
Part B - Your Representutbns 

Local P h  

T p U U ~ H D W q ~ 3 & 1 , ~  

bkcw tkk Uwtrrpw: 

P~~ Pmpmd: m 
~~stified: • 
E- ¤ 
C m W  wtlh Nutbnal Pdlcy: 







Q7 Palicy DSI 1 pmposes the abat lon  of W at -Kinga~ood - Meadow Ha.use b r  1 O 
M l i n g ~  ancl Kingwwd - Wngswod Farm fw a furthcw 10 dwellings (sites H20 arid 
W30), In separate -rqmen-na we have sup go^ the-principle of Wis a l h t l o n  
and provide a rwmned justi#c&bn for this. l+owever the cambinad s b  have a 
developable a m :  outside ;of flood zone 2 (I':fOUO] W 3 {l :l UO) d appmxlmatdy l .B 
h e m w  (excluding The Mmduw House), and are capeble of xtxmrnocbting mwe 
than the 20 dwellings proposed between thm. + Indeed the Village Hausing Options 
and Selement Boundaries bnsultation indicated the Meadow House site should 
acesmmodate 20 M l i n g s  on a developable area of 1.43 hectares, subject to dai led 
fld risk a s s e m n t  work, and the Kingmod Farm site 10 dwllings m a 0.54 
hectare developable area. Failure to propose the allocation d the land for a higkr 
number of unib i$ not justified and is not consistent with national poEey. 

National planning guidance requires the best use b be made d land, b minimise the 
overall take up of green field$ and thus to d u c e  the irnpaet on the wider landscape. 
Failure to make best u s e d  the land results in conflict with the NPPF, In this case the 
overall suitability of the site to accommodate dmlopmmi is not in question. H m r  
as a result d concerns over potential &ad &k by the Council, the nurn bef of dwellings 
has been reduced to a 1-1 which does not make best use of the land. 

It is a matter of f a d  that the site has not flooded. H m r  in mqmnse to issues raised 
a W  flooding a meeting was convened to egree '88h the District COunciI M a t  
information they m q u i d  to overcome their concerns. As a result R h r t  West 
hmulting was instructed to undertake detailed hydrological flood modelling work. 
The outcame was a report whi& was submitted to t k  Di&riet Council and is attached 
hewwith, The report is backed up by a detailed topographical aumy d the land 
undertaken by Midland Survey, and m c m s  both the extent of the fkd m and the 
eMmaW depth uf any flood water in a flcmd event, 

A further meting was then arranged, attended by persons from Robert West and the 
Cbuncil's f l d  team. At this meeting h e  Council agreed that those parts d the site 
which wem not p n e  to W i n g  muld be developed provided a dry emergency access 
was available, fw vehicles and pedeslrians. During the meeting officers at the Council 
were sham an indicative layout which showed both parcels of land being developed 
using the existing axe33 fix Meadow W8e and Nuraery Cottages, The hydml~ical 
study establishes that part id the acwss mad mutd be subjed b s ha1 bw flood water 
(to a depth of apmxirnately l5Omm) during a flood event, For emergency purposes 
(which is very unlikely ta ever be needed) an access mute outside d the fbod m 3 
is shown taken through h e  Kingswood Farm bnd 

The District Council accepted that this was a satisfactory solution [as the attached 
minutes mnf~m).  Following Ute meeting the indicafive layout was furthw emended to 
d w w  how surface water r u d w i l l  be deakwith, whilst accommodating 39 dwllings 
between the two aim (retaining Meadow House) (attached), 

This level of development, given the constraints (which inchcling avoiding the land 
wihin flmd mnm 2 and 3, and the impact on the Kingmood Farm, which is a listed 
building), makes best use d the land available whilsf still creating an attndive 
development which can meet the needs of the loml a m  and the wider Pistrid. Thus 
inmaing the number of units on the K i n g W  - Meedow House site to 
approximately 27 would make this par3 of the Plan sound, overcoming problems of 
consistency with National Policy and justification. Similarly the housing numbers for 
K i w m  - Kingswood Farm should be imased  to approximately 12. 



Duing the d~talled design development Wga A C M y d  will Inwslgate mans to 
further d u c e  any flood risk Th- my indude: 
1, The pomibility of enlauiilg the culvert urtder the Warwick Road i m p m  flm 

under the man road and thereby remove the s h J h .  surfam Wding d the 
adfa-nt highway 1 -R aaess mute; This m y  mean ttw emergency 

wuld be avoided and m y  abo provide benefit to the wider area, 
2. Re-grading and deepening the existing channel back frwn the canal rail culvert to 

approximately l in 500 gradient, within the Meadow House site. 
3. Utilising land to the west d the Meadow House site for compensatory f l d  storage, 

which may inmase the numbr d units which could b8 a m m m d a t e d  m the 
King- - Meadow House site. 

Attached ere the f d m n g :  
FlwU Rqmt prepared by R m r l  Weel CmsutUng 

+ Minutes lhe ~~ held to discuss t k  o u b m  of the modelling work 
Wale size calcuhtions 

+ b i a s d  indicative Ia)rput ~hwir ig  33 dwelling6 
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3.1 l'he smpe of this report is to assss  the hkuf fbaiing to the site at K i n g s d -  Nursery. 
It has involved a hydrological study to estimate the peak l in l00 and 1 In 1000 year 
flm. 

3.2 A topographical sumy of the site including Kingswood Brook has been undertaken. 
Using this topographical information, suppbmented by a 'Next Map 2" digital terrain 
model (DTM) an ISlSTUFLOW m d d  has been mated. 

3.3 This model, together with the peak flow estimates fm h hydrological study, predicts 
tha f l d  extents of Flmd Zmes 2 and 3 on the site and provides peak flood water levels. 
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Tabk M: P e n k W  [m%] umd In hybmdynamk W Q h g  

Flow &[mates udw Stas  rod extend& uslng. W H  Growth Curves 

Sltr 

Kinp 

Return PMod [year) 

2 

1.91 

5 

2.76 

10 

3.37 

20 

4.01 

50 

4.96 

100 

5.77 

2m 

6.69 

1000 

9.31 



6.1 A full bpqraphical survey of &e sik, including K i n g m d  B w k ,  has been undertaken. 

The suwey induded top and bottom d banks and bed levels at K i r q s d  B m k .  

