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Mr Stock 
Millbrook  
Little Tarrington 
Herefordshire 
HR1 4JA 

Ref: K0531/1 
1st December 2014 
 
 
 
Dear Mr Stock, 
 
RE: HHYDRAULIC MODELLING: LAND AT LITTLE TARRINGTON, HEREFORDSHIRE  
 
Further to our offer to you and your instruction of 12th August 2014, we have completed 
hydraulic modelling of the Gar Brook in the vicinity of your site at Little Tarrington. This has 
involved the following tasks: 
 

1. Site visit to inspect the brook and floodplain to confirm cross-section survey locations. 
2. Hydrological calculations to obtain peak flow estimates for various return periods. 
3. Hydraulic modelling using ISIS to calculate flood levels at the site. 
4. Analysis of blockage scenarios at the various culverts along the brook to assess impact 

on flood levels at the site. 
5. Preparation of this Report. 

 
Our findings are as follows: 
 

1. The 1:100 year peak flow, with allowance for climate change (cc) is 1.86 m3/s. The 
1:1,000 year peak flow is 2.78 m3/s. 

2. Flood levels in the Gar Brook do not exceed bank height in the vicinity of the site, during 
the 1:100 year+cc or 1:1,000 year flood. 

3. A 50% blockage of all the downstream culverts did not increase design flood levels 
enough to impact on the site. 

4. The blockage scenario resulted in floodwaters overtopping the banks downstream of 
the site. The floodwaters would flow on to the minor road and into a field ditch and 
would not impact on the site.  

5. Blockage of 53% the total area of the upstream pipes beneath the A438 resulted in 0.4 
m3/s overtopping the road during the peak of the flood. 

6. It is recommended that a drainage ditch is constructed along the site boundary near the 
road, which would divert floodwaters back into the Gar Brook. 

7. The hydraulic modelling has confirmed that the site is within Flood Zone 1 and would be 
suitable for residential development, subject to meeting all other requirements of the 
NPPF.  

 
We hope this Report makes a clearer statement on flood risk than was previously available. 
Please do not hesitate to contact me if you should require further clarification.  
 
Yours sincerely, 

 
Laura Keith 
Hydrologist 
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1. THE SITE AND DRAINAGE 
 
The site of proposed development is on the margin of the village of Little Tarrington, as shown 
in Figure 1. The approximately 6 ha site is located to the north of the A438 and is proposed for 
residential development. 
 
Upstream of the site the Gar Brook is culverted beneath the A438. The brook then flows north 
and west along the margins of the site and continues north of the residences, Millbrook and 
Stock’s Cottage. The brook then takes a 90o right hand bend to flow north-east, parallel to a 
minor road (Figure 2).  Along this stretch the brook is culvert beneath the former entrance to 
the Millpond Camp Site and then beneath the minor road, further details and locations of the 
culverts are discussed in Appendix B. Beyond the minor road the brook flows north and then 
west, parallel to the railway embankment, before being culverted beneath the railway 
embankment and continuing to flow north to its confluence with the River Frome. 
 

Figure 1 Location map showing the site in relation to the village and bounding drainage 

 
Reproduced under Licence 100041271 
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Figure 2 Gar Brook adjacent to minor road, looking downstream 

 
 
 
 

2. ENVIRONMENT AGENCY FLOOD ZONE MAP 
 
The Environment Agency Flood Zone Map (Figure 3) shows that the majority of the site is 
located in Flood Zone 1, beyond the limit of the 1:1,000 year fluvial event on the Gar Brook. 
The eastern margins of the site are shown to be within Flood Zone 2, within the 1:1,000 year 
flood zone.   
 
 
A flow path is shown on the flood map along the northern margin of the site, to the south of 
Stock’s Cottage.  This flow path appears to follow a line of low land along the driveway to 
Stock’s Cottage.  The flood zone map in this area has been defined using the Environment 
Agency’s Generalised Model, which is implemented using the JFlow program.  This uses broad 
features of the catchments to define the extent of flood zones. 

Minor Road 
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Figure 3 Part of the Environment Agency Flood Zone Map 

 
Copyright Environment Agency 

 
 

3. FLOODING DURING JULY 2007 
 
During the flood event in July 2007 floodwaters overtopped the A438, flowing across the road 
(Figure 4) and entering the site of proposed development through a hedge (Figure 5). The 
remaining floodwaters flowed to the east of the brook and back into the Gar Brook (Figure 4).  
Downstream of the site, floodwaters overtopped the right bank of the brook flowing across the 
wooded area, south of the track leading to The Millpond camp site.  Floodwaters also affected 
the minor road through Little Tarrington, with floodwaters flowing west and south along the 
minor road and into a field ditch, not marked on the map in Figure 4. 
 

