Flood Modelling Assessment —
Endaon Rlding School, Endon Evans Rivers and Coastal Ltd

FEH CD-ROM 3 - Catchment Descriptors

Subject Site Location : 392550 352350 [S1 92550 52350]
Catchment centrold : 393715 349994 [5) 93715 49934]

Catchment Descriptors
AREA : 8.08 km? RMED-1H : 10,3 mm
ALTBAR ; 227m RMED-1D ¢ 31.6 mm
ASPBAR : 333 degrees RMED-2D ¢ 39.7 mm
ASPVAR : 0.33 SAAR : 909 mm
BFIHOST 1 0.431 SAAR4170 ¢ 902 mm
DPLBAR : 3.68 km SPRHOST ¢ 33.4
DPSBAR ; 53,8 mjkm URBCOMC1990 ¢ 0.632
FARL : 0.871 URBEXT1990: 0.0146
LDP; 6.32km URBLOC1990: 1.097
PROPWET : 0.44 URBCONC2000 : 0.739
FPEXT ; 0.0302 URBEXT2000 : 0.0201
FPLOC: 1.000 URBLOC2000 : 1.129
FPDBAR ¢ 0.23 cm
Catchment average DOF values
Ci 0,027 D3: 0.354
bi: 0.368 E: 0,302
D21 0,316 F: 2.303
1 km point DOF values for 393000 352000 [S1 93000 52000)
C1km): -0.027 D3(1km): 0.392
Dif1km): 0,332 E(tkm): 0.301
D2{1km): 0.327 F(ikm): 2.285

B (e ) (Comel )

Figure 11: Catchment descriptors (Source: FEH CD-ROM Version 3)

5.1.4 URBEXT:q00 Is based on a different methodology than URBEXT esn and therefore results in
a separate set of FEH categories of urbanisation. For example, a moderately urbanised
catchment will have an URBEX T value of up to 0.150 as opposed to 0.125 if using the

former URBEXT jues value.

5.1.5 Urbanisation of the catchment since 2000 has been checked against the FEH CD-ROM
values using 0S mapping. The urban extent shown from the FEH CD-ROM (URBEXTz000)
is similar to the extent shown on the OS map. Therefore, as there has been no
substantial development since 2000, the updating of URBEXTyuy to 2014 using the
national average model of urban growth In WINFAP-FEH Version 3 is acceptable.
URBEXT has therefore increased from 0.0201 to 0.0207 and the catchment remains
essentlally rural.
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6.1

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

b.1.6

6.1.7

1.5

65.1.9

ESTIMATION OF FLUVIAL FLOWS
Choice of Method

In order to determine the most suitable flow astimation method, the guidance outlined in
the FER Handbook and the Envirenment Agency's Operational Instruction entitled Aood
estimation guidefines (2008}, has been referred to, together with the EA guidance
document entitfed Flood Esfimation Guidefines Operalional Insfruction (197 08} dated
Mine 2012, and DEFRAJEA documant entitled Estimating foad peaks and hydrographs for
small catchments: Phase I (50090031 ) dated May 2012,

Therz are two main approaches For estimating flood flows for catchments of this slze; the
FEH Statistical Method {(pooled analysls) and the Revitalised Hood Hydrograph Method
{ReFR). The FEH Statistcatl Method is based on a larger dataset of gauged flow records
across the UK than the ReFH Method.

The FEH Statistical Method uzes flow records from either a single reliable gauged site
tocated within the catchment or several other gauged sites which are tocated In other
hydrotogically similar catchments. The method Is based on a large flood event dataset In
tha UK and fs more directly calibrated to reproduce Food frequency for UK catchments.

The originat FEH Rainfal-Runoff Method was largely superseded by the Revitallsed Flood
Hydrograph Method {(ReFH} in 200G, The ReFH Method is intended to update and
address several constralnts of the FEH Ralnfall-Runoff method. The key changes are
that In the ReFH Method baseflow varies throughout the event and the RefH method
uses a new (kinked} unit hydrograph shape. Furthermore, additional calibration data
has been used within the ReFH which includes a larger number of flood events across the
1]

Note: In earlier guldance for small catchments below 25 ken? the methodotogy outlined
within the Institute of Hydrology Report 124 (IoH 124} was considered suitable, I which
the mean annual fleod flow QBAR is calculated, The recently published operational
Instruction 197 08 and science repart SOO900321 discourages the use of the InH 124
method for estimating flood Hows in small calchments, The guidance recommends that
FEH mathods should be used in prefarence.

Staniey Pood

Stantey Poot |s located approximately 430m upstream of the site and s an on-line,
controlied, resarvoir which wlil have attenuating affects on fiood flows in the catchment
{as denoted by a FARL value of 0.871}. The relevant guidance suggests that if FARL is
<09 and where fiow records do nof exist downsbrearmn of the reservoir, the QMED
eguation cannot be relled upan and the RefFH Method showld be used.

Stantey Pool |5 a large storage reserveir built to supply water to the Caldon canal, and
via that to the Trent & Mersey Canal. It is the smaller of two reservoirs which feed the
summit pound of the Caldon canal, Rudyard being the larger reservair,

The reservoir is under the owverall controd of the Canal and Rlver Trust and I s
understood from their response dated 14™ August 2014 (Appendlx A) that Staniey
reservoir hoids 610,980m” of water behind the dam and the surface area when full s
0.13km?.

