Z OZTFEC g 02 (LT 50 WouRlpo £
000 90EY  YIEL §9  OBLYOZ DGIEST eRAw) (2 pnong : BLUeD LOW 9RAN 007
000 Z0EY  LKEL SE OBLYOT O9LEET PR O prong encEIUY
000 $5Zr 00l 28 0260 OB¥ESC AL 02 phang SRS, A L0 @
000 88Zy  00L 2€  0EHYOZ OLSERY SRN 02 prong SORLTY mA O §
000 €82y  0ZCL O8  O0UNMOZ OCLERG U0 D 91 praug . SOr) poy
000 SFZF  A1CL OFL  00GKOZ OFILSE mRusuwo) 02 gy BONPI wdyTy
Dd0 ST (ML @6 06050T OveLEt sag 02 poils POl STUOTUE) BEL
WO BLZTY  ITEL 98 OLLNOT OPILEE oleng 0 UMy SSLDDY
000 pITr ZTS 08 OrISOZ OSZYEE uNg 02 paculg $noK wouraboa
W00 LTy BIEL €9 0BLPOZ OSIEBE RRWL0T) 07 pnang BOOW 1§ H
000 S¥'2r  CCON 05  OCGMOZ 025C8C LICITVGH pnang CORLI L MOA IO VL
1000 020 RO OZ  00IS0Z COOYSC nmAg 02 pnang sBwuo)) peubuuds
w0ag IETr 0L 05 OCEYOZ O2SEEt oG 02 pnallg LR L A LD |
w000 BZZr $TOL 2T OCOYOZ 0LSEHT vy 02 pnOuIS ORLD L WA 04 €
FdQ BZTY  SY0L ST 020POZ OESCEE PRUsAI0D 0Z phang wans edoug 84
000 (ZTr  9E0L ZE OC8YOZ OISTET "nepg 02 pnang SIRUDL M Od ¥
D40 Py ESCL ¥@  0BOSOZ 0LBCEE Ry 02 pnang L aRLIL Vo HUOASROD
000 £1'Zr  €ZEL 061 OLBYOZ DOLDEE LR T pAuIS PROH RIS $Z1
000 60'Zr 6001 T 026902 QOSERE ey 02 poang BB L WA WO L
00Q CO'VF  BCOI € OIOPOZ OOSESE Sepy 02 pnoas SORLIL WA 04 §
1000 68'LY 190N ZE OIBKOZ OOYERE ned 02 prang ) R M 0] 6
000 (EWr ZK01 2E OISYOZ OBYERT sy O poang GIRUGL WA LOJ O)
000 EBLY YOl ZE O1BYOZ OLYENE RNd 02 pnang . WIRVOL MIA LOS TH
ROQ Z8lr  EMOL ZE OIEWIZ ORKCRT "y 02 poug ! COULBL mIMA 1O |}
0O &Ly PZCL YRL OLEYOZ OOIEET LLET N T) prang ; PROY UBMTeM LZ1
000 941 BY0L SC O26Y02 OESTHT qsug 02 polg ! wois o8pug 61
000 [LWP I¥0L B2 OZAPOT QPSEST oA 02 pnans ; wans eboug 02
000 85 8ES O 0GOSOZ 0LOYEE w02 pragg ! TROAA
0000 §5't¥  LES OC 080502 OLOMEET g 02 pnang _ oy
000 ¥EIP  Ery 051 000SOZ 0DOMK rmasngey 02 poalg wopwueD Supung LoRdoH F]

. ]
|

lllllllllllllll';fll-ll



40ud

40dd

40Hd

000 §9Ir
00 29Iy
ioag 9y

O SSLr
000 ¥§Lr
000 6 Lr
00J Cr iy
00 Zr'ir
o0 EC'LY
00Q §LLY
00 gLLr
4000 LrELy
®oq LTty
00g gLy
000 L'y

0'dQ L0
000 L0y
00J BOLY
0og 9oL
00Q 90'LY
000 20°Lr
00 ZVLF
000 (80
000 (8Br

83382832
e’“;ss‘sg

8
3

838
232882370 %

§832832
3559598

Irs Qo9
€501 0f9
e 00y
2801 09
68ZE 0%
0601 8¥
815 v2i
9801 291
8901 80
B 0ZL
015 »51
05 08
g5 8
ore ©8
L1802

SZ0L 041

0rIS0Z 0LOPET
OrariZ OE:€8E
0I1BE0Z OBAgET
0059v0Z DELTEC
08002 DBESEE
065¥02 02LE9T
091502 QuEmT
019v0Z OF¥OTBE
08S¥0Z OSI06C
0gZr0Z OLUSSE
006¥0Z QL2¥8E
0rSr0Z 00rvSt
0LIS0¢ 0a9YRE
06EE0Z  0R658E
021502 OI999C
0Z8L0Z 016%8T
CO6P0Z SEFFET
OriG0Z 09ECET
orLO0Z D0OFRE
0CRC02 006SeC
SLIY0Z SIEPET
0LI¥0Z O2UEUE
002 GZuseT
051702 OTISEC
0O5Y0Z 0L9§8E
OS8E0Z  0L856T
QUEYOZ 04LSET

