Highway Flares and Runoff: 
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1) Cover Sheet (see attachment)
2) Project Information

a. Project Abstract:

Perchlorate in common highway safety flares is a potentially significant source of water contamination.  For example, as much as 240,000 gallons of water could be contaminated to 4 µg/L (the California Action Level) by a single unburned flare.  The US Environmental Protection Agency is considering adoption of a safe drinking water maximum contaminant level for perchlorate, following epidemiological evidence of adverse health effects associated with perchlorate exposure.  The potential impact of perchlorate in highway runoff on surface- and ground-water quality in Rhode Island has not been assessed, but is of particular concern in a state where 70% of the population relies on a surface-water reservoir that is traversed by two major state roads.  This study will provide a baseline assessment of potential perchlorate contamination by completing a field study of perchlorate concentrations in highway runoff at the top ten nighttime accident locations in Rhode Island.  Risks to water resources from flare use will be identified and provide the foundation for development of flare-handling procedures that will minimize potential future impact.  
b. Problem Description:  
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Identification of sample loacations (i.e., top 10 accident spots in RI)

Surveying surface water drainage pattern at sample locations

Analytical method refinement (perchlorate analysis)

Systematic sampling and analysis of surface water

Reporting to URI TC

Semi-annual reports

Final report preparation (incl. revision)

Dissemination of results / technology transfer




Common highway safety flares contain up to 10% potassium perchlorate (Mohr and Crowley, 2002).  Perchlorate (ClO4-) is both a naturally occurring and man-made chemical.  The perchlorate ion (see Fig. 1) is water soluble and very mobile in aqueous systems.  It can persist for many decades under typical ground-water and surface-water conditions (EPA, 2004).  Perchlorate in traffic flares can be a significant source of water contamination, particularly when flares are stubbed out before they are fully consumed.  For instance, up to 3.65 g of perchlorate can be leached out of a single standard 20-minute unburned flare; enough to contaminate over 240,000 gallons of drinking water to just above California Department of Health Services' current Action Level of 4 µg/L (Silva, 2003).  

Perchlorate originates in the environment from the solid salts of ammonium, potassium, or sodium perchlorate.  These salts are very mobile in aqueous systems.  Due to its low charge density, perchlorate does not sorb well to most surfaces.  Further, ClO4- can persist for many decades under typical ground-water and surface-water conditions because of its resistance to reactions with other available constituents (Urbansky, 2002; USEPA: www.epa.gov/safewater/perchlorate/ perchlorate.html).  Once dissolved – and similar to common deicing salt - perchlorate can therefore be considered a conservative anion in most aqueous systems.

Ammonium perchlorate (NH4ClO4) is manufactured for use as the oxidizer component and primary ingredient in solid propellant for rockets, missiles, and fireworks.  As a result perchlorate contamination is common on military bases (associated with firing ranges) and at defense contractor establishments (Urbansky, 2002).  In California for example, over 500 drinking water drinking water wells have been affected by perchlorate contamination (see http://www.ecointeractive.com/perchlorate/).  Defense-related sources are the primary focus of most media reports, research and publications on perchlorate in the environment (e.g. Clausen et al., 2004; Waldman, 2002).  


Little is know about perchlorate in RI’s water – and, based on an extensive literature search, no information is available on perchlorate in runoff from transportation corridors.  A preliminary study of water samples from 9 public supply wells was conducted by the RI Department of Health (RI DoH) under the USEPA Unregulated Contaminant Monitoring Rule or UCMR (EPA, 2004).  Although RI DoH did not find evidence of perchlorate in the 9 wells examined, the study did not explicitly investigate potential sources and pathways of perchlorate contamination near transportation corridors.  

Perchlorate-based chemicals are used in a number of transportation-related products including road flares, air bag inflators, and lubricating oils (Silva, 2003).  The perchlorate in these flares (up to 10% potassium perchlorate; Mohr and Crowley, 2002) can be a significant source of water contamination.  Both the manufacture and use of these products represent potential ClO4- sources to the environment.  For instance, flare manufacturing by Olin Corporation in California, resulted in ClO4- concentrations as high as 765 ug/L in ground water near the plant, impacting a total of 444 drinking water wells (www.ecointeractive.com/slic_perchlorate/ report_confirmed.asp?cmd=detailed). 