Site of proposed development 
(approximate location) 

Flow path 
along a line of 
lower ground 

Stock’s Cottage and Millbrook 
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Figure 4 Flood Flow Paths in July 2007 

 
 

Figure 5 Gap in hedge where road floodwaters flow 
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4. DESIGN FLOW 
 
Flood calculations have been undertaken in accordance with the Flood Estimation Handbook 
(Institute of Hydrology, 1999) and subsequent guidance, using the WinFAP procedure and are 
described fully in Appendix A. Calculated values of design flow for this location on Gar Brook 
are summarised in Table 1. 
 

Table 1 Design flows at the site 

Return period (years) Design flow (m
3
/s) 

1,000 2.783 

100+CC 1.863 

100 1.522 

2 (QMed) 0.488 

 
 

5. HYDRAULIC MODELLING 
 
A detailed hydraulic analysis has been undertaken for a 890 m stretch of the Gar Brook around 
the site using a generalised modelling system, ISIS. The ISIS hydraulic model described in 
Appendix B uses 29 cross-sections of the Gar Brook channel and floodplain, measured 
upstream and downstream of the site of proposed development. Cross-sectional data were 
obtained specifically for this project by Invar Mapping.  The survey data are presented to GPS 
and locations of the cross-sections are shown in Figure 12.  
 
The model is an unsteady state model, which can be run for inflow hydrographs peaking at the 
values shown in Table 1, to provide the expected water levels throughout the model reach.  
The computational model represents a simplification of the physical processes that would 
pertain in the watercourses during times of flood. The details of the hydraulic model and its 
build and model scenario runs are outlined in Appendix B.  
 

6. HYDRAULIC MODELLING RESULTS 
 
The 1:100 year + cc design flow (1.863 m3/s) was routed through the hydraulic model and the 
results indicate that the Gar Brook has the capacity to convey the flow within bank.  Providing 
there is no blockage at the culverts, the design water levels do not exceed the bank height 
within the vicinity of the site.  The 1:1,000 year design flow (2.78 m3/s) was routed through the 
hydraulic model and the results indicate the capacity of the pipes upstream of the site, beneath 
the A438, would be exceeded. The design water levels rise beyond the culvert structure and 
could flow on to the A438, as occurred in 2007. The hydraulic modelling results indicate a peak 
flow of 0.098 m3/s would flow over the structure during the peak of the flood. The design water 
levels around the vicinity of the site were found to remain within bank and only exceed the right 
bank downstream of the site, during the 1:1,000 year event.  The resultant flood map is shown 
in Figure 6. 
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Figure 6 Flood Map of Hydraulic Modelling Results 
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6.1 RESIDUAL RISK BLOCKAGE OF THE CULVERTS 
 
In order to assess blockage, various blockage scenarios at the culverts were input into the 
hydraulic model.  The worst case scenario of 50% blockage of all three downstream culverts 
was assessed, the results indicate that water levels would rise upstream of the culverts, only 
overtopping the left bank downstream of the site. The water levels in the brook adjacent to the 
site did not rise to a level which exceeded the left bank and impacted on the site.  
 
The main flood risk to the site comes from blockage of the culverts upstream of the site which 
could cause water levels to rise and flood on to the road and into the site.  A worst case 
scenario of entire blockage of two of the three 600 mm pipes was assessed. The results 
indicated that 0.4 m3/s of water would flow on to the road at the peak of the flood.  Historically 
when floodwater has flowed on to the road, it has then followed one of two flow paths, either to 
the east and via a gate and re-enter the Gar Brook or to the west, where floodwater flowed 
through a hedge and onto the site.  It is recommended that a ditch is created along the 
southern edge of the site which could divert floodwaters back into the brook in the event of this 
scenario occurring (Figure 7).   
 

Figure 7 Recommended location for drainage ditch 
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6.2 REPLICATING HISTORIC EVENTS 
 
Historically, floodwaters have exceeded the capacity of the Gar Brook downstream of the site, 
where they have been known to flow on to the minor road.  The hydraulic modelling results did 
not replicate this during the 1:1,000 year design flood event, it was only when the 1:1,000 year 
design flow was increased by 20% or with significant blockages of the culverts, did floodwaters 
exceed the left bank and reach the road.  This suggests that there may have been partial 
blockage of one or more of the culverts during the July 2007 flood event.  If floodwaters were to 
flow on to the road they would follow the natural gradient, west and south, to a low point near 
the entrance to Millbrook, as shown in Figure 8. Historically floodwaters have then flowed into a 
field ditch in the field to the west. The gradient rises beyond Millbrook and towards the site and 
would not form a flow path for floodwaters on the road.  
 

Figure 8 Flood flow paths along the minor road in July 2007 

 
 
 

7. IMPLICATIONS FOR DEVELOPMENT 
 
The hydraulic modelling has confirmed that the site is within Flood Zone 1, outside the limits of 
the 1:1,000 year design flood.  The flow path along the northern margins of the site was not 
evident during any model run and flood flow is not expected along this route at return periods 
up to 1:1,000 year.  
 
