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GOAL:

To improve the scientific basis for ecological risk assessment at petroleum-contaminated refinery lands, landfarms, and spill sites.
OBJECTIVES: 

1) To describe summarize information on ecological effects levels of total petroleum hydrocarbons in soil.

2) To develop a framework for Net Environmental Benefit Analysis for petroleum-contaminated sites.

3) To develop a tool for identifying corridors between patches of wildlife habitat.

4) To develop regressions between plant metal content, soil metal content, and other soil characteristics for use at sites contaminated with inorganic chemicals.

5) To present these tools for ecological risk assessment in reports, journal articles and presentations at meetings of the Petroleum Environmental Research Forum.

FEW FEAC319
PROJECT DESCRIPTION:

Background: Remedial activities at downstream (refinery, pipeline and landfarm) locations may be more expensive than necessary for two reasons.  First, models for estimating ecological exposure are not readily available, so excessively conservative estimates of exposure and risk are sometimes made.  Second, certain remedial actions such as soil removal and the associated destruction of habitat may result in a greater risk to ecological receptors than the continued presence of the original, aged contamination.
Work to be Performed: This project is developing tools and methods for improving ecological risk assessments at downstream refinery sites, including associated landfarms and spills in soil.  Key tasks include:  1)  improving Net Environmental Benefit Analysis (comparisons of benefits and injuries from alternative contaminant remediation, restoration and natural attenuation scenarios), 2) developing bioaccumulation models for chemical contaminants that are found at downstream sites, 3) developing a habitat corridor analysis tool for risk assessment of wildlife or vegetation, and 4) contributing to the review of toxicity values that may be used to develop soil screening values for plants and invertebrates.  The petroleum industry will benefit in two ways from this investigation.  First, the study will contribute to the Petroleum Environmental Research Forum “Risk Cooperative Project” (PERF 99-13).  Second, improved methods for ecological risk assessment should lower costs of remediation by decreasing the need for conservative assumptions in estimates of ecological exposure.
PROJECT STATUS:

Current Work: This is a continuation of Project FEAC303.  Substantial progress is being made.  In addition to the accepted and published papers (below), we are working on a short report on bioaccumulation models, searching for validation data for the corridor analysis tool, responding to reviewers of a paper on the corridor analysis tool,  and reviewing ecological valuation literature for methods to include in Net Environmental Benefit Analysis.

Scheduled Milestones:  

	Identify gaps in Net Environmental Benefit Analysis (NEBA) and/or select metrics to compare risks from chemicals to risks from remediation
	10/00

	Develop plan for the spatial modeling task
	03/01

	Collect data and begin development of bioaccumulation models
	03/01

	Complete first draft of framework for NEBA and send to coauthors for comments
	05/02

	Submit second draft framework for NEBA to PERF partners for comments
	08/02

	Resubmit manuscript on toxicity of petroleum hydrocarbons to journal
	012/02

	Present NEBA framework at Society for Environmental Toxicology and Chemistry meeting
	11/02

	Submit manuscript on Net Environmental Benefit Analysis framework to journal
	12/02

	Develop biota corridor analysis tool
	6/03

	Complete short report on bioaccumulation models
	1/04

	Search for validation data for corridor analysis tool
	8/04

	Respond to reviewer comments on manuscripts
	9/04

	Close out project
	9/04


Accomplishments: 

Net Environmental Benefit Analysis - Net Environmental Benefit Analysis (NEBA) of chemically contaminated sites is the comparison of risks and benefits associated with three principal alternatives:  1) leaving contamination in place; 2) physically, chemically, or biologically remediating the environment through traditional means; and 3) improving ecological value through restoration alternatives that do not directly focus on chemical contamination.  Net Environmental Benefit Analysis has the potential to broaden and improve environmental restoration options and to provide an objective means of comparison of these options.  The focus of this task was the development of a framework for NEBA; a scientist at ChevronTexaco indicated that such a framework would provide a useful product to the petroleum industry.  A report of the framework for Net Environmental Benefit Analysis has been published.  The report addresses the history of NEBA, questions that are asked in NEBA, estimates of biodegradation and recovery rates, restoration under Natural Resources Damage Assessment, and case studies.  Also, a journal article on the topic has recently been accepted.  
Efroymson, R. A., J. P. Nicolette, and G. W. Suter II.  2003.  A Framework for Net Environmental Benefit Analysis for Remediation or Restoration of Petroleum-Contaminated Sites.  ORNL/TM-2003/17.  Oak Ridge National Laboratory, Oak Ridge, TN.
Efroymson, R. A., J. P. Nicolette, and G. W. Suter II.  In press 2004.  A framework for Net Environmental Benefit Analysis for remediation or restoration of contaminated sites.  Environmental Management

