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1.0

11

1.2

1.3

1.4

INTRODUCTION

Brief

This report provides a summary of the flood modelling assessment that was carried out by
Create Consulting Engineers Ltd on behalf of the National Institute of Agricultural Botany
(NIAB) Trust for the proposed development at Park Farm, 1 Villa Rd, Histon, Cambridge, CB24
9NZ.

The unnamed watercourse labelled on OS plans as ‘Public Drain’, located approximately 260
m to the south east of the site, was modelled using HEC-RAS software. The Public Drain and

the site location is shown on Figure 1.1.

| |
Figure 1.1: Location of the Site and Public Drain

Project Context

The purpose of this report is to respond to the Environment Agency’s (EA) request for a site
specific hydraulic analysis of the watercourse (Public Drain) adjacent to Park Farm. This is to
determine the flood risk to the proposed development with an allowance for climate change.

We understand that this hydraulic assessment will be submitted as part of a site specific Flood
Risk Assessment for a planning application for development of a new glasshouse, two
agricultural style buildings, laboratories, office space, and an additional carpark at Park Farm.
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1.6

1.7

1.8

1.9

1.10

1.11

Architect’s Layouts are included at the end of this report.

The Topographic Survey, is included within this report on Drawings ALS75618/OVERVIEW and
ALS75618/500/01 to ALS75618/500/04. Relative to ordnance datum, ground levels at the site
fall from 14.94 mAOD in the western extent of the site to 11.83 mAOD in the eastern extent
of the site. It is to be noted that over the area that is proposed to be developed the ground
levels range from 13.22 mAOD to 14.26 mAOD.

Constraints and Limitations

The copyright of this report is vested in Create Consulting Engineers Ltd and the Client, NIAB
Estate. The Client, or his appointed representatives, may copy the report for purposes in
connection with the development described herein. It shall not be copied by any other party
or used for any other purposes without the written consent of Create Consulting Engineers
Ltd or the Client.

Create Consulting Engineers Ltd accepts no responsibility whatsoever to other parties to
whom this report, or any part thereof, is made known. Any such other parties rely upon the
report at their own risk.

The Watercourse Hydraulic Modelling Report addresses the flood risk posed to the proposed
development, the extent of which is shown by the site boundary, as indicated by the location
plan attached with this report.

This report has been undertaken with the assumption that the site will be developed in
accordance with the above proposals without significant change. The conclusions resulting
from this study are not necessarily indicative of future conditions or operating practices at or
adjacent to the site.

Create Consulting Engineers Ltd has endeavored to assess all information provided to them
during this appraisal. The report summarises information from a number of external sources
and cannot offer any guarantees or warranties for the completeness or accuracy or
information relied upon. Information from third parties has not been verified by Create
Consulting Engineers Ltd unless otherwise stated in this report.
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2.2

2.3

2.4

2.5

HYDROLOGICAL ASSESSMENT

Watercourse and Catchment Area

The Public Drain drains towards the north combining with various other drains before reaching
its confluence with the Beck Brook approximately 2 km to the north west of the site.

The area surrounding the drain is relatively flat and primarily comprises agricultural fields. The
watercourse is understood to be fed by a catchment 3.27 km? in size to the south of the site.
The catchment has been inferred from the FEH Web Mapping Service and verified against a
watershed analysis using GRASS software and the Environment Agency LiDAR (Figure 2.1).

Legend

B8 FEH Catchment
©The Site

Figure 2.1: Location of the FEH Catchment
Estimate of Flows in Watercourse

There is no gauged flow data available for the Public Drain and therefore the flow regime has
been estimated using both WINFAP 4 and ReFH2 with catchment descriptors extracted from
the FEH Web Mapping Service (Appendix A).

The median flow (QMED) for the study catchment (index flood) was calculated as 0.281 m3/s
from the catchment descriptors using WINFAP 4.

Peak flow estimates produced by ReFH2 and WINFAP 4 are outlined below.

Ref: JJ/CS/P17-1210/01 Page 4
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2.7

2.8

2.9

2.10

2.11

2.12

ReFH2

Using the ReFH2 program and the inputs from the FEH online web service (Appendix A),
estimates were obtained for the site for various return periods.

The results are displayed in Table 2.1.

WINFAP 4

WINFAP 4 uses flow records from either a single reliable gauged site in the same catchment
or from a number of other gauged sites in hydrologically similar catchments to form a pooling
group which is subjected to a statistical analysis. Following this the flood growth curve and
flood frequency curve generated by the analysis are used to calculate a range of flood flows
at the site in question. This was carried out for the watercourse using the inputs from the FEH
online web service (Appendix A). A default urban adjustment factor was applied (Urbext2000).
The results are displayed in Table 2.1

A sensitivity analysis of the urban adjustment (URBext2000) factor was undertaken. The
percentage of impermeable area was determined using aerial imagery and it was concluded
that the percentage of impermeable area was approximately half of the default value
presented by Urbext2000. The default Urbext2000 value was utilised for calculating flows as
this value was more conservative than the calculated value.

Estimate of Bankfull Flow

A sensitivity analysis was carried out to determine the impact of using a bankfull flow estimate
for QMIED. WINFAP 4 has the functionality to produce a bankfull estimate for QMED.

The bankfull QMED was calculated using both the catchment descriptors and channel
dimensions. The channel was measured in several places and an average Bankfull Channel

Width of 5.95 was used. The results are displayed in Table 2.1.

Comparison of Flow Results

The results from each method are shown in Table 2.1.

Flows Flows Flows
Return Period Calculated using Calculated using Calculated from Bankfull
(Years) ReFH2 WINFAP 4 Analysis (in WINFAP 4)
(m3/s) (m3/s) (m3/s)
0.49 0.28 0.63
Not Modelled 0.39 0.87
10 Not Modelled 0.48 1.06

Ref: JJ/CS/P17-1210/01 Page 5
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Flows Flows Flows
Return Period Calculated using Calculated using Calculated from Bankfull
(Years) ReFH2 WINFAP 4 Analysis (in WINFAP 4)
(m3/s) (m3/s) (m3/s)
20 0.89 Not Modelled Not Modelled
25 Not Modelled 0.60 1.33
50 Not Modelled 0.70 1.57
100 1.34 0.83 1.84
200 Not Modelled 0.97 2.16
500 Not Modelled 1.19 2.65
1000 2.51 1.39 3.10

Table 2.1: Flows Calculated using 1) ReFH2, 2) WINFAP 4, and 3) Bankfull Analysis (Using
WINFAP) for Several Return Periods

2.13  To provide a conservative estimate of the flows in the Public Drain, peak flows from the
bankfull analysis will be utilised in the flood model.