09¥02 D05
Sr2rde S058C
§12v02 §6258C
SIZr0Z S085SC
SOZTrOZ SIBSEL
SIZYOZ SALSUE
SIZroZ S1898C
SITYOT SOL9UC
SO SBLTHT
S61Y0Z S1898E
088Y0Z OS0SEL
OY8voZ OvIGEE
0L#vOZ (R0SET
0Z6v0Z OFFERe
006¥02 OS0LET
068¥02 OrOSBE
OB8P0Z OPrOSTE
016v0Z OCYEOT
OS8C0Z 096SET
010702 C1rteT
OC8L0Z (965BT
046902 0OLYET
oer0Z Q2riOt
OCSYOZ O2LCEE
0LOP0Z 02riBT
CL6v0Z OIvEST
026v0Z OSvEEE
0SH00Z  02658E
006v0Z G2058E
026v02 02058
006y0Z QOPESE
018702 OO¥LWE
ordyY0Z 09Nt
006002 QOYESE
00GP0Z 06CCBE
0E8P0Z (9FYCEE
05802 0S¥ESE

g 0Z

aeyg 62
uvg 02
HAsOul 81
A 02
sieAud 02
ueAd 02

ydnayg
pnoss
adruyy
paaulg
paulg
DI H sbppapng 9

pnouS
phang
adruuy Buyeantuz

pnang DECH uleg d
praug

gnang

adruuy

phulS

(ebeuco)

poulS

proas

paaulg
pAang SIUOAWGY JOLOH WY

pnauls
paaulg

prouLS

s0ovaeng
OUOMNIEN ADFNADT
wopaong
Gumundo) mestmg A
elpuqong

pROY $toowm)

3

phang

paug

phoaS

pgs

PAOY SSROUED
dnny)

DEOY EEQOURD

M

S

U ulsey?)
pnans

P
donny)

Cy SSUURYD

[--LTTTY
prang

Lot

pls

poang

J0auBu3 Joion mady
pnaulg

poiIS

poong

poculg

pnang

gannyp

pnang

adny)

poang

=]

rH eSpugpng
prang

prang

PRCY uBmISMm
ddruy

COUSHOM HI00Y LDy
2]

pan§

g

phausg

pnang

poayg

OO AIBMISEM,
PO RIAMISEM £2

PROY FEOIRNRD €21
uUned Btk pnong
*

PUNCD 1RO PAAIS

he

EN0D) DULEK] PAUIS
o2nop voBuLMA

L]

EH $EpuUEng (Wwonoun SERIDEE gry)
00 vosiwoy ) 3 Ao
ume] Wy

CONBROM BN

SORS /B Ehowy
SUOIEUDIXT RO SUOtE
UL HKOH

3

"~

MON IO

Aoumper

ddruyy, SMOpUM WNH Autg
w07 efppomog £7

(s3uy) 020 edppgmoy L2352
00T $0PRQMOY 1T

[8139y) %207 #Bppqmog ST-CC
S08LCD) My KOunY

wous 4D

DOUIS {AKIWP) PENOURINM
(Ao} Buiuen 1SN 9 A
w01 eBouamod o¢

woo sloutmog 20

a

{x19)) %201 wBouamog £1-51
(61%u) 3307 e8puaMOG |18
007 sbopamog 62

%307 ofpuguog 1T

w307 olopamog 22

DI SApddNG MNIBINOIY DNONS
%07 slpuomoq g2
duosyts

w0 sbppamog ¢

Aty 1D et

AJRDWOD JBD AWM
mISHYS
u

0001 UBWEIM L0

DIT WO oM knD
1ARNOMIOM BEA WASS
UTRLUeg

He) UG prang
(pocu15) Gupedunbul H ¥ @
PROY URMISIM (¥

P11 SWRIEAS MUMISOIELY DRGUIG
asnou SOouqIEM

PeOY URMSEM |}

oA

PROY QUBMITEM £

PRCH QUIPMISOA Sy

Susp- sty

12003 1503 § WAL LOSIRK] BI08D
g W

]

PO REAIEEM, LG
13 spuswiey

PO PEMEIM 52

PROH AW B )

L0 AAMIERM £
TUMEUDI Quunpy

SR S



000 11§ 200 Q02 OEICOZ OL19BE g 0z ddray) ! LD 1500y Sdruy)