The Canal and River Trust state in their response that “"The feed to the canal is taken
from the waltercourse downstream of your site, via a side shlce In the watercourse

Feport Ref: 1320/REf09-14/01 12



Flead Modalling Assessiment -
Endon Riding School, Endon Evans Rivers and Coastal Lid

where two farge slufce can stop water fowing stong the orginal stream, When the feed
is nat requirved or the natural flow along the watercourse Is foo large to send to the
canal, this feed sfuice 15 closed and He two larger sluices are openad fo send alf the
water alang the original course of the stream and under the canal itseff”.

6.1.10 Additionally, it is skaked |n the Canal and River Trust's response that “"Once the reservair
Is fufl, any additional water running info it /s dischaiged over the spilfway into the
watarcourse befow the dam. Stanley reservolr is known to fifl and spiff quickly in storm
events and this situation reguiarly occurs with the reservoir full and large unconfrofied
flows going down Fhe watercourse past your sfta. There are no aclions available to
mitigate this, and It Is an enfirely natural event., When the reservolr is spiffing the feed
valves are fyvpically closed to restrick the flows in the watercourse fo those that would
have accurred naturally i the reservolr was not present,

6.1.11 Catchments that nclude fakes and reservoirs defay and attenuate flood hydrographs,
therefare it is recommendead by the guidance that the critical storm duratlon Is extended
to incorporate the delay {RLAG). However, an outflow hydrograph was not available
from the Canal and River Trust at the Hime of writing which makes the calculation of
RLAG difficult.

6.1.12 Based on the above information provided by the Canal and River Trust, It is reasonable
to assurme & worst-case scenarlo whereby the reservoir is already full and additional
catchment flood flows cannot be accommodated by the reservoir and spill from the
reservoir into the watercourse without being diverted to the canal, This will also assume
nio RLAG and therefare all of the catchment flopd flow would reach the site without being
attenuated by the reservoir thus presenting & more conservative flood flow at the site.

6.1.13 Therefore, assurning no RLAG under these circumstances, the flood flow within the
catchment and at the subject site can be calculated using the FEH Stabistical Method
rather than the ReFH methad, as this is based on 2 farger dataset across the UK and
uses gaod quality donor site data.

6.2 Improved Statistleal Method

6.2.1 The original FEH Statistical Method has been Improved with the release of the Sclence
Repat (SCOS0050/5R) entitted Improving the FEH stafistical procedures for flood
frequency estimation, carried out by the Centre for Ecology and Hydrology and published
In 20408 by PEFRA and the EA.

6.2.7 As stated by the research document, the Improved features include a new QMED
{median annual food) eguation; an improved procedure for the formation of pooled
growth curves; and a revised procedure for the use of donor catchrnents in the data
transfer process. A new catchment descriptor which describes the floodplaln extent
{FPEXT} was also developed as part of the study te assist in the derivation of pooling
groups.

6.2.3 The WINFAP-FEH Werslon 3 software incorporates all of these changes to the FEH
Statistlcal Method and has therefore been used o assist in the flood estimalion process,

6.,2.4 ‘there Is no observed flow or level records available as the watercourse is ungauged at
this location and the Agency has no spot gauging records. Therefore FEH Statistical
Method single-site analysis |s not possible, Consequently, estimation of the flood flows
has been carried out Bsing the catchment descriptor methed and pooled analysls.
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6.3

G.3.1

6.3.2

6.3.3

6.3.4

6.4

b.4.1

6.4.2

5.4.3

Estimation of QMED

To estimate QMED for the catchrrent; the catchmert desoriptor method has been used,
This method s desorlbed In Volume 3, Chapter 13, of the FEH and has been updated In
the Science Report. The method produces the mean annual flood QMED, which ks the
flood Fow atong the river that |s statistically exceeded on average every other year.

The exercise can be done by hand using the catchment descriptors taken from the FEM
CD-ROM and using the following Improved QMED equation:

1000

OMED = 83062 AREA®"0.153 B g1, 0ag0mmesr

The QMED eguation only applies to rural catchiments {URBEX Tz <0.030) and as the
catehment ramains essentlally rural, an urban adjustment to the QMED (rural) formuyta 1s
net reguired.

The calculation using WINFAP-FEH based on catchment descriptors for the watercourse
catchrmeant gives a value for GMED, /QMED rural of 2.195 cu m/sec.

Revised Data Transfer Process

In order o make the undauged rural estimates of QMED, .- at the site more accurate, |t
Is mecossary to use fiow data from a skmilar (rural) donor site elther within the
catchment, or in another catchment with similar hydrological charactaristies, and whers
galuged information does exist for an adeguate number of years. The suitability of the
donor catchment wilt depend on how similar its catchment descriptors are Lo the subject
catchment. For example, AREA should not differ by maore than & fackor of 5 and SAAR a
factor of 1.1, Additional guldance is offered I the FEH Handbook.

