
Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 

REFERENCES


Abramowicz, D.A., and D.R. Olsen.  1995. Accelerated Biodegradation of PCBs. Chemtech 24:36–41. 

Averett, D.E., B.D. Perry, E.J. Torre, and J.A. Miller.  1990. Review of Removal, Containment, and 
Treatment Technologies for Remediation of Contaminated Sediments in the Great Lakes, 
Miscellaneous Paper EL-90-25. U.S. Army Corps of Engineers Waterways Experiment Station, 
prepared for U.S. Environmental Protection Agency - Great Lakes National Program Office, 
Chicago, IL. 

Barth, E., B. Sass, A. Polaczyk, and R. Lundy.  2001. Evaluation of Risk from Using Poultry Litter to 
Remediate and Reuse Contaminated Estuarine Sediments.  Journal of Remediation.  Autumn. 

Bedard, D.L., and R.J. May.  1996. Characterization of the Polychlorinated Biphenyls in Sediments of 
Woods Pond: Evidence for Microbial Declorination of Aroclors 1260 In-situ.  Environ. Sci. 
Technol. 30:237-245. 

Bolger, M. 1993. Overview of PCB Toxicology.  In: Proceedings of the U.S. Environmental Protection 
Agency’s National Technical Workshop PCBs in Fish Tissue.  U.S. Environmental Protection 
Agency Office of Water, Washington, DC.  EPA 823-R-93-003. September. 

Boyer, L.F., P.L. McCall, F.M. Soster, and R.B. Whitlatch.  1990. Deep Sediment Mixing by Burbot 
(Lota lota), Caribou Island Basin, Lake Superior, USA. Ichnos 1: 91-95. 

Brown, J.F., Jr., R.E. Wagner, H. Feng, D.L. Bedard, M.J. Brennan, J.C. Carnaham and R.J. May.  1987. 
Environmental Declorination of PCBs.  Environ. Toxicol. Chem. 6:579–593. 

Cerniglia, C.E. 1992. Biodegradation of Polycyclic Aromatic Hydrocarbons.  Biodegradation 
3:351–368. 

Chiarenzeli, J., R. Scrudata, B. Bush, D. Carpenter, and S. Bushart.  1998. Do Large Scale Remedial 
Dredging Events Have the Potential to Release Significant Amounts of Semivolatile Components 
to the Atmosphere?  Environmental Health Perspectives.  Volume 106, Number 2.  February. 

Churchward, V., E. Isely, and A.T. Kearney.  1981. National Waterways Study–Overview of the 
Transportation Industry. U.S. Army Corps of Engineers, Institute for Water Resources, Water 
Resources Support Center, Fort Belvoir, Virginia. 

Clarke, D.G., Palermo, M.R, and Sturgis, T.C.  2001.  Subaqueous cap design: Selection of bioturbation 
profiles, depths, and rates. DOER Technical Notes Collection. ERDC TN-DOER-C21, U.S. 
Army Engineer Research and Development Center, Vicksburg, Mississippi 
http://www.wes.army.mil/el/dots/doer 

Connolly, J.P., and R. Tonelli.  1985. A Model of Kepone in the Striped Bass Food Chain of the James 
River Estuary.  Estuarine, Coastal & Shelf Science, 20:349–366. 

http://www.wes.army.mil/el/dots/doer


Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
Connolly, J.P., and M.P. Logan.  2004. Adaptive Management as a Measured Response to the 

Uncertainty Problem.  Addressing Uncertainty and Managing Risk at Contaminated Sediment 
Sites. October 27, 2004, St. Louis, Missouri. 

Cowardin, L.M., V. Carter, F.C. Golet and E.T. LaRoe.  1979. Classification of Wetlands and Deepwater 
Habitats of the United States. U.S. Fish and Wildlife Service. U.S. DOI, FWS/OBS-79/31, 103 
pp. 

Cowen, C.E., et al., eds. 1999. The Multi-Media Fate Model: A Vital Tool for Predicting the Fate of 
Chemicals.  SETAC Press. 