6.2 Also included in the survey were details of the OM Warwick Road twin arch eulvwl at the 

upstream end of the site and the canal culvert at h downstream end. 

as The culvert survey details induded upsbeam and downstream &it and invert levels, 

springing level and dirnensmns at opengngs. Additbnal topgraphical data was abtaind 

using MxMap2 DTM. 







T-WEI is no gauging a t b n  within the meddled reach, nor is any hiatwical flood everrt dafa 

available, hence a calibration and wedfieatkm exerde has nut b e n  pm.sible for this mdd. 

However, sensitivity analyses have been undertaken to test the key m m  parameters. 

Roughness runs w e r ~  carried out to bst the sensitivity of the model t~ roughness. The 

Manning's n numbers selected in the model ranged m e n  0.016 and 0.04 in accordance 

with the roughness estimated h m  photographs d the channel. Therefore, fw the sensitivity 

runs an Incream of 20% was appbled to all manning's numbers in a swam mdel  run (n + 

20%) and a reduction d 20% in a further model run (n - 20%). This wa8 a l m  applied to all 

material roughness values in the TUFLOW bnplak.tmf file. 

As an dditbnal sensitivity run a reduction in loss d e i e n f  d w  to fence lines adjacent to 

the channel was carried out with values changed from 0.2 to Q+O where no fence is present 

and from 0.5 fo 0.3 where a fence is present, 





The sensfivity b roughness msub [n + 20%) am-lllushted in tabb f m  in Appendix E of this 
report with relatively small diffemnm in b a l  qbwn tMwea me l In l00 p a r  maximum . . stage 
and the n + 20% maximum stags resulk. The biggest d1fferw-m In the maxlmurn stags 1s 
shown at S10 with an i m a s e  of Ct.026rn in terms of maximum stage for the n + XI% mutt. 
The biggest raduction d -0.OQ5m in maximum stage (n + 20%) is shown at S1 3, Culvert4 and 

S1 3B. 

In relation to the n - 20% results the biggest increase in level ofQ.091 m is shown at the section 

'InflW and S1 0 while the biggest reduction d -0,019m is shown at section $3. 

A further sensitivity run was carried out which included a change in lo$$ mmcient due to the 

fence bcundary to the channel. The second run included s HX line loss d e i e n t  of O and 

0.3 compared to 0.2 and 0.5 in the obiginal model runs. 

Ttwse wits a h m d  little difFmnce other than an inmaae d0.063m at section S10 and th0 

biggest reduction d 0.01 m at =don 'InfbW and S1 B. 



10 POTMTlAL FLOOD MlTIQATKlN OPTIONS 

.,' 

OF flood mitlgatim opIlon3-aM padble b mdum the mod extent. CmwHatiQn wWt the 
Environment Agency should be uridertaken regarding the suitabil'ily of any fkmd mitigation 
option and the standard required. 

With any flood mitigation option it must be demonstrated that no detriment (i.e. increase in 
flooding) is caused to adjacent land. Any flwd mitigation option is subject t~ approval by the 
Environment Agency and may require flood defene consent. 

Optkn 1: L m r  I w l a  In arrldor along w&rn bank 

Raise levels to take part of &e  flooded area out ofthe 1 in 100 year fkd plain. The loss of 
storage m l d  be compensated by lowering levels adjacent to the brook left hand bank, but 
not I w r i r q  the &p d bank itsdf. Figure 3 is e sketch that dw~rtslr8tss the principle of this 
option. 

1 in 100 Year Flwd Level I 

Proposed Omund Level c 
Flguru 3 Sketch showing flood rnkipthn optlm l 

Optbn 2: P u M e  a d d i t b r ~ ~ l  land as flmd s b q e  

The dient has propxlsed purchming extra land, on the opposib-side of Kingswood B M  to- 
?he prowsad dewkpmant b be wed a8 mod stmpe+ The IcmUon af tha pmpm6d storage 
IS s h m  in Figure 4 
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Rgum4 Sketch rh-g Rood m ~ o n  optson 2 
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hmd to fi the peak flaws f m  the sktktirnl m e M ,  demd ta in FW as tha hybrid method+ 

m m*l[ ng...hsr waf sits wsthln aalbhiy 
grater extwit within Flood Zone 2. , .  . 

. . .. 
Littb:diffem& h shmn in ahls em6bity mmparimns carried wt m relation to the 1 in 100 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . 

Two M mitigation opttans have been proposed. Optlon l inwlws lowerim lwds linearly 

adjacent to the bmok western bank to mmpemte for land raising. Option 2 propose purchase 

of additional land on the opposite side to the dewktpment to be used as flood stciraget. 

Any Wd mitigation @on is subject to eppmval by the Environment Agency and may require 

flood defence consent. 



Buildings and Fen-$. Engineets AWmlia, 9th National ~ f e n r ~ q e , , ~ ~ ~ ~ ~ ~ y d m u l i c s ; ~ i , n , ~ ~ ~ ~ ~ ,  
Engineeilng 
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Hydrology Report 
Kingswood Brook at Lapwor& 
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As part: gf a flood rkk asse.mncnt flmd flow & h a b ~ - ~ a r t  required gt. one Io.catton on the 
Kin@wodd Brook at IUrrm Harsffy, Old Wmdck b a d  near Lam 094 6LL 
mItj'Ie 1.1), The watercoweh located 8km &o .lhe s~uth wl of blihull h Warwlcbhh  
immdatdy upsbeam ofthe canal and railway crosshg [Flgure l,l]* 

Flood flows are required lor the 20 year, 100 year and 1000 year return periods but to allow 
for a comparison between different methods flm are provided for the 2,5,10,20,50,100, 
200 and the 1000 events. The Impact of climate change and methods to provide flood 
hydrographs are also considered. 

The FEH CD ROM version 3 has been used to provide the catchment delineation h r  the 
watercourse at the required location [Figure 1.2). The catchment desfflpmrs Fable  1-21 
indicate that this watercourse ttas a small catchment area (5.97 kmz], witA a small 
proport[cm of lakes or ~ m o i r s  (FARG-0.9911, a high percentage runoff [SPRHOST = 
40.33%] and is essentially rural (URBEXT90 = 0.024). 

