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Stormwater	Management	Solutions	
High	Performance	Modular	Bio4iltration	Systems:		A	“2nd	

Generation”	Solution			

	



	
Convergent	+	VAR	=	A	Strategic	Partnership	

•  The	combination	of	Convergent	technologies	and	
the	solutions	oriented	services	of	our	VARs,	

provides	engineers	with	a	complete	menu	of	high	

performance	options	from	pretreatment	to	

primary	treatment	thru	to	detention	or	

in4iltration.		
High	Performance,	
Cost	Effective,	Easy	

to	Maintain	
Stormwater	
Management	
Systems	



Filters	 Stormwater	 Using	 the	 Physical,	

Chemical	 and	 Biological	 Mechanisms	 of	 a	

Soil,	Plant	and	Microbe	Complex	to	Remove	

Pollutants	 Typically	 Found	 in	 Urban	

Runoff.		

HIGH	PERFORMANCE	
MODULAR	

BIOFILTRATION	
SYSTEM	
(HPMBS)	

What	is	the	HPMBS?	

Modular High 
Performance 
Underdrain/Storage	

Open Mesh Separation 
Fabric	

Clean, Bridging Stone	

High Performance 
Biofiltration Media	

Clean, Shredded 
Hardwood Mulch	

Planting	

Geotextile or Liner 
Envelope	







What	is	“Engineered	Soil”?	Is	

this	material	consistent	from	

one	system	to	the	next.	

There	is	fabric	between	the	soil	

and	stone.	

	

4’-6”	depth	must	be	a	challenge	

with	existing	utilities	in	the	

roadway	and	require	a	trench	box	

Possibility	of	too	many	

4ines	and	premature	

clogging.	Unknown	media	

treatment	ef4iciencies	

High	likelihood	of	“blinding”	

fabric.	

Con4lict	Potential	and	

Excavation	dif4iculty	–	could	the	

system	be	shallower?	

Current	Bioretention	Section	Observations	

What	is	“Mulch”	



Current Entry Points: 
Challenges with 

Pretreatment are capture of 
trash and gross pollutants. 

Pretreatment Enhancement / Improvements: 
 

•  Collection of trash and debris entering planting area/bump out. 
•  Debris drains and dries between storm events. 
•  Easy access and simple maintenance. 
•  Low capital cost. 
•  Perfect for urban ROW locations. 









9.45” 

2.0” 





PROPOSED HIGH PERFORMANCE MODULAR BIOFILTRATION 
SYSTEM Enhancement / Improvements: 

Bioswale Profile 

 

1.  High Performance Media: 
100” per hour increases 
efficiency, premixed and 
certified 

2.  Clog-proof separation fabric 
and stone replaces 
geotextile 

3.  95% void modular under-
drain replaces stone and 
pipe (expandable if needed) 

1 

2 

3 

Long Term 
Challenges: 

 

1.  MEDIA = Standard 
(low-flow) 2” to 5” per 
hr, lack of QA/QC = 
Inconsistent mix 

2.  Geotextile Fabric 
Layer – high likelihood 
of blinding  

3.  Minimal void space in 
stone/underdrain layer 

2. Wrap stone in 
geotextile (top & 

Sides) 

Section A-A 

1. Engineered 
Soil 

3. Low void space stone 

1 

2 

3 



4’-6” Required Depth: 
Challenge with existing 
utilities in the roadway 
and requires a trench 

box 

24” 
2’6” 

4’ 6” 
24” 

2’6” 

4’ 6” 

PROPOSED HIGH 
PERFORMANCE MODULAR 

BIOFILTRATION SYSTEM  
Enhancement / Improvements: 
SYSTEM ONLY REQURES 3 ft 

TOTAL DEPTH. 

Enhancement/Improvements: 
 

1.  High Performance Media: 100” per hour 
increases efficiency, premixed and certified 

2.  Clog-proof separation fabric and stone 
replaces geotextile 

3.  95% void modular under-drain replaces 
stone and pipe (expandable if needed) 

4.  Shallow total 3’ section depth. 
5.  Beehive overflow device with filter for 

floatables. 