Climate Change Allowances

2.14  To incorporate the potential future effects of climate change the bankfull flows have been
increased accordingly.

2.15  The development is classified as ‘less vulnerable’ use according to the NPPF. Based on the
EA’s! guidance the ‘central’ (25%) and ‘higher central’ (35%) allowances for the Anglian Basin
2070-2115 will be added on to the flows based on a development design life of 100 years.
Correspondence with the Environment Agency (28th February to 13th March 2017) confirmed

that these allowances are acceptable. The results are displayed in Table 2.1.

Return Flows
Period Calculated from Bankfull +25% Climate Change +35% Climate Change
(Years) Analysis (in WINFAP 4)
2 0.63 0.78 0.85
5 0.87 1.09 1.18
10 1.06 1.32 1.43
25 1.33 1.66 1.79
50 1.57 1.96 2.11
100 1.84 2.30 2.48
200 2.16 2.69 291
500 2.65 3.31 3.58
1000 3.10 3.87 4.18

Table 2.2: Flows calculated using bankfull analysis (in WINFAP) to include 25% climate
change and 35% climate change allowances

! Environment Agency (2016) Flood Risk Assessments: Climate Change Allowances.
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3.5

3.6

METHODOLOGY

The hydraulic model has been developed to estimate the flood extent of the Public Drain for
the 1 in 100 year event. As the channel is both small and relatively straight a one dimensional
model was chosen to represent the channel which has been constructed using HEC-RAS 5.0.
A 700m stretch of the drain (identified in Figure 1.1) ending at the Bypass was chosen to best

represent water levels at the site. This reach comprises 4 bridges and one culvert.

The model was run in a steady state scenario by using a constant flow input for the 1 in 100
year event (as the pooling analysis generates a peak flow only).

Channel Survey Data

A detailed topographical survey was undertaken on 7 March 2017 (Drawings 2219-545-SU01
- 2219-545-SU16). 42 channel cross sections at 20 m intervals were generated using the
topographical survey as well as a 3D surface.

Model Schematic

A schematic representation of the model is included in Figure 3.1 at the rear of the report.

Surface Roughness

Channel and Floodplain

The following surface roughness assumptions have been made for the channel and floodplain
based on a combination of site photographs and google earth imagery. The values have been
obtained from the HEC-RAS reference manual (US Army Corps Engineers, 2016). The
Manning’s ‘n’ values are shown in Table 3.1 below.

Geometry Manning’s ‘n’ Description

Clean, straight, full, no rifts or deep pools but more stones
Channel 0.35
and weeds
Floodplain 0.04 Mature field crops

Table 3.1: Manning’s ‘n’ values used for the channel and floodplain in HEC-RAS

Structures

The four bridges have been modelled using the dimensions, soffit levels, and invert levels
provided within the topographical survey. The bridges are clear span with no piers or edges
so it was assumed the surface roughness would remain the same as the channel. The culvert
located in the northern part of the model has been modelled as an arched culvert. The

Ref: 1J/CS/P17-1210/01 Page 7
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following surface roughness assumptions have been made and the Manning’s ‘n’ values are
shown in Table 3.2 below.

Geometry Manning’s ‘n’ Description
Bridges 0.35 Remained the same as channel
Culvert 0.015 Culvert with some debris

Table 3.2: Manning’s ‘n’ values used for the channel and floodplain in HEC-RAS

Contraction and Expansion

3.7 Contraction and expansion coefficients for the bridges and culverts were obtained from the
HEC-RAS manual as shown in Table 3.3 below.

Contraction Expansion o
Geometry - - Description
Coefficient Coefficient
Bridges 0.3 0.5 Typical bridge
Culvert 0.6 0.8 Abrupt transition

Table 3.3: Contraction and expansion values used in HEC-RAS
Boundary Conditions
3.8 A bed slope of 0.0008 was used throughout the length of the model, which was calculated

(from the topographic survey) as the average gradient of the channel along the section in
question.

Ref: JJ/CS/P17-1210/01 Page 8
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RESULTS OF MODELLING

The 1 in 100 year event with an allowance for climate change was modelled and the results
are shown in Table 4.1 (to the rear of the report). The 100 year with a 35% allowance for
climate change scenario has been selected as the design flood event for the development
when assessing the flood risk to the development with additional considerations made to the
results of sensitivity scenarios carried out.

For the 100 year plus 35% climate change scenario, levels in the channel ranged from 10.87m
AOD to 11.63m AOD. Freeboard along the left bank ranges from 10 mm to 590 mm and along
the right bank it ranges from 110 mm to 550 mm.

In the cross sections closest to the development (chainage 177 to 0) levels in the channel
ranged from 10.87m AOD to 11.23m AOD. Freeboard along the left bank ranges from 40 mm
to 590 mm and along the right bank it ranges from 110 mm to 550 mm.

The results show that flow remains in channel along the modelled reach (as shown in the long
profile Figure 4.1). The lowest levels of the site are between 12.09 m AOD and 11.84 m AOD
in the eastern corner. It is to be noted that over the area that is proposed to be developed the
ground levels range from 13.22 mAOD to 14.26 mAOD.

The site levels are well above the design flood event peak level of 11.23 mAOD with the
proposed developed area (13.22 mAOD) being 1.99m above this level. It is concluded that the
development is at a low risk of flooding from the public drain and has sufficient freeboard
above the design flood event (100yr + cc) for the lifetime of the development.

Sensitivity Testing

As requested by the EA several sensitivity tests were undertaken to test the assumptions
made within the model. These included an uplift of the following:

° Coefficients used for Manning’s ‘n’ hydraulic roughness
° Contraction/expansion losses
° Peak flows

The results are discussed in the following sections.