Crumbling, D., et al.  2001. Managing uncertainty in environmental decisions.  Environ. Sci. Technol. 
35: 404A–409A (available on the Web at http://www.clu-in.org/triad). 

Davis, J.W., T. Dekker, M. Erickson, V. Magar, C. Patmont, and M. Swindoll.  2003. Framework for 
evaluating the effectiveness of monitored natural recovery (MNR) as a contaminated sediment 
management option.  Proceedings: 2nd International Conference on Remediation of Contaminated 
Sediments, Venice, Italy (September 30, 2003), Battelle, Columbus, Ohio.  (Working draft paper 
available at http://www.rtdf.org/public/sediment/mnrpapers.htm.) 

Dec, J., and J.M. Bollag. 1997. Determination of Covalent Binding Interaction Between Xenobiotic 
Chemicals and Soils.  Soil Sci. 162: 858–874. 

Desrosiers, R., C. Patmont, E. Appy, and P. LaRosa.  2005. Effectively Managing Dredging Residuals: 
Balancing Remedial Goals and Construction Costs.  Proceedings of the Third International 
Conference on Remediation of Contaminated Sediments, January 24–27, 2005, New Orleans, 
Louisiana, Battelle Press. 

Dekker, T. 2003. Numerical models as tools to allow prediction of MNR.  Proceedings: Second 
International Conference on Remediation of Contaminated Sediments, September 3, 2003, 
Venice, Italy, Battelle Press, Columbus, Ohio.  Working draft paper available at 
http://www.rtdf.org/public/sediment/mnrpapers.htm. 

Erickson, M.J., et al. 2003. Sediment stability assessment to evaluate natural recovery as a viable 
remedy for contaminated sediments.  Proceedings: Second International Conference on 
Remediation of Contaminated Sediments, September 3, 2003, Venice, Italy, Battelle Press, 
Columbus, Ohio.  Working draft paper available at 
http://www.rtdf.org/public/sediment/mnrpapers.htm. 

Flanagan, W.P., and R.J. May.  1993. Metabolic Detection as Evidence for Naturally Occurring Aerobic 
PCB Biodegradation in Hudson River Sediments.  Environ. Sci. Technol. 27: 2207–2212. 

Francingues, N.R., and D.W. Thompson.  2000. Innovative Dredged Sediment Decontamination and 
Treatment Technologies.  DOER Technical Notes Collection (ERDC TN-DOER-T2), U.S. Army 
Engineer Research and Development Center, Vicksburg, Mississippi.  Available at 
http://www.wes.army.mil/el/dots/doer. 

http://www.clu-in.org/triad
http://www.rtdf.org/public/sediment/mnrpapers.htm
http://www.rtdf.org/public/sediment/mnrpapers.htm
http://www.rtdf.org/public/sediment/mnrpapers.htm
http://www.wes.army.mil/el/dots/doer


Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
Ghiorse, W.C., J.B. Herrick, R.L. Sandoli, and E.L. Madsen.  1995. Natural selection of PAH-degrading 

bacterial guilds at coal-tar disposal sites. Environ. Health Perspect. 103(5): 103–111. 

Hall, J.S. 1994. Physical Disturbance and Marine Benthic Communities: Life in Unconsolidated 
Sediment. Oceanography and Marine Biology:  An Annual Review. 32:179–239. 

Harkness, M.R., J.B. McDermott, D.A. Abramowicz, J.J. Salvo, W.P. Flanagan, M.L. Stephens, F.J. 
Mondello, R.J. May, J.H. Lobos, K.M. Carrol, M.J. Brennan, A.A. Bracco, K.M. Fish, G.L. 
Wagner, P.R. Wilson, D.K. Dierich, D.T. Lin, C.B. Morgan and W.L. Gately.  1993. In-situ 
Stimulation of Aerobic PCB Biodegradation in Hudson River Sediments.  Science 159:503–507. 