The hydraulic modelling has assessed blockage of the culverts downstream and the resultant 
water levels do not impact on the site.  The impact of any blockage of the culverts is only 
evident downstream of the site when the brook flows adjacent to the minor road. Floodwaters 
exceed the left bank and flow on to minor road, flowing west and south to a low point adjacent 
to the entrance of Millbrook, as shown in Figure 8.  This was observed during the flood event in 
July 2007, with floodwaters on the minor road flowing into a field ditch and not reaching the site 
of proposed development.   
 
 
 
 

Low point outside 
Millbrook 
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Overtopping the 
left bank 

Flow along minor 
road 
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The only significant flood risk to the site is from blockage of the culverts beneath the A438 and 
floodwaters overtopping the road and flowing on to the site.  It is recommended that a ditch is 
constructed along the southern boundary of the site which would divert any floodwaters back 
into the Gar Brook.   
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Appendix A Hydrological Investigations 
 
A1 Flood frequency calculations using WINFAP-FEH  
 
Flood calculations have been undertaken in accordance with the Flood Estimation Handbook 
(Institute Of Hydrology, 1999) and subsequent guidance.  The methods are described in this 
section.  The details of the software used are shown in Table 2.   
 

Table 2 Software used and version number 

Software/Programme Version 
FEH CD ROM 3 
WINFAP FEH 3.0.003 

ReFH 1.4 
National River Flow Archive 

– Peak Flow Data 
3.3.4  

 
The FEH statistical approach is adopted, in which the design flood peak (Q) for any return 
period (T) is given by: 
 

QT = QMED * GFT 
 

where  QMED = median annual flood (50% AEP1),  
 
and  GFT  = the frequency curve growth factor. 
 
Following FEH procedures, QMED can be estimated from available flood records or from the 
catchment descriptors shown in Table 3.  Estimates of the relevant growth factors are based on 
the Pooling Group methodology presented in the FEH.  This Appendix describes the derivation 
of QMED and growth factors for the captioned site. 
 
 
A2 Catchment Descriptors 
 
The catchment descriptors in Table 3 have been obtained from the FEH CD-ROM v3 (CEH, 
2009) for the Gar Brook at Little Tarrington.  This shows a catchment area of 3.59 km2, as 
shown in Figure 9. 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
1
 Annual exceedance probability 
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Table 3 Catchment Descriptors for the Gar Brook catchment 

 Location: 
Field adjacent to Stock's 

Cottage 

 River: Gar Brook 

 NGR: SO 62600 40800 

AREA Catchment area (km2) 3.59 

ALTBAR Mean elevation (m) 139 

ASPBAR Mean aspect 23 

ASPVAR Variance of aspect 0.66 

BFIHOST Base flow index 0.641 

DPLBAR 
Mean drainage path length 

(km) 1.73 

DPSBAR Mean drainage path slope 98.6 

FARL Index of lakes 1 

FPEXT Prop. of catchment in1% FP 0.0369 

FPDBAR 
Mean flood depth 

(catchment) 0.253 

FPLOC Avg dist of FP to outlet 0.502 

LDP Longest drainage path (km) 3.72 

PROPWET Proportion of time soil is wet 0.33 

RMED-1H Median 1 hour rainfall (mm) 10.1 

RMED-1D Median 1 day rainfall (mm) 30.8 

RMED-2D Median 2 day rainfall (mm) 39.2 

SAAR Average annual rainfall (mm) 705 

SAAR4170 Ditto for 1941-1970 (mm) 742 

SPRHOST Percentage runoff 27.82 

URBEXT2000 Urban extent 2000 0 
Source: FEH CD-ROM v3 (Centre for Ecology and Hydrology, 2009) 
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Figure 9 Catchment area of the brook at Little Tarrington (FEH CD-ROM v3) 

 
 

A3 Calculation of QMED, the median annual flood 
 
The value of QMED was calculated from the catchment descriptors as 0.488 m3/s.  It is 
common practice to adjust QMED using gauged data from so-called donor catchments.  
Recent research has shown that the use of distant donor catchments is not the most accurate 
way to calibrate the QMED equation.  As an alternative, sites should be chosen to minimise the 
geographical distance between the centroids of the target and donor catchments.  This is 
based on a Guidance Note issued by the Environment Agency in July 2008 (from 
SC050050/SR Report and incorporated in WINFAP-FEH v3). 
 
WINFAP-FEH found 10 gauged catchments within 57 km of the site, most of which covered a 
greater area than the catchment at Little Tarrington.  It is recommended (CEH, 2009) that the 
area of donor catchments should not differ by more than a factor of five, so the 3.59 km2 
catchment at Little Tarrington should not be calibrated against catchments whose area 
exceeds about 17.95 km2.  It can be seen from Table 4 that none of the donors were suitable, 
so the value for Qmed of 0.488 m3/s is retained.   
 