000 OIS I0E 08 091002 0:099C musnoul §i 50T YR HUOM [0 SIRLUTD
1000 808 VilC Ol O5YE0Z (5658T o 61 adruny ) f QYD YHPOH EC OIS
H00a §05 O0C 0€9  OFIDOZ OONGRT masnpu) g2 dduyy ukom |0 tisde )
40 908 6t 09 OCCYOZ O09%SEL tenig 61 g anAATSIN
KOO LYOS S8 O S16Y0Z SOMKGT LUETRNGY poosus | PeOY WYY 8
4D Y05 15 09 OvorO? 0S9SHE LY proas wipoaog
000 Y05 862 (092 OLIEOZ OZISEC masngu| g1 danm oM 0 TadieD
000 ¥E0S  BBF O SZOv02 SZPNOC wewg 02 pnong ROy yIeg ZE
000 6205 S0C OC)  O0ECOZ 090SGC ugNld 02 ddnny sumde)
000 205 S0C 09 OLEC0Z 09099C LLETR ) ddruyy IMpnosg
1000 105 B9r Or  SEEYOZ S2vwaC uuy 02 pnang | PEOY LG OC
000 2108 60C SO0L  09CTOZ 00ODet masnpu) 0 odnagy SHLEE00Ig 00Ny
40Hd ©000 9005 ¥ 021 09IC0Z O¥O9eT "epg 81 gonay SENOH Wi
40ud 000 S005  SOC OBy  OCCEOZ 0BESHE masOu 02 LAV T SOEH0Y 00y
000 2005 L8y OF  SZOMOT SIYEE sRAId 02 poang | PROY WIPG e
Joud 1000 2008 LBZ 000 O8LEQZ OLOME mASEul Bt adnyyp | oM 0 e
000 B6r IDC 0511 OSTEOZ OCOMC masnpu| Q2 oy | BI7 SAEERI0L 0ORY
00 86y COC 529 OQCLr0Z OBISBE pesnT] g1 poang | STNOH Iy
jo0Q) S86F  98Y OF  SIBMOZ SIrKgE LLETE NS Pl 7 ..:wu.am sa.m
4 ) 13 [+]3 1$0Z 0BEEST wuewd 02 phourg PROY FEQIRUMD 1ot
ﬁ wooavv we?m 001 W..nnﬂo.m 00109C AU 0Z danayy ﬁ UHOAA O Bl
000 o2 6y 85t »8 ariS0e 00DBLRT tlanig 02 oS | 08Oy STQITUED Ly
000 (AO8r  CYC 09 0OZr0Z OOLSEE LIV I poang | oSuuos) eyeA
000 98 6r  OIE 0S¢ 01E0Z 01096C ®Ispu| 02 aduyy S8E5000u4 03y
DdUELEr BT 005 OFYROZ Q2ISHE WML 02 poaag | SEN0 YOUYSY
J00Q BL6r  ZZL SO 0BGL0Z ORGSSE doyruom 02 ddruug - 000 URALIED P JBD MISEINIID
00g LL6r  BIE 09 OrSEOZ 00099C ovAId 61 ddnryy O¥0H NOONOT &
200 g96r SEZ  OC 00CEQZ OE098C ®NrMy 6 danugy (o) SN0y Wy
000 LBOF  OLIL €9 DESYOS OvrCBT uad 02 OIS 1H S8ppng 1SUH
1000 196r B2 BBE  09:E02 OIB5ET maAsnpuU| 62 ddnryp . oA 1 10UBAEARAD LY HNG
00Q (§'6r  OQZC D6C 085002 ODOPEE PIENSI] 02 ddruy) {A0WR) SEN0uRIT M
1000 1S6F  O6r Or  SEEYOZ SCYMIE olRAId 02 pnous pEOY WINg B2
000 S8y 962 0BT OPICOZ OPODEE euspul B¢ ddnyyy UUOM |0 sy
1000 6F8F BT 0v1  OGYCOZ QSBSEE MLeusuod g inayy MR Bnpun g AL Wy
1000 ¥BF LIS 0D 098r0Z O9IFEL ey (2 pnaing QoM
000 LEBr  BSED POL OS1502 OCEERE vleard 02 peulg PROY FAISURD LTI
0O PZEY  L6¥ S SYEROZ SOYMEE MUY 02 proAg peoy uieg OIS $9LA0Y
2000 CLEF  LLIL 08 OCSKZ 0CLE8C LLETHL T pr1g 1+ 98ppaong vopLag
000 FL'EY LG Or  SPOYOZ SURYEE L2 T poculy POy Lt G
0eg 60'6r it 002 0GrE0Z 0009ET patnsig 0Z Ay
1900 BOGr  C8Y Or  SKEYOZ SYreec ey 02 pnatig POy wieg 22
000 £IO 8 Z6F O  SYBYOZ SIVIRT Araig 06 pang PO wivg v2
000 S06F vy Oy  SYGMOZ SSYIET slerug 02 prong DeOY UINE 02
OY BERY  I¥E SL 0ITY0Z O1iSEE Ay 21 pnoilg ¢ sbwucn ebpug
1000 SEEr  LIBE 04 OZEMOZ QIRSHE oAy 02 paig 9ER0H SqUICOMBN
000 BCBr  SIE Q00 OFSCOZ ORSSEE masnoul 07 Sdnngy P17 Sy Aoyeg © S
000 §'9r 26C 08 05IK0Z OCLSEE weA 02 pross anag) 1eA eippgmoy
d0oud 1000 Crgy  ZIE 084 OLrEOZ DLB59C WPy 02 odruyy ET1 w8080
900 [EB» BFS 2L 051502 021v0T iRy 02 pnans PROY S5QUTIARD €01
000 CC8r  BOS 9.2 028v0C 0LEv8C OH 100D 02 pnouIS SUNINDORAH SIE0TD) 185 DOLIG
2000 ZEBY  ISTL 59 DSIS0Z 026ERT LALLTENG S pNoNg i PECH SEQITUND S|
o0 (E@y  9¥S 9r 051502 OOLPET wg 0F pAOIIS PEOY $TQRRARD L0}
1600 8T8 {10 008 O6YEOZ OCESBE mAEnOu| g1 ddryy s - 00wk ddnagy
Jjoag LZer  viC  OZr  COSEOZ 0O0SRE masnpu| 8 dadnayy L LT ;]
100Q TEY  9Gr BL  SUOYOZ SSKHYET _bg O poag o0 wEDeD
000 918Y  $60L L1 0L9Y07 OOLCBE 0z PG 11K 880uaong 9 3 W
00 YIBY  ¥YYS 06 OriSOZ OrONET ey 02 praig DO SSQICURD 1L
1000 LIy  9IC DOE 0YSE0C 0009EE SN0 02 ) I dnosb Lewmor - s90weg ABseu3 peispossy
Joon L8y 95 09 OrIG0Z OCOMED oy 02 poouls . PHOL BE0IRAED 611
000 2ORr 9801 06 OSEMOZ OSITEE IMuOUALOD 02 prayg i i y-Arepy
000 GORr  ¥2C 05 OCHCOZ 0OOOHET oLy OZ gy | 100eI0) Tusmel) T
06 rOiY  ¥601 051 00DFOZ 0OLCBE [ prangy oH edpgeng 8 3 n
0og E0Br  BZT 05 DIYLOS 00CIBE ueg (02 ddnayy RENOM LOLRD 2
900 ZOBY  BLy D8 00LS0Z 0G8YEE WUBUAY]) L pAONG . NRPAN Bupng teasey wbin
000 Z08r YT BF  OFELOZ DBESST eruSuRLOD §1 adnmy L | dous FN WNFUONS
000 8y §ZC 0% 029002 0O0LeT olmng 02 ddruy ' SENOH UGILED €
1000 L@°Lr  £ME 0501 OZSEOZ OWGCRC ulspu| 0T adruyy f wwenby
100Q (0¢r  BIC 00y OFSEOZ OYESEL WuEDu| O adnny) | LI ¥
000 L8P LI 0% 0MT0T 000BEC nesd 06 adruy} i QENOH LORAD) |
000 E8IF  OGE 09  06IYOC OZBEBE MReuA) 02 pacuis . eBmiry uosduxsy) 9 AS0eY
OQ EaLY  irs By OFISOZ 0G0YEE LLLTEN ) poais . PROY SRQORARD | |1
000 8Ly {801 05 OBSYOZ OSICRC BRuAD 02 pnouig SONT] o : v
DdOBEIr ¥ 00 OFISOZ 000NN LLETH I H pnaits PROL S3QITUED 621 ompuTDY
090 ILr EZC 05 Or9C02 0009ET g 02 odruyy sabauoD wuosai) §
000 0RLr  IEC 029 O2BE0Z DYESVE maspu 61 L SoUpUNay W a
000 LFLr  BYS 08 OrIS0Z QLOMSE LILLTE Nt S prang PROY SROINUED €11
000 GLr  S¥YS 08 OriSOZ 0SOMT g 02 g PEOH EBQLITLND G )
000 994y 1601 ¥ (REY0Z (CLERC ol 02 pnaijs eSouapng EANOD PUIRQ PNoS