Table 1.2 I%H Catchment Descrlpbrs at Fbw Estimation Point 

These catchment descripmrs suggest no obvious masons far not using E H  methods. The 
catchment area is small but above the 0.5kmZ lower limit of FEH methods. A Full definition of 
the parameters in Table 1.2 is given in the FEH, A comparison of FEH and 05 maps suggests 
the FEH delinaaaon is quite reasonable and manual changes m the area ar other catchment 
descripbrs is not rquired. 

5ite 
Grid ref 
A R M  
FA RL 

ALTEAR 
BFIHOST 
DPLBAR 
D PSBAR 

SAAR 
SPRHOST 

URBEXT 1990 

K i u ~ s w o d W  
SP 18800 70750 

5.97 
0.991 
115 

0.321 
2.09 
28.2 
70 2 

40.33 
0.024 



The cdntlatipn of flood flows is bwcd on the methods detailed in the Plood Estimation 
Handbok [PEH] and the Environment Agencfs FEH Guidelines ('Version 4) June 2012. The 
recommended appmch is to use the Revised FEH statistical method using flow data from a 
nearby donor gauging station to adjust the median annual flood [QMED) and to then to 
c o m m a  a pooljw group from hydmY320JjcaY32ly similar stations. Thls is described in Section 2. 

The Revitalised Flood Hydrograph Method [RcFH] can also be used to derive peak flaws and 
the hydrograph shape and this method is considered in Section 3. Extension to the l000 
year return period and a comparison of flood estimates from the huo methods, and with 
single site growth curves at local gauging stations, is considered in Section 4, The 
conclusions are preentd  in 5ection 5. 



As the site of ititarm is ungauged a* a Rrstappmdt I t  ta convehlent and appm#flate m uw 
the FEH Sati'sthl method, This Is based cm a two stage approach; 

Mculathnofththdexflood [themedianamualftogd, QWD] w b i c h a t a n ~ ~ d  
-site i s  derlvd hnt catchment dewriptom but wbich 1s then adjusted using the n t i o  of 
QMEIYfrorn catchment descr$ptctrs and Row data ata nearby [donor] gaugtng &atl.on 

The fitting of various extram value distributions to a pooled group afantwl maximum 
flow d t h  fmm h y ~ l o ~ y  tzidhr sitgs.@oMng group] to estimate the T yew flows, 

The FEH ~itclrmertt dascriptors. for the subject.site [Table 1-21 are u d  to derive QMED 
[Tabb zll), 'The ~riglnal FEH equation br QMEDI is dven br cmpmisors but pr&vnce is 
now given to the Revised Statistical Method QMED equatTon2, 

Table 2.1 QMED h m  t3bchmmt DescrfpQrs at Subject 3ta 

The mid method provides slightly lower flows than the original FEH equation. Tha EAs 
FEH guidelines recommend the use of urban adjusud Revised Method QMED for mnsistenw 
but the rural and urban QMED values m gimilar as the catchment is essentially rural, 

The flaw estimation process then requires the adjustment af the empirically derived QMED 
ushg recorded flow data at one or mare nearby Environment Apncy flow measurement 
stations. The A p n v  do not operate any gauging statTons In the upstream or immediate 
downstream catchment but the extent of data at the nearest Agency g a u n g  staations as 
available on the HiPlows database (version 3.1.1, July 2011) is summarised in Table 2.2. 
These potential donor siks are within 15km ofthe subject site (Pigurc 2.1)- 

1 mod MmW HandbmkVdum 3, C e m  lor \h logy  awd Hydrolw* 1999. 
2 hpmvitq the FEH s w i s t i d  pmoedws for aood fequeaey eseimmth. E H  Science kporiSC050050, July 2008 



Tabie 2 2  RA Gauging Stations near the Kingwood Brook Catchment 

Yes Yes 26-Map51 13-he08 
Yes Q 30-Mar63 15-hc08 

CgH 
Kef No 

54004 
54019 
541 12 
54907 

HiFlows provides the following comments on these gauges: 

54004, Sowe at Smn~leigh. From 1951 m 1979 the cnntr~l was formed by m flumes 
with an overflow weir at 1.45m. Tbe rating was derived from the flume formula and 
checked N t h  current meer gauglngs. A new compound Crump pm Ale wdr €3 channels] 
with, crest tapping was installed From 1979 based on the standard weir equation. There 
are few gaugings a b m  O.6m and no high flow puginp.  Flow m r d s  are suitable far 
QMED as the r a ~ n g  is supported by pugings up to QMED. Also considered suibble far 
pooljng as all flows are contained by the structure. 

Watercourse 

S m  
Avon 
Avon 
Arcrrw 

+ 54019, Awn at  Stareton. A 7.3m wide crump profile weir but the highest floods overtop 
the riglzt bank The hjghest guglng at 1.75m supports the In bank part of the rating but 
the flood section of the rating is e s h a k d  Flow records art suitable for QMED which is 
below bankfull where the rating Is considered ta be accurate but not suitable for pooling 
as the out of bank section ratlng is estlrnatd and there are no pugings to support i t  

tocatton 

Stondeigh 
Stareton 
Warwick 

Emom Old 

r 54112. Avon at Warwick, No data located on Hiflows but the gauge is considered not 
suitable far QMED or pooling. 

54907, Arrow at Broom Old, Station data combined with another station and was closed 
in 1978 with limited available records, Not suitable for QMED or pooling 

The ame scale of this study does not allow for a detailed analysis of the high flow ratings ar 
W series at these five sites, H o w w  the flow data is considered suitable for QMED at two 
oI these Iour local stations and the available A M .  seriw is therelore used in the flood 
estimation process described below* 

PEH requires that the catchment descriptors derived QMED at an ungauged site is adjusted 
using the ratio bctween QMED from catchment descriptors and flow data at one or more 
local donor gauging stations. As detailed above there are two potential donor gauging 
shtions with flow records suitable for estimating QMBD. However in selecting a suitable 
gauging station for use in the statistical methad FEH provides hydrological similarity criteria 
as fallows; 

AREA-aFacmrof4or5 
FARL - a difFerence of 0.05. 
BFIHQfl-adlkrenceof0.18 
WAR-a famrd l . 25  
SPRHOST - difference of 15 



A mmparison of the catthment descriptors at the potential donor gauging stations with the 
scrbjrxt s€te Fable 2.31 suggests both donor stations $re unsuitable due td having far larger 
catchment areas all of which m outslide tba ;acceptable range* Statibn 54004 alsr, h a -  
dissimilar geology, as reflected in &e BFCHOST, However the QMED donor ratio Is calculated 
at thtse two stations as a check 

Table 2.3 Cakhnrent Destrlptors at Subject S b  and Ihnor Ca* Stations 

QMED L calculated from R o w  data and catrhment d~criptors at these twr, gauging stations 
to confirm the W D  ratio. For stations with more than 13 years of flow data FEH 
recommends that QMED is calculated h m  annual maximum (AIMAX) data (Table 2.4). 