Hays, D., and P. Wu.  2001. “Simple approach to TSS source strength estimates.” Proceedings, 21st 

Annual Meeting of the Western Dredging Association (WEDA XXI) and 33rd Annual Texas 
A&M Dredging Seminar, Houston, Texas. 

Hedblom, E., M. Costello, and H. Huls.  2003. Integrated field sampling for design of a remedial cap.  In-
Situ Contaminated Sediment Capping Workshop, May 12–14, 2003, Cincinnati, Ohio.  Available 
at http://www.serviceenv.com. 

Hylleberg, J.  1975. Selective Feeding by Abarenicola vagabunda and a Concept of Gardening in 
Lugworms.  Ophelia 14: 113–137. 

Jepsen, R., J. Roberts, and W. Lick. 1997. “Effects of Bulk Density on Sediment Erosion Rates.”  Water, 
Air and Soil Pollution, Kluwer Academic Publishers, The Netherlands.  99: 21–37. 

Langworthy, D.E., R.D. Stapleton, G.S. Sayler, and R.H. Findlay.  1998. Genotypic and phenotypic 
responses of a riverine microbial community to polycyclic aromatic hydrocarbon contamination. 
Appl. Environ. Microbiol. 64(9): 3422–3428. 

Lee, C.R. 2000. Reclamation and Beneficial Use of Contaminated Dredged Material: Implementation 
Guidance for Select Options. DOER Technical Notes Collection (ERDC TN-DOER-C12).  U.S. 
Army Engineer Research and Development Center, Vicksburg, Mississippi.  Also available on 
the Internet at: http://www.wes.army.mil/el/dots/doer. 

Lesnick, B., and D. Crumbling.  2001. Guidelines for Preparing SAPs [sampling and analysis plans]: 
Using Systematic Planning and PBMS [performance-based measurement system], Environmental 
Testing and Analysis, Jan/Feb 2001 (available on the Web at http://www.clu-in.org/triad). 

Liu and Znidarcic. 1991. Modeling one dimensional compression characteristics of soils, J. Geotechnical 
Engineering, ASCE, 117(1): 162–169. 

Luthy, R.G., G.R. Aiken, M.L. Brusseau, S.D. Cunningham, P.M. Gschwend, J.J. Pingnatello, M. 
Reinhard, S.J. Traina, W.J. Weber, Jr., and J.C. Wentall.  1997. Sequestration of Hydrophobic 
Organic Contaminants by Geosorbents.  Environ. Sci. Tech. 31: 3341–3347. 

Maa, J.P.-Y., L.D. Wright, C.-H. Lee, and T.W. Shannon. 1993. VIMS sea carousel: a field instrument 
for studying sediment transport.  Marine Geology 115: 271–287. 

http://www.serviceenv.com
http://www.wes.army.mil/el/dots/doer
http://www.clu-in.org/triad


Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
MacKnight, S.D. 1992. Dredging of contaminated sediment between pre-dredging survey and treatment. 

In: Proc. of the International Symposium on Environmental Dredging, Buffalo, NY. 

Mager, V. 2003. Characterization of fate and transport processes: Comparing contaminant recovery with 
biological endpoints. Proceedings: Second International Conference on Remediation of 
Contaminated Sediments, September 3, 2003, Venice, Italy, Battelle Press, Columbus, Ohio. 
Working draft paper available at http://www.rtdf.org/public/sediment/mnrpapers.htm. 

Mallhot, H., and R. H. Peters. 1988. Empirical Relationships Between the L-octane/water Partition 
Coefficient and Nine Physiochemical Properties.  Environ. Sci. Technol. 22:1479–1488. 

Matisoff, G., X. Wang and P.L. McCall. 1999. Biological redistribution of lake sediments by tubificid 
oligochaetes, Journal of Great Lakes Research 25(1): 205–219. 

Matisoff, G. and X. Wang. 2000. Particle mixing by freshwater infaunal bioirrigators: madiges and 
mayflies.  Journal of Great Lakes Research 26(2): 174–182. 

McLaren, P. and D. Bowles. 1985. The effects of sediment transport on grain-size distributions.  Journal 
of Sedimentary Petrology 55: 457–470. 

