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STATEMENT OF CRITICAL REGIONAL WATER PROBLEMS

Storm water runoff from NPDES Phase |1 urban aress transports significant loads of
heavy metals, awide gradation of particulate matter, dissolved solids and organic
compounds to receiving waters (Sansalone et d., 1998). Heavy metas are not degraded
in the environment and congtitute an important class of potentidly acute and chronic

toxic contaminants generated mainly through modern urban transportation activities and
abrasion of infragtructure. In urban storm water levels of Zn, Cu, Cd, Pb, Cr and Ni are
sgnificantly above ambient background levels, and for many urban areas, Zn, Cu, and Cd
often exceed USEPA and State EPA surface water discharge criteria on an event basis
(Sansdone et d, 1997). Annud heavy metd, total suspended solids (TSS), chemical
oxygen demand (COD) loadings and storm water flows from urban pavement equa or
exceed annud loadings and flows from untreated domestic and industrid wastewater
combined, for urban areas (Sansadone et a., 1998). With regard to storm water regulation
and treatment, there are 32 NPDES Phase |1 urban areas and an additiona 14
"incorporated places' that come under the proposed Phase | regulationsin Louisana
Both Phase |1 regulations and third-party lawsuits from organizations such asthe

Nationa Resources Defense Council have helped spur afocus by municipdities, State
DOTs and federal agencies such as FHWA on the treatment methodology for roadway
stormwater.

Treatment of urban roadway storm water continues to pose unique challenges due to
unsteady nature of processes including rainfall-runoff, mobilization and transport of



heavy meta as well as other condtituent loads. Additionaly, kinetics of heavy metd
partitioning as a function of pH, residence time and particulate matter characteristics can
have a profound effect on the selection and effectiveness of trestment systems. Trestment
systems for the darification of runoff have included sedimentation (detention/retention)
basins, congtructed wetlands, vegetated filter strips and infiltration systems such as
porous pavement and infiltration trenches. While many of these have varying degrees of
viability, none are applicable for the many sections of elevated roadwaysin Louisiana.
The State of Louisanahas more miles of eevated roadways than any other date in the
USA. Storm water effluent from these roadways is currently discharged untreated into
recaiving waters and surficid soils. A novel passive treatment system, a pavement
effluent reactor (PER), synthesi zes the treetment mechanisms of both dissolved heavy
metal adsorption and particulate-bound heavy metd filtration. The PER isatubular
packed- bed reactor designed to accept storm water runoff flows that currently discharge
directly from eevated roadway scuppers and drainage boxes directly into receiving
waters. The two-stage PER consists of an upper layer of porous cementitious aggregate
and abed of oxide-coated sand to promote sorption of dissolved heavy metas and
filtration of particulate-bound heavy metals. The PER is mounted directly onto the outlet
end of the drainage appurtenances, typically 150-mm to 200-mm diameter downspout or

drainage pipes.
STATEMENT OF RESULTSAND BENEFITS

From preliminary research and experience in the field of nonpoint pollution trestmernt,
the investigators have not identified any rigorous scientific attempts to integrate passive
trestment into existing eevated roadway infrastructure and evauate the effectiveness of
such trestment. As aresult the objectives of this proposed research are fourfold. The
primary objective isto demondrate the effectiveness of a PER on heavy metd mitigation
for elevated roadway sectionsin Louisiana. Onetypicd loca example for the
Southeastern region of Louisanaisthe I-10 elevated roadway section over City Park
Lakein urban Baton Rouge. Storm water effluent from this heavily travelled devated
roadway is discharged directly into City Park Lake has not been quantified but is
considered amajor source of heavy meta |loading to City Park Lake (Maone et a. 1988).
The westbound elevated roadway section and a portion of the storm water effluent from
that section over the lake will serve as the experimentd site. The second objective will
a0 indude an evauation of the potentid for clogging of the PER including the
development of any required maintenance and backwashing procedures. The third
objective isto investigate PER remova mechanisms as afunction of storm water
residence timefflow and heavy metd partitioning. The find objectiveisto provide a
database for PER performance as a new trestment technology and evaluate PER
economic benefits as a multi- purpose environmentd infrastructure. Results and analyss
will be fully documented in afina report and provided for peer-review through a least
two manuscripts.

