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2.0	 DEVELOPMENT	PROPOSALS	

2.1	 The	 initial	 proposals	 are	 a	 residential	 development	 within	 the	 red	 edge	 boundary	
indicated	in	Figure	2	and	in	Appendix	B.	

	

	

Figure	2:	Indicative	Planning	Proposals	
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 1	no.	600mm	diameter	pipe.	
	
5.6	 Overtopping	of	the	bridges	has	been	modelled	in	1‐D	using	a	spill	unit.		

Model	Assumptions	
5.7	 The	 cross	 sections	were	 generated	 from	 a	 3D	 ground	model	 and	 so	 the	 profile	 of	 the	

channel	may	not	be	as	true	as	if	cross	sections	had	been	specifically	surveyed.	In	some	
cases,	the	top	water	level	on	the	date	of	the	survey	may	have	been	used	as	the	bed	level.	
This	approach	is,	however,	conservative.	

	
5.8	 The	diameters	of	pipes	at	cross	sections	4,	9	and	15	have	been	assumed	to	be	300mm	due	

to	surveyed	information	not	being	available.	
	

Model	Results	

Existing	Scenario	
5.7	 The	 hydraulic	 modelling	 results	 including	 longitudinal	 profile	 and	 cross	 sections	

(including	peak	water	levels)	are	included	in	Appendix	E.	Peak	water	levels	for	the	20%,	
3.3%,	1%	AEP	and	1%	AEP	plus	climate	change	events	for	the	existing	scenario	are	shown	
in	Table	3.	

	
5.8	 The	results	show	that	water	levels	remain	in	bank	for	most	of	the	reach	in	all	AEPs.	The	

peak	water	level	is	out	of	bank	at	the	inlet	to	the	600mm	diameter	culvert.	

Proposed	Scenario	
5.9	 A	600mm	diameter	pipe,	approximately	26m	long,	was	inserted	upstream	of	cross	section	

number	26	to	simulate	a	proposed	crossing.	The	location	of	the	new	crossing	is	shown	in	
Figure	5.		

	
5.10	 The	 hydraulic	 modelling	 results	 including	 longitudinal	 profiles	 and	 cross	 sections	

(including	peak	water	levels)	are	included	in	Appendix	F.	Peak	water	levels	for	the	20%,	
3.3%,	1%	AEP	and	1%	AEP	plus	climate	change	events	for	the	existing	scenario	are	shown	
in	Table	4.	

	
5.11	 Comparison	 of	 the	 existing	 and	 post	 development	 levels	 in	 the	 1%	 AEP	 plus	 climate	

change	event	shows	that	peak	levels	remain	largely	unchanged,	although	with	some	small	
increases	in	places.	The	largest	increase	is	of	27mm	at	cross	section	26/26A,	upstream	of	
the	proposed	new	culvert.	There	is	also	an	increase	of	25mm	at	cross	section	25.	These	
increases	 are	 relatively	 small	 and	 do	 not	 increase	 flood	 risk	 or	 the	 likelihood	 of	
surcharging	of	surface	water	outfalls.	

Sensitivity	Testing	
5.12	 Sensitivity	 testing	was	 carried	out	 on	 certain	 key	model	parameters	 to	 determine	 the	

effects	on	the	simulated	flows	and	water	levels	due	to	controlled	changes	in	accordance	
with	best	practice.	
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6.0		 LOW	FLOW	ANALYSIS	

6.1	 In	order	to	determine	a	typical	water	level	above	which	to	set	the	levels	of	the	surface	
water	outfalls,	 a	 low	 flow	analysis	was	undertaken	 in	accordance	with	 the	 Institute	of	
Hydrology	 Report	 number	 108	 (IH	 108).	 The	 analysis	 included	 the	 soil	 HOST	
classification,	 the	UK	Hydrometric	Register	and	 the	Flood	Estimation	Handbook	(FEH)	
CD‐ROM.	

	
6.2	 An	 extract	 from	 the	 soil	 HOST	 maps	 is	 shown	 in	 Figure	 6,	 indicating	 that	 the	 soil	

classification	for	the	catchment	is	711m.	
	

	
Figure	6:	Soil	HOST	map	classification	

	
6.3	 The	 FEH	 CD‐ROM	 gives	 the	 Catchment	 Area	 =	 0.52km2	 and	 standard	 average	 annual	

rainfall,	SAAR	=	1200mm.	The	FEH	catchment	is	shown	in	Figure	7.	
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Figure	7:	FEH	CD‐ROM	catchment	

	
6.4	 From	UK	Hydrometric	Register	River	Hodder	@	Hodder	Place	(Station	Number	71008):	
 

Potential	evaporation,	PE	=	600mm	
 

6.5	 From	Institute	of	Hydrology	(IH)	report	108,	section	7.3.2:	
 

Annual	Average	Runoff	Depth	(AARD)	=	SAAR	–	Losses	
Losses	=	r	x	PE	where	r=1	for	SAAR>=	850mm	
	
AARD	=	1200	–	600	
AARD	=	600mm	
	
Convert	AARD	to	Mean	Flow	(MF)	
	
MF	=	AARD	x	AREA	x	(3.17	x	10‐5)	
MF	=	600	x	0.52	x	3.17	x	10‐5	
MF	=	0.0099	m3/s	

 

6.6	 From	IH	108	Appendix	4	
 

Soil	 type	 711m	 gives	 the	 95	 percentile	 1‐day	 flow,	 Q95(1),	 of	 10.7%	 of	 mean	 flow,	
therefore	
	
Q95(1)	=	MF	x	10.7/100	
Q95(1)	=	0.0011	m3/s	
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Figure	9:	Typical	cross	section	

	
6.10	 Manning’s	equation	is	as	follows:	
	

/ √
	

	
	 where	Q	is	flow,	A	is	area	of	flow,	R	is	hydraulic	radius	and	S	is	gradient.	
	