McLaren, P., W.J. Cretney, and R. Powys.  1993. Sediment pathways in a British Columbia fjord and 
their relationship with particle-associated contaminants; Journal of Coastal Research 9: 
1026–1043. 

McNeil, J., C. Taylor, and W. Lick.  1996. Measurements of erosion of undisturbed bottom sediments 
with depth. Journal of Hydraulic Engineering 122(6): 316–324. 

Meador, J.P., J.E. Stein, W.L. Reichert, and U. Varanasi.  1995. Bioaccumulation of polycyclic aromatic 
hydrocarbons by marine organisms.  Rev. Environ. Contamin. Toxicol. 143:79–163. 

Mulligan, C.N., R.N. Yong, and B.F. Gibbs. 2001. Heavy Metal Removal from Sediments by 
Biosurfactants. Journal of Hazardous Materials 85: 111–125. 

Myers, T.E., and M.E. Zappi.  1989. New Bedford Harbor Superfund Project, Acushnet River Estuary ­
Engineering Feasibility Study of Dredging and Dredged Material Disposal Alternatives.  Report 
No. 9, Laboratory-Scale Application of Solidification/Stabilization Technology, Technical Report 
EL-88-15. U.S. Army Corps of Engineers Waterways Experiment Station, Vicksburg, 
Mississippi. 

Myers, T.E., R.P. Gambrell, and M.E. Tittlebaum.  1991. Design of an Improved Column Leaching 
Apparatus for Sediments and Dredged Material, Miscellaneous Paper D-91-3.  U.S. Army Corps 
of Engineers Waterways Experiment Station, Vicksburg, Mississippi. 

Myers, T.E., and D.W. Bowman.  1999. Bioremediation of PAH-Contaminated Dredged Material at the 
Jones Island CDF: Materials, Equipment, and Initial Operations.  DOER Technical Notes 
Collection (ERDC TN-DOER-C5), U.S. Army Engineer Research and Development Center, 
Vicksburg, Mississippi. Available at http://www.wes.army.mil/el/dots/doer. 

http://www.rtdf.org/public/sediment/mnrpapers.htm
http://www.wes.army.mil/el/dots/doer


Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
Myers, T.E., and Williford.  2000. Concepts and Technologies for Bioremediation in Confined Disposal 

Facilities. DOER Technical Notes Collection (ERDC TN-DOER-C11), U.S. Army Engineer 
Research and Development Center, Vicksburg, Mississippi.  Available at 
http://www.wes.army.mil/el/dots/doer. 

NRC. 1997. Contaminated Sediments in Ports and Waterways.  National Research Council. National 
Academy of Press, Washington, DC.  Available from the National Academies Press Web site at 
http://www.nap.edu/bookstore.html. 

NRC. 2001. A Risk-Management Strategy for PCB-Contaminated Sediments.  Committee on 
Remediation of PCB-Contaminated Sediments, Board on Environmental Studies and Toxicology, 
Division on Life and Earth Studies, National Research Council. National Academies Press, 
Washington, DC. May. 

NRC. 2003. Environmental Cleanup at Navy Facilities: Adaptive Site Management.  Committee on 
Environmental Remediation at Naval Facilities, National Research Council.  National Academies 
Press. 

Palermo, M.R.  1995. Considerations for Disposal of Dredged Material in Solid Waste Landfills. 
Proceedings of the 16th Annual Meeting of the Western Dredging Association, St. Paul, MN, May 
23–26, 1995. 

Palermo, M.R., and D.E. Averett.  2000. Confined Disposal Facility (CDF) Containment Measures: A 
Summary of Field Experience.  DOER Technical Notes Collection (ERDC TN-DOER-C18), U.S. 
Army Engineer Research and Development Center, Vicksburg, Mississippi.  Available on the 
Internet at: http://www.wes.army.mil/el/dots/doer. 