Slte 

Kings 
54004 
54019 

Table 2.4 QMBD MO at Donor Gauging M a n s  

The mtio Fable 2,4] show that QMED h m  W h e n !  d d p t o r s  under wtlmtes that 
from flow data at S4004 by around 3% and over mrirnam at 54019 by 6% and either muld 
be used an the QMED-CD es&imates. These ra.tios are rsasonably consfstent or rather not 
extreme, and could be applied to the catchment bescriptors e s t h a t e  of QMED a t  the 
ungaupd site of interest However the Revised Statistical method requires s f u ~ e r  
adjustment based on geographical proximity as detailed below. 

Al@A 

5.97 
262,79 
346.08 

The Q M D  ratto at the donor gauging stations is then adjusted amrdng w the distance 
betwwn the catchment mntroids using an exponent 'a'. This 15 taken from the distance 
between the centmid of the subject catchment and the wvised rado varies h m  1% at 
54004 to 1.3% at 54019, both of which are clwe to 1.0. The nearest donor pugin8 station Is 
adapted and that at S4004 gives an adjustment ratio kr the dte of interest of 1.01 [Table 
2.51. 

Table 2.5 Adjusted QMED mtSo at Donor Gauging Stations 

P A W  

1)+991 
0,977 
0.950 

This adjustment ratio suggests that QMBD from CDs should be increased by 1% and this 
ratio is adopted to give the adjusted QMED at B e  site of interest Fable 2.6). 

BPEHOST 

0.321 
0,510 
0.424 

%&R 

702 
667 
654 

SPRHOST U R B m  
1990 

4033 0.0240 
3579 0,1345 
42.53 0.0350 



The calculation of a flood frequency curve and peak flows at the flood estimation point 
requires the mnstrucdon of a pooling p u p  and the fitting of an extreme value dlstributlon 
to the pooled p u p  data using WINFAP. 

The initial pooling group mnhins 16 stations with 530 station years of m r d .  One station 
was removed for having less than the required 8 years d data p2029, Flores at Flares 
Experimental). The pooling group is heterageneous and a review considered desirabte [H2 = 
3.287). Two stations were removed tram the group far having growth cuws with a positive 
c m b e  and which a n  dissimilar to other stations in the group, 36009 (Brett at Cockfield] 
and 203046 [Rathmon at Rathmorc Bridge]. These stations are often remwed from a 
pooling group. With the addition of one new station the rwised pooled group then contains 
14 stations and 508 station years of record and is then possibly heterogeneous and a further 
review is optional [H2 = 1.978). However there was no valid reason for the removal af any 
other of the stations. 

The component slations [Figure 2,2] indicate that this pooling group includes several 
stations with relatively steep and several with relatively flat gmwth c w w  hence some 
discardancy may be expected. This ohen occurs and reflects the lack of small gauged 
catchments in the HiFlows data set. Asumrnary of the s e l u  pooling group stations Fable 
2.71 shows these are located in various parts of the UK, fmm East Lothian in Scotland, the 
North East  Marthem Idand,  Essex and Sussex and with none from the River Avon 
catchment. 

Table 2.7 holing Group Component Stations 

The use of WINFAP3 was &Q considered but it is often found that this provides pooling 
groups that are even more discordant than WINFAP2. This arises because WlNFAP3 uses 
the FEH parameters FARL and FPEXT to generate a pooling soup,  measures of flood sbrage 



and attenuation, ~~ WIWFAP2.k based on-the s o b  or geuhgya reflected in BPlHmT. 
WWFPcP+3 w l I L : o h  provide a mare discordant p:mhg group as the growth m d the 
.cgmp.m.&t sfat?wis is mre likey-.to b s a  fimcrlbn of the geology W ~ ~ T + ~ ~ : ~ V I N F A P ~ ;  m y  
select &p as well as ehdt catchments. me BAs FB GuittelInes: canfirm t is quite 
reamnable.to expect BFIHQST.to influence the growth s ~ t m ,  &p& the Tinditrgs o f W m .  
Report SC050050. WNPAP2, which uses geology ta locab similar stations, is t h t r e h r c  
preferred but as detailed in Section 4 this is immaterial tw the Final selection of flood flows. 

The pooled group frequency curve Fable 2.8) is then based on the adjusted QMED Fable 
2,6] and with URBEXT1990 adjusted to 2013 acwrding to methods detailed in the FBH, and 
based on the CL distribution as recommended by FEH. 



An albrnattw a p p r d  to flood esdmation h - m n b y  the rainfan nmfifF[RR] m&.od. The- 
or$inal PSRjFEH rainfall W method uademnt significant mdifimtion in .XI06 taking 
advantage :of new dab- and m m  advanced hyhlc~gical modellhg kchntques s ine  the. 
original method m devebped, The hmprov& or witabed RAnfd-RwfF m.odd @eFH] 
rehim the g&erall Sbpctm O€ the em11.er HRjFEH q p m h  but with variuus 
impproments, W R  i s  NW pmf& to t .k .or i@d RR method. &FH is therefm- also 
used to derive peak flows h r  the s p d i e d  &S@ wenb based' on the l3mc to peak pp] and' 
critical storm duration flable 3.1) k r  the catchment, which is adjusted so it is an odd 
multiple 01 the selected time step 

Table 3.1 Tlme to Peak and Critical Storm Duration 

flows for the.required design events at the site uf interest P&ls 3-21 are based on the ReFH 
paramems h m  CDs rather than any adjusted parameters as no Iocal data are available and 
thg.titime scale of tW&y does not atlow fbr such a detailed analyses. 

