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The	
  Neuse:	
  Where	
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  Started	
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Urban	
  Stormwater	
  Best	
  Management	
  
PracEces:	
  Water	
  Quality	
  ProtecEon	
  

	
  

www.bae.ncsu.edu/stormwater	
  

	
  
	
  

Urban	
  Stormwater	
  PracEce	
  ConstrucEon:	
  
Media	
  Requirements	
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Urban	
  Stormwater	
  PracEce	
  ConstrucEon:	
  
Bioretension	
  Cells	
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Example	
  Soil	
  SpecificaEons	
  from	
  Another	
  State	
  

UNMONITO
RED	
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BioretenEon	
  Media	
  SelecEon	
  

•  ConsRtuents	
  	
  
– Sand,	
  fines,	
  organic	
  
maUer/	
  compost	
  added	
  
on	
  volume	
  basis	
  

– High	
  fracRon	
  of	
  organic	
  
maUer	
  in	
  some	
  mixes	
  

•  InfiltraRon	
  Rate	
  
– Results	
  in	
  “named”	
  soil	
  
texture	
  (in	
  this	
  case,	
  
Sandy	
  Loam)	
  

www.bae.ncsu.edu/stormwater	
  

BiorenEon	
  Research:	
  
Greensboro	
  BaMleground	
  Ave	
  

www.bae.ncsu.edu/stormwater	
  

BioretenEon	
  Research	
  
Chapel	
  Hill	
  University	
  Mall	
  

www.bae.ncsu.edu/stormwater	
  

IniEal	
  NCSU	
  BioretenEon	
  Cell	
  Research	
  

Greensboro  Chapel Hill 

TP + 240% - 65% 

(Hunt	
  2003)	
  

www.bae.ncsu.edu/stormwater	
  

Greensboro  Chapel Hill 

Soil Test P 85-130 4-12 
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BioretenEon	
  Cell	
  FuncEonality:	
  
Blame	
  it	
  on	
  the	
  Media	
  

•  Soil	
  test	
  P	
  is	
  a	
  
measure	
  of	
  how	
  
much	
  
phosphorus	
  is	
  
already	
  in	
  the	
  
soil	
  and	
  its	
  
ability	
  to	
  supply	
  
plant	
  needs.	
  

•  High	
  soil	
  test	
  P	
  
soils	
  release	
  
more	
  
phosphorus	
  

North	
  Carolina	
  Soil	
  Test	
  P	
  Index	
  
RaRngs	
  for	
  Agronomic	
  Crops	
  

Very	
  High:	
  >	
  100 	
  High:	
  50-­‐100	
  

Medium	
  25-­‐50	
   	
  Low:	
  0-­‐25	
  

www.bae.ncsu.edu/stormwater	
  

•  Greensboro	
  Soil	
  Test	
  Phosphorus	
  =	
  High	
  to	
  Very	
  High	
  
•  Chapel	
  Hill	
  Soil	
  Test	
  Phosphorus	
  =	
  Low	
  	
  

Index	
  conversions	
  

BioretenEon	
  Cells:	
  
Trying	
  out	
  the	
  New	
  Mix	
  

•  Can	
  a	
  low	
  soil	
  test	
  fill	
  media	
  reliably	
  reduce	
  
phosphorus,	
  while	
  allowing	
  plant	
  growth?	
  

•  Monitored	
  Sites	
  in…	
  
– CharloUe	
  
– Louisburg	
  
– Elsewhere	
  

www.bae.ncsu.edu/stormwater	
  

Mecklenburg	
  Co.	
  Hal	
  Marshall	
  
BioretenEon	
  Cell	
  (2004-­‐2006)	
  

Fill	
  Soil/	
  Media	
  
– 80%	
  Mason	
  Sand	
  
– 15%	
  Fines	
  	
  
– 5%	
  Compost	
  
– Soil	
  test	
  P	
  =	
  6	
  
– 4	
  e	
  (1.2	
  m)	
  Depth	
  

	
  

www.bae.ncsu.edu/stormwater	
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TP	
  ConcentraEons:	
  	
