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Reports on the topics
discussed today are
available online.

http://pubs.usgs.gov/sir/2008/5150/
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science for a changing world

Prepared in cooperation with the South Carolina Department of Transportation

Evaluation of Four Structural Best Management Practices

for Highway Runoff in Beaufort and Colleton Counties,
South Carolina, 2005-2006
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Purpose and Scope

m Evaluate the performance of in-place hydrodynamic
devices on removing contaminants in storm water from

highways near the coast in South Carolina
Related to MS4 - NPDES requirement

~_science fora changing world
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Major ODbjectives

Collect storm-event samples over a range of storm
Intensities and seasons

Compare event-mean concentrations and constituent
loads entering and leaving the BMPs for all storm events

Estimate the removal efficiency of the commercially
available BMPs for suspended sediment, metals, oils and
grease, and indicator bacteria from roadway runoff




Site Locations and

Instrumentation

Targeted 4 different
hydrodynamic devices in a
coastal settings
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Structural BMPs: Hydrodynamic Devices

m Flow-through structures with a
settling or separation unit to
remove sediments and other
pollutants

1 Settling — to remove
particulate

1 Capturing — to remove
floatables

1 Flow alteration — reduce
velocity of the flow entering
system

N
Vortechnics

CrystalStream
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Structural BMPs: Hydrodynamic Devices

m Designed to capture
sediment, total
suspended solids,
trash, organic
material, and floatable
olls and grease

1 Also contaminants that
tend to attach to
sediments or particles




Site Information

SITE BMP TYPE LOCATION | DRAINAGE
AREA
(ACRES)
BMP 1 Stormceptor | U.S. Hwy. 21 2 24
BMP 2 CDS U.S. Hwy. 21 1.11
Technologies
BMP 3 Vortechnics U.S. Hwy. 5.90
802
BMP 4 CrystalStream | Rest area off 2 77
-95 S

= USGS
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Sampled Storm Events

Parameter Minimum Maximum
Rainfall (inches) 0.07 2.7
Rainfall Intensity 0.04 0.74
(inches/hour)

Peak Flow (cubic 0.03 11.6
feet per second)

Mean Flow 0.02 5.11
(cubic feet per

second)




Hydrograph and water-quality samples collected during the April 7, 2005, runoff event.

Total rain amount = .13 inch

Infiow/Outfiow sample

Grab samples
Taken on rising limb
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Data Analysis and
FIndings
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Main guestions addressed

m How efficiently did each BMP reduce suspended
sediment, organic material, and floatable oils and

grease”?

m Were the BMPs also effective at reducing fecal
Indicator bacteria, phosphorus, organic
compounds, metals?

Wilcoxon signed rank test (control/treatment)

Evaluate removal efficiencies of each BMP by
Efficiency Ratio (ER) approach (EPA, 2002)




Stormwater Quality Constituents

Constituents Ins:a':iI::s Type of sample “::I::::;:im
pH, conductance inle - - 12-13
Q)Emd orease inlet/outlet Grab 12-1 3>
Turbidity inlet/outlet Flow-composited 12
Total suspended solids inlet/outlet Flow-composited 12
Chemical oxygen demand inlet/outlet Flow-composited 12
Nutrients (total phosphorus, inlet/outlet Flow-composited 12

total Kjeldahl nitrogen)

Trace metal (lead, zinc, copper, nickel, and inlet/foutlet Flow-composited 12
cadmium [total and dissolved])

Base/neutral extractable organic compounas ——— meronier  Grab 8

(polycyclic aromatic hydrocarbons)

Major 1ons (calcium, magnesium, hardness) inlet/outlet Flow-composited 12
Five-day biochemical oxyeen demand inlet/outlet Grab 12
w inlet/outlet Flow-composited 12 —
< Fecal coliform, enterococci, Escherichia coli inlet/foutlet Grab - 12 >

Bed-sediment inorganics inlet/outlet Grab 3




Floatable Oil & Grease

EVENT- MEAN OIL AND GREASE CONCENTRATIONS, IN MILLIGRAMS PER LITER
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= USGS




Suspended Sediment

EVENT-MEAN SUSPENDED SEDIMENT CONCENTRATIONS, IN MILLIGRAMS PER LITER
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EXPLANATION
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Grain Size of Accumulated Bed Sediment

INn BMPs

BMP1

=1SES
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Escherichia Coli Concentrations

EXPLANATION

n —— Outlier

i } — 90th percentile
25.000 | BMP-1 V=12 BMP-2 [ g,

p=0973 12,000 Z=-0.089 — 50th (median)

_ — 25th
20,000 * i p= 036 | 70th percentile

Studies have reported that E. coli preferentially attaches to
the finer size (< 30 microns) fraction of sediment (Oliver.

| and others, 2007, Water, Air, Soil Pollution, 185(1), p. 369-
375; Kunkel and others, 2013, Advances in Biescience

and Biotechnology, 4, p. 407-414; Thupaki and others,
| 2013, Journal of Geophysical Research; 118, p. 7049-
7065).
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Enterococcl Concentrations
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Particulate Lead Concentrations

EXPLANATION
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Contaminants In Stormwater

m Inlet water Aquatic = Outlet water

Life Criteria Aquatic Criteria
Exceedance Exceedance

m Total copper m Total copper

m Total lead m E. coli

m Total zinc m Enterococci

m E. coli

m Enterococcl




Summary Table of Inlet and

Outlet Water Quality

Site  SSC S5C 158 Ditand  TKN, BOD,, Feca! Dissolved Total Particulate
< b3 pm grease TP CoD bacteria metals metals metals
‘Event-mean concentrations
BMPI > < > > > (TP) = = > (Cd, Cu, Zn) = (all) > (Pb)
BMP2 > < > > = = = > (Cu) = (all) > (Cd, Pb, N1, Zn)
BMP3 > < > = 5= >(COD)  >(Entero) = > (all) > (all)
BMP4 = < > > > = > (Entero) > (Cu, Ni) = (all) > (all)
'Event-mean loads

BMPI > MNA = = > (TP) = NA = (Cd, Cu) > (Cd, Pb, Zn) = (Pb, Ni)
BMP2 = NA > > = = NA > (Cu) = (all) > (Pb, Ni, Zn)
BMP3 > NA > = = = NA = > (Cd) > (Cd, Pb, Zn)
BMP4 > NA = > > = NA = (N1, Zn) >(Cd, Pb, Ni, Zn) > (all)

! Results for fecal bacteria and oil and grease concentrations are from a “first Alush™ grab sample.

>, Inlet water is statistically greater than outlet water
<, Inlet water is statistically less than outlet water
=, no difference in inlet and outlet water

= USGS




EFFICIENCY ASSESSMENT

m All four BMP devices were efficient at
significantly reducing suspended sediment
and total trace-metal concentration

All but BMP 3 were efficient at reducing olil &
grease concentrations.

m All four BMPs were not as successful at
reducing fecal indicator bacteria, nutrient,
and total organic carbon concentrations,
and biochemical oxygen demand levels.

= USGS
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EFFICIENCY ASSESSMENT

m Environmental conditions
Slightly larger watershed size at BMP3.
Greater Inlet concentrations at BMP4.

Similar dally traffic counts among sites and
seasons

m [rreducible concentrations

All devices tended to reduce concentrations In
Inlet water to a relatively consistent lower limit.

BMPs with greater inlet water concentrations
would have greater reduction percentage and
appear to be more efficient. = USGS
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Reports on the topics
discussed today are
available online.

http://pubs.usgs.gov/sir/2013/5175/pdf/sir2013-5175.pdf
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