3ft 
3ft 



PLANT	HEALTH	

Long Term, would trees be 
better suited to a deeper 
planting soil in instead of 

engineering soil And perhaps 
use smaller shrubs and 

perennials in the engineered 
soil? 

24” 
2’6” 

4’ 6” 

1.  Drought and flood tolerant 
grasses, small shrubs and 
perennials to be planting in 
high flow media area. 

1. Plant grass plugs/shrubs/perennials in high flow media that are 
drought tolerant but can also handle heavy inundation. 
2. Plant trees in deeper planting soil area (adjacent to media), rich 
in organic content for tree/plants to survive and thrive. 

1 

=

2 

2 
2.   Use up to 3 feet of planting 
soil good for trees and larger 
plant species for remaining 
area – reduces construction 
and maintenance costs. 

3 

Current Tree Planting 
Detail Challenges and 

Limitations:  
Plant Health - Establishing 

and maintaining healthy 
tree life in 24 inches of 

standard media 
(engineered soil) over the 

life of the bioswale.   

stone in geotextile 
wrap (top & Sides) 

Engineered 
Soil 

PROPOSED HIGH PERFORMANCE MODULAR BIOFILTRATION 
SYSTEM Enhancement / Improvements: 



PLANT	HEALTH	

•  Modular units can be used and placed in 9.5” 
increments for design/application flexility. 

•  “Square peg for square holes” design 
eliminates need for low void space baackfill. 

Current BIOSWALE WITH 
STORMWATER CHAMBER Detail 

Challenges and Limitations:  
•  Irregular shape requires low void space 

backfill component. 
•  Limited arch chamber sizes limit design/

application flexibility. 

PROPOSED MODULAR PLASTIC STORAGE 
SYSTEM Enhancement / Improvements: 

Engineered Soil 

Section A-A 

Engineered Soil 

Section A-A 



Engineering	Section	



HPMBS	Installation	



HPMBS	Installation	



Construction	Sequencing	



Construction	Sequencing	



Performance	Certi4ication	

•  Post	Contstruction	veri4ication	of	
system	performance.	

•  In4iltration	rate	testing	–	veri4ication	of	
100”/hr	4low	rate 



HPMBS	Maintenance	

•  Simple	Maintenance.	
•  Annual	Removal	and	Replacement	of	
Mulch	–	some	sites	may	require	more.	

•  Cleaning	of	stone	energy	apron.	
•  Plant	health	evaluation.	
•  Regular	cleaning	of	over4low	catch	
basin.	

•  Inspection	Port	in	each	unit	to	observe	
standing	water	in	Rtank.	

•  First	year	or	maintenance	included	in	
price	of	unit.	

•  Free	Training	to	public	works/
maintenance	crew.	 



•  Media	conveys	runoff	at	100	in/hr	–	
i.e.	high	rate	bio4iltration	NOT	slow	
rate	bioretention	(subject	to	

clogging)	

•  The	scienti4ic	literature	on	which	
local	governments	base	their	

bioretention	standards	clearly	

distinguishes	what	sort	of	pollutant	

removal	ef4iciencies	can	be	expected	

of	any	sand-based	media	and	are	

within	the	general	parameters	of	

our	media	as	well	as	their	own.				 

Performance	

Pollutant	Removal:	

• TSS	–	90%	for	Sil-Co-Sil	106	
• Total	Phosphorus	–	66%	
• Nitrogen	Compounts	–	48%	
• Metals	
• Oils/Hydrocarbons	
• Bacteria	

Davis	et.	al,	BioretenHon	Technology:	Overview	of	
Current	PracHce	and	Future	Needs,	Journal	of	
Enviornmental	Engineering,	2009	



Performance	

Pollutant	Removal:	

• TSS	>	80%	(In4luent	100-300	
mg/L)	

• Total	Phosphorus	>	50%	
• Nitrogen	Compounts	>	30%	
• Metals	
• Oils/Hydrocarbons	
• Bacteria	



Performance	

Pollutant	Removal:	

• TSS	>	80%	(In4luent	100-300	
mg/L)	