Elel.]]

0ud
0ud

200 BLS
00 L'ES
000 L'ES

‘40 B9 ES

2000 IFES
200Q 85ES
100 65CS
Hog 8§Cs
KO0 $5ES
00Q 8r s
00Q Sres
200() ¥ (S
4000 B0E'CS
1000 EI'ES
K00 GLES
K000 B ES
weg BLes
100Q W L%
190 LOLS
00Q 1ICES
000 48 25

~
il
o)

-
-

wr
0EZ O
ZEZ 0
[-1: 14
#tz o
Err 2
etz O
st O
g o
irr T
3.7 20"]
2 0
orr Ort
02z ¢C
orZ 0
2z of
[=+>-2 4
"t 52
§rt 0%
1 S T 4
08 ord
682 B¢l
28z 96
062 6rf
982 96
182 96
0:2 98
02 96
E4 - o 4
[T
ez oo
oz A
6Lz O
192 08
"z 0S¥
ez o8
FYT A Y1)
6 00C
8rc 081
98C 7%
152 001
T N
Sie U8
EZ 98
vz 98
T o0l
£82 0s)
30 1 4
80E 9t
92 0L
905 021
€92 0%
nt <2
32 009
{93 02t
08z oor
By Or
oy Or
[He S
&Lr or
032 00E
S92 0%t
ogr Or
74
652 o082
85T sziE
8y Or
X 0s
609 2L
S8t  00%
ZIs 9
C6Z of
£er Or
iy Or
6y Zih
§6C otr
¥rit 02r
LI ]
€1 ©

Q20502 0S6vRL
W XL
§2.20Z GIU98C
025v0C 09959C

00202 OLESRT
00LZ0C OLEBET
Oriries 069SHT
052v0¢ QOLSHE
0ISY0Z 0L958C
0L920Z QOrSst
SHOE0T  S2098E
S68207 GL088T
SOIE0Z €10%8T
CI0£0Z CEOGRE
C90f0Z SwISat
00002 CS098T
S20£0Z $H098T

OI1EP0Z DITSHT
06202 09299¢C
0ESr0Z QLvriE
06202 05296t
092r02 0058
0.6202 0C200C
0r8202 0S2EC
80002 Si0vEC
$60¥Y0Z SHTYEEC
02200 OZ199E
SLANOZ S9Cvat
QLE0Z QOZME
06202 0LZ9et
SRRYOZ SRCKEL
LESM0Z SLEMET
0rE202 06190C
Q2T620T O5L96T
SE8rOS SeLret
DEZEOZ 0L098E
098r0Z OZTYSE
08Er0Z 09:58C
0S8r02Z 0S2vBE
02202 oL6e8E
S08K0Z SHEEYEE
S06¥0Z SOFYSE
090502 28rst
0E9¥0Z 0LSSSE
0rerQZ OL2rEE
0rgr0Z OCZrec

Aow3 02
NNLg 02
sy 02
LU LTEN 4
ed g2
"RAg 02
wing 97
g Q2
oleaug 02
)N 0Z

reuisnpu 062
mMmaAsnpu 02
musnpu) 02

QIRAL 91
MAsnpul 02
masnpul 02
masnpu; 02
sed 02
hibe JTIT4
MREOU 0T
nEAld OF
ey 02
easnpy) 02
neAd 02
Sl 02
masnpu| 02
masnpu; 02
Mg (T
NI 02
aerd 02
IPRSWWO]) 02
oleng 02
neyy 02
g 02
0oy 0
RRUBUALGD (2
RRAULOD
asow 91
NeNg 02

uesNd 02

dcruyy  $eoiues Bupdaubuy

prdag

pnouly
prang

poours

pnang
QARET RpIEnpu) ddruyy

LOBERL R L LUTTY

Py

pulg

pnaisy

B33 RuIrou ddrey)

adnuy

ddruy )

ddruug

ddnx [

ddnny WKy

g PROY SAOEUAED)

ddnagy SINROA A

ddnayp PI umparny

Lopwy buraotn-x3
W0 URALITD - B1R)ST ASNEU; UYL B
W URALIED - BINET [IEN0u| Bdvuyl L1
uiwoaig
SIS USARIEY) - QINI$] myrsnpu) ddnuy) £
SomdeD 92
09 UBARED - 163 MPISnpY| ddnuy) ||
OUS VAT - SIIT3T MIENPU| KIAny) 42
OlIS USARIR]) - BiWSF EULISNPU| OOARY) OZ
I {2
@ URARIED) - DIIST MTENDV Adnny 2
OIrs uTamIE) - G1e153 EpIShoW ddnuy) gL
RARH Bping ERABRY WRURID
€ mun
Qirt URALITD - BINE] MIENDW ddruyy
1093 missnpu) ddmuyy | un
Zwn
oleuo] euwo)
0moD g
Anquo)
D17 EmiuEy ¥ SUENoD
furog EseUrsng Mo
[P
S00ng Bunolow 1y
PNk s 040y
v
weyTrog wisy Alunos e
P Bupseudug 10y
VO
wn Aow3
g Asgeeus
- Ry,