Palmero, M.R., and D.E. Averett.  2003. “Environmental dredging - A state of the art review.” 
Proceedings of the 2nd International Symposium on Contaminated Sediments: Characterization, 
Evaluation, Mitigation/Restoration, Monitoring, and Performance, Quebec, Canada, May 26–28. 

Palermo, M.R., J.E. Clausner, M.P. Rollings, G.L. Williams, T.E. Myers, T.J. Fredette, and R.E. Randall. 
1998a. Guidance for Subaqueous Dredged Material Capping.  U.S. Army Corps of Engineers 
Waterways Experiment Station, Vicksburg, Mississippi.  Technical Report DOER-1. Available 
on the Internet at http://www.wes.army.mil/el/dots/doer. 

Palermo, M., N. Francingues, and D. Averett.  1998b.  Environmental Dredging and Disposal – Overview 
and Case Studies. Proceedings, National Conference on Management and Treatment of 
Contaminated Sediments.  U.S. Environmental Protection Agency, Office of Research and 
Development, Washington DC.  EPA 625/R-98/001. 

Palermo, M.R., N.R. Francingues, and D.E. Averett.  2004. Operational Characteristics and Equipment 
Selection Factors for Environmental Dredging. Journal of Dredging Engineering, Western 
Dredging Association, Vol. 5, No. 4. 

Pascoe, G.A., P. McLaren, and M. Soldate. 2002. Impact of offsite sediment transport and toxicity on 
remediation of a contaminated estuarine bay. Marine Pollution Bulletin, 44: 1184–1193. 

http://www.wes.army.mil/el/dots/doer
http://www.nap.edu/bookstore.html
http://www.wes.army.mil/el/dots/doer
http://www.wes.army.mil/el/dots/doer


Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
Patmont, C., et al.  2003. Natural Recovery: Monitoring declines in sediment chemical concentrations 

and biological endpoints. Proceedings: Second International Conference on Remediation of 
Contaminated Sediments, September 3, 2003, Venice, Italy, Battelle Press, Columbus, Ohio. 
Working draft paper available at http://www.rtdf.org/public/sediment/mnrpapers.htm. 

Pennak, R.W. 1978. Fresh-water Invertebrates of the United States.  2nd Edition. John Wiley & Sons, 
New York. 

Ravens, T.M., and P.M. Gschwend. 1999. Flume Measurements of Sediment Erodibility in Boston 
Harbor. J. Hydraulic Engineering 125: 998–1005. 

Reible, D.D., and L.J. Thibodeaux. 1999. Using Natural Processes to Define Exposure from Sediments. 
Sediment Management Work Group Technical Paper.  Available at http://www.smwg.org. 

Reid, B.J., K.C. Jones, and K.T. Semple.  2000. Bioavailability of persistent organic pollutants in soils 
and sediments – a perspective on mechanisms, consequences and assessment.  Environ. Poll. 
108:103–112. 

Rhoads, D. 1967. Biogenic Reworking of Intertidal and Subtidal Sediments in Barnstable Harbor and 
Buzzards Bay, Massachusetts.  J. Geol. 75: 461–476. 

Risk, M., and J. Moffat. 1977. Sedimentological Significance of Fecal Pellets of Macoma balthica in 
Minas Basin, Bay of Fundy.  J. Sediment 47: 1425–1436. 

Roch, F., and M. Alexander. 1997. Inability of bacteria to degrade low concentrations of toluene in 
water. Environ. Toxicol. Chem. 16(7): 1377–1383. 

Ruiz, C.E., N.M. Aziz, and P.R. Schroeder. 2000. RECOVERY: A Contaminated Sediment-Water 
Interaction Model. ERCD/EL SR-00-1. U.S. Army Engineer Research and Development Center, 
Vicksburg, Mississippi. 

Ryan J.N., S. Mangion and D. Willey.  1995. Turbidity and Colloid Transport, In: U.S. EPA Ground 
Water Sampling - A Workshop Summary, Dallas, Texas, November 30–December 2, 1993.  EPA 
600/R-94/205, pp. 88–93. 