• TSS	<	20	mg/L	when	In4luent	is	<	
100	mg/L	

• Total	Phosphorus	>	50%	
• Nitrogen	Compounts	>	30%	
• Metals	
• Oils/Hydrocarbons	
• Bacteria	



Sizing	



Sizing	



There	are	three	primary	variables	we	need	to	know	to	run	

a	sizing	comp:	

	

Ø  Tributary	Area	to	HPMBS	
Ø  Treatment	Depth	(i.e.	0.5”,	1.0”?)	
Ø  Available	Temporary	Storage	at	6”	depth	above	HPMBS,	
24	hr	drain	down	time	

	

I.  The	Larger	the	temporary	storage	volume	available,	the	

smaller	the	HPMBS	footprint.	

II.  The	smaller	the	temporary	storage	volume	available,	the	

larger	the	HPMBS	footprint.	

III.  As	such	–	the	sizing	is	often	an	iterative	process	–	with	the	
most	cost	effective	systems	being	those	that	have	a	large	bowl	

of	temporary	storage	around	them.	

IV.  Filter	bed	ratio	of	0.33	to	0.5%	of	the	trib	area.			
V.  Ponding	volume	above	at	least	25%	of	the	WQV	

HPMBS	Sizing	



Sizing	



Municipal	Retro4its	



Main	St	Infrastructure	Project,	South	
Portland,	ME	
-  Twelve	(12)	HPMBS.	

-  In	esplanade	behind	curb.	

-  Public	Works	to	maintain.	

CSO\Green	Infrastructure	



Bagby	Street	Reconstruction	Project	

Houston,	TX		



LID	Development	



LID	Development	



LID	Development	



LID	Development	



Integrated	Infrastructure	with	HPMBS	



Integrated	Infrastructure	with	HPMBS	



Integrated	Infrastructure:		HPMBS	HPMBS	



Challenging	Site	–	Flexible	Solution	



Route	One	Infrastructure	
Project,	Falmouth	ME	
	
-  Sixteen	(16)	HPMBSs.	
-  In	esplanade	behind	curb.	
-  Portland	Water	District	
and	Falmouth	Sanitary	

Sewer	Dept	–	OK	with	

HPMBSs	installed	over	

sewer	and	water	mains.	

-  Public	Works	to	maintain.	
	

Municipal	Projects	

Focal	point	was	a	preferred	choice	over	the	structural	types	of	
treatment	systems	for	a	number	of	reasons:	
	
Ease	of	maintenance.	Public	Works	crews	can	perform	the	short	term	
maintenance	protocols,	rather	than	having	to	subcontract	the	
maintenance	out	to	‘structure-speciAic’	companies.	Better	accessibility	
on	the	road	edges/above	ground	versus	in	the	roadway	in	a	conAined	
space……….	
	
Jay	Reynolds,	Public	Works	Director,	Falmouth	ME	



Sample	Projects	









Plant recommendations are generally available from local nurseries or the 
manufacturers of proprietary media. 	



•  Water	Quality	Volume	(WQv)	

•  WQv	as	Percentage	of	Design	Rainfall	

Event	(either	enAre	volume	or	1st	

Flush)	

•  Runoff	DistribuAon	
•  Available	Surface	Ponding	Volume	





QUESTIONS?	



“Next	GeneraAon”	SoluAons	for	Stormwater	Management:	A	Brief	

Overview	
		

Learning	Assessment	–	True\False	
		
1.  High	Performance	Modular	BiofiltraHon	Systems	(HPMBS)	can	be	uHlized	as	an	

alternaHve	to	tradiHonal	concrete	based	structures	for	many	water	quality	treatment	
applicaHons?		

2.  A	HPMBS	may	be	sized	as	flow	through	device	or	used	in	combinaHon	with	surface	
storage/ponding	to	reduce	the	total	footprint	needed	for	biofiltraHon	applicaHons.	

3.  A	HPMBS	has	limited	value	in	urban	retrofit	applicaHons?	
4.  HPMBS	are	suscepHble	to	clogging	because	of	the	geotexHle	component	in	the	cross	

secHon?	
5.  Modular	PlasHc	Storage	System	(MPSS)	Modules	are	filled	with	stone	or	other	backfill	

materials?	