A local correction or adjustment factor to Lthe estimate of QMED, 4. at the subject site
can then be applied. The procedure involves deriving QMED from the observed annual
maximurn record ab a gauged site {QMED, 5.}, and aiso frem the catchment descriplors
at a gauged slte {QMED, 4.) and using the ratlo of these two estimates to adjust the
catchment descriptor estimate of OMED, 4. at the subject site,

The Science Report and Operational Instruction 197 08 also states thaet in addition to
catchment simiarity, the geographica! proximity s important when considering the
suitability of a dunor slke for the daka bransfer process, and the chosan donor should be
the closest to the subject site. A new equatlon has therefore been developed and
documented in the Science Report:

OMED. \"

s

OMED

LT

= OMED, | S
= ¥y | Qj‘l fE Ds‘,ﬁ.'h. |

d,, = 04598 exp| - 0.0200d,, | +(1~0.4598)exp~0.4785d,, |
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6.4.4

6.4.5

The subscript s refers to the ungavged subject site and g refers to the gauged donor
site. The subscript ods refer to catchiment descriptors and obs refers to the observed
value at the donor site. The subscript dS; refers to the geographlcal distance between
the centrold of the subject site and donor slte. The subscript adj refers to the adjusted
vaiue of QMED at the ungauged subject site,

A list of suitahle donor sites {ranked by gecgraphical proximity) for the daka transfer
process has been determined using the WINFAP-FEH software by following the Poofed
Analysis/Flood Fregquency Curve Development options and selecting Donor Station as the
method to catoculate QMED.  The software uses the fatest HiFlows-UK data {version
3.3.2) {Note; HiFlows-LK data is now integrated with the MNatlonal Rlver Flow Archive an
the CEH website), Table 1 shows the list of sultable donor catchiments as ganerated by
the WIMFAP-FEH software.

Table 1: List of potential donor sites to be used in the data transfer process for the

_ N o _ catchment _

IMED ’ ‘Cantrold : : . Years af ;|
Atatben :donar EEI'III'GHK JCantrodd ¥ . distanca {km} - m SANSDFIHOST FARL URDEKT |datn QMEDAM QMEDn‘h-
Lubioct sk P S T - T .. BG4, 90 Q.43 0471 L.02 :
TOEL CCharmot @ oshord Bedpa} | 20SE 0 3067ES. 35edes, | 7.43. 136, 34 976 | 0443 0,827, 0430 7o 181 33765
9041 (Hemps & Woteebossasy - ROFE L 40SEST] 3S3OE | 1221 3647 ADBS 430l 1 @404 7 IEEN 26113
BO0LY (o & Marton or owe) - 2067, 4095330 240054 0 1485 BE342. 938 0523 D.97E QUG 5 146326 140063
CH00G [Gang & Hutma Walflsld) 2274 EwepR0: | 38534E, | 1595 149,89 1019 | 0404 0870 003 30, S34FY 54475
9031 (Manfold & Ry oA aovess  ymeTSE. 15,40 14B.45. 1058 0455 17 oo £4 | EBTE).  EG.1A
GHOLY (Ueno & Conglatan Fark) A0, BR44S1. 36547, 1555 1465 1030, 0.4 0.97% 6023 57 alEFal Bl
63044 [Danc & Hisghidga) Ponamy Ustandy’ C aTies CRF9 725711810 0,373 €997 Q.00i iF ABE3 A
2008 {Love B Hpcostor Wil D T 32al aU0eer] Jg4my BB 30RO7. 1022 0,555 09911 0007, | 59 BGEEY  Ak3ME,
28002 {the @ Hamstall Rdwar) & 6y T Maedes T Tgazmer 7 Iemsl 152.E50 7521 | 0454 ©.9%61  0.027. £5 1751 28418
2H033 [Bve 8@ Hallnschaugh) L 1) Aabhy JaELED. 2113 R8T 1maE. 0,463, 1 a. 33 ABGG; 7295

6.4.6 Reference to Table 1 shows that almost all suitable potentiat donor sites have catchment

areas which are significantty higher than the subject site and signlflcantly greater than
the recommended Himit as discussed in paragraph 6.4.1. Therefore, in this instance the
chosen donor site should be the dosest to subject site, and Station 28061, Churnet at
Basford Bridge, which is ranked first in Table I, is most acceptable In terms of its
simiarity and proximity o the subject catchment. The CEH webslte also Indicates that
this station Is sultahle for QMED.
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- 28061 Chunet at Bagford Bridgs . " Raling 3
_Banidull:2.8 o
e
-2
E
=
a
L
o 1975-01-01 fo present 0
0 20 40 60 80
Copight (C) 2014 NERG Flow (mag) UK Mational River Flow Archive
Max
Raf  Limb Datalls Equation Start date  stage  End date
{m}
1 a Calculated Q=19.257 * ( h -0.0245T } » 2 550 0110111975 055 0u012100
1 b Caleulsted O=7.077 * (h+ 004323 )% 1.221 010111878 179 0012100
1 e Calculated Q=2405*(h-0.05091 )+ 3288 OH04M9TE 222 O%/01/2100
1 d Calculated Q=1916"({h-0.1805 ) 3,867 01/0111975 28 0vO1R100

Figure 12: Rating Curve for Station 28061 (Source: CEH website NRFA data, accessed

6.4.7

6.5

Bubil

September 2014)

Reference to Table 1 shows that QMED for the gauged site based on observed records
(QMEDy 4s) equates to 28.811 cu m/sec. QMED from catchment descriptors at the
galged site (QMED, .4:) equates to 33,705 cu m/sec. The geographical distance between
the sites (d.;) equates to 7.43 km. The Science Report suggests that influence of the
donor site reduces when the geographical distance between the centrolds Increases
(typically above 75km). Therefore, by using a geographically closer donor site, there will
be more of an influence on QMED at the subject site. Table 1 shows that the adjusted
QMED value at the subject site, QMED. .y using the new data transfer eqguation is 2.058
cu mfsec.

Pooled Analysis and Flood Growth Curve

In order to estimate a range of statistical flood return period events which will occur in
the catchment, It is necessary to determine a flood growth curve and a flood freguency
curve. This Is done by forming a pooling group, which involves a group of gauged rural
catchments across the UK which have very similar catchment characteristics such as
AREA and SAAR.