Tabb 3.2 REFH Flood Frequency Cums {ms/s] 



This study also riqidres fl.md fi.ws up to the l000 year return p;erlad. ThP Stathtial 
methodwas ortgInally recommended only up to the.200 year return pedod and ReM is am 
calibrated beyond 150 years. T&niml!y, the twomethobs used above are not suitablc.for 
extrapla.ting m mmms-events su.cb as the 200 or 1000 year event.Pld estimates for 
these longer mtum periods were historically Mwd ushg the FSR/FEH r a h f & m R  
method as the rai.ti1a.U growth curves kr Zaw retm periods could be &tined with mu* 
mare conlidence than Hood p w h  curves. However the &@m1 FEH rainfall-runoff 
method was known to overestimate flows and more recently the extension of the Stats 
method has been preferred, 

The Environment Agency's latest Flood Estimation Guidelined provide two sugg~tions for 
calculating extreme floods up to the 1000 year event Firstly using the Statistical method but 
as the 1000 year pooljng group Is likely to be inhomo~eneous witb many component 
stations a sjmple extenston of the 200 year and more recently the 100 year has been 
proposed A second approach i s  to drdw the ReFH growth factors for the 100 to 1000 year 
went which is then applied to the S t a b  method l00 year peak flow. These methods arc 
described bdow. 

The S€& method flood hquency cum Is mended to the 1000 year return period udngths 
same pooled growth m m  as detailed tn S-on 2 above CTable 4.11. 

Flood estimates for longer return periods may be derived using the ReFH method as it is 
thought that the rainfall growth culves for longer return periods can be defined with much 
more confidence than flood growth curves. In some cases the statistical method may be 
preferred €or the shorter and ReFH for longer return periods. To avoid a d!smntinuiey In the 
results the recommended approach is to use ReFH to obtain the ratio of the 200 year and 
1000-year flow to the 100-year flow, the growth factors (Table 4.21, These m then k 
multiplied by the prekred estimate of the 100-year flow from the statistical method, 

3 E n v h m n t  Ageegr'r Flood Estitmttioa G u l ~ ~ ,  V m i m  4 (2012) 



The flmd estimates are then based on the Stab method pooled gmwth curve to the 100 year 
wentand the ReFH growth factors €hm the 100 to the 1000 year event Fable 4.3). 

Table 4.3 Flow Estimates using Stab method exterded wing ReFH Growth C u m  

However there are concerns that some aspects of the ReFH have not been tested at return 
periods longer than the calibration !Emit 01 150 years, such as the calibration coefficient and 
the seasonal correction Factors used k r  design rainfalls. Recent research has also suggested 
that ReFH may overestimate -me rainfall and revising the FEH rainfall data and hence 
updating ReFH is part of a c u m t  research programme, This method should therefore be 
treabd Wjth caution. 

A comparison ofthe flood estimate Fable 4+4] indicates tbat ReFH provides slightly lower 
AM than the Stats method at Iower return periods up b . & e  200 year e m t  [Figure 4.11 
.but thcse are quilt similar a the higher 1000 year return ptmd The diffc~nces are small 
and the methubs provide quite similar result 

A comparison of  the flood growth curves (Figure 4+2) shows ReFH has a flatter growth curve 
that the Stars method but as the ReFH QMED Is higher the flood e s~mates  h m  the m 
methods are quite similar 



The EAs FEH Gttidelnes indiieate at R.eW approach shodd.dways b'cbmked. against the. 
Pooling-Group estimates which implies &P latter &.more appropriate* The ch02ce.i~ entirely 
subjectiw as;unless -.is any historical h d  data,~&ew L no means of mhfirming which 
method provides the best flood estimates. 

There is masonable confidence in the S h t s  method estimates of QMED, which is b e d  on a 
donor adjmtmcnt using local data and a pooled growth curve using the most ncmt Hiflows 
data set, although some of the component stations are far removed from Lapworth. The 
adopted flows are therefore based on the FEH Stats method flood frequency curve extended 
to the 1000 year return period using the GL distribution as detailed in Section 2 as these 
pmdde slighdy conservative flood estimates. 

Due to she wide variation in the growth curves in the pooling group [Figure 2.21 it is usually 
considered prudent W check the flood flaw estimates against local flaw data and single site 
flood growth c u m .  As detailed above there are four local sations [Figure 2.11 two ofwhich 
haw flow records suitable for estimating QMED but only ant [S40041 is d t a b l e  for pooling. 
The single site growth curves can often be used to support a pooling group but a comparison 
r m l s  that this [Table 4.61 Is far flatter than the Stats method at the ungauged site [Figure 
4.3). This could suggest that the p l e d  group overestimates flood flows possibly due ta the 
inclusion OF stations around the UK where the flood response may be quite different. The 
single site powh curve relate to a far larger catchment area and is based on a Iimiwd 
number d y e a n  of data and a flood Frquency curve should not be extended beyond this 
l e @ ~  of record. 

Table 4.6 Pooled Gmup and Single Site G& iWws 

The pmP~mnce far the useof 1.qca.I data rather than WINFAP was hig€d@~bd at a recent BBHS 
meeting [November 2013) where the EA-South West in tlbvfin med a preference f ir  the 
me of I d  p w t h  c m .  rather &an -a W o r d  PEH pooling p u p .  The choice Is- 
subptivc, and whilst there Is some merit in wjng fit ]oat data approach In this case the 
FEH smndard.atid UK pmctiw.pbdlng group-flmd stirn@t$s Fable 4.61 ate adopted dwp5u 
the laqpvafiation on the pooling group stations (~igure 2.2.). 

Due t~ the uncertainties in flood estimation and expected climate change impacts, it is 
required that hydrological analysis of flood flows and definition of defence standards should 
include an allowance lor increased flows that are anticipated due to d h a t e  change, The 



If a design hydrograph L required it is recommended that the hydrograph shape from the 
ReFH method is used but forced m fit B e  peak flows from the Stats method, referred to in 
FEH as the hybrid method. 