Manning’s ‘n’

A sensitivity test was undertaken using the modelled design flood event (1 in 100 year flow
plus 35% climate change) with a 25% increase in the channel and floodplain Manning’s ‘n’
values. This increased the Mannings ‘n’ values to 0.044 for the channel and 0.05 for the
floodplain. Results are displayed in Table 4.2, to the rear of the report.

Ref: 1J/CS/P17-1210/01 Page 9
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4.9
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4.13

4.14

4.15

4.16

4.17

In the cross sections closest to the development (chainage 177 to 0) levels in the channel
ranged from 10.99m AOD to 11.36m AOD. Freeboard along the left bank ranges from -80 mm
(exceeding bank level) to 470 mm and along the right bank it ranges from -10 mm to 420 mm.

The results show that the flows primarily remain in channel, however, it overtops within
chainage 177 to 0 in one location along the left bank (depth of 80 mm) and one along the right
bank (depth of 10 mm).

The lowest levels of the site are between 12.09 m AOD and 11.84 m AOD (in the eastern
corner). The site will therefore remain dry in this event. Additionally the lowest part of the
site with development proposals is at 13.22 m AOD (Barn 03).

The site levels are well above the design flood event peak level of 11.36 mAOD with the
proposed developed area (13.22 mAOD) being 1.86m above this level. It is concluded that
with a 25% increase in Manning’s n, the development remains at a low risk of flooding for the
design flood event.

Contraction/Expansion Losses

A sensitivity test was undertaken using the modelled design flood event with a 25% increase
in the contraction and expansion losses values for the bridges and culvert. Results are
displayed in Table 4.3, to the rear of the report

In the cross sections closest to the development (chainage 177 to 0) levels in the channel
ranged from 10.87m AOD to 11.23m AOD. Freeboard along the left bank ranges from 40 mm
to 580 mm and along the right bank it ranges from 110 mm to 550 mm.

The results show that the flows remain in channel in all locations within chainage 177-0.
Additionally, the lowest levels of the site are between 12.09 m AOD and 11.84 m AOD (in the
eastern corner). The site therefore remains dry during this event.

The site levels are well above the design flood event peak level of 11.23 mAOD with the
proposed developed area (13.22 mAOD) being 1.99m above this level. It is concluded that
with a 25% increase in contraction and expansion losses, the development remains at a low
risk of flooding for the design flood event.

Peak Flows
A sensitivity test was undertaken using the design flood event with a 25% increase to the peak

flow (roughly equivalent to the 1000yr event). Results are displayed in Table 4.4, to the rear
of the report.

Ref: 1J/CS/P17-1210/01 Page 10
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4.19

4.20

4.21

4.22

In the cross sections closest to the development (chainage 177 to 0) levels in the channel
ranged from 10.99m AOD to 11.35m AOD. Freeboard along the left bank ranges from -80 mm
(exceeding bank level) to 480 mm and along the right bank it ranges from -10 mm to 430 mm.

The results show that the flows remain in channel in all locations within chainage 177-0.
Additionally, the lowest levels of the site are between 12.09 m AOD and 11.84 m AOD (in the
eastern corner). The site therefore remains dry during this event.

The site levels are well above the design flood event peak level of 11.35 mAOD with the
proposed developed area being 1.87m above this level. It is concluded that with a 25%
increase in peak flow, the development remains at a low risk of flooding for the design flood

event.
Calibration
There is no gauged data or data from observed events available for calibration purposes.

It is noted however that the EA Surface Water Flood Maps (Figure 3.1) shows the site to be at
‘very low’ flood risk. This provides a form of validation against the results, showing that the

site is not affected.

The Site
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CONCLUSIONS

This report has provided a summary of the flood modelling assessment that was carried out
by Create Consulting Engineers Ltd on behalf of the NIAB Trust for the proposed development
at Park Farm, 1 Villa Rd, Histon, Cambridge, CB24 9NZ.

A hydrological assessment was undertaken to calculate the flows for the Public Drain. The
bankfull estimate (using WINFAP 4) was used as it was the most conservative estimate, with
an addition of 25% and 35% for climate change.

The hydraulic model has been developed to estimate the flood risk to the development from
the Public Drain for the 1 in 100 year event with an allowance for climate change. As the
channel is both small and relatively straight a one dimensional model was chosen to represent
the channel which has been constructed using HEC-RAS 5.0.

The model was based on a detailed topographical survey was undertaken on 7th March 2017
(Drawings 2219-545-SU01 - 2219-545-SU16). 42 channel cross sections at 20 m intervals were
generated using the topographical survey as well as a 3D surface.

The results of the model for the 100yr +35% flood event (the chosen design flood event)
showed that the cross sections closest to the development (chainage 177 to 0) levels in the
channel ranged from 10.87m AOD to 11.23m AOD. Freeboard along the left bank ranges from
40 mm to 590 mm and along the right bank it ranges from 110 mm to 550 mm.

The results showed that flow remains in channel along the modelled reach. The site levels are
well above the design flood event peak level of 11.23 mAOD with the proposed developed
area (13.22 mAOD) being 1.99m above this level.

As requested by the EA several sensitivity tests were undertaken to test the assumptions
made within the model. These included an uplift of the following:

° Coefficients used for Manning’s ‘n’ hydraulic roughness
° Contraction/expansion losses
o Peak flows

The results of these sensitivity tests shows the site to not be affected by any of the flood
events.

There is no gauged data or data from observed events available for calibration purposes. It is
noted, however, that the EA Surface Water Flood Maps shows the site to be at ‘very low’ flood
risk. This provides a form of validation against the results, showing that the site is not affected.
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5.10 It is concluded that the levels on site are situated sufficiently above flood levels modelled in
the public drain. It also concluded that the development will be at a low risk of flooding from
the public drain and will have sufficient freeboard above the design flood event (100yr + cc)

for the lifetime of the development.

Ref: 1J/CS/P17-1210/01 Page 13



NIAB, Park Farm, Cambridge Watercourse Hydraulic Modelling Report

6.0 REFERENCES

i. Environment Agency Surface Water Flood WMS Layers (2014) Available at:

https://data.gov.uk/data/search (Accessed March 2017).
ii. US Army Corps Engineers (2016). HEC-RAS River Analysis System User's Manual.