6.5.2 The catchment output from the FEH CD-ROM is entered as a data file to the WINFAP-FEH

software, which sorts a pooling group of similar catchments. The FEH states that the
pooling group should contain 5 times as many station-years as the target return period
(57); however the Science Report recommends that a fixed pooling group size of at least

Report
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B0 AMAX events for all required return periods should be used. The WIMFAP-FEH
Verston 3 software incorporates the Information amned data gathered by the Agency’s
HiFlows-UK program version 3.3.2,

£.%.3 The recommended generalised jogistic {GL) rechnlgue has been appiied in the statistical

analysis. The updated Statistical Methad uses an enhanced proceciire which no longer
relles on peoling group ranking, but calculates separate welghting equattons of the L-
moment ralos within the pooling group based on record fength. Weight s also applled
ko each catehment depending on distance in catchiment space from the subject site, with
more weight assigned to avallabia “at sike” data than the FEH procedure,

£.5.4 Slatlons that had been identified in the WINFAP-FEH software as not being sultable for
pooling {as indlcated by the HiFlows-UK data version 3.3.2), were removed from the
pooling group and other more sulkahle stations added at the end of the pooling group to
ensure that the total record length was at least 500 vears.
. Tahle 2: Pooling Group _
‘Station o ) ﬂasbam:e ‘Years of data 'QMED AM [ L-CV | L-SHEW :Discordancy
27051 {Crimple @ Bum Bridge) . 1 o4 4G 45330222 0.149. o Lasg
45016 {Haddeo 6 Ugton) R R v =2 C19 345603240 43¢ (.888)
128033 {Dove @ Holinsciugh) N Wk 33 4666 0.266; 0.415 0,918
EGLY {Leven 6 Eashy) T T3 - ) 8538 03470 (304 933,
26802 {Gypsey Race @ Kirby Grindalytho) Podrod T 13 0u09: 02610 0,199, 0.562
25011 {Langdon Beck @ Langdon) P 1394 UG 15A7E 02410 (338 1.359
27010 {Hodge Beck @ Bransdale Welr) P naed 417 9420224 0233 IR
44008 {54h Winierbourne @ Wbourne Steepﬁetunj o154 33 0.42: 0,395 0332 5Bt
206006 [Annalong @ Becorder 1895} JG o m.sa: . 4®) 1533, 0.18%;  0.052 2.30L0
22003 {Usway Bum @ Shithiear) 0 Les 28 19.22.0.3030 0303 D.5E9.
FL003 {Croasdate Beck @ Creasdale Flume) 0 4667, 35109 02060 6838 LGES
25003 {Trout Beck @ Moot Houzo} Ci L7839 118410176, 0251, 0764
203046 (Ratheoore Buzn @ Rathmore Bridge) | 1.735 10934 0136 g0 LUT
51002 {Homer Water @ Wes! tucconbe) 0 RPET 31 8354 4Q.382  0.326! o LA
48007 {Kehnal @ Ponsancoth} . 1 iaoe A4 4155 DB QLEBS: . D789,
27032 (Hebden Beck @ Hebdea}) 0 L843 46 4.082:0.211 0.258 L
Total : : 538 : S i
Weighted means : : : tou254 0.27E

6.5.5 The WINFAP-FEH software indicates that the pooling group is strongly heterogensous

artd a review of the pooling grodp is optlenal. AH of the sites wiich are ranked are
satisfactary in terms of their hydrological simllarlly with the subject site and the poofing
group cistribution provides an acceptable statistical fit. Removal or additlon of extra
sites was nobt justifiable and a representative, but hetercgenecus, pooling group
generally gives better Food frequency estimates, than either single site data or a podling
group that has been made homogeneous by inappropriately removing sites. The FEH
aiso states that a significant proportion of pooling groups remaln heterogensous, even
after & review and adapting a heterogeneous poollng group ko make it homogeneous is
not advised.
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Institute of Hydrology - Flood Peaks Dakabase
Printed : 3 September 2014
Htatien : 994200 {gb 392550 352350 (a7 %2550 52350))

fGrowch Curve Flttinga

Standardised by median

Poocled L-wmoments

L~V 0.254
L-s8kewness: Q.273

Fitted parametera

Locaticon Scale Shape Bouhd
GL 1.040 g.252 -0.271 0.0¢9

Reburn periods

GL
2 1.o040
B 1.424
10 1.7%58
20 2.138
50 &.742

100 3,303
200 2.976
500 L.0az
EQoh G.119

Figure 13! Flood Growth Curve Flttlngs
6.6 Flood Frequency Curve

G.6.1 The WINFAP-FEH software atlows the user o generate a fiood frequency curve for the
specified return period based on the adjusted QMED, o4 value and growth curve fittings
established durlng the pooling group stage and statistical analysis. The results can be
seen on Flgure 14,
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Institute of Hydroleogy - Floocd Peaks Database
Printed : 3 Saptember 2014
Station : 999200 {gb 392550 3152350 (=j 92550 52350))

Fittings for FFC

Standardised by median

Return periods

GL
& 2,058
5 2.931
10 3.617
20 4.397
50 5.642
100 6.797
200 §.182

500 10.458
1000 12.594

Figure 14: Flood Frequency Curve Fittings (cu m/sec)

6.6.2 Applying 20% to the flows to accommodate the expected climate change effect over the
next 100 years, as recommended by the Environment Agency and NPPF, the resultant
flood flows can be seen in Table 3.