Currently, perchlorate is an unregulated contaminant, meaning it does not have a set maximum contaminant level (MCL).  The United States Environmental Protection Agency (USEPA), citing experiments on rats and epidemiological studies, considers a drinking water perchlorate concentration above one part per billion (ppb) as potentially dangerous.  The potential human health risks of perchlorate exposure include effects on the developing nervous system and thyroid tumors (USEPA, 2002).  There have been confirmed perchlorate releases in at least 20 states throughout the United States.  Most perchlorate plumes in the United States range between four and 100 ppb (Morss, 2003).  The USEPA added perchlorate to its Contaminant Candidate List in 1998 following discoveries of its presence in drinking water supplies throughout the southwest, and is considering adoption of an MCL for perchlorate.  Rather than wait for USEPA to act however, some states have set their own perchlorate reference levels for drinking water protection.  For example, California has set the perchlorate threshold level at 4 ppb, which is lower than those established for such toxic compounds like benzene (a common gasoline type pollutant).  


According to Silva (2003), more than 40 metric tons of flares were used/burned in 2002 alone in Santa Clara County, California.  Even if all these the flares burnt out, the remaining perchlorate – if leached into the water – could potentially contaminate almost 500,000 m3 (130,000,000 gallons) of drinking water.  This is enough water to supply a small town (more than 5,000 people) with drinking water.  In Rhode Island, many households rely on water from shallow wells and surface water.  Often, the wells or reservoirs are located in the immediate vicinity of roadways.  For example, Routes 12 and 14 cut across the Scituate Reservoir, which serves approximately 70% of all Rhode Islanders with drinking water.  If flares containing perchlorate are being used near drinking water resources, there is a potential for pollution.  At this time, the risk of perchlorate pollution from use of flares in Rhode Island has not been assessed.  A need exists therefore, for a baseline investigation to assess the occurrence and distribution of perchlorate in roadway runoff.

c. Project Objectives:   

The objectives of the proposed project are:

· Identify the top ten (nighttime) traffic accident spots in RI (locations will be identified on basis of existing DOT traffic accident data).  It is assumed that the highest frequency of safety flares use occurs at these locations.

· Complete a survey of flare use by emergency personnel (frequency and flare-handling practices).

· Investigate the local drainage system at the top ten accident locations, i.e. review DOT plans of existing BMPs or drainage structures.  Based on these investigations, water-sampling locations will be identified.

· Collect water samples on periodic basis (e.g. during and after storms (“1st flush”), snow melt, and during other periods of flow).

· Analyze water samples for perchlorate.

· Develop perchlorate mass flux model (if perchlorate contamination is significant, i.e. ClO4- > 4 ppb) and evaluate the potential risk of water pollution associated with perchlorate.

This project benefits the transportation community, water-quality practitioners, and the public in the following ways:

· Public relations: Preventive action geared towards the prevention of water pollution problems are very well received by the public.  Also, because this study appears to be the first of its kind (at least in Rhode Island), it could serve as a model for future studies elsewhere.  

· Education:  Cooperation between RIDOT practitioners, Town engineers, water-quality experts, and URI researchers exposes all partners to transportation and water quality related problems.  This will enhance communication among these entities and will maximize throughful, informed decision making when transportation issues seemingly collide with water-quality concerns.