Version 5.0.

Ref: 1J/CS/P17-1210/01 Page 14



FIGURES



SVY-D3H woJy pariodx3 J3ewayds [9PoN T'€ 34nsid

Y T

%-ﬂﬁo 00°089~
.
1519699y
5666 639~
e
66665 6E9~
Ly
6656 665~
6666 625~

00007004
6666661
~
/00000°09%
%ﬁ_od.\:
~00000°0Zy
e = u

LZBLIS P



uny [9pojAl @8uey) rewi|) %Se+ Jedh OOT 40 3|yoid Suoq :T'y a.nSi4

{w) soummg jsuuoys wey
L

g 0oe oz ook
+5°G

0oL

() UoEAS| g

uie.q ureig aigng

LLOZ/E0/LL BT unImoldTaY ] -UBld 0A0LEOLE 1PON HH 3WIN



TABLES



wn:mr_u 9lewl|) %SE +1eA 00T UI T TV 9|qeL

SC0 <9 €6'€ €90 1000 68'0T 80T L8'0T S0 8€0 %S€ +4A00T (L2821 Y uleig
as8plg SUON 098886'L uleig

120 ST'8 6V 150 €/9000°0 60T [44)’ 68°0T 44" 6€°0 %S€ +4A00T[9858¢2°CT uleig
HIAIN) SUON /8150°6T uleig

0 LV'6 [43% LV'0 8€9000°0 LTTT SE0T 9T'TT 0 4%} %S€ +4A00T{0T uteig
o ve0T 8L €0 ¥61000°0 ST'TT 10T LT'TT 10 9T'0 %S€ +4A00T |0V uleig
LT°0 66 6'S 44 20000 ST'TT Ly'0T LT'TT 110 9T'0 %S€ +4A00T(09 uleig
9T'0 81’01 8€'9 6€°0 8€000°0 6T'TT ¢S'0T 8T'TL ST0 SC0 %S€ +4A00T|66666'6/ uleig
610 586 S'S S0 ¥95000°0 [ 19°0T 6T'TT LT0 0’0 %S¢ +4A00T|00T uleig
LT°0 156 v8'S o 9570000 11T 8¥'0T a1 0 9¢'0 %S€ +4A00T|0ZT uleig
6T°0 5’6 'S S0 1850000 il T1S°0T 11T 610 6T°0 %S€ +4A00T|6666°6€T uleig
o Sv'S 8TV 650 LT.000°0 VTl 50T 141 El4Y 8€0 %S€ +JA00T|6666°65T uleig
6C°0 €T’y LT'E 8.0 €SET00°0 SCTT £9°0T 441’ S0 650 %S€ +4A00T[98£8°0LT uteig
a8plg SUON T99/'E€LT uleig

€0 9TV v0'€ 180 CyS100°0 9C'TT T.0T E€CTT S50 SS°0 %€ +4A00T |92V 9LT uleig
620 60V 6T'€ 8.0 89€T00°0 LTTT 69°0T A 114Y 6€°0 %S€ +4A00T|6666'6LT uteig
6T°0 LE'S 9'v 50 €€5000°0 6C'TT T1S°0T LTTT 610 6T°0 %S¢ +4A00T[002 uleig
SC0 L6V 69°€ L9°0 5660000 €11 9'0T 8C'TT €€0 €€°0 %S€ +4A00T|0TC uleig
6T°0 S S SS0 §5S000°0 ETT [4y) €11 w0 620 %S€ +4A00T|0YT uteig
8T'0 6€9 €67 S0 615000°0 €ETT v'0T 431 LT0 100 %S€ +4A00T[09¢ uleig
LT°0 16'S 66’7 S0 9v000°0 VETT S0t €E'TT 970 S0'0 %S€ +4A00T|6666°6.C uleig
8T'0 LL'S 61 150 /10000 SETT 8¥'0T €E'TT €00 LT'0 %S€ +4A00T|6666°667 uleig
LT°0 88'S S0'S 6v'0 <v7000°0 9€'TT €V'0T VeETT 42Y €10 %S€ +JA00T|6666°6T€ uleig
9T'0 SS'S 6T'S 8¥'0 ¥8€000°0 LETT (441 SE'TT 670 0 %S€ +4A00T|6666°6E€ uleig
4% €19 v8'S wo 6820000 LETT SE0T 9€'TT 9€'0 T0 %S€ +4A00T|6666°65€ uleig
LT°0 1S vLv ¢s'0 8/.%000°0 8E'TT 6v°0T LETT 81’0 L00 %S€ +4A00T|6666°6.€ uleig
6T°0 T's 8Y'y SS0 6550000 6€TT 50T 8€E'TT V€0 120 %S€ +4A00T|6666°66€ uleig
6T°0 v8'v v 950 995000°0 V1T LS°0T 6€'TT €00 8T'0 %S€ +JAooT|0zy uleig
LT0 1T's 8LV ¢s0 €91000°0 it S'0T Vit [314Y o %S€ +4A00T|6666°6EY uleig
LT°0 LTS 8 S0 1910000 Wil SS0T it €0 9¢'0 %S€ +4A00T|6666°651 uteig
ST0 SE'S VvE'S 9’0 T¥€000°0 V1T v'01 Wit SE€0 €20 %S€ +JA00T|08Y uleig
610 6LV 6C'Y 850 1090000 A 9'0T 441 S0 6C°0 %S€ +4A00T|6666°667 uleig
L2°0 1144 (43 SL'0 ¢8¢100°0 Era 9/°0T EV'TT 0 8T'0 %S€ +4A00T|65€1°605 uleig
93plig SUON ¢C0L'TTS uleig