Note: This proposa for $18,375 forms an integral component of a 2-year comprehensive
proposd. To facilitate this comprehensive proposal, funds and in-kind services have been



solicited from a number of sponsors. The component funding and in-kind services are
summarized as follows

Louisiana Water Resources Research Inst. Pogt-doctoral/graduate student support
$ 18,375

USEPA - Office of Water Supplies, support and equiptment $ 25,000

Baton Rouge Dept. of Public Works In-kind services (Andytic support estimate)
$ 30,000

Louisiana Trangportation Research Center In-kind services (Fabricate/ingdl

PER) $ 19,986

Louisana State University Matching (Student Support, MatchingTime) $ 36,771

At thistime, USEPA has gpproved their portion of the funding, LSU has committed to
matching money for student support and matching time ($36,771). Mr. Jorge Ferrer, head
of the Environmenta Divison of Department of Public Works has verbaly committed to
the analytic work and a support letter is attached from Louisana Transportation Research
Center.

NATURE, SCOPE AND OBJECTIVES

Storm water runoff from urban areas trangports significant loads of heavy metds, awide
gradation of particulate matter, dissolved solids, organic compounds and inorganic
condituents. Heavy metds are not degraded in the environment and condtitute an
important class of contaminants generated through modern urban activities and
infragtructure. In urban areas one mgor source of heavy metas are traffic activities. In
urban runoff discharges levels of Zn, Cu, Cd, Pb, Cr and Ni are significantly above
ambient background levels, and for many urban areas, Zn, Cu, and Cd often exceed
USEPA and State EPA surface water discharge criteria on an event basis.

Trestment of storm water continues to pose unique challenges due to unsteady nature of
processes including rainfdl-runoff, mobilization and transport of heavy metd aswell as
other condtituent loads. Additiondly, kinetics of heavy metd partitioning as a function of
pH, residence time and particulate matter characteristics can have a profound effect on
the selection and effectiveness of treestment systems. Treatment systems for the
clarification of runoff have included sedimentation (detention/retention) basins,
congiructed wetlands, vegetated filter strips and infiltration systems such as porous
pavement and infiltration trenches. A novel passive trestment system, a pavement
effluent reactor (PER), synthesizes the treatment mechanisms of both dissolved heavy
metal adsorption and particulate-bound heavy metd filtration. The PER isatubular
packed- bed reactor designed to accept storm water runoff flows that currently discharge
directly from devated roadway scuppers and drainage boxes directly into recelving
waters. The two-stage PER conssts of an upper layer of porous cementitious aggregate
and abed of oxide-coated sand to promote sorption of dissolved heavy metas and
filtration of particulate-bound heavy metals. The PER is mounted directly onto the outlet
end of the drainage appurtenances, typicaly 150-mm to 200-mm diameter downspout or

drainage pipes.



Bench scade testing of various PER configurations and Fe-oxide sand media have
demonstrated proof-of-concept (Sansalone, 1998). Bench scade testing using actua storm
water and tubular packed-bed configurations indicate that the design life of aPER can
exceed 5-years at a 50 percent heavy metal breakthrough level. Therefore this research
approach intends to build on this development and proposes to congtruct, monitor and
anayze a prototype PER (tubular, Fe-sand packed- bed configuration) subject to urban
loading and conditions. The proposed PER demonstration experiments will be configured
as two separate reactors, one with Fe-sand and the second reactor used as control,
containing uncoated slica sand media. The diameter of each reactor will be
gpproximately 50-cm and 150-cm in length based on a drainage areato each reactor is
approximately 200 m2 of pavement. Therigid and porous surface of the PER drains
incoming particulate matter while providing a hydraulic surface loading rate up to 100
L/m2-minute,

This project serves as a prototype field demonstration of economica multi- purpose urban
storm water trestment. Construction, monitoring and sampling equipment procurement
and ingdlation will require 4 months. Data collection and andysis will continue for 18
months and the find report will be written during the find 2 months of the 24 morth
project. Each treatment system will be monitored. On-gte dimeate monitoring will
include rainfdl, runoff, temperature, previous dry days, and traffic datawill aso be
collected. FHow rates will be monitored and influent and effluent samples taken & regular
intervals during & least 12 rainfdl runoff event. Influent and effluent characteristics will
aso be analyzed. These include heavy metds, pH, redox, conductivity, TSS and TDS.
The objectives of this proposed research are fourfold. The primary objectiveisto
demondrate the effectiveness of a PER on heavy metd mitigation for eevated roadway
sectionsin Louisana The 2nd objective will evauate the maintenance and potentia for
clogging of the PER. The 3rd objectiveisto investigate PER removal mechanismsasa
function of sorm water residence time/flow and heavy metd partitioning. The find
objective isto provide a database for PER performance as a new treatment technology
and evauate PER economic benefits as a multi- purpose environmenta infrastructure.