A further check on QMED is available from the ReFH procedure (Kjeldsen, 2007).  It has 
strictly not been calibrated for QMED, but floods for a return period of 2 years can still be 
calculated.  The independent variables used in ReFH include DPLBAR (Mean drainage path 
length in km) which is clearly scale dependent.  The peak value for QMED obtained using 
ReFH is 0.7 m3/s (Figure 10). This is larger than the value of 0.488 m3/s calculated above, but 



 
                                                                                                                                                                                          Page 15 of 33 

K0531_Little_Tarrington_Hydraulic_Model-Rep1Rev1  

 

certainly in the same general area.  Since it is the 100 year design flow in which we are 
interested from a flood risk perspective, comparison with the 100 year flow produced by ReFH 
is more significant and this is considered in Section A5. 
 

Table 4 Local donor catchments, used to adjust QMed 

Station 
QMED 
donor 

Centroid 
distance 

(km) AREA 

Years 
of 

data 
QMED 

AM 
QMED 

cds 

999200 (gb 362600 240800 (so 62600 40800) 
@ Not Known)             

55029 (Monnow @ Grosmont) 0.626 28.63 355.07 36 157.368 60.208 

55021 (Lugg @ Butts Bridge) 0.485 37.8 365.9 38 44.809 46.079 
54034 (Dowles Brook @ Oak Cottage, 
Dowles) 0.581 38.43 42.1 38 9.548 4.218 

55013 (Arrow @ Titley Mill) 0.484 41.64 125.92 41 27.253 28.21 

54029 (Teme @ Knightsford Bridge) 0.509 42.58 1483.65 39 168.472 135.882 

55014 (Lugg @ Byton) 0.46 45.51 202.54 41 27.319 37.432 

54008 (Teme @ Tenbury) 0.509 47.29 1124.59 53 139.084 109.272 

39035 (Churn @ Cerney Wick) 0.468 48.45 126.74 40 3.501 4.444 

39020 (Coln @ Bibury) 0.475 49.1 107.29 46 3.61 4.201 

56001 (Usk @ Chain Bridge) 0.534 56.3 913.2 52 400.598 217.187 

 

A4 Calculation of growth factors,  
 
Growth factors can be estimated from site records, if available, but should only be used for 
return periods of up to half the length of record, so determination of the 100 year flood would 
require 200 years of recorded data.  For longer return periods, the so-called pooled analysis is 
recommended.  This method derives a growth curve from weighted parameters of catchments 
with similar hydrological characteristics.  Data from the HiFlows-UK database has been used in 
deriving the Pooling Group.  In addition, following guidance issued by the Environment Agency, 
a pooling group based on a 100-year return period should use approximately 500 station years 
of data.  Recent guidance shows that this criterion should also apply to 1,000 year estimates. 
 
The membership of the Pooling Group is shown in Table 5, which includes the sites whose four 
critical catchment descriptors (AREA, SAAR, FPEXT AND FARL) are most similar to those of 
the stream at Little Tarrington (Table 3).  This observed similarity indicates that catchments 
used in the pooling group would act in similar way to the target catchment.  Growth factors for 
the Gar Brook at Little Tarrington were calculated using this pooling group. 
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Figure 10 Checking QMED using ReFH  

 

Table 5 Sites with catchment descriptors most similar to those at Little Tarrington 

Station Distance 
Years of 

data 
QMED 

AM L-CV 
L-

SKEW Discordancy 

27051 (Crimple @ Burn Bridge) 1.232 37 4.514 0.22 0.133 1.592 

45816 (Haddeo @ Upton) 1.396 16 3.539 0.331 0.427 0.703 

76011 (Coal Burn @ Coalburn) 1.448 32 1.822 0.178 0.347 0.671 

28033 (Dove @ Hollinsclough) 1.692 30 4.654 0.257 0.403 0.445 

25019 (Leven @ Easby) 2.038 31 6.088 0.355 0.396 1.055 

26802 (Gypsey Race @ Kirby Grindalythe) 2.081 10 0.127 0.233 0.25 0.231 

25011 (Langdon Beck @ Langdon) 2.275 23 15.362 0.247 0.399 2.227 

27010 (Hodge Beck @ Bransdale Weir) 2.424 41 9.42 0.224 0.293 0.138 

25003 (Trout Beck @ Moor House) 2.498 36 15.105 0.173 0.328 0.545 

27073 (Brompton Beck @ Snainton Ings) 2.51 29 0.743 0.205 0.011 1.475 
44008 (Sth Winterbourne @ W'bourne 
Steepleton) 2.521 30 0.413 0.382 0.325 1.023 

