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Turn Back Time 18 Years Ago

Source: Winchester Sun
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R EESS—
State of North Carolina’s Reaction

* Require Designers to
Use Stormwater Control
Measures (called Best
Management Practices,
or BMPs)

— Remove Nitrogen &
Phosphorus
* Assigned Performance
Rates based upon, shall
we say, educated
guesses.

www.bae.ncsu.edu/stormwater
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So, 10 Ib N into a wet pond...
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Why Knowing How Well an SCM works

IS Important...
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Many Opportunities for a University

* Verifying/ Refining
“Percent Removal”
rates?

* Understanding
Hydrology

* Improving Design,
Construction &

Maintenance Standards
for better performance

* Defining Other Metrics
for Evaluation

www.bae.ncsu.edu/stormwater
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‘Consequence’ of Data
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Close Examination of 4 Permeable Pavement
Types (Collins et al. 2008)

Kinston, NC
e Pervious Concrete

e CGP —filled with
sand

* PICP filled with pea
gravel — 13% voids

* PICP filled with pea
gravel = 7% voids

* Compared to Asphalt

www.bae.ncsu.edu/stormwater
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A ‘crazy’ monitoring set-up
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R EESS—
Percent Runoff Reduction Relative to

Rainfall
Pavement Type | Mean | Median | Minimum
Standard Asphalt 34.6% 29.4% ~0%
Pervious Concrete 99.9% 99.9% 99.0%
PICP — Type 1 99.3% 99.4% 97.8%
PICP — Type 2 99.5% 99.7% 96.9%
Concrete Grid 98.2% 98.7% 91.1%

Pavement (Sand)

From Collins et al., 2008

Similar Results found in Washington State (Brattebo
and Booth, 2003)
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#1: Statewide Use and Credit

Before:
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After: Credit awarded
+ 0.52 in/hr soil infiltration |state-wide but design

allowances must be made for
differing soil permeabilities.




#2: More BUA Credit Awarded

Before: Permeable pavement
received a BUA credit as 60% or

40% pervious depending on the
type of pavement and the depth of

the aggregate.

After: Permeable pavement will
receive BUA credit based on the
soils, not the location of the
pavement.

Why?
This IS a more accurate
way to estimate the

effectiveness of
permeable pavement.




Pollutant Removal Credits

Infiltrating systems:
85% TSS
30% Total Nitrogen
35% Total Phosphorus

Why?
The research data supports
pollutant removal credit.

Detention systems (explained in a minute):
70% TSS with an impermeable liner
85% TSS with no liner
10% Total Nitrogen
10% Total Phosphorus
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Current Stormwater Regulations

Falls Lake Watershed

* Nutrient management strategy: new development
v" Control & treat first flush (first 25 mm of rainfall)
v" No peak flow increase at 1-yr, 24-hr storm
v" Nitrogen: 2.5 kg/ha-yr (TMDL)
v' Phosphorus: 0.35 kg/ha-yr (TMDL)

www.bae.ncsu.edu/stormwater Image from USGS



Single SCM Monitoring, €.g.,
Infiltrating Wet Pond

1111

www.bae.ncsu.edu/stormwater



Bingham Station

Raeford Crossing Apartments

Inlet 2

utlet

www.bae.ncsu.edu/stormwater

Images from Google Earth



BN
Water Budget

Vi + Z?zl(vin + P —Voue —E—F);= Vi

V.= Initial volume

V., = Inflow volume

P = Rainfall on pond
Ve = Outtlow volume
E = Evaporation

F = Infiltration

V= Final volume

www.bae.ncsu.edu/stormwater
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Methods

* Influent/Effluent Flow Rates
and Volumes - ISCO 6712
Automated samplers with
Area Velocity Meter or
compound weirs

* Rainfall and Intensity —
manual and tipping bucket
rain gauge

* Evaporation - ET gage
atmometer model E with

#30 turfgrass reference ET
cover (Allen et al., 1998)

e Storage Volume - Hobo U20
- water level logger

www.bae.ncsu.edu/stormwater
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Water Quality