  
Hal	
  Marshall	
  BioretenEon	
  (2004-­‐2006)	
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Date 

TP-In 
TP-Out 

ConcentraRon	
  ReducRon	
  =	
  31%	
  
Load	
  ReducRon	
  ≈	
  50%	
  

www.bae.ncsu.edu/stormwater	
  

Hunt	
  et	
  al.	
  2008	
  

Louisburg	
  BioretenEon	
  Cells	
  

•  Soil	
  Media:	
  
– 85%	
  Sand	
  
– 10%	
  Fines	
  
– 5%	
  Organics	
  
– Nominally	
  0.75	
  m	
  Deep	
  

•  Soil	
  Test	
  P	
  =	
  2	
  
•  Constructed	
  Spring	
  2004	
  

www.bae.ncsu.edu/stormwater	
  

Load	
  ReducEons:	
  Louisburg	
  

Cell TN TP 

L-1 
(unlined) 

64% 66% 

L-2 
(lined) 

68% 22% 

June	
  2004-­‐	
  February	
  2005	
  

www.bae.ncsu.edu/stormwater	
  

Soil	
  Texture	
  and	
  Nitrogen	
  Removal:	
  
Effluent	
  ConcentraEons	
  in	
  mg/L	
  

	
  

Fill	
  Media	
  Type	
   TKN	
  (mg/
L)	
  

NO2-­‐3-­‐N	
  
(mg/L)	
  

TN	
  
(mg/L)	
  

Sand	
   0.82	
   0.49	
   1.31	
  
Sandy	
  Loam	
   0.19	
   0.21	
   0.40	
  

Brown	
  and	
  Hunt,	
  2011	
  

•  2	
  (nearly)	
  side-­‐by-­‐side	
  cells	
  in	
  Rocky	
  Mount,	
  NC	
  
•  Influent	
  concentraRon	
  ~	
  1.2	
  mg/L	
  

www.bae.ncsu.edu/stormwater	
  

Designing	
  BioretenEon	
  Media	
  to	
  Protect	
  
Water	
  Quality	
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P	
  Index	
  sand	
  fracRon	
  =	
  14	
  

P	
  Index	
  Compost	
  =	
  894	
  	
  

P	
  index	
  clay	
  fracRon	
  =	
  67	
  

Soil	
  Media	
  Phosphorus	
  with	
  2.5%	
  
Compost	
  

www.bae.ncsu.edu/stormwater	
  

Soil/	
  Fill	
  Media	
  

www.bae.ncsu.edu/stormwater	
  

Phosphorus	
  Content	
  of	
  Sample	
  Media	
  
Components	
  

Media	
  Component	
   P	
  Index	
  
Washed	
  Coarse	
  Sand	
   2	
  
‘Infield’	
  Mix,	
  40%	
  clay	
   0	
  
Aged	
  Pine	
  Bark	
  Fines	
   22	
  
CerRfied	
  Compost	
   668	
  
‘Crush	
  and	
  Run’	
  granite	
  fines	
   8	
  

www.bae.ncsu.edu/stormwater	
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Phosphorus	
  Content	
  of	
  Soil	
  Mixes:	
  
Organic	
  Content	
  

Media	
  Mix	
  Organic	
  MaMer	
   Phosphorus	
  
Content	
  	
  
(P	
  Index)	
  

10	
  %	
  Compost	
   50	
  

20	
  %	
  Compost	
   103	
  

10	
  %	
  Pine	
  Bark	
  Fines	
   2	
  

20%	
  Pine	
  Bark	
  Fines	
   1	
  

www.bae.ncsu.edu/stormwater	
  

NC	
  State	
  Media	
  RecommendaRon:	
  By	
  Volume	
  

•  Concrete	
  Sand	
  (70%)	
  
–  Coarse	
  sand	
  is	
  described	
  
in	
  ASTM	
  D2487-­‐10	
  as	
  that	
  
retained	
  by	
  a	
  No.	
  10	
  
sieve.	
  