Deliverables:  Over the project duration, periodic status reports will be submitted in accordance with URI TC reporting requirements.  At the conclusion of the project, the major findings will be presented to US DOT and/or URITC Research & Development Advisory Committee in written (i.e., final report) and oral format.  Ideally, we would like to submit a paper outlining the results of this study to a peer-reviewed journal, internationally distributed such as Journal of Environmental Engineering, and to present the results at a national or international conference. 

d. Modal Orientation of the Project:  This project focuses primarily on runoff from roadways (highways, rural, and urban) and related paved structures, such as parking lots.  
e. Task Descriptions

1. Complete pre-fieldwork survey of accident locations and flare use practices.  Existing RIDOT and State Police accident data will be used to identify the highest accident frequency locations in the State.  For obvious reasons, flares are most likely being used during nighttime and at badly illuminated accident locations.  Therefore, we will narrow our site search to nighttime accident locations and will exclude well-illuminated accidents locations.  The sites identified during the database search will be verified in the field to ensure that the illumination conditions at these locations indeed favor flare use and that roadway runoff can be sampled in a safe manner. The Town of Narragansett Engineer, M. Zevellia, will assist us in the pre-fieldwork site survey.  Mr. Zevillia has worked for the RI DOT in the past and is familiar with the accident database system.
In addition, an information survey will be conducted to assess current flare use practices at these locations.  A questionnaire will be at the center of this survey.  The questionnaire will be sent to emergency responders (police and sheriffs departments, highway patrols, ambulance services, and tow truck companies serving the accidents spots) and will include questions regarding the type of flares used, frequency of use, and handling procedures.
2. Identify sampling locations and collect site information.  Ten surface water sampling locations will be identified on the basis of the information gathered during task 1.  The sites will be cataloged along with drainage system characteristics for each site including receiving watershed and existing drainage structures.  Known well locations will be mapped, but not sampled initially.  Sampling well water may be carried out if surface water was found to contain elevated ClO4- concentrations (assuming access to wells can be obtained). 
3. Analytical Method Refinement.  Our existing ion chromatograph (Dionex Inc.) will be upgraded to permit analysis of perchlorate.  A laboratory quality control protocol (according to USEPA Method 314.0) will be completed to define the quality of the perchlorate data generated.  

4. Fieldwork and Laboratory Analyses.  Runoff samples will be collected from each sampling site over the course of a 9-month period.  Sampling will be completed under a variety of flow conditions at the road runoff structure including “first flush” when maximum concentrations are expected.  Samples will also be collected from associated receiving surface waters to obtain background water-quality data.  Some sampling events will carried out independent of recent flare use at the site.  But, whenever possible, we will collect runoff samples during a storm that follows a confirmed flare use at the test sites.  It is not planned to conduct controlled flare burns at the test sites.  However, if no flare use is being reported during the study period, we will consider burning flares at selected sites (following emergency responder flare handling procedures).
Climatologically data for a particular sample event (e.g. amount and intensity of rainfall) will obtained from the National Weather Service website (nearest gageing station).  Samples will be collected following standard water quality sampling protocol.  Field measurements will include discharge rate, temperature, dissolved oxygen, pH and electrical conductance.  Samples will be collected for major anion, major cation, selected metals and perchlorate analysis.  Laboratory analyses will include ion chromatography for major anions, major cations and perchlorate, and ion selective electrodes for selected metals (Cu, Zn; assuming no interference from other compounds in solution).  US EPA Method 314.0 will be used for perchlorate analysis.  

5. Data Analysis.  We will analyze data for spatial and temporal distribution of detectable perchlorate.  If significant perchlorate is detected (> 4 ppb), a mass flux model will be developed to estimate the loading of perchlorate at each site.  This information will form the basis for a baseline evaluation of perchlorate contamination risk from roadway runoff at each site.