Tahle 3: Flood Flows (cu m/sec
Flood Ereguency (0100 01000
Flood Flow ) 6.797 12.594
Flood Flow Including climate 8.156 15.113
change

6.7 Hybrid Method

6.7.1 Having determined that the FEH Statistical Method is preferred for estimating flood
flows, a flow hydrograph is required for Input Into the hydraulic model, with a peak flow
that matches the correspanding flood frequency estimate.

6.7.2 It is common to generate such a hydrograph using the ReFH Method, then scale it to
match the FEH statistical fiood flow estimates.

6.7.3 The catchment descriptors were imported into Version 11.5 of the InfoWorks modelling
software. The appropriate flood return period, storm duration and data interval was set,
as discussed below, to enable appropriate flows to be estimated,

6.7.4 The model parameters for the ReFH Method (time-to-peak, baseflow, and standard
percentage runoff) should ideally be based on actual flood event data comprising rainfall
and flow records rather than catchment descriptors alone, However, due to the lack of
available rainfall and flow data for the catchment, the catchment descriptor method and
ReFH design standards has been adopted in this instance based on the relevant techpical
guldance,
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6.7.5 The critical storm duration was calculated as 4.980 hours from the time-to-peak (T,)
from catchment descriptors (2.609 hours) using the equation provided in Volume 4 of
FEH:

D = T, (1+ SAAR/1000)

Where:

D is the critical storm duration

Tp Is the time-to-peak

SAAR Is the standard average annual rainfall

6.7.6 In addition to the storm duration It Is necessary to select an appropriate data interval,
According to the FEH handbook (Volume 4) a data interval of 10-20% of the time-to-
peak (T,) is usually suitable so that the design flood hydrograph is well defined. A data
Interval of 1 hour was selected as a convenient and appropriate value which produced a
smooth hydrograph,

6.7.7 The ReFH requires the user to have a deslgn storm duration divided by the data interval
which is an odd Integer to ensure the use of an odd number of rainfall blocks In the
storm profile. Therefore the design storm duration was rounded to 5 hours which is the
nearest odd integer,

6.7.8 A 75% winter storm profile was used as the catchment is rural (N.B. urban catchments
are defined as those with URBEXT >0.125 In the ReFH Method).

Flood Hydrograph Hybrid Method
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Figure 15: Flood hydrograph using the hybrid method (without climate change)
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Flood Hydrograph Hybrid Method
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Figure 16: Flood hydrograph using the hybrid method (with climate change)
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7. HYDRAULIC ANALYSIS

7.1 Introduction

7.1.1 A site specific assessment of the probability and conseguences of the site flooding from

7.2

Fivaut

122

the watercourse has been undertaken using well established hydraulic modelling and
flood mapping techniques. The Agency’s guidance document entitled Fluvial Design
Guide (2009) has been consulted.

InfoWorks Model Development

One-dimensional (1D) unsteady hydrodynamic modelling of the watercourse and the
study area was undertaken using the hydraulic modelling package InfoWorks RS Version
11.5. This software package combines the advanced ISIS Flow simulation engine and
GIS functionality within a single environment.

The topographical survey was imported into MaplInfo GIS software and a ground model
was generated which allowed the interpolation of ground levels between available
elevation points. Flltered LIDAR survey data was used to supplement the ground model
in areas outside of the site boundary and therefore not covered by the topographical
survey. The combined ground model (Figure 17) was then exported in a suitable format
which could be read by the InfoWorks software. The final ground model as it appears in
the InfoWorks model Is shown on Figure 18.

B Cricket
Ground

Figure 17: Filtered LIDAR combined with topographical survey where higher ground is

represented by red and orange colours
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Figure 18: 3D representation of DTM with 05 as presented in InfoWorks RS

7.2.3 Figure 19 shows that by forming a ground model which Includes the topographical
survey information, a more accurate and representative ground model can be generated
in contrast to LIDAR alone,

Cross Section
157.5

157.0
Ground model based
156.5 ah LIDAR only.

156.0
155.5
155.0
154.5
154.0
153,
153.
152.
152.0

Meters

Ground model including
topodgraphlcal survey.

0 5 10 i5 20 2

Figure 19: Comparison between LIDAR survey and topographical survey across the
site when creating a ground model
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7.2.4 The bridge crossing (Figure 5) which provides access from the site across the
watercourse was Included in the model by using an Arch Bridge unit. The rectangular
shape of the bridge opening was modelled by specifying one value as the soffit height
and spring height. The geometry of this structure, such as invert, sill, and soffit level
was extracted from the topographical survey and site observations.

7.2.5 As the Arch Bridge unit does not model the potential overtopping of floodwater across
the road deck, a Splll unlt was applled perpendicular to the bridge and levels derived
from the ground model. Levels were manually modified to include the raised stone wall
as shown on Figure 6 as this would influence the ability of floodwater to overtop the
bridge deck (although flows are permitted to outflank the bridge where the stone wall
ends).

for I}rid ge t.:rﬁssin.g.

Raised stone wall

A I I I |1 [ hre———
Figure 21: Cross sectional view of Spill unit looking downstream as represented in the
modaeal
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7.3 Surface Roughness

7.3.1 Surface roughness varies across the study area as a result of different land uses, such as
grassland, urban areas and channel vegetation. To ensure an accurate representation of
the impact of different surface roughness valuas on the flood flows, information from the
05 map and site observations was used. The anticipated roughness values were
checked with the CES Roughness Advisor created by Wallingford Software and resultant
Manning's *n” values were entered for each cross section.