203046 (Rathmore Burn @ Rathmore 
Bridge) 2.702 27 10.996 0.126 0.125 0.988 

54022 (Severn @ Plynlimon Flume) 2.722 38 14.988 0.156 0.171 1.075 

36010 (Bumpstead Brook @ Broad Green) 2.872 42 6.795 0.428 0.223 1.936 

27032 (Hebden Beck @ Hebden) 2.89 43 3.793 0.22 0.274 0.076 

20002 (West Peffer Burn @ Luffness) 2.975 41 3.299 0.292 0.015 1.82 

Total   506         

Weighted means   971   0.251 0.253   
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Table 6 Pooling Group Catchment Descriptors 

Station 
Distance 

SDM AREA SAAR FPEXT FARL 
URBEXT 

2000 

27051 (Crimple @ Burn Bridge) 1.232 8.15 855 0.013 1 0.006 

45816 (Haddeo @ Upton) 1.396 6.81 1210 0.011 1 0.005 

76011 (Coal Burn @ Coalburn) 1.448 1.63 1096 0.074 1 0 

28033 (Dove @ Hollinsclough) 1.692 7.93 1346 0.007 1 0 

25019 (Leven @ Easby) 2.038 15.07 830 0.019 1 0.004 

26802 (Gypsey Race @ Kirby Grindalythe) 2.081 15.85 757 0.03 1 0 

25011 (Langdon Beck @ Langdon) 2.275 12.79 1463 0.013 1 0.001 

27010 (Hodge Beck @ Bransdale Weir) 2.424 18.84 987 0.009 1 0.001 

25003 (Trout Beck @ Moor House) 2.498 11.46 1904 0.041 1 0 

27073 (Brompton Beck @ Snainton Ings) 2.51 8.06 721 0.237 1 0.008 

44008 (Sth Winterbourne @ W'bourne 
Steepleton) 2.521 20.17 1012 0.015 1 0.004 

203046 (Rathmore Burn @ Rathmore Bridge) 2.702 22.51 1043 0.073 1 0 

54022 (Severn @ Plynlimon Flume) 2.722 8.69 2483 0.01 1 0 

36010 (Bumpstead Brook @ Broad Green) 2.872 27.58 588 0.045 0.999 0.007 

27032 (Hebden Beck @ Hebden) 2.89 22.2 1433 0.021 0.997 0 

20002 (West Peffer Burn @ Luffness) 2.975 26.31 616 0.128 0.996 0.002 

 

The FEH software indicated that the pooling group is classed as “heterogeneous” and a review 
was desirable.  The goodness of fit was found to be acceptable and the lowest Z value was -
1.2096, for the Generalised Logistic (GL) distribution.  The GL distribution was used to 
calculate growth factors.  The pooling group growth curves are shown in Figure 11.  A brief 
review has been undertaken of the steepest and shallowest curves, but no reason could be 
found to justify their exclusion.   
 

Figure 11 Pooling group growth curves 
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A5 ReFH Rainfall-Runoff Method 

 

The Revitalised Rainfall Runoff Method (ReFH) has been issued by CEH (Kjeldsen, 2007).  
The ReFH method is recommended alongside other methods pending more detailed review of 
the results.  There are clearly uncertainties around these rare estimates that are difficult to 
evaluate, in view of the wide range of contributory factors and above all, due to the lack of 
gauged catchments of similar size in the database.  This method effectively replaces the FEH 
rainfall runoff method, although the testing regime has only been extended to return periods of 
up to 150 years.   
 
 
A6 Results 
 
The results of the analysis are presented in Table 7 for a number of return periods up to 1,000 
years.  The recommended flood estimates are those based on the WINFAP-FEH method for 
the 1:100 year flood (1.522 m3/s) with 20% added as an allowance for climate change, giving 
1.863 m3/s.  Using the same method of calculation, the 1:1,000 year flood would peak at 2.783 
m3/s.  . 
 
It is noted that many of the Qmed values from the donor catchments are higher than the value 
retained. The value was retained as guidelines indicate that the donor catchment should be no 
more than five times the size of the target catchment. The average Qmed for the 10 donor sites 
is 0.514 m3/s, 0.026 m3/s higher than the Qmed used in the calculations.  The adjustment of 
the average donor Qmed by the 1:100 year+cc growth factor of 3.818 would result in a flow of 
1.96 m3/s. As part of the sensitivity tests the 1:100 year+cc flow was increased by 20% to 2.24 
m3/s so would account for any uncertainty in the Qmed adjustment.   
 
 

Table 7 Pooled flood frequency table for Little Tarrington 

Return Period GF 
WinFAP   
(m

3
/s) ReFH (m

3
/s) 

1:2 Year (QMed) 1 0.488 0.7 

1:20 year 2.098 1.024 1.3 

1:100 year 3.182 1.522 1.9 

1:100 year + CC 3.818 1.863 2.3 

1:1,000 year 5.705 2.783 3.5 
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APPENDIX B – Modelled Levels of the Gar Brook at Little Tarrington 

 
 
B1 STATEMENT OF OBJECTIVES 
 
This Appendix presents the results of hydraulic modelling work in support of a Flood Map 
Challenge for the land to the south of Stock’s Cottage, Little Tarrington undertaken by Hydro-
Logic Services.  A 1 dimensional, hydraulic model has been built in order to refine the outline of 
the 1:100 year, with an allowance for climate change (cc) flood for the Gar Brook close to the 
site, as shown in Figure 3. 
 