6. Dissemination of Results/Information Transfer.  The results of this research will be disseminated through peer-reviewed journal articles and presentations at the URITC and national/international conferences as well as by creating a project dedicated website.  Data from the sampling sites will be incorporated into GeoInfoDB, a relational database that includes subsurface, geologic and hydrgeochemical data developed through URITC, RIDOT and RI Water Resources Center funding.  

f. Schedule and Milestones

The tentative start date is September 01, 2004.  The tentative project timetable is summarized in Tab. 1.  A first interim report will be submitted to URI TC six months after the start date.  Another interim reports will be submitted six months later.  A final written and oral report to US DOT personnel and/or URITC will be submitted at the end of the funding period.
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Table 1:  Project timetable and milestones.  The tentative project start date is September 01, 2004.  

g. Relationship to other research or projects

A literature search of the Transportation Research Board Data Base and other databases confirmed that currently no study such as the one proposed herein has been publicized.  A preliminary study of ground water samples from 9 public supply wells was conducted by the RI Department of Health (RI DoH) under the USEPA Unregulated Contaminant Monitoring Rule or UCMR (EPA, 2004).  Although RI DoH did not find evidence of perchlorate in the 9 wells examined, the study did not explicitly investigate potential sources and pathways of perchlorate contamination near transportation corridors.  
The results of this study may therefore provide a better understanding and the means to enhance the water quality near transportation corridors.  In addition, this study may affect or benefit ongoing research projects and efforts in the area of water quality management and pollution control.  The expected results will have important implications for scientist, regulators, and professional in the area of transportation and pollution control.  It will help decision makers nationwide to form an educated argument either for or against restricting flare use and should increase the public awareness about environmental efforts in the transportation community.

The proposed project complements Professor Veeger’s research in the area of water resources management and protection.  The proposed project also complements Professor Boving’s ongoing research of non-point source pollution and its abatement.  Lessons learned from the PI’s previous projects will benefit this proposed research effort.

3. Qualifications of Research Team: 


This research team will include two University of Rhode Island hydrologists, Veeger and Boving (see attached CVs), the Town of Narragansett Engineer, M. Zevellia, a graduate student and an undergraduate student.  The PIs, Veeger and Boving, are well-published hydrogeologists who specialize in water quality investigations.  Veeger has an established track record of investigating the impact of land use on water quality in Rhode Island.  Boving has ongoing projects that address the fate, transport, and remediation of organic and inorganic contaminants.  Both PI’s operate very well-equipped laboratories (e.g. Ion chromatography, GC-MS, etc.) and are capable of conducting intensive field and lab studies.  


In addition to Veeger and Boving, one graduate and one undergraduate student will work on this project.  We anticipate accepting a Master’s student for the 2004-2005 academic year who will work on this research project for their thesis research.  An undergraduate student will have the opportunity to work as an integral part of the research team, as part of a capstone research experience.

Dr. Anne I. Veeger

Hydrogeologist, Department of Geosciences

9 East Alumni Ave.

University of Rhode Island, Kingston, RI 02881

(401)874-2187  veeger@uri.edu

Education
Ph.D.
Hydrology, University of Arizona, 1991

M.S.
Geology, Syracuse University, 1986

B.S.
Geology, Cum Laud, University of Pittsburgh, 1983

Professional Experience
Associate Professor, Department of Geology, University of Rhode Island.  1997-Present.  Assistant, 1992-1997, Instructor, 1989 - 1992.
Teaching and research in the field of hydrogeology.  Emphasis on ground water-surface water interaction, ground-water chemistry, and numerical modeling of ground-water flow.

RESEARCH FOCUS

· Aqueous Geochemistry

· Isotope Hydrology

· Ground-Water Modeling

RELEVENT Publications 

Veeger, A.I., Murray, D.P., Hermes, O.D., Boothroyd, J.B., Hamidzada, N., 2003, Geographic information system-based digital catalog for managing subsurface geotechnical and geologic data:  Transportation Research Record, no. 1821, pp. 90-96.

Veeger, A.I., Vinhateiro, N.D., Nakao, M., and Craft, P.A., 2003, Water Use and Availability, Block Island, Rhode Island 2000: Rhode Island Geological Survey Report 02-01, 21 p.

Meritt, D.L., and Veeger, A.I., 2002, Anthropogenic influence on the water chemistry of the Upper Wood River Basin, Rhode Island, USA, [abstr.] in Abstracts with programs, 37th Annual Meeting Northeastern Section Geological Society of America, vol. 34, no. 1, p. A-64. 
Veeger, A.I., and Ruderman, N.C., 1998, Hydrogeologic controls on Radon-222 in a buried valley-fractured bedrock aquifer system:  Ground Water, v. 36, no. 4, pp. 596-604.