* Flow-proportional,
composite samples

using ISCO
samplers

* Nutrients (TKN,
TAN, NO,, TN,
OrthoP, and TP) and

Total Suspended
Solids (TSS)

www.bae.ncsu.edu/stormwater



B
Monitoring Bioretention

www.bae.ncsu.edu/stormwater



I ———
Bioretention Cells

* Contributing drainage area:
— 0.4 ha (0.98 ac)

e Centipede grass sod

* Large Cell SA: 188 m? (2020 ft?)
— Captured 2.5 cm (1 in) event

* Small Cell SA: 101 m? (1090 ft?)
— Captured 0.8 cm (0.3 in) event

www.bae.ncsu.edu/stormwater
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Sampling Locations
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I —
Swale

* Contributing drainage area:
— 0.46 ha (1.13 acres)

* 2% centerline slope

* Centerline length: 37 m
(120 ft )

e 8:1 side slope
* V-shaped geometry

www.bae.ncsu.edu/stormwater



Water Quality Sampling
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Monitoring Equipment

ISCO 6712 portable sampler

ISCO 730 bubbler flow module

ISCO 674 rain gauge

 Manual rain gauge

www.bae.ncsu.edu/stormwater
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Monitoring Challenges

* Accuracy-related issues associated with hydrology:
— Turbulent flow Biofstaldion
— Backwater con
— Pressurized flo

- |naccurate wate

www.bae.ncsu.edu/stormwater



B
Monitoring Challenges

e Result:

— Bioretention inflow volumes calculated using the
Initial Abstraction method (Pandit and Heck, 2009)

— Bioretention influent peak flowrates calculated using
Rational Method (Haan et al., 1994)

— Swale hydrologic data:
* mostly unreliable
e assumed inflow=outflow

www.bae.ncsu.edu/stormwater
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We had to survey the Bridge!

www.bae.ncsu.edu/stormwater
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Verifying Inflow

www.bae.ncsu.edu/stormwater
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Objective

LID vs. Traditional Development

* Hydrology (Runoff volume, runoff coefficient, lag times, peak flow)
 Water quality (nutrient concentrations, nutrient loadings)

* Compare values to Falls Lake standards

www.bae.ncsu.edu/stormwater
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Site Layout

LID Site
e 2.5 hectares
« 849 DCIA

Traditional
Site

2.8 hectares
* 61% DCIA
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Site Layout

Underground
detention/infiltration
system

Cisterns

* Toilet flushing
* Irrigation
Bioretention/swale

pretreatment

Dry Detention

Pretreatment swales

www.bae.ncsu.edu/stormwater



LID: Pretreatment
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Underground Detention

www.bae.ncsu.edu/stormwater



Underground Detention
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Underground Infiltration

www.bae.ncsu.edu/stormwater



Grocery Store

Infiltration Gallery

(not to scale)

www.bae.ncsu.edu/stormwater



I ———
Traditional Site: Pretreatment

www.bae.ncsu.edu/stormwater



I ———
Traditional Site: Perimeter Swale

www.bae.ncsu.edu/stormwater
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Traditional Site: Dry Pond

A

www.bae.ncsu.edu/stormwater



B
LID Monitoring

Water Quantity
* Weir, AV meter, ISCO 6712

Water Quality
* Nitrogen
— TN, TKN, NH,-N, NO, ,-N
* Phosphorus
— TP, PO
* Total Suspended Solids (TSS)

www.bae.ncsu.edu/stormwater
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Dry Detention Monitoring

www.bae.ncsu.edu/stormwater
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Materials and Methods

www.bae.ncsu.edu/stormwater



Drainage Area Properties

Farameter LID SoCE Control
Drainage Area (m?) (%) 5,300 (0.53 ha) 3,480 (0.35 ha)
Total Impervious Area (TIA) 3,180 (60%) == 2,088 (60% ) ==
Street Surface (DCIA) 1,278 (24% ) S 557 (16% )
Rooftop 1,378 (26%) 1218 (35%)
Sidewalk 530 (10%) 313 (9%)
Open Space 2,120 (40%) 1,392 (40%)
Slope 0.5% 0.7%
Soil Series Baymeade Urban Leon Urban
USDA Soil Class PSA: 98% m=—»Sand PSA: 95% p=—>Sand
Receiving Water Body Burnt Mill Creek: 303 (d) List, toxicity and sedimentation
River Basin Cape Fear

www.bae.ncsu.edu/stormwater
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SCMs: Construction: BRCs