The specific objectives of the modelling are: 
 

1) To estimate the 1:100 year, 1:100 year + cc and 1:1,000 year flood level and extent on 
the flood plain. 

2) To support a challenge to the EA floodplain map. 
 
The format of this Appendix is based on the Best Practice Guidance provided by the 
Environment Agency entitled “Using computer river modelling as part of a flood risk 
assessment” (undated). 
 
 
B2 MODEL BUILD AND CALIBRATION 
 
B2.1 Method Statement and Justification 
 
The Environment Agency Flood Zone map (Figure 3) shows the 1:1,000 year flood zone 
encroaching on the boundaries of the site.  The map also indicates a flow path along the north 
of the site, with floodwaters flowing towards the minor road before converging in a field to the 
west. There is an opportunity to improve on the Environment Agency Flood Zone map, since it 
is not based on a detailed topographic survey.  The Gar Brook has been modelled where it 
passes the site, to refine the limits of the flood plain and challenge the Environment Agency 
Flood Zone map.  The channel and flood plain have been surveyed and the survey data used 
within a computer model, as part of this report. 
 
 
B2.2 Technical Description 
 
ISIS software (version 3.6.1) was used in the construction of the hydraulic model for the 
proposed site. This is a 1 dimensional generalised modelling system. The model was applied to 
the stretch of the Gar Brook bounding the site and extending upstream and downstream, using 
the cross-sections located in Figure 12.  The model schematic (Figure 13) shows the 
arrangement of the ISIS river sections, together with the culverts and associated spills that 
were incorporated into the model build. 
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Figure 12 The modelled stretch of the Gar Brook with section references (GARnnnn) 
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Figure 13 Schematic of the model 
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B2.3 Data Sources 
 
The survey was undertaken by Invar Mapping Surveys, who measured 29 cross-sections along 
an 890 m stretch of the Gar Brook to ordnance datum, using GPS.  Further details of the survey 
are listed in Table 8.  At the upstream end of the model, a ReFH boundary unit was used which 
contained the catchment and flow parameters determined by FEH.  The hydrological estimates 
on which the hydraulic model is based are described in Appendix A. 
 
 

Table 8 Comments on survey methods 

Requirement/feature Comment  

Upstream boundary The most upstream cross-section was nearly 100 m 
upstream of the culvert at the A438, the upstream end of 
the development site.  
 

Downstream boundary The downstream boundary is 325m downstream of the 
site.  The brook is culverted beneath the railway 
embankment and there are a further two cross-sections 
downstream of the embankment.   
 

Bridges and culverts The brook flows a series of pipes, comprised of three 600 
mm and two 375 mm diameter pipes beneath the A438 
(Figure 14).  The brook then flows through three culverts 
downstream of the site prior to the downstream boundary. 
 
One culvert is beneath the old site entrance to the 
camping site (Figure 15). This is a brick culvert. 
 
One culvert is beneath the minor road to the west of the 
site (Figure 16).  This is a concrete box culvert.  
 
One culvert is beneath the railway embankment. This is a 
brick culvert (Figure 17).  
 

Floodplain sections The flood plain sections were surveyed approximately at 
right angles to the direction of flood flow on the floodplain.   
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Figure 14 The pipes beneath A438 (GAR0799), looking upstream. 

 

 

Figure 15 Culvert at old campsite entrance (GAR0353) 
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Figure 16 Culvert beneath minor road (GAR0319) 

 

 

Figure 17 Culvert beneath railway embankment (GAR0071) 
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B2.4 Parameters and Model Build Assumptions 
 

Table 9 Table of boundary conditions and modelling assumptions  

No Assumption Comment 

1 Upstream Boundary conditions The upstream boundary was represented by a ReFH 
boundary, configured with the FEH catchment 
descriptors applying at the site.  The hydrograph 
scaling option was set to fit the peak flows calculated 
in Appendix B. 
 

2 Downstream Boundary 
conditions 

Downstream boundary conditions were normal depth, 
represented by an NCD Boundary unit.   
 

3 Solution type The model was initially run in “steady” mode, in order 
to generate a suitable set of initial conditions.  Once 
these were available, the model was run in unsteady 
mode (fixed timestep), over a twenty four hour period. 
  

4 Bridges There are three culverts within the modelled reach, as 
described above.  These were modelled as conduit 
units, with dimensions calculated from survey data.  
 