Veeger, A.I., Abrahams-Dematte, W., Michaud, S., and Sandorf, J., 1997, Ground-water quality and hydrogeology of Northern Conanicut Island, Jamestown, Rhode Island: RI Geological Survey Report 97-01, 40 p.

Veeger, A.I. and Johnston, H.E., 1996, Hydrogeology and ground-water resources of Block Island, RI:  U.S. Geol. Survey Water Resources Investigation Series Report 94-4096, 68 p. 

Dr. Thomas B. Boving

Hydrogeologist - Department of Geosciences 

University of Rhode Island, Kingston, RI 02281

(401) 874 7053  boving@uri.edu
Education


Ph.D. Hydrology and Water Resources, The University of Arizona, Tucson (1999)

M.S. (“Diploma”) Geology, University of Tübingen, Germany (1993)

B.S. Geology, University of Tübingen, Germany (1990)

B.S. Geography, University of Tübingen, Germany (1989)

Professional Experience


07/1999-present


Assistant Professor, Dept. of Geosciences, Univ. of Rhode Island 

08/1996-07/1999

Graduate Research Assistant, Dept. of Hydrology The University of Arizona

03/1993-12/1995

Environmental Hydrogeologist II and Project Manager, BGT Boden- und Grundwassertechnologie GmbH, Stuttgart, Germany

Research Focus

· Environmental Hydrology

· Innovative remediation technologies:  Application of cyclodextrin enhanced flushing of DNAPL, wood filter technology for removing toxic compounds

· Fate and transport of contaminants in the surface and groundwater

Selected Peer Reviewed Publications
(complete list of publications available upon request)

Boving, T.B., Zhang, W., 2004: Removal of aqueous phase Polynuclear aromatic hydrocarbons using aspen wood fibers.  Chemosphere, 54, 831-839.

Boving, T.B., Blue, J., 2002: Long-term contaminant trends at the Picillo Farm Superfund Site in Rhode Island. Remediation, 12 (2), 17-28.

Boving, T.B., Grathwohl, P., 2002:  Tracer Diffusion Coefficients in Sedimentary Rocks: Correlation to Porosity and Hydraulic Conductivity.  J. Contaminant Hydrology, 85-100.
Boving, T.B., Brusseau, M.L, 2000.: Solubilization and removal of residual trichloroethene from porous media: comparison of several solubilization agents.  Journal of Contaminant Hydrology, 42(1), 51-67

Boving, T.B., Wang, X., and Brusseau, M.L., 1999: Cyclodextrin-enhanced solubilization and removal of residual chlorinated solvents from porous media.  Environmental Science and Technology, 33(5), 764-770

Special Training

· OSHA Hazardous Waste Operations 40-hour training (HAZWOPER: 29CFR 1910-120)

Services

· Panelist, “Superfund Minority Institution Program: Hazardous Substance Research", US EPA - Office of Research and Development, National Center for Environmental Research

4. Budget

Salaries and Wages:  Funds are requested to support Veeger and Boving for approximately 0.5 summer months, a graduate student for one academic year (incl. health insurance) and 2 summer months at half-time (incl. FICA), and an undergraduate for about 10 to 15 hours per week.

Operating Costs:  Funds are requested to cover the costs of expendable field, laboratory and computer supplies.

Travel:  Funds are requested to cover the cost of travel to professional conferences for the purpose of presenting study results and conferring with other researchers studying perchlorate or related runoff derived contaminants.

Tuition:  Funds are requested to cover the tuition for one graduate student as part of a research assistantship (overhead exempt).

Permanent Equipment:  Funds are requested to acquire the equipment needed to complete perchlorate analyses on the Department of Geosciences Dionex Ion Chromatograph (overhead exempt).