SC0 €6'E 143 €L°0 SCT100°0 6V'TT L0t LY'TT [44Y 9C'0 %€ +JA00T[SEBT VTS uleig
120 144 €0'Y 290 ¥1,000°0 ST S9°0T 8Y'TT 81’0 8T'0 %S€ +4A00T|6666°615 uleig
LT°0 €C'S €8'Y 150 9570000 1STT 65°0T STT €0 Vo %S€ +4A00T|0VS uleig
(44 vy 98¢ v9'0 640000 ¢S'TT 8L°0T S'TT ST0 6€°0 %S€ +4A00T[095 uleig
vZo €SV 79'€ 890 5860000 VSTl 801 ¢S'TT 9€'0 '0 %S€ +4A00T|6666°6.5 uleig
0 L9V 14 90 8590000 9S'TT LL°0T VSTl 670 0 %S€ +4A00T|6666°665 uleig
o 8V S6°€ €90 §//000°0 LS'TT S8°0T SS'TT S€0 150 %S€ +4A00T[0Z9 uteig
8T'0 S¥'S S9'Y €50 1150000 65'TT 801 LS'TT 610 LY'0 %S€ +4A00T|6666'6€9 uleig
SC0 69°€ veEe VL0 £60T00°0 19'TT 6807 8S'TT 9€0 0 %S€ +4A00T|6666°659 uleig
a8plg SUON 9T06'99 uleig

620 8¢ 90'€ 180 ¥ZST00°0 91T €607 6S'TT 114 V€0 %S€ +4A00T[£5£9°699 uleig
0 Ir's €€V LS0 6190000 €9'TT 80T 9Tt 8€'0 6€°0 %S€ +4A00T(089 uleig
8T'0 S 9'v 50 ¥¢5000°0 S9'TT 80T €9'TT LT0 o %S€ +4A00T|7£€0°00L uleig

1sueyd
Jaquiny
apnouy

(w) yipm (¢w)easy (s/w)|pueyy  (w/w)ado|s (w) uonens|3z (w) aoepns (w) uonens|z w) pieogaaly (w) pieogaaiy e uoneis

doj Mmoj4 ApoepA  apeuo ASiau3z apeun ASiau3z I91B/\\ |E212ID ajeyns Jarem WSy yoi J9A1Y




sSuluuel Ul aseasdu] %Sz snid aSueyd alew|) %SE + JedA 00T Ul T :Z't d|qeL

0 88'9 L'V €90 ¢00T00°0 T 8C°0T 6601 8€0 9¢°0 %SE +JA00T|L28L1S'Y uleig
98pLig SUON 098886'L uleig

LT0 SE'6 86'S 1344 2590000 0’11 [44)" T0'TT [4Y] LT0 %S€ +4A00T|98582°CT uleig
HBAIND SUON /8%S0°6T uleig

110 TEY LTET ST0 9620000 8T'T1 SE0T 8C'TT 800 0 %S€ +4A00T|0T uleig
10 [41 S0'6 LT0 1120000 6C'TT TC0T 6CTT 60°0 00 %S€ +4A00T |0V uleig
710 S8°0T 90°L SE0 ¥000°0 €17 LV0T 6CTT 100~ 700 %S€ +4A00T|09 uleig
€10 eIt 99°L [4] £L€000°0 €17 (440" €11 €00 €10 %S€ +JA00T|66666'6L uleig
10 SL0v 9TvT vco 9120000 TeTT T19°0T TeTT ST0 80°0- %S¢ +JA00T|00T uleig
v1°0 98°0T L6°9 9¢’0 £¥000°0 CE'TT 87'0T TETT 600 ST0 %S€ +4A00T|0ZT uleig
ST0 T19°0T 859 8€'0 95000°0 €ETT T1S0T CETT 800 800 %S€ +4A00T|6666'6€T uleig
810 86'S €8’ 150 ¢6.000°0 vETT 50T €ETT SE0 LT0 %S€ +JA00T|6666'65T uleig
14 6E'Y 99'¢€ 890 8v¥100°0 9€'TT £9°0T VETT [44Y L7°0 %S€ +4A00T|98£8'0LT uleig
98pLig SUON T99/°ELT uleig

SC0 vL'v €9°€ 890 S8ST00°0 6€'TT TL0T 9¢€'TT [44Y [44Y %SE +4A00T|9ZY L 9LT uleig
€C0 [4h74 8L'€ 990 LETO00 6€'TT 69°0T LETT 8C°0 9¢'0 %S€ +JA00T|6666'6LT uleig
9T°0 6L'S T€'S L¥'0 850000 Wit 1501 V1t 900 900 %S€ +JA00T|00T uleig
[44] LL9 444 950 751000 EV'TT 79'0T it 0 0 %S€ +JA00T|0ZC uleig
91°0 €9°S (4 870 8850000 w1t ¢S0T A 6C°0 910 %S€ + JAQ0T| 0T uleig
800 68'CY €6'GT vaco T9T000°0 SY'1t v'0T SY'1t 00 cTo- %S€ + 4A00T|09Z uleig
800 S9'ty 9991 €0 €¥T000°0 F1an S0t SY'1T 10 L0°0- %SE +JA00T|6666'6LC uleig
ST0 199 29'S 7’0 S¥S000°0 w1l 87'0T SY'1T [4%Y S0'0 %S€ +4A00T|6666'66C uleig
ST0 6’9 18'S €v'0 T€S0000 LV'TT €V'0T Ela 00 100 %S€ +JA00T|6666'61€ uleig
60°0 88'CY LLYT LT0 ¥.1000°0 8’11 44 8V'1T 910 €0°0- %S€ +4AQ0T|6666'6E€ uleig
L0°0 8ty €9°LT <o 7170000 8’11 SE0T 8’11 <0 00~ %S€ +JA00T|6666'65€ uleig
800 6v'y 8197 S0 TSTO000 67’11 617'0T 8V'1T LEO 00~ %S€ + JA00T|6666'6LE uleig
91°0 F14 v0'S 617°0 1590000 67’11 50T 8’11 <0 110 %S€ +JA00T|6666'66€ uleig
LT°0 'S 96’7 S0 69000°0 18'TT LS°0T STT [4%Y £L0°0 %S€ + JAQ0T|0CY uleig
ST0 S'S 9€'S 9'0 SS000°0 4N S'0T 1811 CE0 100 %S€ +JA00T|6666'6E1 uleig
ST0 89'S s 9'0 ¢€S000°0 €STT SS0T STl 610 ST0 %S€ + JA00T|6666'651 uleig
€10 €09 86'S o £LT¥000°0 STt vv'0T €911 v<o o %S¢ + JA00T|08Y uleig
LT0 9T'S 98’ 150 690000 SS'TT 79°0T VST €€0 LT0 %S€ +JA00T | 6666661 uleig
€C0 (444 [4:%3 S9°0 T¢v100°0 LS'TT 9.°0T VST 60°0 £L0°0 %S€ +JA00T|65€EY°605 uleig
98plg SUON ZC0L'TTS uleig