5 Non-standard features There were a series of pipes conveying water beneath 
the road. These pipes were modelled as individual 
conduits with the dimensions calculated from survey 
data.  

 
The roughness coefficient (Manning’s n) was taken to be between 0.030-0.060 for the flood 
plain, and 0.035 for the channel, as recommended by Chow (1959) for similar terrain.   The flood 
plain consisted of both grassland and woody vegetation. The floodplain within the cross-sections 
included the road, which was modelled with a Manning’s value of 0.015. 
 

Table 10 Table of roughness coefficients 

Location Description Suggested value Manning’s Coefficient 
(m-1/3s) with reference to Chow, 1959 

In channel Meandering, rifts and 
deep pools. 
 

0.035 

Floodplain left bank Scrub woodland 
Vegetation 
Asphalt Road 
Short grass 

0.060 
0.05 
0.015 
0.030 

 
Floodplain right 
bank 
 

Scrub woodland 
Short grass 

0.060 
0.030 
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B2.6 Blockage Analysis 
 
As part of a sensitivity analysis, blockage was assessed at each of the culverts. A 20% blockage 
was simulated at each of the culverts during individual sensitivity model runs.  A model run was 
then conducted with 50% blockage at three downstream culverts. The resultant water level from 
the 50% blockage analysis is shown by the green line in Figure 18.  The flow within the channel 
remained within the banks of the brook within the site boundary and only exceeds the banks 
downstream close to the minor road.  

Figure 18 Blockage Analysis 

 
 
 
B2.7 Sensitivity Analysis 
 
As part of a sensitivity analysis, the roughness coefficients in all cross-sections were increased 
and decreased by 20%.  In the absence of calibration data, this approach allows uncertainty in 
hydraulic roughness estimation to be addressed and for the possibility that surface roughness 
could increase or decrease due, for example, to seasonal vegetation growth or a lack of 
maintenance.  The resultant maximum water levels are shown in Table 11 and Figure 19 
Maximum stage along the long profile along the Gar Brook during Manning sensitivity test. The 
results show on average there was a +/- 0.07 m difference from the baseline 1:100 year+cc 
maximum water level as a result of a +/- 20% in Manning n roughness.  
 
In other model runs, the peak flow was increased by 20%, to accommodate uncertainty in 
design flood estimation.  A 20% and 50% blockage at the downstream culverts were used to 
represent the reduction in conveyance if debris were to accumulate at the structures. The results 
are shown in Table 11, with model levels for the 1:100 year + CC event.  It can be seen that 
increasing roughness by 20% led to a small increase in terms of water level.  An increase in 
20% of flow and roughness resulted in levels increasing by 0.16 m adjacent to the site (Figure 
20); however, water levels did not exceed the left bank to impact on the site.  
 
 
 
 
 
 
 
 

Water level exceeds left bank 
upstream of culvert at old 

entrance  to camp site 

Limits of the site 

Left Bank 



 
 

 
                                                                                                                                                                                           Page 27 of 33 

K0531_Little_Tarrington_Hydraulic_Model-Rep1Rev1  

 

Table 11 Results of sensitivity analysis  

  
Max Stage 1:100 yr 

+ CC 
Max Stage 
1:1,000 yr 

20% Increase 
in n 

20% Decrease 
in n 

20% increase 
in Q100cc 

20% increase 
in n and Q 

Label Level (mAOD) 