–  Also	
  known	
  as	
  concrete	
  
sand	
  or	
  ‘non-­‐spec’	
  sand	
  

•  Ball	
  Field	
  Mix	
  (25%)	
  
–  Contains	
  approximately	
  
60%	
  coarse	
  sand	
  and	
  40%	
  
red	
  or	
  orange	
  clay.	
  	
  

–  Fe	
  and	
  Al	
  in	
  the	
  soil	
  are	
  
fixing	
  the	
  phosphorus	
  in	
  
the	
  stormwater	
  	
  

•  Mulch	
  (5%)	
  
–  Commonly	
  available	
  

•  Low	
  soil	
  test	
  P	
  (<30	
  PI)	
  

4:1	
  sand	
  to	
  ball	
  field	
  mix	
  yields	
  8%	
  clay	
  	
  
	
  3:1	
  sand	
  to	
  ball	
  field	
  mix	
  yields	
  10%	
  

clay	
  

BiorenEon:	
  Designed	
  to	
  Reduce	
  Water	
  
Flow	
  and	
  Nitrogen	
  and	
  Phosphorus	
  

•  BioretenRon	
  beds	
  are	
  water	
  quality	
  treatment	
  
devices	
  NOT	
  landscape	
  features:	
  think	
  clean	
  
water,	
  not	
  lush	
  landscape	
  

•  Design	
  criteria	
  
–  1-­‐2	
  inches	
  per	
  hour	
  opRmal	
  
–  8-­‐12%	
  fines	
  recommended	
  
–  InfiltraRon	
  rates	
  will	
  slow	
  over	
  Rme	
  

•  Do	
  not	
  use	
  nutrient	
  rich	
  soil	
  –	
  either	
  amended	
  
with	
  excessive	
  compost	
  or	
  other	
  nutrients,	
  or	
  due	
  
to	
  prior	
  ferRlizaRon	
  BECAUSE	
  the	
  bioretenRon	
  
cell	
  will	
  be	
  a	
  net	
  EXPORTER	
  of	
  nutrients	
  	
  	
  

www.bae.ncsu.edu/stormwater	
  

	
  
	
  

Urban	
  Stormwater	
  PracEce	
  ConstrucEon:	
  
Green	
  Roofs	
  

	
  

www.bae.ncsu.edu/stormwater	
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Perceived	
  and	
  Realized	
  Green	
  Roof	
  
Benefits	
  

•  ReducRon	
  of	
  peak	
  
flows	
  on	
  small	
  to	
  
moderate	
  storms	
  

•  Increased	
  roof	
  life	
  
•  PotenEal	
  to	
  improve	
  
water	
  quality	
  runoff	
  

•  ReducRon	
  of	
  heat	
  
island	
  effect	
  

•  Reduced	
  heaRng	
  and	
  
cooling	
  costs	
  

•  AestheRcs	
  
www.bae.ncsu.edu/stormwater	
  

IniRal	
  NCSU	
  Research	
  Greenroofs	
  
Goldsboro 

Media	
  Depth:	
  3	
  in	
  

Pitch:	
  ~flat	
  

Kinston 

Media	
  Depth:	
  4	
  in	
  

Pitch:	
  3%	
  

Raleigh 

Media	
  Depth:	
  4	
  in	
  

Pitch:	
  7%	
  

www.bae.ncsu.edu/stormwater	
  

Original	
  Soil	
  (Media)	
  Substrate:	
  
Green	
  Roof	
  

	
  Perma	
  Till	
  Lightweight	
  Roof	
  Garden	
  Mix	
  
– Perma	
  Till	
  Expanded	
  Slate	
  
– Rootzone	
  Sand	
  
– Approved	
  Compost	
  

Perma Till
Rootzone Sand
Compost

30% 55% 

15% 

www.bae.ncsu.edu/stormwater	
  

Green	
  Roofs:	
  Water	
  RetenEon	
  Data	
  Summary	
  

•  Goldsboro	
  Green	
  Roof	
  (April	
  2003	
  —	
  Sept	
  2004)	
  