Zone Name |Curr‘r.,. ITm Unit Roughnéss ILtJm:r ]thﬁr
~ |Bed ' ‘Bed 0.018 0.015 0.022
Grass short i | Floodplain 0.021 10,018 0.024
~ |udban | Floodplsin 0.02 0.018 0.022
Grass high ' Floodplain 0.08 0.07 008

O T e T L el e

Figure 22: Manning's "n” roughness values derived from the CES Roughness Advisor

7.3.2 The watercourse channel Is generally free from vegetation (Figure 3) however, despite
the CES Roughness Advisor suggesting a channel roughness of 0.018 on Figure 22, a
channel roughness of 0.035 has been used In the model Instead of that shown on Flaure
22 to consider possible vegetation growth during the summer months, or fallen bank
vegetation.

7.4 Model Boundary Conditions

7.4.1 The following flood event scenarios have bean modelled to allow the extent of the fluvial
floodplain across the site to be determined and appraised in terms of NPPF:

20yr event (present day Flood Zone 3b)

20yr plus climate change event (future Flood Zone 3b)
100yr event (present day Flood Zone 3a)

100yr plus climate change event (future Flood Zone 3a)
1000yr event (present day Flood Zone 2)

1000yr plus climate change event (future Flood Zone 2)

LN Bt M e

Upstream Boundary

7.4.2 Having determined that the FEH Statistical Method Is preferred for estimating fload
flows, a flow hydrograph is required for Input Inte the hydraulic model, with a peak flow
that matches the corresponding flood frequency estimate,

7.4.3 Itis common to generate a hydrograph using the ReFH Method, then scale it to match
the statistical flow estimate as discussed In Section 6.7. This hydrograph then forms the
upstream Inflow boundary condition. It was ensured that the hydrograph parameters,
shape, duratlon, data Interval and results for each return period determined In Section
6.7 were reproduced In the InfoWorks RS software,

7.4.4 The upstream model boundary was positioned downstream of Stanley Bridge Road In
order to represent a worst-case scenarlo by lgnoring any upstream flow restriction
caused by the bridge.
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Downstream Boundary

7.4.5 For the downstream boundary, the InfoWorks software allows the user to define a
Mormal/Crltical Depth downstream boundary which generates a flow-head relationship
based on the downstream slope {i.e. 1 in 50},

7.4.6 As discussed between the Environment Agency and the Client, the downstream extent of
the model was limited to the polnt at which the watercourse flows under the Canal, after
which the Environment Agency's flood model Is understood to begin., Figure 23 shows
the final model schematic as it appears in the InfoWorks software.

T

2 Mill et
o

) L]

\Vh Upstream Boundary
Figure 23: Model schematic as it appears in the InfoWorks software
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7.5 Resulis
7.5.1 The model was initially run to consider the worst-case climate change 1 in 1000 year

7.5.2

7.5.3

event, as this would allow the Identiflcation of any model Instabilitles and errors and the
opportunity to correct them.

There were modelling instabilities and convergence issues when the model was run with
right bank extended cross sections. This was a result of ground levels north of the
watercourse being generally low-lying, flat and dropping below the bed level of the
watercourse further north away from the watercourse. Therefore, cross sectlons were
subsequently shortened to improve model stability as shown on Figure 23, and a
minimum timestep of 0.1 seconds was used. Lastly, the model was run with a
hydrologlcal start time of 1 hour in order to prevent the channel from running dry at the
beginning of the event.

vern

The results show that due to the elevated position of the site and surrounding area,
floodwater does not reach a level high enough to Inundate the site during the cllmate
change 1 in 1000 year event as illustrated on Figures 24, 25 and 26. Table 4 shows that
the maximum flood level adjacent to the site js 153.709m AQD at cross section 48,
which is up to 5.79m AQD lower than the left top bank level and site. It is also noted on
Figure 28 that flood flow Is sufficlently accommodated by the stone bridge without
overtopping of the bridge deck.

L

AT Teincek | roupe Tk
Samuliion | = Model GroipeMun Geoupalinteady 1O00ysC CmFw il
Site

158.0 > / \

15A

1520
1504
145.0

145.0-

1 Reft Bank

| Rignt B2rk
/ | e gt Left 5ol =
1 Right: 3p3 | m— 3 Y

A1 GLED N0 129 L0030 20l 8 2 M0 W Nw 413 #HF 4R S0 541 S66 6L 6B BEIEAE PR VB0 M6 A6 00

Figure 24: Long section showing bed, bank level and maximum water level during

climate change 1 in 1000 year event
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Figure 25: Plan view of the flood extent at the site during a climate change 1 in 1000
year event
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Figure 26: Cross section 48 showing flood level during a climate change 1 in 1000

yvear event
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Figure 27: Plan view of the flood extent during a climate change 1 in 1000 year event
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Figure 28: Cross section results for stone bridge showing flood level below the soffit
of the bridge opening
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Table 4: Results for the climate change 1 in 1000 year event (site results shown in

red)
Results - 1000y rCC
Cross Sectlon Max Flow (m3/s)  Max Stage (m AD) Max Veloclty (m/s)