GAR0890 70.979 71.112 71.048 70.902 71.031 71.104 

GAR0837 70.199 70.498 70.262 70.126 70.338 70.373 

GAR0799 69.911 70.495 69.969 69.848 70.153 70.214 

GAR799_cu_1 69.862 70.392 69.919 69.799 70.082 70.143 

GAR799_cu_2 69.862 70.392 69.919 69.799 70.082 70.143 

GAR799_cu_3 69.862 70.392 69.919 69.799 70.082 70.143 

GAR799_cu_4 69.875 70.419 69.932 69.812 70.1 70.162 

GAR799_cu_5 69.869 70.407 69.926 69.806 70.092 70.153 

GAR0784 69.557 69.737 69.611 69.499 69.634 69.692 

GAR0752 69.418 69.598 69.477 69.333 69.497 69.559 

GAR0711 69.113 69.248 69.19 69.045 69.173 69.251 

GAR0679 68.947 69.065 69.031 68.841 68.991 69.074 

GAR0631 68.502 68.691 68.556 68.460 68.591 68.65 

GAR0600 68.333 68.488 68.392 68.271 68.401 68.467 

GAR0569 68.158 68.329 68.234 68.073 68.231 68.315 

GAR0543 68.045 68.225 68.122 67.954 68.126 68.206 

GAR0498 67.869 68.062 67.939 67.786 67.955 68.03 

GAR0444 67.501 67.768 67.596 67.400 67.593 67.721 

GAR0425 67.479 67.767 67.556 67.400 67.581 67.691 

GAR0400 67.312 67.676 67.414 67.2090 67.435 67.581 

GAR0353 67.158 67.6 67.251 67.081 67.311 67.463 

GAR353_cu 67.158 67.6 67.251 67.081 67.311 67.463 

GAR0349 67.083 67.411 67.186 66.993 67.213 67.347 

GAR0340 67.035 67.392 67.148 66.931 67.176 67.321 

GAR0319 66.98 67.333 67.084 66.899 67.122 67.26 

GAR319_cu 66.926 67.242 67.042 66.823 67.062 67.201 

GAR0275 66.784 66.914 66.884 66.642 66.843 66.979 

GAR0197 66.251 66.378 66.306 66.1900 66.307 66.365 

GAR0154 65.632 65.763 65.687 65.567 65.688 65.751 

GAR0112 65.09 65.23 65.148 65.017 65.139 65.217 

GAR0075 64.82 65.046 64.912 64.792 64.914 65.011 

GAR0071 64.903 65.121 64.964 64.838 64.996 65.062 

GAR0071_cu 64.864 65.057 64.929 64.793 64.947 65.018 

GAR0045 64.808 64.953 64.878 64.728 64.873 64.949 

GAR0028 64.79 64.946 64.855 64.717 64.86 64.93 

GAR0000 64.697 64.852 64.765 64.619 64.766 64.838 
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Figure 19 Maximum stage along the long profile along the Gar Brook during Manning 
sensitivity test 

 

 

 

Figure 20 Maximum Stage along the Long Profile along Gar Brook during Sensitivity 
Tests 

 

 

 

B3 MODEL PREDICTIONS 
 
Modelling has shown the Environment Agency Flood Zone map to be extremely conservative in 
this area. Flood levels at the site are controlled by the capacity of the Gar Brook.  The results of 
the hydraulic modelling indicate that the 1:100 year+cc and 1:1,000 year design flood levels 
would remain within bank along the margins of the site, an example is shown for the cross-
section GAR0543 in Figure 21. 
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Figure 21 1:100 year+cc and 1:1,000 year design flood level at GAR0543 

 
 
 
 
The flow in the Gar Brook adjacent to the site is controlled by the capacity of the culverts 
beneath the A438. The results from the 1:100 year+cc model run indicates that the flow would 
exceed the capacity of the culverts but that water levels would not rise to a level to spill over the 
top of the structure and flow on to the road.  During the 1:1,000 year flood the culvert structure 
would be exceeded by 0.092 m3/s at the peak of the event. The 1:100 year + CC modelled 
profile is compared with the levels calculated during the 1:1,000 year are shown in Figure 22. 
 
The culverts upstream of the site are made up of three 600mm and two 370 mm diameter pipes. 
The effect of entire blockage of two of the 600 mm pipes was assessed and under this scenario 
water levels exceed the culvert structure, with 0.4 m3/s of flow across the road at the peak of the 
flood (Figure 23).  It is recommended that a ditch is created to ensure any flow on the road is 
diverted directly back into the brook downstream and does not flow on to the site. 
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Figure 22 Long profile along the Gar Brook showing the 1:100yr+cc and 1:1,000 year 
maximum stage 

 
 

Figure 23 Flow over the A438 spill during total blockage of two pipes 

 

 
 
B5 Flood Map 
 
The maximum water levels have been mapped on to the surveyed cross-section to identify the 
extent of the flood zone during the 1:100 year+cc and the 1:1,000 year flood. The flood map is 
shown in Appendix C. The map shows that the pipes beneath the A438 act as a hydraulic 
control and only during the 1:1,000 year flood do water overtop the road.  The flood zone 
extents on to the right bank to the north of the site, it does not encroach on to the site.  
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B6 SUMMARY AND CONCLUSIONS 
 

1) A 1-dimensional Hydraulic model (ISIS, version 3.6.1) has been built for the stretch of 
the Gar Brook and associated floodplain.  

 
2) The roughness coefficients (Manning n values) used was 0.035 in the channel, a value 

of 0.05 for grassland on the floodplain and 0.015 for the roads on the floodplain.  
 

3) Raising roughness values by 20% was found to have relatively small effects on water 
level.  An increase in 20% in flow results in water levels increasing 94 mm but this does 
not exceed the banks of the brook.  

 
4) A 50% blockage of all three culverts downstream of the site does not impact on water 

levels at the site. 
 

5) An entire blockage two of the pipes upstream of the site results in water levels exceeding 
the culvert structure and approximately 0.4 m3/s of water flowing over the road at the 
peak of the flood.  

 
6) A ditch should be created to divert any flood flow on the road directly back into the brook 

so it does not impact on the site.  



 
 

 
                                                                                                                                                                                           Page 32 of 33 

K0531_Little_Tarrington_Hydraulic_Model-Rep1Rev1  

 

 
Appendix C Flood Map 
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