10 SS'Y 86'€ 290 L1000 9’11 ¢L0T 9'TT 60°0 €10 %S€ +JAQ0T|SEBT VTS uleig
LT0 LLY o'y €50 8.000°0 €9'TT 5901 19'T1 S€0 S0'0 %S€ +JA00T|6666'615 uleig
v1°0 9'S 959°'S S0 6670000 9’11 65°0T €911 8T°0 170 %S€ +4A00T|0FS uleig
610 60'S SV SS°0 988000°0 99’11 8L°0T v9'1T 110 ST0 %G€ +4A00T|095 uleig
0 L0'S 6C'Y 850 ¢0T00°0 89'TT 80T 99'TT 444 9¢°0 %S€ +4A00T|6666'6L5 uleig
LT0 ST's €8’ 150 8¢/000°0 69'T1 LL°0T 89'TT ST0 LT0 %S€ +JA00T|6666'665 uleig
810 S o'V €50 S6£000°0 .11 S8°0T 69'TT 10 LE0 %S€ +4A00T|079 uleig
ST0 LL'S €v's 9’0 8750000 LTt 80T TLTT SO0 €€0 %S€ +JA00T|6666'6€9 uleig
120 T6'€ 88'¢ ¥9°0 S9TT00°0 vLTT 68°0T LTt (44} 970 %S€ +JA00T|6666'659 uleig
98pLg SUON 9T06'799 uleig

44 14 €9'¢ 890 T9ST00°0 9L'T1 €601 €L'TT LT0 0 %S€ +JA00T|£529'699 uleig
91°0 19°'S 90'S 617°0 61790000 LLTT 80T SLTT S0 9¢°0 %S€ +4A00T|089 uleig
ST0 €8'S S€'S 9'0 8450000 8L'T1 80T LLTT €00 LT0 %S€ +JA00T|¥LE0°00L uleig

12ueyy
Jaquiny
apnouy

(w) yapim

doj

(zw) eaay

moj4

(s/w) 1auey)
ISTRIIEYN

(w/w) adojs
apeso ASiauz

(w) uonnens|3z
apeuo ASiau3z

(w) aseing
1918/ [B2131D

(w) uonnens|z
de}INS 121N

(w) paeogaaay
W3y

(w) pseogaaay
¥a

alyoid

uoneis
Jany




$95507 UoIsuedx3 pue UoIILIIUOD) UO ISEIIIU| %GZ SN|d dSuey) Ajewi|) %SE + JedA 00T U T :T'v 3|qel

S0 9 €6'€ €9°0 T00°0 6801 8C°0T 80T S0 8¢€0 %S€ +JA00T|L28L1SY uleig
a8plg SUON 098886°L uleig

10 91’8 16’7 150 £9000°0 60T [44)" 6801 0 6€°0 %S€ +4A00T|98587°CT uleig
HIAIND 9UON /8150'6T uleig

0 617'6 €€'S JA40) S€9000°0 L(TTT SE0T IT'TT 0 [4%Y] %€ +4A00T|0T uleig
4% SE€0T 18°L [4¢) ¥61000°0 ST'TT TC0T LT'TT 120 910 %S¢ +4A00T|0Y uleig
LT°0 €6 16'S [44¢) TZ¥000°0 8T'TT L7'0T LT'TT 110 910 %€ +4A00T|09 uleig
910 S'0T 6€'9 6€°0 8£€000°0 6T'TT ¢S0T 8T'TT ST0 ST0 %S€ +JA00T| 6666664 uleig
610 L8'6 vS'S S0 95000°0 [ 19°0T 6T'TT LT0 00 %S¢ +4A00T|00T uleig
LT°0 €96 S8'S [44¢) €57000°0 Tl 87°0T [ 0 9¢’0 %S€ +4A00T|0TT uleig
61°0 95°6 LYV'S S0 ££5S000°0 Tl T1S°0T TCT1 610 610 %S¢ +4A00T|6666'6€T uleig
44} 9'S 6T 650 ¢1/000°0 {1 50T 441 9t'0 8¢€0 %S€ +JA00T|6666'65T uleig
8¢°0 vy 8T°€ 8L°0 SEET000 9C'1T £9°0T €CTT €590 850 %S€ +4A00T|98£8°0LT uleig
a8plg SUON T99/°ELT uleig