	
  	
  	
  
	
  
	
  
	
  

•  Kinston	
  	
  Green	
  Roof	
  (July	
  2003	
  —	
  May	
  2004)	
  

•  Raleigh	
  Green	
  Roof	
  (July	
  2004	
  —	
  September	
  2004)	
  

Total	
  Rainfall Total	
  Amount	
  
Retained	
   

Total	
  Percent	
  
Retained	
   

59.6	
  in. 37.8	
  in. 63% 

17.1	
  in. 12.1	
  in. 71% 

12.4	
  in. 6.8	
  in. 55% 

www.bae.ncsu.edu/stormwater	
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“We	
  Bring	
  Engineering	
  to	
  Life”	
  

Green	
  Roof	
  Water	
  Quality	
  

Green	
  Roof	
  Drainage	
  or	
  Control	
  Roof	
  Drainage?	
  

Soil	
  (Media)	
  Substrate	
  

Goldsboro	
  Water	
  Quality	
  Results:	
  
Total	
  Phosphorus	
  Mass	
  Loading	
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Rainfall Greenroof Control 
www.bae.ncsu.edu/stormwater	
  

www.bae.ncsu.edu/stormwater	
  

Soil	
  (Media)	
  Substrate	
  Comparison:	
  
Green	
  Roof	
  Carolina	
  Stalite	
  

•  80%	
  Expanded	
  slate	
  
•  10%	
  Sand	
  
•  10%	
  Yard	
  
	
  
ERTH	
  Foods	
  
•  75%	
  Brick	
  base	
  
•  10%	
  Sand	
  
•  15%	
  Biosolids	
  
	
  
Novozyme	
  
•  85%	
  Expanded	
  slate	
  
•  10%	
  Sand	
  
•  5%	
  Novozyme	
  material	
  
	
  
	
  

“We	
  Bring	
  Engineering	
  to	
  Life”	
  

Total	
  Phosphorus	
  Effluent	
  Green	
  Roofs	
  

0 
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“We	
  Bring	
  Engineering	
  to	
  Life”	
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Raleigh	
  Roof	
   Total	
  Phosphorus	
  Loss:	
  Asheville,	
  NC	
  

Date Rainfall 
ERTH Food  

(mg P/L) 
Stalite        

(mg P/L) 

30Jul04 <0.01 0.39 0.15 

11Aug04 0.02 0.71 0.30 

02Apr05 0.03 0.40 0.17 

13Apr05 0.04 0.34 0.19 

06Oct05 0.02 0.81 0.16 

21Nov05 0.05 0.59 0.14 

www.bae.ncsu.edu/stormwater	
  

One	
  More	
  Thing…	
  Compost	
  Goes	
  Away	
  

 
 

Green	
  Roof	
  PlanEng	
  Media	
  Criteria	
  
1.  Good	
  drainage	
  and	
  aeraRon	
  
2.  Water	
  holding	
  capacity	
  

(without	
  ge{ng	
  too	
  
saturated	
  or	
  heavy)	
  

3.  Nutrient	
  holding	
  capacity	
  
(CEC)	
  

4.   Low	
  nutrient	
  content	
  
5.  Permanent	
  
6.  Lightweight	
  but	
  sturdy	
  (can’t	
  

shrink	
  or	
  blow	
  away)	
  
7.  Stable	
  (must	
  support	
  the	
  

plants)	
   Courtesy	
  of	
  Chuck	
  Friedrich,	
  Carolina	
  Stalite	
  
www.bae.ncsu.edu/stormwater	
  

Image	
  courtesy	
  of	
  Chuck	
  Friedrich,	
  Carolina	
  Stalite	
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