]

i URALIRD - KINET BLITNOU) ddny) §
zawn

kg

LIRE PR

Pl weisem

[ o ST TLIT Lo
SHDMOTIA

P17 UONEWQLTY SX4TD
BURUUEL FURMOH

14

[ T

woP B3 RAILIS
nedse) v sleg

P Asuusen velley
foppis Jewmay

SN0k ity

1600 SN pROILS
ABunDip uruLON

Tuuy Lo &yl

3

oSuuon stoy

wopuR 323

SRNRDAT PAWON
1efugeg g uswwoy

PO uIeD 1§

PRCY uIvE By

WO [0 $IKUTD)

PECY uieg Z§

ASDDMS e

n

eFoL yivG gr

PROL YIvg QF

ABDDIG Howey

AMPDIS 10wmey

PROH WT3 rr

814009

sAumuuy

0D e oo
{uonDruEU0D 20pun) B8N0 Adw]
spmioarg

PYOY Gt 2y

POy Weg v

Rt Supng Eely wiupD
By Leno)

ouy

{qwnu § SwsU uwmownn} Buping meny
(100 KouB08s) 8510 BN



SqLOOT ULy wrgALy S 1

§
:
:
:
§

XOQ ROeS 881 081 00ATOZ OBEVRE mamnp 02 ddnay
wOQ 8PS 002 O 0SBZ0Z OCCONC masnpul 02 ddnayy
00Q PE9T  LDL OO  OHFZOT OSHUEC RAUAST) 0Z *quIotusg
H0dd o0 TBPE 9L 001 OREIOZ ORUNOT masipu| 02 "Qucosung #)ET33 ETENEA] WO
000 (i8S 0OS Or  0OOYOZ OSYFEC Nty 02 pang
2000 K95  EBL 0SE 09202 00T Pune] 02 BQUQOFURIG
00 L'98 s6r Or  00BYOZ O9¥YEL aleNd (2 puLg
40ud 00Q L9 el 00SZ 010202 OLO00C Manos §i SQUCITUME 81959 [BULENOU| O
000 9588 riy 00T OOFZOZ QLISET punen 02 QUERUAE
108d 0O SFFS 251 08y  QCEZOZ 0GSOEL maAthOul 02 squoosug 1RSI ML) L0
000 8585 681 031 0€9Z02 09E99C masnpu 02 LLLYTYE
00O B59S  L68L Orl  OSSZ0Z OCrEET GOUTUOM 02 ddnay |
oo §9% 96} QSCI 0850 OTroee matpy 02 adnngy
Dda res Wz 0 0CZLOZ O2BSEE ukg 02 adnayy
40Hd 000 Zrgs €51 OF OICZOC 089St maspur 0 Squdtung Sle1s3 RUTENEU| Lod
000 1995 $8L §L  OVEIDZ O9CREE mazngu| 02 ddnay
000 L1'95  ZWL 051 02rZ0Z OLLNE Aau3 02
20dd 000 ELBE L1 0ST BLTI0T 009 MAtnpu| o7 *qudotung
204d 000 P0PE  B21 08 DSLZ0Z 02L86C pesnaig 02 equossung
2044 W0 YOS 9L DRI OSPZOZ OS0OOC maney SOULOCIULIG
A0ud 00g 9'5% SLF 0Z QErYTOT OSUNT MATNOU| 02 [ Y
40ud o0 PSS L8 OZ1 OIPZ0Z OLLENE Atwg 0z
40kd K00 E5ES  ril 000 00rI0Z DLHSEE masnul 02 SquCoRugg
204d 1000 6reS 681 0T 015202 O0BS9EC Ao 02 Squoxung Supam 4
000 QLSS 105 Oy  0DBMOZ O9YPRE sy 02 pneag
000 1% £0F O oL8r0Z O9rvet LLL A pang
000 *I'SE Z0S Or  CRANOZ OSeEL _tNg 02 nang
000 (055 @2 O SZIZOZ SIZTHET N 02
00Q 30CY  Sv2 ¢ SLLIDE STEST NN O
Hkd X000 (5rS 281 008 OLvIOE DOSHET MAEw 02 SQUCIUAY
000 e 502 09 0E9202 OGLORL mAseu| 02 1S3 LIt ddnag)
40Hd 1000 LYS  £6L 00V DSYIOZ OQTONE mashou; 02 Soucotung
H04Yd 00Q 92'vE wiL DO OSPZOZ QUSNE masnpu 02
000 SLYE vz O STLTOT STEGOL iy 02
000 GLYe 82X O STLIOZ SILUET ey 02
000 LIYS Ore STt 0BZYOZ (OS9SEE g 02 RIS
000 89¥S L1209 009ZDZ OSFEET masnpu| o2 9)UIt3 ARISNOU| ddnryy DfanFy
000 BIYE  SILT D9 0102 OrrREC ATy G2 oims] Esneu| ddruy) SE30UD B PO
000 B9 *IZ 09 018202 OCKOET A G2 HES3 RUSnOu ddnnyy ULy DY) PAGIS
000 gIrE RIZ 09 009I0Z OSriNT PeENIg 02 3 menpo) ddaagy (adwd) !
4084 ©OQ L9PS 051 OBZ 055202 QIESEE ™A 07 Qquodturg
000 [9vS  I¥C OQL OCZPOZ QILSEE laud 81 pmas
40996 E6C OOE 00002 OCSSBE g 02 PG
000 YOYS  B0Z Or  0FOZDZ 0BTEUEE hdtnpu 0z
000 Z9rS 102 05 OHM0Z O90ReT RN 81 ddnryy
000 SSYS 012 OLL 050202 OOYIeT masour O 9.ME3 RUISNOU; ddnnyy
D0 0rvE 160 0OC  DSSYOT OvOLEE "y 02 pnans
200 irvs  BEry £S5 0BOYOZ OCYYEL iy 02 poasg Doy weg
00J 9r'rs 0l OSr 08202 OGZUNT ARitnou| 0T odnx( |
wog CYrs ZOZ Or 09202 OOCUEC g 8l danay )
0oQ iryrs €2 58 0€9Z0Z (Xrist masnpy) 07 133 epIsnpu; dénuyy
2000 *'r§ 212 059 00302 Orrest eIy (2 013183 PUISNOU] ddnILY
wo] SUFE  BIZ G 0S9Z02 O2vHSC masnpuy 02 "3 EuIsnpu) 0onayy Bupeewtul vospaug r 5
000 (CYS  BIZ §L 050202 OZreet PINNg 02 a3 Euenou) donu
o0 (E¥S  0ZZ L DSPIOZ QIvNC PesnTi 02 10183 myuIsnpul donuy (Adurg)
0og LEYs I S 099202 OVriNe petnilg 02 153 [Euitnpu) ddnay) (Adw3)
000 (EYS  EZZ 51 099202 OI1veme PeLANI] 92 e resnou) danay) (Adul)
000 LEYS  Lbr Orr  (SOS0Z OSOYUT Row3 02 i =T
0eQ iXve 122 €L 099202 0Ir9BE pesnng 02 0T Rurtnoxn ddnay (Adurg)
000 IEYS  ¥ZZ fL 099202 01rG8E PR 02
000 ITYE  SZZ S1 020202 OIvege peINH] 02
40Hd 000 SEYS 16 02 025202 ORC9ST Moy 02 SQUICOS UMY
000 SEYS  E€LZ 0 SSIT0E SILAE g 02
000 EEYs &2 0 STITDE SLERET g OF .
00 e ¥O$ Or  0I1BY0C QLYPEE KitNg 02 pnasS
00 IEYE 122 08 00202 OZXORT oD 02 ddnngy
o00 4TS YT 000 OCYOZ 0GLSOC T ooy dMaNng R pnasg
O LTS £2 0 STLITOT ST oI 02
000 LY BIE §E 0200 00COEC masnguy OZ odny ) LN
oo0q9ZYs ErZ O SLLTDZ STL98E Stg 02
000 9ZT¥YE  8W SZZ  OBNZDZ (CHET I 07 adawy)
200 £ZRE 112 0L OvRZDZ O199SE mRenpu 02 O] myrtnpu ddnay)
o000 SI'vE  S0% Oy  OZAYOZ OIvvel aend 02 pnang
200 LIPS B0 SL Q0T Qe aeag 21 danayy
200 B0t 08 0SZ OCSrol OsSeut R 02 pnang
00] 8l rZ 0 S2LT0C SITIET "y 07
000 S K 0 LT STLIT uNg G2
0o WCE 82X 0 C2L0ZT STLeET g 02

