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Overview


• The	Problem:	

• Objec6ve:	
–  Explore	green	infrastructure	as	a	compliment	to	tradi6onal	grey	

stormwater	management	strategies	for	flood	mi6ga6on	

Increased	
Urban	
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Storm	Sewers	 Flooding	
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Case Study Overview 
City of Alexandria, VA & Radnor Township, PA


Both	municipali6es	face	flooding	that	ranges	from	
nuisance	to	hazardous.	

City	of	Alexandria	
•  Comprehensive	storm	sewer	capacity	analysis	
•  GI	was	explored	as	solu6on	for	flooding	across	

the	city	in	a	more	general	context	
Radnor	Township	
•  Detailed	analysis	of	specific	problem	areas	
•  GI	was	modeled	based	on	specific	concept	plans	

Radnor,	PA	

Alexandria,	VA	
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Case Study: 
City of Alexandria, VA
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City of Alexandria Case Study 
Project Introduc2on


•  City	of	Alexandria,	Virginia	

•  Popula6on:	150,000	

•  Size:	10,000	acres	

•  Imperviousness:	44%	
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City of Alexandria Case Study 
Project Overview


• Develop	exis6ng	condi6ons	models	for	all	8	watersheds	

• Iden6fy	problem	areas	

• Develop	solu6ons	for	problem	areas	
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City of Alexandria 
Solu2on Development


Green 
Infrastructure Conveyance 

Storage 
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City of Alexandria 
Poten2al GI opportuni2es were iden2fied across the city
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City of Alexandria 
Poten2al GI opportuni2es were iden2fied across the city


Green	Buildings	

Green	Parking	

Green	Roofs	

Green	Schools	

Green	Streets	

Total	Impervious	Area	(ac)	 3,918	

Total	GI	Opportunity	Area	(ac)	 2,792	

Total	GI	Opportunity	Area	(%)	 71%	
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City of Alexandria 
GI Modeling Approach


GI	was	modeled	as	a	reduc6on	in	impervious	
area	in	the	problem	area	drainage	areas.	

Three	levels	of	poten6al	GI	implementa6on	were	
modeled	based	on	the	opportuni6es	analysis:	

•  Low	(10%	imperviousness	reduc6on)	

•  Medium	(30%	imperviousness	reduc6on)	

•  High	(50%	imperviousness	reduc6on)	

	



11 

City of Alexandria 
GI Modeling Results
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City of Alexandria 
Key Conclusions & Results


35	

31	

17	

Conveyance	 Green	Infrastructure	
(Low,	Medium,	or	High)	

Storage	

Storage	can	be	cost	effec6ve	
when	space	is	available	

Conveyance	projects	are	
ogen	most	cost	effec6ve,	

especially	at	the	downstream	
end	of	a	system	

GI	provides	triple	bohom	line	
benefits	in	a	single	project	

Integra6on	of	green	and	grey	
infrastructure	can	combine	triple	
bohom	line	benefits	of	green	

infrastructure	with	the	
predictability	and	perceived	

reliability	of	grey	infrastructure	
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Case Study: 
Radnor Township, PA
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Radnor Township 
Project Overview


• Establish	a	framework	for	iden6fying	poten6al	stormwater	
solu6ons	for	the	most	severe	flooding	loca6ons	
–  Reduce	flooding	
–  Achieve	mul6ple	other	objec6ves,	such	as	community	enhancements,	

groundwater	recharge	and	water	quality	improvements	

• Develop	high-level	categories	(or	“programs”)	of	poten6al	
solu6ons	for	selec6ng	flooding	loca6ons	throughout	the	
watershed	

• Iden6fy	poten6al	partnering	opportuni6es	and	func6onal	
rela6onships	with	other	exis6ng	and/or	proposed	stormwater	
solu6ons	within	the	watershed	
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Radnor Township 
Project Approach