56 15.113 155643 2.136
55 15.143 155.484 2612
54 15:112| 155.325 2.207
53 15.112 155.23 1,835
52 15:111 155.093) 2.556
51 15.111| 154.97 2.053
50 15.11 154.607 582
] 15.11 154.07 3,429
48 15.108 153.709 2,4
47 15.107 153.476 1.172
46 15.106 153.419 1,685
45 15.102 153.403 1,021
44 15.1 153383 1.283
43 15.098 153.4 lLed8
42 15.095 153.379 3,328
41 15,095 153,242 1,535
A0 15.095 153,254 0.224
3g 15,083 153.238 0.562
ki 15.082 153.243 0432
37| 15.08 153,068 1,724
35 15.08 153.008 1,736
35 15,08 152.882 2.89
34| 15.079 152,831 2,904
33 15.075 152,153 3.816
32, 15.074 151,626 1,143
31 15.074 151,625 1,149
30 15.072 151,631 0.774
23| 15.068 151,625 1.664
28! 15,088 151.626 1.239
27! 15.067 151,626 1.647|
26 15.069 151,632 00,168
25| 15.073 151,385 2,904
24 15.075 150,885 2,788/
73 15.077 150,722 1.345
22 15.078 150,574 2.161
21 15.07% 150.448 2.077
20| 15.079 150.121 3.189
13| 15.08 149,828 1.268
18! 15.081 149,797 0.949
17 15,083 149,708 1.265
15 15.082 149,575 1.885
15 15,081 145,44 LG8
14 15.08 149,24 1.484
13 15.08 149.067 1324
12 15,08 148,724 2.023
11 15.081 148.431 1,505
10 15.08 148,352 1.393
9 15,08 148,189, 0.977
8 15.079 148,148 0.749
7 15.078 148,094 0. 848
[ 15.074 147,921 1468
51 15.072 147,779 1113
1 15.065 147.773 1.295
3 15.063 147774 0.607
2 15.062 147.776 0.473
1 15.061 147.439/ 2,312
Other Modelled Events

7.5.4 Desplte the model showing no flooding across the site during the climate change 1 In
1000 year event, the other flood events outlined In paragraph 7.4.1 were modelled for
consistency. The tabulated results are only shown hereafter as corresponding flood
levels are lower than those derived for the climate change 1 in 1000 year event and
would therefore not subsequently result in flooding of the site,
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Table 5: Results relevant to the site location for remaining flood events
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7.6 Sensitivity Analysis
7.6.1 Chapter 7 of the Agency's guldance docwiment entitled Fluvial Design Guide (2009},

7.6.2

7.6.3

7.6.4

F.8.5

7.656

7657

7.6.8

7.6.9

suggests that the model should be tested for sensitivity by adjusting key parameters
such as the channe! roughness vahues, downstream slope and flow rate.

In grder to determine whether the model is sensitive when considering a particular
parameter, each sensitivibty test was carded out Individually and as a separate modeal
min. TFhe sensitivity analysis has been carrled ot For the climate change 1 in 100D year
avent within the watercourse as this will represent a worst-case scenairto.

The channel Manning's roughness has been increased by 209% {i.e. From an already
precautionary 0.035, to 0.042 In order to consider a higher density of channegl
vegetation),

The gradlent of the downstream boundary slope has also been made shaliower by 20%
fi.e. from 1:50 to 1:60).

To maodel a 95% biockage of the bridge opendng caused by lack of malntenance, debris
or vegetation growth, a Blockage unit was placed before the Arch Bildge unit in the
model and the blockage proportion set at 0,95,

The results in Table &6 show Hat when compared to the above modelling results, fiood
levels are variable but overall marginably hgher when considerlng an [hcrease in channel
roUghness.

Table 7 shows that there 15 a negligible increase in flood levels at the slte when
considering a shallowear downstream shope which is to be expected as the downstream
boundary is sufficiently downstream of the site.

It can be concluded that the modet is overall not significantly sensitive to an Increase In
channel roughness or shatlower slope and neither causes a significant increase in the
flood extent.

Table 8 shows that when intreducing a 95% blockage to the opening of the bridge, the
upstream flond lavels Increase by up to 1,21m. TFhe results show that despite this, the
site remains sufficlently above the flood level of 154.689m ADD and therefore under
these conditions the site would rematn unaffected.
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Table 6: Results comparison for increased “n" during climate change 1 in 1000 year
event (site results shown in red)

Channei Manning's n = 0.042 Orlginal Results
Node Max Stage (m AD) Max Velocity (m/s}) Node Max Stage (m AD} Max Velocity {m/s) Stage Differenca (m)