"

P SRS Sy

(LYY

OO WoOMS L yIVG

wyng

Pe0y weg S1

1030 PUND)

pEoY UIRG €1

seqE |9

wdeq Euno)

RCRSY

, PN Ry Ay
WIS Apog oIy ALY

o) TR Xy

#0800 wuadey

! wotueg
P Rsmg 1Y

LU0 PO

SRR

S equotung

ROAOY

O A PRrTing

LN O

_ TOOAN O] PATNE)
: d
PeCH E8G L1
PROYGYE L

nailg | pet v

013 VIALITD: BEIST M Odfey ) §
M LRARIE)) - BiTIN] WPy OdY) ¢
SWIEAS MR-

PR bndngityy ¥ Ratna)

BUOISAS 1G-S50

SQUICTTUAHE FUMTAS hasd FTarD

B LBARSEY) - SJST ASTIoU) ddny; §
PUT URARITY) - SIWS] (FUIE| adnay) 91
RS

SN

frwn

21 mn

1 ®N

R0y

"D PM

P e o 1Y )

oImMs3 mEIEnpur ddruy) P tMBULER § SUISNO)
8xu07) 1 SIOH |

P TAMZITY § BATT0)

4

Lwn

2 2]

Kaprey Duptopdrx3

gmn

019193 [MUISOU) doA L (Adha3) § run
919153 [MASAPU) ddruy (A ¥ un
680} 9 Amyoquiny

W VR - LTS mAEnpU) ddruy) w2
LI VEARITD - $IN13 ] MUSNEU| Ayl §i
Py 18 §

BUN0D PUTHO unoas

RO uthig Sl

W AR - BEIFT EUTEnpU ddnay) vl
ssaug Asgea pug

QIS URARAF) - $1013] MU IdAA L §
SSi AgeA PES

| DI EMOULEY § BUS0)
proyuNg €

o8eu0D vy WIOH €

oaylueg

1[5 URALIED - #iT15] Spisnpuy adnay 71
B UTARLIED - IS MLENOU) Ciny) ¢
TS LA - 0iET RSN Adaal B



PROF
PROF
PROF
PROF

Door
Boor
Do
Door
Door
Door
Door
Door
Door
Door
Door
Door
Door
Door
Door
Door
Door
Door
Doar
Door
Door
Door
Door
Door
Door
Oouor
Winaow
Doos
Door
Door
Door
Door
Ooor
Door
Door
Door
Dooe
Door
Ooor
Door
Door
Door
Doot
Doot
Door
oPC
o.PC
Duor
Dowr
Door
Cy.
Door
Door
Door
Doort
Door
Door
Door
Door
Door
Door
Door
Door
Door
oPC.
Door
7 Door

