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> Water quality performance, especially
nutrient nitrogen

> Design aspects

> Plants

» Costs and comparisons
» Case studies
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Gravel Wetland
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Subsurface Gravel Wetland

Fipe inlet from Perforated

sedimentation forebay

/ A Large flow
8" Wetland soil e
. . x| (s arm fua
" min pea graw bt : :
REE N _ - WOV release
’M' b by orifice
,5 : % control

Not drawn to scale,
vertical exaggeration

24" of 3/4° L] )
Crushed stone 6" Subdrain

Design Sources:

Claytor, R. A., and Schueler, T. R. (1996). Design of Stormwater Filtering Systems, Center for Watershed Protection, Silver
Spring, MD.

Georgia Stormwater Management Manual, Volume 2: Technical Handbook, August 2001, prepared by AMEC Earth and
Environmental, Center for Watershed Protection, Debo and Associates, Jordan Jones and Goulding, Atlanta Regional
Commission.
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Nitrification
NH;s—NO>— NO;
Aerobic Zone
Forebay and surface of wetland
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Second First
treatment cell treatment cell

Forebay

Inflow to
Subsurface I_I System

perforated lines
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Wetland Design
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Flow Through the Subsurface Gravel




BMP Performance Monitoring

Research Field Facility at UNH

Tc ~ 19 minutes
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*Uniform contaminant
loading

*Uniform storm event
characteristics

*Systems lined for
mass balance

*Long term record of

_hydrologyand

contaminants




Subsurface Gravel Wetland
Hydraulic Performance

HYDRAULIC PERFORMANCE

we Influent === Effluent

N
U
o

o
=

N
(=)

Y
o
o

Flow (GPM)
=2
un
o

0 = S

0 100 200 300 400 500 600
Minutes

Annual
Winter Summer Average

Average Peak Flow Reduction 85% 77% 81%
Average Lag Time (minutes) 318 313 315
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Hydraulic Efficiency
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Hydraullc Performance
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Gravel Wetland Performance
46 mg/L  769ug/L 0.27 mg/L 0.046 mg/L 0.09 mg/L
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Seasonal Performance
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Unit Operations & Processes (UOPs)
In the Gravel Wetland

o Biological Processes
e Chemical Processes

o Hydrologic
Operations
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Gravel Wetland Report Card

category

hydrologic flow alteration divert flow /

volume reduction

physical sedimentation sediment v

enhanced sediment
sedimentation

filtration sediment /
biological AT nitrogen S+
vegetative nitrogen
phosphorus v+
e sorption phosphorus s
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Greenland Meadows Commercial

mpaired Waters/303L

» Saved $800k in SWM on costly
piping and advanced SWM
proprietary ($3.3M vs $2.5M)

> Brownfields site, ideal location,
15yrs

» Proposed site >15,000 Average
Daily Traffic count on >30 acres
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Site Design using LID and MTD

R, Tnalai sl
T

B quﬁlng A

Sl /1Limits of Porous P/l I

Pavement and
Gravel Reservoir g

L= . = Limits of Porous _
Pavement and Drainage

Gravel Reservoir Infrastructure

AN

Gravel
Wetland

28 ac site, initially >95% impervious, now <10%EIC, with all drainage through filtration,
expected to have minimal WQ impact except thermal and chloride
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Phosphorous is typically in 3 forms:

used to quantify SP.

> Soluble Unreactive or Soluble Organic Phosphorous. SUP are
organic forms of phosphorous and chains of inorganic phosphorous
molecules termed polyphosphates.

> Particulate Phosphorous. PP contains all material, inorganic and
organic, particulate and colloidal, that is captured on a 0.45-micron
membrane filter.

SRP +SUP= soluble phosphorous (SP)
SP+PP=total phosphorous (TP)
PO4 + SUP+PP=TP
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Concentration

10/16/2008 Early

Influent Forebay GW1la GW2b Effluent % removal
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1 PO4 (ug P/L)

200
10/16/2008 Mid
B TP (ug P/L)
100
. M TDP (ug P/L)
0 - . . 1 PO4 (ug P/L)
Influent Forebay GW1la GW2b Effluent %removal
80

60
40
20

10/16/2008 Late

Influent Forebay GW1la GW2b Effluent % removal

W TP (ug P/L)
B TDP (ug P/L)
M PO4 (ug P/L)
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Nitrogen in Stormwater Water

aerobic or anaerobic. Microbial decomposition of
organic matter produces reduced NH3 which is treated
commonly through biological oxidation (nitrified) to
NO2/NO3 and then treated by biological reduction
anaerobically to N2

Organic N= TKN
TN = Organic N+NH3+NH4+NO2+NO3
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Concentration uc

November 26 2007 - Early Storm

Influent

m Total N

m Particulate Nitrogen

o Total Dissolved Nitrogen

O Dissolved Organic Nitrogen
@ Ammonium

m Nitrite (NO2)