€0 8TV 90'€ 180 ¢ST00°0 LTTT T.°0T €CTI SS°0 SS°0 %S€ +4A00T|9TYL'9LT uleig
6C°0 €v e LL°0 87€100°0 LTTT 6901 {1 1340 6€°0 %€ +4A00T|6666'6LT uleig
61°0 8€'S <4 50 9¢S000°0 6CTT T1S°0T 8C'TT 810 810 %S¢ +JA00T| 00T uleig
S0 66t TL'€ £9°0 860000 TETT 79°0T 8C'TT €€0 €€0 %S€ +4A00T 02T uleig
61°0 1S [4N4 SS°0 €¥5000°0 CETT ¢S0T T€TT v'0 8C°0 %S¢ +JA00T|0vT uleig
8T°0 9 96’7 S0 STS000°0 €ETT 7’07 Tl LT0 T00 %S¢ +1A00T|09¢ uleig
LT°0 S6°'S 10°'S 617°0 9570000 Ve S0t €ETT 97’0 S0'0 %S€ +4A00T|6666'6LC uleig
LT0 8'S €67 S0 99¥000°0 SETT 87'0T veETT €00 910 %S€ +JA00T|6666°66C uleig
LT°0 6'S L0'S 617°0 8€¥000°0 9¢€'TT €V'0T SETT €10 [4%Y] %€ +JA00T|6666'61€ uleig
910 95'S 1S 870 6£€000°0 LETT 442 9€'1T 8C°0 60°0 %S€ +JAQ0T| 6666 6E€ uleig
10 91’9 98'S [44¢) £82000°0 8E'TT SE0T LETT SE0 600 %S€ +JA00T|6666'65€ uleig
LT°0 [44] LL'Y ¢S50 ¢/¥000°0 6€'TT 6v'0T LETT 870 L0°0 %S€ +JA00T|6666'6L€ uleig
61°0 [4] Sy SS°0 ¢5S000°0 A 5°0T 8E'TT €0 120 %S€ +JA00T|6666'66€ uleig
61°0 98 vy 95°0 1950000 il LS'0T 6€'TT €C0 8T°0 %S¢ +JAo0T|0TY uleig
LT°0 4] 8V S0 85770000 Tl S'0T 7Tl €v'0 [4%Y %€ +JA00T|6666'6E1 uleig
LT°0 8C'S €87 150 9570000 V11 SS'0T il €0 9¢'0 %S€ +JAQ0T|6666'651 uleig
ST0 9¢’S 9¢'S 90 8€€000°0 vt vv'0T Tl SE€0 €C0 %S¢ +JAoot| 08y uleig
61°0 8V 1€V LS0 765000°0 SY'T1 79°0T V1T 0 8C°0 %€ +JA00T|6666'661 uleig
LT0 €Y [4%3 SL°0 9¢100°0 1T 9.'0T VTl 0 8T°0 %S€ +JA00T|65EY'605 uleig
98plg 9UON ¢C0L'TTS uleig

S0 66'€ Sv'e ¢L0 68010070 STT ¢L0T 8’11 120 SC0 %S€ +JAQ0T|SEBT VTS uleig
0 444 80 190 6890000 18°TT S9°01 6V'TT JA40) LT0 %€ +JA00T|6666'615 uleig
LT°0 LTS 67 150 7000°0 ¢S'TT 6501 1S'TT €0 €C0 %S¢ +JA00T|0VS uleig
44 LYy 6'€ €9°0 9£000°0 VSTl 8L°0T ¢ST1 €C0 LEO %S€ +4A00T|095 uleig
V<o 85V 89'¢€ £9°0 81760000 SSTT 80T €STT S€0 6€°0 %S€ +JA00T|6666'6L5 uleig
0 L'y 1344 650 9€9000°0 LSTT LL°0T SS'TT 8C°0 7’0 %S€ +JA00T|6666'665 uleig
o €8V 14 790 87,0000 89'TT S8°0T LS'TT €€0 617°0 %S¢ +1A00T|079 uleig
810 8¥'S L'y €90 617000°0 9'TT 78'0T 89'TT 810 9’0 %€ +JA00T|6666'6€9 uleig
174 L€ 6€'€ €40 6S0T00°0 9'T1 6801 6S'TT SE0 6€°0 %€ +JA00T|6666'659 uleig
a8pLg 9UON 9T06'199 uleig

8C°0 8¢ T€ 80 99¥100°0 €9'TT €6°01 9'T1 4 €€0 %S€ +4A00T|£529'699 uleig
0 v1'S 6EV 95°0 £65000°0 S9'TT 80T €9'TT LE0 8€0 %S¢ +JA00T|089 uleig
810 ST'S 99 €90 605000°0 99’11 80T v9'1T 910 LAY %S€ +JA00T|¥£E0°00L uleig

[oueyd

JaquinN

apnouy

(w) yiptm

doj

(zw) eaay
Mmoj4

(s/w) jsueyy
JSTRITEY Y

(w/w) adojs
apeuo ASiau3z

(w) uonnens|z
apeuo ASiau3

(w) asepung
1918/ [B2131D)

(w) uonnens|y (w) pseoqaaiy (w) pieogasuy

30844NnS 131N

e

¥ol

a|yoid

uoneis
Jan1Y




SMO|{ Eead Uo aseatdu| %S¢ sh|d UMEN—_U 2lewl|) %SE + 1824 00T Ul T 'Y 9|qel

970 989 89’ 990 ¢00T00°0 T0TT 9€'0T 6601 8€'0 970 %SE +4A00T|L28L1SY uleig
98plig 9UON 098886°L uleig

120 8€'6 09 [4Y] 9€9000°0 €0TT 6001 0Tl T€0 970 %S€ +4A00T|98582°CT uleig
HaAIND 9UON /8%S0°6T uleig

120 98'TT 59 81°0 8/9000°0 8CTI €V'0T LTTT 600 T00 %SE +4A00T|0T uleig
[4%Y) 6C'TT 6 V€0 1120000 6CTT LT0T 8CTI T0 S0'0 %S€ +JAQ0T|0Y uleig
LT°0 L0T L '0 E€¥7000°0 €11 SS°0T 6CTT T0°0- 00 %S€ +4A00T|09 uleig
910 1811 19°L 114 ¢L€000°0 €11 85°0T €11 €00 €10 %S€ +4A00T|66666'6L uleig
[4%Y) VL oY LTVT €0 81¢000°0 T€TT £9°0T T€TT ST0 80°0- %S€ +4A00T|00T uleig
810 ¢80T €69 14 9/¥000°0 CETT SS0T TETT 600 ST0 %S€ +4A00T|0CT uleig
610 LS°0T 5’9 JA4Y) 8950000 €ETT 6507 Tl 800 800 %S€ +JA00T|6666'6ET uleig
€20 S6°S 6L 590 8000°0 SETT T9'0T CETT 9¢€'0 870 %S€ +JA00T|6666'65T uleig
€0 LEY 9'¢ 980 LL¥T00°0 LETT .01 €E'TT [4Y) 81'0 %S€ +4A00T|98£8°0LT uleig
98plig QUON T99/°ELT uleig