- halialialb ol alh ol o IRl i Rl IR IR g K g K b g bl b K B i

8R7BER2 3 RBRE8RR95 8148

oooo

&3

50
65
190
&0
60
30
20
20
80
35
80
00
80
50
300
1300
43
60
a0
140
2850
2000
750
340 >
389100 202440 280

120
[+]

188023 202388 4

H
HE L R
gggg:ia§§§§§§§a§§§§§§§§£§§§§§§§§S§

333883338 35558053843888%

IBETBO 202330

w0

Q

M0
336720 202340 1
388831 202300 1

202290

202230

201970

202020

202130

202320

202060

202050

202080

202040

080
IB6ATO AR 2
58360 202140 18
389070 202450 390
388580 202120 365

320300 202470 150 1
389379 202470

Brimscombe
Port Inous!
Bramscombe

Chanord

e ;7 P
N1 s 3 b . i
TR R TR TN o LTRSS [ B ]
et g sttt epsinin e



co 86 oo§§ 5 §
g5 gg% 33133 ggg & ¢

§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§5§§§§§§§33
mesreNmaog R e T T T T F Ty T LT TE LT et b
8883838883’:%%.%838%888 8338.838883.888922222"""E’E’EEEEZ:Z""'ZZICZ::I‘.‘ﬁ"'ﬁ’i"’:’.ﬁi’ﬂ::::::
§§§§§§§§§81§f§§ggggggga§§S§géggégg%gg%sgssggg3-'-.’2;823333252'&?3%8;322?"35:33’:33:3333
9399938399333399999993%93333339939393393@29932%323%§9§§§§39?ESSgSngRS?g??SSSQg
B88ERNggF B 88Rg0rTeeag0KERRETIrRegs aeRanNgERneReRg0eI29R83Ro289528330008Y
§§§§§§ggg§§£§§§ﬁﬁgggﬁgéggggg§§§§§§§§§§§§gegeggﬁggﬁagﬁ§§§§§§§§g§§§§§§§§mmm
§ 28S82RBRN ne “gg g8 “ag e gg"sgafmeg 23388§8§2§3 2 §99823§§E Egg =4
HH T E TR R HH B R R R I H
£
- ¢ £
2 § i
Bsspeagssccessreccess "--9233223003232223 Egis Eggg'ggzgigg § Egg 2efacsescs
§§§§§§§§§§§§§§§E§§§§§§§§§33§§§§§§1§§§§§§§§§§§3§§s§§ LT I
33838828325332&888222”88882888328838833?98822928‘593?1’2829!2.‘;;‘.’99!’9‘2322’.":22’:'_‘:2:2
g g |3 8
3§ 35 3 2
33
: .1 in i 11
; 33 gg 2% E  FEREI G g%sg‘gzgsgf Bespplils
g g g gRRERR i 28 % B L33 @38
HHHIH RS U B TR L R R T