@ Nitrate (NO3)
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800 e
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Dissolved Oxygen
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Summer Quartile Assessment
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Summer Natural Streams
LOL | Gw uoL

100% ——

90% -

[
- Y

40% -
30% -
College Brook @DMP
20% - = \\Vednesday Hill Brook
Detention Pond

Gravel Wetland

—

Non-Exceedance Probability (20

10% - Vegetated Swale
StormT ech Isolator Row
0% - : ‘ 1 } ! |
30 35 40 45 50 55 60 65 70 75 80 85

Temperature (°F)
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Results

Annual Assessments Retention | Detention | Gravel Bioretention \Vegetated
Pond Pond Wetland Swale
Median . 48.1 52.8 473 51.8 57.3
T Mean 53.5 50.9 52.3 48.7 51.9 54.8 541 | 515 | 49.0
L~ "~
(°F) Standard 12.7( 14.6 15.1 >12.o 13.1 12.6 136 | 97 9.2
Deviation N
Maximum 75.4( 81.3 79.4 70.0 73.7 75.0 750 | 664 | 67.8
N "4
0 - ~————
o Non-Exceedance | 75505 | 70.0% | 715% | 87.0% 78.0% 725% | 65.0% |(95.0% 9@)
UOL (65°F)
Summer Assessments Runoff ReF)tg?]gon Dt;tg;\gon V\Cliart?;/r?tlj Bioretention V(;%:,e;?;ed HDS ADS STIR
Median 66.2 64.6 68.6 60.9 63.9 68.6 66.3 | 603 | 53.7
EMT Mean 62.5 61.8 66.3 57.3 61.2 65.6 638 | 563 | 532
(F) Standard
andar 0.8 < 118 78 10.1 8.7 73 9.1
Deviation
v
Mean July 67.1 77.9 72.2 66.0 67.7 70.3 69.0
Temperatures (°F)
% Non-Exceedance 0 0 0 0 0 0 0
JOL (65%) 20% | 56.0% 37.0% 73.0% 58.5% 35.0% | 34.0%
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Time Series Characteristics
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So When Stormwater Flows Into
These Systems Is it Memory

Compatible”?

"IF MY WIFE WAS
$l&)  BLIND AND I WAS
DEAF, WE'D STILL
BE INCOMPATIBLE..
|

~0) “___ BUT AT LEAST
THEN WE'D
BE HAPPY."
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1 STORMWATER CENTER

Fitz




2009 S

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Correlation

das T T
5
b |
e |
bl | ||
:-r=l_ i
s, O R
5-:
| b “
1
&

WUNMVVUIL TAV

—Gravel

- n Pond

720

1,440

Time (min)

2,160

2,880

(. STORMWATER CENTER




2009 Summer Temperatures — 7 days
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Design Criteria

» Channel Protection Volume (Q2)

» Extreme Storm Volume (Q10)




WQ storm depth (1 inch in 24 hrs) across
the drainage area ( 1 acre parking lot =
3,300 cf)

> In this case the system needs to provide
storage and treatment for the WQV as if it
were delivered instantaneously.
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Critical Design Elements

4. Geotextile usage 9. Inlet Structures
5. Wetland solls 10. Outlet Structure

UMIVERSITY OF HEW HAMPSHIRE
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Subsurface Gravel Wetland

‘II Perforated

riser pipe

1) Sedimentation Forebay / ,

Pipe inlet from

Large fiow

_.-. _...,-iu-— by

& Wetland soil

" min
3 pea gravel WQY release

by orifice
conltrol

Not drawn to scale,
vertical exaggeration

24" of 3/4° ) )
Crushed stone 6" Subdrain
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Flow Path

Pipe inlet from x’ & Perforated

sedimentation forebay 0. riser pipe

'
§ r
f

\ 15" Travel length

1 ]
&l .

8 Wetland sofl . L&

¥ min pea gravel
— WOV release

by orifice
control

Hative soils Not drawn to scale,
vertical exaggeration

24" of 3/4" _
Crushed stone 6" Subdrain



Geotextiles

8” minimum thickness of
wetland soil

No Geotextile
Placement

24 minimum thickness of
%" crushed stone

23 / Low permeability soil or liner if
: underlying soils are high “K**

* No Geotextile between soil and crushed stone, in replace use

iIntermediate setting bed
* Do not use geotextiles between the horizontal layers of this
system as they will clog due to fines and may restrict root

growth.



Wetland Soill

> The surface infiltration rates of the gravel
wetland soil should be similar to a low
hydraulic conductivity wetland soil (0.1-

0.01 ft/day = 3.5 x 10-°> cm/sec to 3.5 x 10-
5 cm/sec)).
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Wetland Soil

(>15% organic matter).

> Avoid using clay contents in excess
of 15% because of potential
migration of fines into subsurface
gravel layer.

DlS,COARSE SUBLAYER = 5 X D85,SETTING BED

D50,COARSE SUBLAYER = 25 X D50, SETTING BED
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Subgrade Soils

i .'.-ifﬁ;.h-r ﬁ!\,ﬁ # ~_ ar G "';fi.