6.11	 Using	 the	 average	 gradient	 of	 0.025	 and	 a	 Manning’s	 roughness	 coefficient	 of	 0.06,	

Manning’s	equation	yields:	
	

/ √
	

	
0.01 0.06

0.011 / √0.025
	

	
0.008	 	

	
6.12	 The	flow	area	of	0.008m3	corresponds	to	a	depth	in	the	typical	channel	cross	section	of	

0.012m.	It	is	therefore	recommended	that	the	invert	levels	of	surface	water	outfalls	be	set	
at	300mm	above	this	level.		
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7.0		 CONCLUSIONS	

6.1	 The	 hydraulic	 assessment	 has	 indicated	 that	 peak	 water	 levels	 in	 the	 watercourses	
remain	largely	within	banks	for	events	up	to	the	1%	AEP	plus	climate	change.		

	
6.2	 A	thorough	sensitivity	analysis	of	key	parameters	has	been	undertaken	and	has	shown	

that	the	model	results	are	not	significantly	affected	by	changes	in	those	parameters.	
	
6.3	 A	low	flow	analysis	was	undertaken	to	determine	the	Q95(1)	flow.	The	Q95(1)	flow	was	

calculated	to	be	0.001m3/s.	
	
6.4	 A	Manning’s	equation	calculation	provided	a	typical	depth	in	the	channel	of	0.012m.	It	is	

recommended	that	the	invert	levels	of	the	surface	water	outfalls	be	set	at	300mm	above	
the	Q95(1)	water	level.	 	
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APPENDIX	C:	 FEH	CATCHMENT	DATA	&	DESCRIPTIONS	
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Higgin	Brook	catchment	and	catchment	characteristics	

	

	

AREA  0.52  URBLOC1990  1.515

ALTBAR  115  C  ‐0.025

ASPBAR  325  D1  0.40671

ASPVAR  0.65  D2  0.33211

BFIHOST  0.417  D3  0.41529

DPLBAR  0.77  E  0.29629

DPSBAR  22.3  F  2.45864

FARL  1  C(1 km)  ‐0.025

LDP  1.58  D1(1 km)  0.404

PROPWET  0.51  D2(1 km)  0.33

RMED‐1H  10.5  D3(1 km)  0.417

RMED‐1D  39.7  E(1 km)  0.296

RMED‐2D  51.6  F(1 km)  2.453

SAAR  1200 

SAAR4170  1137 

SPRHOST  35.03 

URBCONC1990  0.964 

URBEXT1990  0.1643 
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APPENDIX	D:	 	REVITALISED	 FLOOD	 HYDROGRAPH	 METHOD	
OUTPUTS	[PEAK	FLOW	ESTIMATES]	
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APPENDIX	E:	 ISIS	 OUTPUTS:	 EXISTING	 SCENARIO	 SCHEMATIC,	
LONG‐SECTION	AND	CROSS‐SECTIONS		
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APPENDIX	F:	 ISIS	 OUTPUTS:	 PROPOSED	 SCENARIO	 SCHEMATIC,	
LONG‐SECTION	AND	CROSS‐SECTIONS		
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APPENDIX	G:	 FLOOD	MODELLER	OUTPUTS:	SENSITIVITY	TESTING	
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APPENDIX	H:	 NOTES	OF	LIMITATIONS	
	
The	 data	 essentially	 comprised	 a	 study	 of	 available	 documented	 information	 from	 various	
sources	together	with	discussions	with	relevant	authorities	and	other	interested	parties.	There	
may	also	be	circumstances	at	the	site	that	are	not	documented.	The	information	reviewed	is	not	
exhaustive	 and	 has	 been	 accepted	 in	 good	 faith	 as	 providing	 representative	 and	 true	 data	
pertaining	to	site	conditions.	If	additional	information	becomes	available	which	might	impact	our	
l	 conclusions,	 we	 request	 the	 opportunity	 to	 review	 the	 information,	 reassess	 the	 potential	
concerns	and	modify	our	opinion	if	warranted.	
	
It	should	be	noted	that	any	risks	identified	in	this	report	are	perceived	risks	based	on	the	available	
information.	
	
This	report	was	prepared	by	Betts	Hydro	Ltd	for	the	sole	and	exclusive	use	of	the	titled	client	in	
response	 to	 particular	 instructions.	Any	other	parties	using	 the	 information	 contained	 in	 this	
report	do	so	at	their	own	risk	and	any	duty	of	care	to	those	parties	is	excluded.	
	
This	document	has	been	prepared	for	the	titled	project	only	and	should	any	third	party	wish	to	
use	or	rely	upon	the	contents	of	the	report,	written	approval	from	Betts	Associates	Ltd	must	be	
sought.	
	
Betts	Associates	Ltd	accepts	no	responsibility	or	liability	for	the	consequences	of	this	document	
being	used	for	the	purpose	other	than	that	for	which	it	was	commissioned	and	for	this	document	
to	any	other	party	other	than	the	person	by	whom	it	was	commissioned.	
	 	