Used	Flood	Modeller	FAST,	to	yield	a	quick	
2D	representa<on	of	loca<on,	extent	and	
severity	of	known	flooding	loca<ons	&	ID	
new	loca<ons	

Simulated	several	rainfall	events	

Iden6fied	High	Flood	Risk	Areas	based	on	
model	simula6on	results	in	conjunc6on	
with	known	flooding	areas	

Delineated	drainage	areas	to	each	loca6on	
using	GIS	surface	flow	analysis	tools	

Developed	solu6ons	to	reduce	most	severe	
flooding	
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Radnor Township 
Solu2on Development


Three	types	of	solu6ons	proposed:	

–  Volume	reducing	retrofits	(GI)	

–  Enhancement	of	exis6ng	facili6es	

–  Conveyance	system	improvements	

Solu6ons	focused	on:	

–  Township	owned	parcels	(parking	lots,	parks,	etc.)	

–  School	District	

–  Public	right-of-way	

–  State	roads	

–  General	residen6al	BMPs	(Backyard	BMPs)	

Limited	exis6ng	storm	infrastructure	informa6on	
available,	data	quality	uncertain	



17 

Radnor Township 
High Flood Risk Loca2on: Banbury Ave & Francis Ave
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Radnor Township 
Drainage Area to Banbury Ave & Francis Ave


Drainage	area	was	delineated	using	GIS	surface	flow	analysis	tools:	

–  Pervious	drainage	area	=	13.7	acres	

–  Impervious	drainage	area	=	8.4	acres		

High	Risk	Flooding	
Loca6on	at	Francis	
Ave	&	Banbury	Ave	
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Radnor Township 
GI Stormwater Concept for Banbury Ave & Francis Ave
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Radnor Township 
Stormwater Infiltra2on Concepts


Concept	

Storage	
Footprint	Area	

(sf)	

Storage	
Depth		
(N)	 Weir	Descrip<on	 Orifice	Descrip<on	

25-year,	1-hour	 16,000	 5	 (2)	weirs,	both	4’	from	
storage	invert	

(2)	orifices,	3”diam,	1’	
from	storage	invert		

10-year,	1-hour	 14,000	 4	 (2)	weirs,	both	3’	from	
storage	invert	

(1)	orifice,	3”	diam,	6”	
from	storage	invert	

5-year,	1-hour	 10,000	 4	 (2)	weirs,	both	3’	from	
storage	invert	

(1)	orifice,	3”	diam,	6”	
from	storage	invert	
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Radnor Township 
SWMM Model Representa2on of GI Stormwater Concept 


• Represented	stormwater	infiltra6on	chamber	in	SWMM	as	a	
storage	node	

• Represented	overflow	structure	with	a	series	of	weirs	and	
orifices	

• Designed	system	volume	and	overflow	configura6ons	for	three	
design	alterna6ves,	corresponding	to	the	elimina6on	of	flooding	
during	the	following	events:	

–  5-year,	1-hour	(1.77	inches)	

–  10-year,	1-hour	(2.03	inches)	

–  25-year	1-hour	(2.38	inches)	
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Radnor Township 
Construc2on Cost Es2mates & Flood Reduc2on Benefits
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Es6mated	Construc6on	
Cost	-	Low/High	

Notes:	
- High	costs	(+20%);	low	costs	(-15%)	
- Sog	costs	(survey,	geotech,	design,	etc.)	not	included	
- %	reduc6ons	in	flood	volume	based	on	EPA	SWMM	model	
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Radnor Township 
Key Conclusions & Results


• Stormwater	infiltra6on	chamber	can	effec6vely	eliminate	
flooding	in	a	problem	area	

• Radnor	Township	has	decided	to	proceed	with	construc6ng	a	
stormwater	infiltra6on	system	to	control	the	25-year,	1-hour	
storm	event	based	on	modeling	results	



Thank You


Contact	
	
CH2M	
Kate	Mennemeyer,	PE	
kate.mennemeyer@ch2m.com	
ph.	(646)	253-8578	