SRR A T L e 3” minimum thickness of
graded filter (ie., pea gravel) if
needed

8” minimum thickness of
R e A e M R A o T R A P e ALY wetland soil
. J’ 1} : -.l_;‘ F_.- ,I?'.:.‘L‘*I.‘c.‘I'.'J;-I' ‘*'.-l ;- u-.". 3
- 3‘ . iy I o

24” minimum thickness of
% crushed stone

Low permeability soil or liner if
underlying soils are high “K"
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Subgrade Soils

contamination

* Hydraulic conductivity <
0.03 ft/day

* |If low permeability soils
are present, use a

compacted soil or HDPE
liner.

UMIVERSITY OF MEW HAMPSHIRE
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handled).

> The use of Liners will preserve water quality through
detention and filtration and will limit any
infiltration.

» Liners can be made from HSG 'D’' soils, HDPE, or
clay
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Reservoir Course

> Prevent the wetland soil from moving down
into the gravel sub-layer through soll piping

» Material compatibility between layers needs to
be evaluated.

» Reservoir course is constructed of ~0.75”
angular stone (similar to ASTM#57)
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Outlet Structure

Perfarated
riser pipe

Pipe inlet from
sadimentation forebay

8" Wetland soil

¥ min pea gravel

Hative sails

247 of 374" ;
Crushed stone & Subdrain

Not drawn to scale,

vertical exaggeratiog

Large fiow
bypass




Outlet Structure

S WOV release y with sleveatad
by anfica ». .
Dot thvert
Not drawn to scale, L
vertical saggeration | [—"3]
m +
L y S _ PN
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Wetland Vegetation

meadow seeding)
> http://www.newp.com

» Price: $125.00/LB**

> Gravel wetland — mixed wetland grasses, reeds,
herbaceous plants and shrubs growing vigorously.
100% cover, except for open water in forebay.
Very few upland plants. Healthy, diverse wetland
system.
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el Wetland

_ "

e e e e -

__Gra

Sagittaria, Cattail,

Juncus, grasses, areas
with standing water

" | IR
- \ ] S A Ii = I [

= Bullrush

~ (scirpus),

~ aster, grasses,

_ no standing
water

A :.'.“' e , I‘ "' -: e \J
Rush (juncus), cattail, grasses,

open water
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UNH SC — General Wetland Condition

pickerelweed) survival was very low.

> All areas with standing water populated by Typha
(cattail).

» No Phragmites, some Purple Loosestrife removed.
» Predominantly emergent marsh/wet meadow species.

> Some vertebrate wildlife species present; frogs and
heron.
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Inspection and Maintenance

UMIVERSITY OF MEW HAMPSHIBE
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REACTIVE

Episodic maintenance
Cheap in short term
Expensive in long term
Most property damage

PREDICTIVE

Scientific basis
Cost-effective

Not applicable everywhere
Administration more difficult

PERIODIC

Can be expensive
and wasteful

Need statistics

Simple administration

PROACTIVE

Can be cost-effective
Expensive if overused
Can have institutional
implications

Reese, A.J., Presler, H.H.,
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Yearly BMP Maintenance (per acre treated)
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Sand Filter Retention Pond Dry Pond Vegetated Bioretention Gravel Wetland Porous Asphalt
Swale Ave|(3)
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BMP Maintenance/acre/yr by Catagory

Sand Filter

Retention
Pond
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Swale
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4 - yr Forebay Maintenance - June 2008
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Cu_rrent 3-yr Malntenance Plan
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Maintenance

system ages—maintenance is essentia

> Improved forebay designs would include a
deeper pool of water in excess of a meter,
or a deep sump catch basin or proprietary
treatment device for removal of solids.
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Maintenance

In subsequent storms. Routine
maintenance is an important component in
maintaining performance—2-3 year interval.
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Materials and Installation Cost

Technology Cost: S/Acre IC
Vegetated Swale S 11,200.00
Retention Pond S 13,700.00
Gravel Wetland S 22,300.00

Bioretention 15,000 - 25,000

HDPE Chamber S 34,000.00

SC STORMWATER CENTER




Greenland Case Study
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CASE STUDY: Greenland Meadows

>15,000 Average Daily Traffic count

Involves the use:

>

YV V V V

daily street vacuuming

a porous asphalt parking lot
subsurface infiltration of rooftop runoff
a gravel wetland

Combined as a treatment train

UNIVERSITY OF NEW HAMPSHIRE
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Entire site is treated by filtration, either porous pavemént, éubsurface infiltrajtion, or gravel wetland,
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or combination of methods
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3 mos later







Discharge to Impaired \Water
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TMDL Impaired Watershed

> GW use for
401 WQ
Certification

> Used widely
by NHDOT on =8 S
1-93 and Rt 16 [sgi k=
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NHDOT Install Exit 5
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Funding

~—

ientific development of innovative technologie
for understanding and reversing the impacts of
coastal and estuarine contamination and
degradation.
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