Ecotoxicity of Petroleum Hydrocarbons – Data on the ecotoxicity of total petroleum hydrocarbons have not previously been summarized, nor have soil screening levels for petroleum hydrocarbons been developed.  Data from studies evaluating the toxicity of total petroleum hydrocarbons (TPH) to plants and soil invertebrates were reviewed for possible application to soil benchmark development.  Toxicity data included Lowest Observed Adverse Effects Concentrations; estimated EC25s, EC20s and LC50s; effective concentrations that caused greater than a 20% level of effect; and NOAECs.  The variabilities in petroleum material, chemical analytical methodology, age of hydrocarbon-soil contact, nutrient amendment, and measured effects levels did not permit meaningful aggregation of the data.  It was determined that existing toxicity data are not sufficient to establish broadly applicable TPH ecotoxicity screening benchmarks with confidence, even for specific mixtures.  A journal article was published which summarized the ecotoxicity information, with recommendations on how to use it for ecological risk assessments.

Efroymson, R. A., B. E. Sample, and M. J. Peterson.  2004.  Ecotoxicity test data for total petroleum hydrocarbons in soil:  plants and soil-dwelling invertebrates.  Human and Ecological Risk Assessment 10:207-231. 
Bioaccumulation Models - Statistical regressions have been developed to describe soil-plant uptake of vanadium and lead.  The primary author of a report on this task, Daniel Jones, left Oak Ridge National Laboratory in December 2003, and the principal investigator is working with Mr. Jones to summarize for DOE the regressions that he developed.  

Spatial Modeling -  Journal papers that apply spatial modeling to ecological risk assessment were compiled.  Several spatial tasks were considered.  A landscape map analyzer tool was proposed to identify and map corridors and barriers to animal movement across any map of land cover categories (e.g., grass, roads, industry, etc.) or more specific features (e.g., spills).  Following DOE approval, a prototype tool was developed.  The tool is informally called “Walkers”, because of the focus on animals walking across a landscape.  Applications of the tool to the petroleum industry lie in the identification of key areas for ecological restoration, spill remediation, or wildlife barrier construction, or avoidance areas for road, pipeline or refinery facility development.  Potential case study sites for a landscape-level analysis were previously discussed with PERF partners, but it was determined that hypothetical landscapes may be more useful for the development of the proposed tool, and results may be less controversial.  A presentation of the tool is described below.  A manuscript describing the tool and initial tests of the tool has been submitted to a journal, and we are in the process of responding to reviewer comments.

Hargrove, W. W., F. M. Hoffman, and R. A. Efroymson.  Submitted.  A practical map-analysis tool for detecting dispersal corridors.  Landscape Ecology.
TECHNOLOGY TRANSFER: 

Technology/Information Transfer:  Summaries of the goals and preliminary results of this project have been presented at four Petroleum Environmental Research Forum (PERF) meetings:  1) PERF 99-01, Ecological Evaluations of Upstream Site Remediation Programs, October 2000, Richmond, CA;  2) PERF 99-13, Expanding the Science Basis for Risk, February 2001, Richmond, CA; 3) PERF 99-13, Expanding the Science Basis for Risk, September 2002, Annandale, NJ; and 4) PERF 99-13, Expanding the Science Basis for Risk, November 2003, Richmond, CA (conference call).  The attendees consisted of petroleum and natural gas industry staff, national laboratory staff, DOE staff, and private consultants.  In addition, “A Framework for Net Environmental Benefit Analysis of Remediation or Restoration of Petroleum Sites” was presented in November 2002 at the Annual Meeting of the Society of Environmental Toxicology and Chemistry, Salt Lake City, UT.  Also, “A Practical Map-Analysis Tool for Detecting Dispersal Corridors” was presented at the American Society for Testing and Materials meeting on “Landscape Ecology and Wildlife Habitat Evaluation:  Critical Information for Ecological Risk Assessment, Land-Use Management Activities, and Biodiversity Enhancement Practices,” March 2003, Kansas City, MO.
Public Relations:  Billy Stair, (865) 574-416, stairb@ornl.gov

Technology Transfer:  Jan Haerer, (865) 241-7613, haererj@ornl.gov

Newspaper:  Knoxville News-Sentinel, Frank Munger, (865) 482-9213
Updated By:  Rebecca Efroymson
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Trajectory of environmental service or other ecological property with time, following a hypothetical petroleum spill, as measured or modeled in a Net Environmental Benefit Analysis.  
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The MINE landscape from northwestern Indiana from Gustafson and Gardner (1996). A.  Green areas are remnants of deciduous forest, the habitat under analysis, within an agricultural matrix.  Blue areas are water, browns are bare soil classes, and cream colors are grass categories.  The red area in the center of the image is a gravel pit operation.  B. Corridors detected among the remnant deciduous forest patches (in white), with red indicating the strongest corridors.  C. Patch source importance. D. Patch sink importance.
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