S8 155.6407 1.9HE 56 155843 2136 (.054
55 156.5236 2673, 55; 155484 2.4912 o2
54 155.352 2178 o4 155,325 2,207 0.027
53 155.253 1L.76 53 155.23 1.835 0,023
52 155,104 7516 221 155.0493 2,556 Q.01
51 154975 2017, 51 154.97 2.053 0,005
B4 154,61 3.511 &0 154.607 3,582 0.003
40 154,045 2.999 40 154.07 3429 0.025
4H VR 7S 3232 A48 153004 2.4 .021
47 153470 1.162 47 153.47G 1.172 0,063
16k 153.421 1.596 46 153,419 1.685% .00
45 153,406 0.980! a5 153,403 1.021 0,003
44 153387 1238 A4 153.383 1.283 o4
43 153.403 1,546 43 153.4 1,543 0003
42 153,383 3.188 42 153.379 2.328| 0004
41 153.261 1,438 41 153.242 L.535 0,019
40 153.272 G219 Al 153:254 124 018
3o 153.257 0.55 3a 153,238 0.562 0.01%
3 153262 T.424 38 153.243 0432 0019
37 153,092 1.662 IF 153.068 1.724 0,924
5 153.03 1.673 34 153.008 1936] 0.022
35 152.5908: 2,53 33 152,882 2.83 L0226
el 152 68E 2.668 34 152.631 2.904 0.055
33 153,215 d.4150 33 152,153 3816 0,062
32 151.671 1.029 32 151.624 1.143 0.045
31 151,669 1,142 31 158,625 1,129 0.744
30 151.675 0.752 il 151.631 0.774 0.
25 151,669 L.E25 291 151.62% 1,689 0,044
28 15167 1041 28; 151.626 1.239 0.0
27 151.67 1359 27 151.626 1,647 0.044
26 151.675 0.162 26 151.632 0:168 0.043
25 151.417 A.6ad 25 151385 2,904 0037
24 150,922 2.397 24 150.885 2.788 0.037
23 150,697 1,22 23 150722 1,345 -0.035:
22 150.628 1.906! 22 150,574 2.161 0.054
21 150,485 L8138 A 150.448 2077 o4
20 150.152 2.827 20/ 150.121 3.189 0.031
19 14‘3.1.‘4_4' 1.155 19 kA%, 88 1768 0016
13 1409825 0.851 i8 149.797 0.949 0.028
17 148,726 1177 17 149,706 1.265 0.0
it 149,508 1641 16 149576 1.886 0022
15 149,461 1.694. 15 198.44 1.BRE 021
14 149,249 141 14 149,24 1.484 009
13 149.075 1.267] 13 149,067 1.324 (008
12 148.731! 1.961 12 148,724 2.023 0.007
11 148433 1488 11 148431 1505 Qo2
10 148.355 1.37 10 148,352 1.393 L.oo3

£ 148,193 0.959 9 148, 189 0.9077 0004

g 148.151° 0.739 B 148,148 0.74% 0.003

7 B L] 0649 rd LAg. (154 0.848 -1.041

G 147,03 1,315 G 147,921 1.468 0000

5 197807 0.092; 5 147,473 1.113 0028

L 147.81 1.098 4 147.773 1.29G 0.037

3 140812 0.542 3 147,478 0607 .04

2 147.B1 0,431 2 147,776 0,473 0.024

1 147474 F05E 1 147,439 AR 1035
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Table 7: Results comparison for increased “slope” during climate change 1 in 1000
year event (slte results shown in red)

Channel slope = 1:60 Orlginal Results

Node Max Stage (m AD) Max Velocity {(m/s) Node Max Stage (m AD) Max Veloclty (m/s) Stage Difference {m)
56 155.643! 2.136 56 155,643 2.136 i)
55 135984 2.913: 55 155484 2.912 1]
54 155.325; 2.207 54 155,305 2207 0
53 15573 1.835 53 155.23 1.835 i}
52 155.053 2.556 L2 155,053 2,556 1]
51 154.97 2,053 a1 154.97 2.053 [}
50 154,607 3.082 N 154,607 3,582 0
49 154.G7 398 49 154.07 3.420 a
am 153,700 2.4 48 153. ¥4 24 i}
a7 153.476 1.173 ar 153.47G 1.172 o
a5 152.419 1.683 44 153419 1.685 il
45 153403 1.021 a5 153.402 1.021 1]
Al 153,383 1,283 44 153.383 1.283 o
43 153.4 1.648 a3 1534 1,648 il
&2 153,379 3.328 42 153379 3.328 0
41 153.242 1.535 41 153.342 1.535 4]
40 153,254 0,724 40 153.254 0.224 0
39 153.238 0.562 9 153.238 0,562 i}
38 153.243 0.433 ad 1532.243 0432 0
ar 153.068 1,724 37 153.068 L7734, i}
36 153,008 1L.730 36 153.004 1736 i}
33 152.882 2.89 35 154 A5 259 1J
34 152831 2504 34 152,631 2.8904 1]
33 152.153 381G 33 152.153 3816 0
32 151626 1.143 3 151,626 1.143 i
31 151.625 1.143 31 151.625 1,194 0
30 151.631 [k 30 151.631 0,774 |
] 151.625! 1,660 ] 151.625 1.6649 L
28 151.626 1.155 28 151,626 1.239 a
27 151.626] 1.047 27 151.625 Lgar a
24 151.632 0.168 26 151,632 0,168 o
25 151,385 2,911 25 151.3B5 2.904; L]
24 160.911 2785 24 150.885 2.788| 0,026,
23 150,716 1,345 23 150.722 1.345 -0.00%
22 150,574 2,361 23 130,574 2.161; 4]
21 150,448 2194 21 150.443 2077 4]
20 150,121 3.266 20 150,121 3183 i)
19 149, 128 1,761 19 149.828 1.268 4
18 149,757 0049 18 o9y .9499: [}
17 144,708 1,265 17 145,706 1.265 i
16 140,576 1.886 1 149.576 1.886 o
15 14944 1867 15 140,44 1.858 ]
14 145,24 1.483 14 149,24 1,484 ]
13 149067 1324 13 145,067 1.324! ]
12 148.724 2.023 12 148 ¥ 24 2.023; 1]
i1 148431 1.505 11 148,431 1,505 a
1 148.352 1.352 10 148.352 1.393: L]

4 148189 0.9y 9 148, 18% 0977 L]
B 148.145 0.747 8 148148 0. 9 G031
7 148005 841 7 148.094 0.848 0.001
& 147,419 1.47 I 147.921 1.468 - 000
5 147. 769 1.163 5 147,774 1,113 -0.01
& 147.73 1.376 4 147.773 1206 -[L043
3. 147.74 0.62 3 147778 0.607 -L03s
¥ i47.736 0471 2 147,776 04753 -0
1 1474606 2117 1 147438 2.312! o.o27
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