[4¢) LY 65°€ 980 1197000 6€TT 8L°0T SETT [4Y) €0 %SE +4A00T|9TY L 9LT uleig
6C°0 9V VL'E €80 88€T100°0 A LL0T 9¢€'TT 6C°0 LT0 %S€ +JA00T|6666'6LT uleig
610 6L'S €S 850 €£5000°0 Tl 85°0T V1t 900 900 %S¢€ +4A00T|00T uleig
8C°0 TL9 vy L0 ¥¢100°0 VTl TL0T Wil 0 0 %S€ +4A00T| 02T uleig
0 €9°S 4] 90 1850000 SY'T1 90T EV'TT 6C°0 910 %SE€ +JA00T|0VT uleig
T0 T6'Cy TC91 6C0 €ST000°0 Tl ¢S0T ElA €00 €10 %S¢€ +4A00T|09C uleig
10 L9°CY €691 8¢°0 9€T000°0 1A ¢S0T 1A €10 80°0- %SE +4A00T|6666°6LT uleig
610 €99 v9'S SS0 S€S000°0 LV'TT SS0T W1l 170 00 %S€ +JA00T|6666'66T uleig
6T°0 S6'9 €8S €90 1750000 8’11 S0t LV'TT T0°0 0 %S€ +JA00T|6666°6T€ uleig
10 88"y LO0'ST €€0 ¥91000°0 67’11 617'0T 8V'T1 9T1'0 €0°0- %S€ +JAQ0T|6666'6E€ uleig
60°0 13:X4%4 S8°LT LT0 80T000°0 67'TT [44" 67’11 €C°0 €00~ %S€ +JA00T|6666'65€ uleig
T0 Sy 8¥'9T €0 €¥T000°0 67’11 9507 67’11 9€'0 S0'0- %S€ +JA00T|6666'6LE uleig
0 Ela) 90'S 190 8€9000°0 STT 1901 8’11 €C0 110 %SE +JA00T|6666°66€ uleig
T1C0 s L6V 790 84900070 STl 90T STT [4%Y) £L0°0 %S¢€ +4A00T|0CY uleig
6T°0 Ir'S 8€'S 850 7€S000°0 €STT LS°0T 19T1 €0 T00 %SE +JA00T|6666°6EY uleig
610 65°S 44 LS50 T¢S000°0 VST <907 ¢S'TT 61°0 ST0 %S€ +JAQ0T| 6666651 uleig
LT°0 909 9 S0 81100070 SSTT 1507 vSTl €C0 1170 %S¢€ +JA00T|08Y uleig
1C0 LT'S 88’1 790 890000 99'TT TL0T STl €€°0 LT°0 %SE +JA00T|6666°661 uleig
6C°0 (4474 8¢ 180 90¥100°0 89'TT 5801 VSTl 600 L0°0 %S€ +JAQ0T|65EY"605 uleig
98plig 9UON ZC0L'TTS uleig

9¢°0 Vo'V 807 9.0 69TT00°0 S9'TT 180T 9Tl L0°0 1170 %S€ +JAQOT|SEBT VTS uleig
170 €8’ SL'Y 590 £T/000°0 99'TT €401 79’11 [4¢) 00 %SE +JA00T|6666'6TS uleig
LT°0 cL’S L'S 50 €9¥000°0 L9TT 99'0T S9'TT 9T°0 600 %S€ +JAQ0T|0VS uleig
€C0 €T'S 9% £9°0 7€8000°0 89'TT S8°0T 99'TT 600 €C0 %S€ +4A00T| 095 uleig
144" ST'S 6E'Y 1.0 1560000 L'TT ¢6'0T 89'TT 0 144 %S€ +JAQ0T|6666'6L5 uleig
170 SE€'S v6'v €9°0 S$89000°0 LTT 80T L'TT €10 ST0 %S€ + JA00T|6666°665 uleig
[44¢) SC'S 178 % S9°0 €¥£000°0 €LTT ¢6°0T TLTT 61°0 S€0 %S¢€ +4A00T|0C9 uleig
810 8'S v8'S 950 ¢6%000°0 SLTT 60T €LTT €00 T€0 %S€ +JA00T|6666°6€9 uleig
SC0 €6'€ v6'€ 640 TOTTO000 LLTT L6°0T vLTT (4 174 %S€ +JA00T|6666'659 uleig
98plig 9UON 9T06'799 uleig

6C°0 1234 69'€ 780 /¥100°0 8L'T1 01T SL'TT SC0 810 %S€ +4A00T|£529'699 uleig
0 LSS LTS 90 €09000°0 6L'TT ¢6°0T 8L'TT [44¢) €00 %S¢€ +JAQ0T|089 uleig
61°0 €6'S 81'S LS°0 750000 18'T1 £8°0T 6L'T1 T0°0 ST0 %S€ +JA00T|¥LE0°00L uleig

|]suey) JaquinN
apnouy

(w) yaprm

doj

(zw) eaay

moj4

(s/w) jpueyy
Ao

(w/w) adojs
apeuo ASiauz

(w) uonnens|z
apeun ASiauz

(w) adejuns
1918/ [B2131)

(w) uonnens|z
ERLITLINE IV

(w) pieogaaiy (w) pseoqgaaiy

WSy

Ha1

3|joid

uonels
PV




APPENDICES



VERSION "FEH CD-ROM"
CATCHMENT  GB

CENTROID GB

AREA 3.2725
ALTBAR 18
ASPBAR 35
ASPVAR 0.55
BFIHOST 0.542
DPLBAR 1.89
DPSBAR 7
FARL 0.983
FPEXT 0.272
FPDBAR 1.159
FPLOC 0.911
LDP 3.72
PROPWET 0.26
RMED-1H 10.8
RMED-1D 28.7
RMED-2D 34.6
SAAR 546
SAAR4170 553
SPRHOST 43.27
URBCONC1990 0.335
URBEXT1990 0.068
URBLOC1990 1.012
URBCONC2000 0.771
URBEXT2000 0.1276
URBLOC2000 1.199
C -0.026
D1 0.31487
D2 0.24606
D3 0.2844
E 0.31745
F 2.44653
C(1 km) -0.026
D1(1 km) 0.316
D2(1 km) 0.248
D3(1 km) 0.279
E(1 km) 0.318
F(1 km) 2.442

Version

543800
543356

3 exported a
262900 TL 43800 62900
261519 TL 43356 61519

11:12:03 GMT
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