5. Matching Funds

Matching funds are available in form of faculty salary match for Veeger and Boving from the University of Rhode Island.  We have also partnered with Mike Zevellia, Town Engineer from the Town of Narragansett for $2,000 match of in-kind services (see attached cost sharing form).
6. Diversity

The research team includes Veeger, a female geoscientist/hydrologist.  Women are an underrepresented group in the physical sciences and engineering.  Veeger will play a lead role as a PI and the administrative contact for this project.  Specific student members of the research team have not yet been identified.  

7. Technology Transfer:  


The results of this research will be disseminated through journal articles and presentations at the URITC and national/international conferences as well as by creating a project dedicated website.  Data from the sampling sites will be incorporated into GeoInfoDB, a relational database that includes subsurface, geologic and hydrogeo-chemical data developed through URITC, RIDOT and RI Water Resources Center funding ensuring accessibility of the data to transportation stakeholders in the State.  

8. Potential Benefits of the Project:  

The results of this study will contribute to the understanding of fate and transport of aqueous contaminants associated with transportation structures.  This study’s outcome may affect or benefit ongoing research projects and efforts in the area of water quality management and pollution control.  As the steward of most roadways and support structures, the Department of Transportation has an interest maintaining a transport system that has minimal impact on the environment.  Therefore, this research project should be of interest to the Department of Transportation.  

Because stringent federal perchlorate water quality regulations may take effect in the very near future, it is prudent for Rhode Islanders to assess the potential risk that may be associated with the use of common safety flares.  For our students, this means that they become involved in a field that promises significant and nationwide demand for qualified and trained environmental professionals.

The outcome of this proposed study will show if or if not there is a risk to water supplies from flare use.  As the State’s steward of environmental and human health, both the Department of Environmental Management and Department of Health may therefore benefit form this study.  If flares pose a risk to environmental and/or human health, it may become necessary to identify alternatives to flares or develop flare-handling procedures that will minimize potential impact.  Thus, our results may affect how the Department of Transportation or accident responders (such as police and ambulances) perceive and use flares in the future.  We will involve the above mentioned entities in this project by (1) surveying the magnitude of current flare use by accident responders, (2) identifying appropriate sample locations (DoT), and (3) participation in the result evaluation process (especially risk assessment).  
9. TRB Keywords:  perchlorate, flares, runoff, contaminants, drainage practices.
10. Literature Review:  
A TRIS literature search completed for perchlorate yielded no reports regarding the occurrence of perchlorate or assessment of transportation activities as potential sources of perchlorate to the environment.  A broader literature search shows that perchlorate is receiving increasing attention as a potential contaminant of concern as described in the introductory section of this proposal.  The most comprehensive investigation to date on potential release of perchlorate from flares is Silva, (Safety Flares Threaten Water Quality with Perchlorate, 2003) completed for the Santa Clara Valley Water District in California.  This study identified flares as a significant potential source of perchlorate contamination.
11. Student Involvement:  

Students will play an active role throughout this project.  The project will fund one graduate student and one undergraduate student.  The students will participate in the identification of sampling sites and survey of flare use, and will take lead roles in field and laboratory work culminating in presentations at a regional or national conference. 

12. External Technical Reviewers:

	Miguel Á. Silva 

Assistant Engineer II
SCVWD Santa Clara Valley Water District 

5750 Almaden Expressway
San Jose, CA 95118-3686
Phone: (408) 265-2607 Ext. 3759
Msilva@valleywater.org

	Alicia M. Good, PE 

RI DEM

Assistant Director of Water Resources

235 Promenade Street

Providence, RI 02908-5767

Tel.: (401) 222-3961 – 7214

Fax 521-4230

agood@dem.state.ri.us



	Ed Szymanski

RI Department of Transportation

2 Capitol Hill

Providence, RI 02903

Tel:  401-222-2023


	Geoffrey Tick

Univ. of Alabama – Geological Sciences

202 Bevill Building

Tuscaloosa Al 35487

205-348-5095

gtick@wgs.geo.ua.edu
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Figure 1: The perchlorate ion.
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