Crowned Centerline

South BRC in LID Catchment

www.bae.ncsu.edu/stormwater



SCMs: Permeable Pavement

—
—

—

Flow Diverters —

www.bae.ncsu.edu/stormwater
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SCMis: Filterra® Unit

www.bae.ncsu.edu/stormwater



——
BRC

Filterra®

TIA decreased from 60% to 58%
DCIA decreased from 24% to 12%

N4

——

Photo Credit: Google Earth

www.bae.ncsu.edu/stormwater
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Monitoring Design

e Paired watershed study?

. Catchment
Period
— Two watersheds, two monitoring LID Control
eriods ibrati
PEFOE | Calibratio 5 scMs  No SCMs
— Analysis of covariance (ANCOVA) n
— Least Squared Means (LSM)

) Treatment SCMs No SCMs
— Quantify change

e Data Collection
— V-notch weirs and weir boxes
— Record stage: Q;, T, RO, and C;

— Flow-weighted water quality
samples collected: TSS, TKN, TAN,
NO, ;-N, TP, O-PO,*, Cu, Pb, Zn

IClausen and Spooner, 1993; 2Grabow et al., 1999

www.bae.ncsu.edu/stormwater
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Results: Runoff Depth (ROp)

Runoff Depth - ANCOVA
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Results: Water Quality

Nutrient and sediment concentration summary (mg/L)

Station

Control

Mean

Median
LID-Calibration

Mean

Median
LID-Treatment

Mean

Median

LSM Difference

*Statistically significant change
TPaired t-test
SSign test

www.bae.ncsu.edu/stormwater

TSS TP

0-PO,*>

0.20
0.06

0.25
0.14

53 0.23 0.44

1.14 A2 n10 Nn 29

Control median NO, 5-N
conc. decreased from

1.52 0.36t0 0.12 mg/L

0.07 0.30

1.35 0.04 =—»0.26 54 0.11 0.21

0.66 0.04 0.18 11 0.12 0.21

0.45 0.03 = 0.07 7 0.10 0.17
-62%* 0% 0% -82%"° -54%5" -38%*



Construction
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Monitoring Design Considerations

* Pretreatment at the inlet is very important
— Trashguards, catch basin inserts, grates, linear radial screens
— Maintenance is important to prevent bypass

www.bae.ncsu.edu/stormwater



I ———
Bacteria Pollution

www.bae.ncsu.edu/stormwater
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Hal Marshal (Bioretention)

Watershed = 0.4 ha
CN =98

www.bae.ncsu.edu/stormwater
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Cumulative Probability Plots —

Bioretention
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Entire Journal Articles Based on
GRAB SAMPLES

www.bae.ncsu.edu/stormwater
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So... a better? way

www.bae.ncsu.edu/stormwater
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Residual Pathogens?

www.bae.ncsu.edu/stormwater
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What fits through one of those

sampling tubes?

www.bae.ncsu.edu/stormwater



Are there unaccounted for
pollutants in ‘this stuff?’

www.bae.ncsu.edu/stormwater
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Preliminary Assessment Suggests “Yes”

 1-2#of N/ac may be
trapped in drop inlets

— 10-20#of N/
Impermeable acre

www.bae.ncsu.edu/stormwater
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Early On...

www.bae.ncsu.edu/stormwater



L —
Calibration / Check Weirs

www.bae.ncsu.edu/stormwater



Look Fancy, but not entirely
accurate...

How else are you
going to monitor
this application?

www.bae.ncsu.edu/stormwater



A substantial amount of field time
is needed to Check Validity of data

www.bae.ncsu.edu/stormwater
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Frequent site visits needed

www.bae.ncsu.edu/stormwater
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Advantages of Pie Bottles....

www.bae.ncsu.edu/stormwater
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Disadvantage:

 Sample Analysis Costs go
up by a factor of 5-10.

* The fraction of TOTAL
project cost, however,

increases from 3 - 10% to
15 — 35%.

* However, often a subset
of composites is norm

www.bae.ncsu.edu/stormwater
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Questions
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