40Hd 000 80 IRIL 0 GIO20F SLZIGE [T (oBugl) $LNOH X0 IR

J0Hd o000 LZ¢0  189L $9620Z S9126€ oleauy 51 Avgap uaowny {95101 URUOINA) By TNy
000 518 0891 Sy 2802 SZIZET send 02 ABgea vepn {10} vy 8.9y
40ud 2000 £2'08 8191 B2 $18Z02 S0I1Z6C HEd g TINOH WA 10Ny
30udd 00Q (906 E£BI1 05 SRAZOZ SELEL s gy SENCH X207 ISUOTRUM
%00 988 959t 061 $8Y207 SB206T LT B HRCT UeID
000 LB 0491 Or  SKSZDZ $TLOGS ety gy oy MOINIH
OO0 BZTCR wE9L 09 SEPIOZ SLZOGC Qerny s IOy 0ENOH |Hmeang
‘FIEEYE 10 Or 095202 0596BC LIL LT DAY wens W z
XOQ ZrvE 2.91 03 SL20E S1L68C Ty g pionngeD E3RID0Y uMouRUn
100Q SSC8 B9 0L $69Z0Z SLvIGE NS SLOy 07 APRA DD g
204d 2000 9UC9 991 I8 SO6ZOZ SISIGC LA LTER Aagra LD Iy LeaEg
40dd 000 SOC L£90 Or 518202 SISLEE Olzaug gL ASuRA LoD #5po e vexEp
000 20C8 SS9 §5 SEY20Z SOZ06T ampyg 21 [ Vo) $38:00Y umOuTUN
000 LIZE BL §% §26202 OL106C v 4y [0 Te] mang sy SENOH FOUvY
oog 7818 SL9t 02 SLAZ0Z SULI6E oAy Gt Anpwn voopo0 LY FUDH
4018 L DOV SLLZOZ SC0ET R £ 100015 by ~oiedung sy
000 §608 | $Z 02202 0IC06C Oleaug 21 1S Wby oleuod woyg
240008 02 05 095202 Ovi0sE LTSt nIONRYD 19855 WOy 0081207 udIRAY
000 608 Eb €% SEr20Z 012060 LA TP ousyD Aorea sy
000 (508 & $T 028202 OILOGT laarg £} 5 U Lo ]
000 800C  #Z  §C  O9SZOZ §00CE Ll 1Y RIOETUD g O SENOH BEAGY
000 8008 €2 SC  0GS20L SSO0GL sy £ pogayD 0218 Wy §
FOwwer 2 9 0BrZ0L QOYOOEL kA L| POy Adpey {ond 13) L ABEIA DIO B
000 8L 0F ST 09SZ0Z Orieur R 61 money) wang ulizy ssdimaody
000 128 B 1 §T5202 (TDOGE #lenrd 21 2ang ubi siaiep mepu3
000 TS8L redl 951 SLITOT SHBOSD oAy g1 Asges uapwp {809035) spesuny
200 BZ8L 6L Or 095202 ¢ZI0&C Mg 02 LoD g wlii sedniwg
200 608 12 SZ UISTOZ Q1 LO6E olAug £} RIOED waguhn sy el 0
000 006L <SP 595202 ODIOBE My [ ] wag U sSeno) srudiy
#0ud WO TR RL ELU P S9IL0L STROUC kg 02 AR1RA VDY SENOH EpTIUNTY
40ud 1000 B9QL OV OF  O2LC0T SL908L wedmiesnd 1) ang ubud slueg momwbung ey,
2000 s58L 2 9% SOS0Z O2LO6E QIR L wans by Wrswa g
0] ISRL L) or S8vI0C O08L06E B L) wans iy STN0} WNASG
000 iret € 9€ 015202 SZEost QBRI 21 puz SOTERLO 4
0o gLRL L ¢1 §ES202 0:€06C oG 41 90445 ubnd sdusp
000 BL 3L ST SEY2OZ OL106C LB TR 0ans uhH *Bnog i s
0] E8L r € 016202 OfTost Qg £ was WBin #0807 ivwaey
000 9182 IS OE  02G202 O9RESE LU RPN Y LYY PNy
AILIBL 12 6 TESI0Z S000GE i3y {1 CUORRLD 1015 Wi SN0 DawuEy
WO ZUBL 19! vB SUC202 SeG6ESE wrpy @y SINOH DBy
S000 8L 6591 §»  €16202 €1006€ %Ly I ruoysyD MOA MODROW §
000 88:L 9E O 016202 cEESET ey 1 poaRYD 80D mmA wORBON £
1000 (8L 8591 C»  C1CZD2 Cremet "Ry gL opTYD MHA MODEM
00 ¥ELL SU SUEZ 015202 SSI06C masnpuy gy g U EN WS
000 ZBL  BS €I OOT0Z O2WCET ey £y Saspuy
000 Z6LL L€ 05 $1$202 S2006E Sl G (2 L%e] £0021I07) MOLA, MOOTOVY §
000 B2 £ 02 09S20Z OCREST LILL TR P oy #iru0D s aunpueg By
000 (il § §r 15207 0SCOGC RN TS ubiH pu3 sdpwnor
40Hd WY QL 9 11 02ST0T oo 06T ANg £} pcasyD U3 shouwnor Z
000 Lle Sy QE OLSZOZ OOBAST LILETER: T L1, T WSyl odapo) wepeg
00Q L't Zr  $9  0B5I0Z SCESEE LA LT I 11T walsywH pemon Bupds suenmy
0OQ LS4 P SY S.pZDZ SE106E oead 2t oluep
1000 Eriz 4591 S SI1S207 9668 RN 61 [T Ve mOLA MODEGYY I
®OQ BELL  SE ST SO5202 09668C LI CTHI ) paoKYD 5008007 mp MODROYY |
000 922 85 Sy 095207 OOGEET »ang £} LT T UMD ISTURADY AED-UNSAOT
mopu Z1LL 6y 001 05202 OL96BT LT T nogreD a5 ey uon Py KO
AT B89 (S 02 09s2 01868K GRRALY 02 wanmng o) sy
WO L. e 0F  SrEZOZ OCLOGE neay gy (T V) o5 Wi 02U supuy [
000 TWIL L 05 SrEZ0Z OZLDGE oAty /) oy s by GIRLD] KNUY |
100Q 29BL 92 O0L  $SSI0Z (OLEGBE MRy (| OFRUD 100015 Yt ety Supdg
W00 ZFBL EE 0§ SKSZOZ S2I06E g /1 oaRyD waulg Wi 0IRLD] JOuNY 2
000 LS. 25 Or 095200 OCEGRT LLLLTEN T L1 T olenon sppusip
000 98SL 9T S 55202 SCOOGE SNy gy PORRYD 1subn walcoieg
Wog BLSEL E9 S5 orsZoT OZ9GET NS ROY0 10 B preney) wais s M0 1904 [uOxRy)
000 LSL e 0% 0SSZ0Z 011068 L YL V) s Bey STNOH AsyEa
FOASSL 29 05 0SSO 0S9EE "R 6 PORID »ang yom DAY
000 55 8  Sr  09520Z (LESST N 8L [T V] e oey oG of elemg
00 reL 82 09 (0ES202 S¥EEE nag 02 LR T #0007 ewa 3
000 §152 Er O£ 56202 $ZEGET NN 81 MogRuD) wans by mEHA QUMD
40ud 00Q 9E'YL  Sr 09 05202 06EEET [ TR DoAY o015 W 030D By
KOQ YL 2L 0% OSSZOZ 09GBS leng ag uopTD SEN0H MUY |
000 CB¥L v Sr 055202 0:B68C olsrug 81 ey 1015 ubn dousIOM ML
H0uHd KOO 5w, O£ Or 035202 STO06L nhag () =1L e wang ybey | 0eroar

ELTF] 000 BryL 62 Or 095207 SEOOSC omNIg ¢ LYer Yol 0015 UM 2 ooy
000 DrEL Y9 05 OrSZOZ OCOBET LI LTI PN sbwjon Uy [
H0Hd  mooUM SEYL 05 $9 05502 OresSE aleniy 4t LI V) weng Wb 1nop Yt



Appendix 3

Sensitivity test maximum water levels
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Address and Registered Office: HR Wallingford Ltd, Howbery Park, Wallingford, Oxon OXI10 8BA, UK
Tel: +44 (0)1491 835381 Fax: +44(0)1491 824080

Wallingford Water is a joint venture operated by HR Wallingford Ltd and Institute of Hydrology