The FEH Guidelines suggest two hybrid methods for ungauged sites; 

[a] Generating a hydrograph using ReFH methad and scaling the ordinates so the peak flow 
matches the statistical estimate. 

[b) Adjusting the parameters of the k F H  model until the simulated peak flows match the 
preferred values. This might appear more elegant than option [a] but it can prow 
difficult b match the statistical results over a range of return periods, because the RePH 
method uses a different growth anre. 

Optinn [a] k the quickest method and oFten h a  hst and can be achimd in the REFH 
hundary unit in ISIS. 



+ Flood flow estimates m provided at one location on the hgswcmd Brook mar 
Lapwrth and far a mp oircsttm periods up to the 1000 y m  e m t ,  

The PEH .CD: ROM indicam- this is a small cakhment with small or fimited lakes or 
reservoirs, a-moderately high pemnkage m& and 1s essentially md. Them m .-no 
.obvious reasons for not using FEH melfiods- and a tmparison of FEH and OS maps 
suggests the. FEIl ddhkaha is reasonable and no mania1 cbanps to h m a  at 
catchment dewriptors is required. 

+ flood flows arc based on the methods detailed in the Flood Estimation Handbook (FEH] 
and the Environment Agency's PEH Guidelines (Version 4). The Revised Statistical 
Method is based on using flow data from a nearby donor gauging station to adjust QMED 
and WINPAP used to construct a pooling group from hydrologically similar stations. The 
Revitalised Flood Hydrograph Method (ReFH] was also used. 

RePH provides slightly lower flows than the Stats method but the difference are small 
and these are similar, The ReFH growth curve is flatter but the higher QMED provides 
the similar flood flow estimates. 

The choice of method is entirely subjecave as without hisearical flood data there is no 
means of confirming which method provides the best flood estlrnaQs. The Stab method 
is based on local data and a pooled growth a w e  using the mast recent HiFlows data set 
although same ofthe component stations are b r  removed. 

The single site growth cuwe, at the nearest 1-1 station with remrds suitable €or 
poaljng, js flatter than the Poolin8 Group and ReFH methods but this is based on a 
limited number of years of data and for a far larger catchment area where a flatter 
growth curve may be expected. The choice is subjective but the FEH standard approach 
and UK practice is to use the posiing p u p  the recommended flows are based on the 
FEH h t s  method extended ta the 1000 year return period. 

Due to the uncertainties in flood estimation and expected climate change impacts, i t  is 
required that flood flows should include an allowance for climate change and the latest 
guidance requires a 20% increase in river flaws by2110. 

If a design hydrograph is required it is recommended that the hydrograph shape from 
the ReFH method is used but hrced to A t  the peak flows h m  the Stats method, referred 
to in FEH as the hybrid method. This can be achieved in the MFH boundary unit in ISIS. 





Figure 1.2 FEH Catchment Dellnentlon 
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Lapworth 
Generalised Logistic 



I 

4 
Logistic Reduced Variate 

Fmre 4.2 Comlparlson of Flood Growth Curves 



Figure 4.3 Comparison of Flood Crow& Curves with Singlie Site Growth C.WH 
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Appendix C - lsis Tuflow 
Model Schematic 
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Paul Taylar and Saphie Wynnc: Heam & Conmuntty Protection, Warwlck Ulstnct CauncH 

Mark-BellrInger: bbrt West Consuttancy 

Dcs Wynne, Allstalr Clark, Darren Avern: A C l h y d  M m t s  Ltb 

DW outtined the mcent hlgtory on the $39, the scrrvay work undertaken and the issues that have 
been ttghllghkd felatlngm the access Into the.slk,thc highway a the entrance In the 1:IDD flood 
Mne, and modellinpto identifi the depth of exptcted flood In the cwnt of a 1:lW event, 

MR canfirmed that the depth af water in a 1:iOCr went would be appmx, 130mm to fSMm, 

DW asked If this meant that we w u l d  require an emergency p~dwrlirn xtxrs or a full emergency 
ve hkular access. 

PT canfirmed that a vshkular access w u l d  be required in the event that tbu main a m s s  road into 
the site would ramaln in the 1:lW fiood zone. 

A n  tabled the sketch &erne produced by Rabtham Ardtlteets fur 35 bus#. PT s d v k d  h a t  we 
would n e d  to pmvide a retention pond (SUDS) outside d the flood zone, this will need to bc 
suitable sired to attenuate flows from the site to mimic greenfield runoff rates up to a 1 in 10w +3O 
allowance k r  climate change event which will reduce the amount af plots on this plan. (or 
al ternaly by underground storage). Subject to this, there should be no objection in principle to 
layout as proposed. 

PT advised that A U  should consult with W O C  planning staff direct re property numkr  allocations 
for the site and that he deals with drainage and Rood risk matters. 

Dis!3J55i~n twwk place on the possiWe optionsfor reduting the Writ of the 1:100 zone. 

+ The eulwrt under the main road is a MOmm pipe with a 450mm overflow. MR confirmed 
the reason why the main road was in the 1:100 zone was because these two culverts were 
Insufflclent to c o p  wkh the flow and In such an event would pour over the road. The option 
dwideningthis tulwrt with the construction of a boxculvert was discussed and would 
n m m  a number of cxlstlng properties from the flood zone at great beneflt to the cxlstlng 
local community. This is the more favoured option for WDCand the local cornmunkty. This 
would involve s road closure and some possible service diversion works. While this might 
i m p r m  the flows uptrmrn it might m m m l y  have the effect of increasing the flow 
downstream with potentially peater impact on our site. It was agreed that modelling works 
would be used to determine the affects of the upsIze Pf the culvert 

We also discussed raising the level of the access mad into the site lSOmrn approx. This 
would need to be compensated for by pmuidings~me increased storage further into the 



rife# or Iml l$ed dsannd widenlog-atthis pomt, and it was mndu.dd thBt rk!$rnighr not be 
an~dfecth.sotutlon due to the limited space .at tfds point. It might atso cause swne bum to 
accnsp~lnts Into f k  existing pr~pertks rlwc tu the main road+ Mwdelling work m i d  
determine a suitable scdsrtion, 

8 Other akrnatlve measures could include regrading the brook, w diverting part of the brook 
into another channel or ~ n t a  the adjacent triangular land [currently outside the scheme 
proposals] 
Finally discussion took place on the benefit of a trash screen to the cukert. The mnclusion of 
M h  MR and PT is that this might not be an effettiw benefit where there is no guaranteed 
management regime in place. 

In mrtclusion PT mflrrned he would haw no objection in principle to the new adoptable estate 
road btlng constructed on the l lnt and level of the existing a u e s  as long a5 m l n g  is not 
czcactrbatcd In thk area and provlbed that a %parate cmtrjpmcyand pcdestrlan amss is provided 
linkingonto the Warwick Road outside the line of the 1 in 100 flood which would provide a 
permanent dry access. 

Ha would also glue mnsldaratlon to engineering solutions that we mlght put forward tp free up 
additional land or that would r e m m  the existing 1 in 100 p a r  flooding to the existing access which 
would therefore negate the need for an alternative emrgency/pede$trian access. 

It was agreed that wc would now work towards a planning application approximately based on the 
layout tabled, to include the emergency acceu out onto the main road adjawnt m the canal. 
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Summary o f  Results for 100 year Return Period 1+30%1 

S W  #r+ Wu W &-mm 
g Y m t  Lrrnl b.gth -Control Omrflou Z O u t f l a  Voluar 

@) W1 11h) 0181 1 1 1  (mL] 

15 m i n  Bumer:  44.678 0 .238  9.0 0 . 0  4.0 179 .0  0 K 
30 m l n  S u m r  49.755 0.355 9.0 0 .  Q 4.0 232.9 Flood R i y k  
60 min surarraer 39-82? 0.497 9 .0  D .  0 9.0 285.2 F l o o d  ~ i s k  
L20 m i n  5umwr 94.886 0.488 9 . 0  D .  I) 9.0 929.5 Flood R i n k  
180 m i n  Summar 89.805 0.505 9.0 l. 2 9.5 346.1 P l ~ d  Riak 
240 m i n  Summar 99. B11 0. 511 9. 0 l. 9 10.3 340.5 Flood Risk 
360 m i n  S t m r  99.B0B 0 .508  9 .  I) l . 2  9.5 346.5 Flaad R i s k  
4 8 0  m i n  Sumncr 99.904 0.504 9 .  P D. 4 9 .0  343.6  Flood R i s k  
600 min Smmer 99.895 0.495 9.0 Q .  P 9.0 336 .5  Flood Riak 
720 min s m r  99.885 0.485 9 .  P D .  0 9.0 328.7 ~ l d e d  Risk 
350 m i n  Sumn#r 99.061 0.461 9. 0 D. P 9.0 310.9 Plead Rlak 

1 4 4 0  m i n  Sumnar 99.  R07 0 .407  9 . 0  0 .0 9.n 270.7 Flwd R i s k  
1 1 6 0  m i n  S m r  9 9 . 7 3 1  0 . 9 3 1  9 .  I) D. 0 9.n 216.9 Flaad R i s k  
2B80 min Sumer 99,689 0,269 9.0 0 . 0  9+0  173.0 O K 
4320 min sumer 99,584 0,184 9.0 0 . 0  9+0  11S .B  O K 
5760 m i n  Summer 49.545 0.145 B .  4 Q .0 8-11 90.6 0 K 
7200 m i n  5ummr 99.527 0.127 7 .  Q D .  I) 7.3 79.D O K 
B640 m i n  Summar 89.516 0.116 6.4 D. P 6.4 51.4 O K 

10080 m i n  Summar 99.507 0.107 5 .7  D .  0 5 65.5 0 K 
1.5 m i n  Hinter 99 .710  0.31D 9 .  I) D. I) 9.n 201.3 Flaad R i s k  
3 0  m i n  Winter 99.796 0 .396 9 .  P D. 0 9 .0  162.3 Flood R i s k  

amrm min r l ~  m- - m-- 
Evmnt -] lbl- m v -] 

C'1 Cal b3 1 

15 min summer 123.371 o .D 100 .4  I). o 26 
30 min S u m r  81.055 0.0 238.6 0.0 40 
60 min S u m r  50.758 0.0 304 .8 0.0 68 

120 mln Eunmr 30.731 0 .0  369.6 0.0 126 
1 B O  min 6urrraer 22.618 0 .0  408.3 1.3 182 
240 min Surwor 18.094 0.0 435.6 5.1 236 
360 min 5-r 15.134 0,O 4 7 4 , 5  5 1 302 
480 min Summer 10.469 0 . 0  5 0 4 . 3  1 ,0 378 
600 min l u m r  8.975 0.0 526.3 0 m 0 9 4 8  
720 min Bumer 7.592 0 .0  548.5 0.0 514 
960 min summer 6.037 0  .Q 581.5 0.0 654 

1440min Summer 4.964 0.0 630.1 0.0 91 6 
2160 min Sumer 9.150 0 .Q 686.6 0.0 1300 
2860 uhn Summer 2.497 0 -0 725.  3 0.0 1652 
9320 min summer 1.747 0 .Q 781.0 0.0 2336 
5761 mtin s u m r  1.922 0 no 827.6 0 .1  3000 
7200 m i n  Summer 1.165 0.0 861.8 0.0 3588 
6640 min Summer 1.020 0.0 890 a 0 0.0 4416 

l0PBWmhSumer 0.899 0 , 0  913, l 0 ,  0 5144 
15 min winter 123.371 0 , 0  202,7 0,0 25 
30 min Winter 81.055 0 . 0  267.7 0 m 0 40 
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A*+n rloodrd filcham ---L 
Wbt] Yel- V a L m  VaL- W ]  

(m' l C'1 W') 

60 min winter 50.758 0.0 341.7 0.0 68 
320 m i n  Hinter 30.731 D .  D 4 1 4 . 3  16.7 120 
380 m i n  Hinter 22.618 D .  P 457.7 37.3 l54 
240 d n  Win- 18.094 D . 0  408 .4  47.8 I#B 
360 min winter 13.134 o .D 531.3 52.0 264 
480 min Winmr 10.469 0.0 565.3 46 m 5 34 2 
600 min Winwr 8.775 0.0 592 m 2 35.9 424 
720 mln Winter 7.592 0.0 614.8 24.5 508 
960 min Winter 5.037 0.0 651. b 2.4 694 

ld40minWinte r  4.964 0 .Q 706.0 0.0 1000 
P160 min Wintrr 5.150 0 ,0  769,s 0,O 1372 
2880 d n  Winter 2.497 0.0 812,7 0 m 0 1708 
4320 min Winter 1.797 0.0 875 5 0 m 0 2296 
5760 min Winter 1.422 0.0 927.1 0.0 3000 
7200 mln winter l.iBS 0 .Q 965.4 0 .  0 3744 
8640 min Winter 1.020 0.0 997.2 0.0 4416 

100B0 min Winter 0.849 0.0 1023.5 0.0 5144 
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S-ry o f  Results for 100 year Return E'eriad 1+30%1 

Sterm M u m  m 1Yr Ilu Btakur 
-* m W-1 Omrfla Z OlrMor -1- 

W 1 4 m I  [Urn) [ U r n )  @*l 

60 m i n  Winter 99.876 0.476 9 m 0 0 a I) 9.0 322,O Plwd R i a k  
120 m i n  Winter 99.930 0.530 9 0 9.0 17.5 363.5 F l d  Rirk 
180 min Winter 89.955 0.555 8 . 0  11 -0  19.6 967.0 flmd Rimk 
240 mLn Hinter 99.937 0.537 9.0 12.2 20.8 9M.9 Fbud Riak 
360 m i n  W i n t m r  90.935 0.535 9.0 11 -3  19.9 367.0 Plead Rimk 
480 m i n  Hintmr 99.931 0.531 9.0 9 - 4  18.0 364.5 Pload aimk 
600 m i n  W i n t s r  99.826 0.526 9.0 7 .P 5 . 8  360.5 Flcmd Riak 
720 m i n  W i n t s r  99.921 0.521 9.0 S .l 13.6 356.2 F l m d  Risk 
960 min winter 99.906 O.SO6 9.0 0 -7 9.1 344.7 P l m d  R i ~ k  
1440 rnin l imrr 98.830 0.430 9.0 0 .P 9.0 287.9 P l w d  Rirk 
2160 m i n  Wintmr 99.714 0.314 9.0 P .P 9.0 204.4 P l d  Mmk 
2BSP m i n  W i n t e r  98.625 0.225 9.0 0 .P 9.0 142.7 Q K 
4320 m i n  W i n t s r  99.542 0.142 8.2 0 .P 8.2 88.4 Q K 
S760 min winter 99,SlB O,llB 6.6 0.0 6.6 73.2 0 K 
7200 rain winter P9,S05 0.105 5.6 0 .O 5.6 64.5 0 K 
8640 m i n  l i n t e r  99.495 0.095 4.8 Q .0 4.B 58.5 0 K 

10080 m i n  l i n k r  99.985 0.085 4 .3  0.0 4.3 51.1 Q K 
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Rainfall Detail8 

~ ~ h f & l l  -1 FSR Whur S E U ~  Y e s  
Return Period [years) 100  Cv [ S w m r l  0.750 

b y l m  England and Wales Cv [WLnterl 0 .B40 
MS-B0 (m) 19.301 shortest stom [lainr) 15 

Rdtio R 0.401 Longeat Srom [mina) l0000 
8 m w r  t t ~ r m s  Yea Climate Change O +30 

T h e  Area Diagram 

Total Ares [ha) 0.810 

T i i n  {m] arm 
P-: Ib: [h&] 

P 4 0.270 

W a r )  Zcm Timm Wine) xm 
m: m: 4 F :  : (h&] 

4 B o . a ~ o  8 11 o.a-ra 
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Model Details 

srerrpa i r  Wine C m r  m 1  [m) 1IO.000 

Tank or Pond Structure 

Inwrt  hvml (m] 99.400 

mp- [d - C a l ' w  m W*) 

0 .000  600 .  Q 0 . 6 0 0  800 .0  

Hydro-Brake Optimm@ Outflow Control 

unit Mferenca ww-0144-9 iOO-060Q-91OQ 
W i g n  h a d  [m) 0 .  B00 

Design F l w  [ I t s )  P. 1 
Flush-Flp Calculated 
Objective Minimise upetreara storage 

vhmter I m )  144 
Invert Level [m] 99.400 

M i n i m m  Outlwt P i p s  D i m t a r  Iml 225 
Suqprrtnd Wmholm V h m s t r r  Inm) 1 2 0 0  

~ w r - 1  Mbta (4 F b  E l h l  

Derign Point (Calculated) 0.600 4 . 1 
Flush-FlP 0 ,  22B 9 . 0  

K i c k - P l m  0 . 4 5 1  7 . 9  
Mean Flow over Head Range 7 , 4  

The hyckologleal calculations have h e n  h a e d  the aeadhia&mge re1ationah.Q for the 
rrydro-Brek w g t i m w  a3 sgeeiiied, 5houl.d another tyge of control *vice other than a 
Kydrm-Brake Dptiam- be n t i l i a r d  tlmn t h ~ r  storagm muting c r l c u l r t i w r s  will bm 
invalidat& 

bl Ilirl 

[l. 100 5.2 
[l. 200 9 . 0  
P. 300 a.9 
0.400 8 h 5 
Q. S00 8 . 3  
Q. 600 9.1 
[l. BOO 1 0 . 4  
1. D00 11.5 

Weir O v e r f l ~ r  C o n t r o l  

Airehugm C o d  0.544 Width b) 1.000 Invut  LmvmL (m] 99 .900  
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Pleth W Olm lU11 nwth Olm [l lrl  

l .  200 1 2 . 5  3.000 19 .4  
1 . 4 0 0  1 3 . 5  3 .500  20.9 
1 . 6 0 0  14 *d 4.000 zz *3 
1.800 15.2 4 m 500 23 * 6 
2 . 0 0 0  16.0 S .  000 2 4  -8 
2.200 1 6 . 7  5 . 5 0 0  2 6 . 0  
2 , 4 0 0  17 ,d 6 .000  27 .l 
2 .600  18  .l 6 .500  28 . 0  

Dwth Clcrw (l#rl 

7 .000  29.1 
7 .500  SO. 1 
L.POO 31 1 
8.500 32.1 
9.000 33.1 
9.500 34.0 