Safe, S. 1980. Metabolism Uptake, Storage, and Bioaccumulation.  In: Halogenated Biphenyls, 
Napthylenes, Di-benzodioxins and Related Products.  R. Kimbroush, ed. Elsevier, North Holland. 
pp. 81–107. 

Safe, S. 1992. Toxicology Structure-function Relationship and Human Environmental Health Impacts of 
Polychorinated Biphenyls: Progress and Problems.  Environ. Health Perspect. 100:259–268. 

Schwartz, E., and K.M. Scow. 2001. Repeated inoculation as a strategy for the remediation of low 
concentrations of phenanthrene in soil.  Biodegradation 12: 201–207. 

http://www.rtdf.org/public/sediment/mnrpapers.htm
http://www.smwg.org


Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
Seech, A., B. O’Neil and L.A. Comacchio.  1993. Bioremediation of Sediments Contaminated with 

Polynuclear Aromatic Hydrocarbons (PAHs).  In: Proceedings of the Workshop on the Removal 
and Treatment of Contaminated Sediments.  Environment Canada’s Great Lakes Cleanup Fund. 
Wastewater Technology Centre, Burlington, Ontario. 

Shuttleworth, K.L., and C.E. Cerniglia. 1995. Environmental Aspects of PAH Biodegradation.  Appl. 
Biochem. Biotechnol. 54:291–302. 

St. Lawrence Centre. 1993. Selecting and Operating Dredging Equipment:  A Guide to Sound 
Environmental Practices, prepared in Collaboration with Public Works Canada and the Ministere 
de l’Environment du Quebec, written by Les Consultants Jacques Berube, Inc.  Cat. No. En 
40-438/1993E. 

Stern, E.A., J.L. Lodge, K.W. Jones, N.L. Clesceri, H. Feng, and W.S. Douglas.  2000. Decontamination 
and Beneficial Use of Dredged Materials. 

Stern, E.A. 2001. Status Sheet-NY/NJ Harbor Sediment Decontamination Program. 

Suedel, B.C., J.A. Boraczek, R.K. Peddicord, P. Clifford, T.M. Dillon.  1994. Trophic transfer and 
biomagnification potential of contaminants in aquatic ecosystems.  Rev. Environ. Contam. 
Toxicol. 136:21–89. 

Swindoll, M., R.G. Stahl, and S.J. Ells., eds.  2000. Natural Remediation of Environmental 
Contaminants: Its Role in Ecological Risk Assessment and Risk Management.  Society of 
Environmental Toxicology and Chemistry (SETAC) Press. 

Tabak, H.H., and R. Govind. 1997. Bioavailability and Biodegradation Kinetics Protocol for Organic 
Pollutant Compounds to Achieve Environmentally Acceptable Endpoints During Bioremediation. 
In: Bioremediation of Surface and Subsurface Contamination, Annals of New York Academy of 
Sciences. 829:36–60. 

Tsai, C.H., and W. Lick. 1986. A portable device for measuring sediment resuspension.  J. of Great 
Lakes Res. 12(4): 314–321. 

Turner, T.M. 1984. Fundamentals of hydraulic dredging. Cornell Maritime Press, Centerville, Maryland. 

USACE. 1987. Confined Disposal of Dredged Materials.  Engineer Manual 1110-2-5027. U.S. Army 
Corps of Engineers, Washington, DC. 

USACE. 2003. Evaluation of Dredged Material Proposed for Disposal at Island, Nearshore, or Upland 
Confined Disposal Facilities - Testing Manual. U.S. Army Engineer Research and Development 
Center, Waterways Experiment Station, Vicksburg, Mississippi. ERDC/EL TR-03-1.  January. 

USACE and U.S. EPA. 2003. Great Lakes Confined Disposal Facilities Report to Congress. U.S. Army 
Corps of Engineers - Great Lakes and Ohio River Division and U.S. Environmental Protection 
Agency - Great Lakes National Program Office.  April. Available at 
http://www.lrd.usace.army.mil/navigation/glnavigation/cdf. 

http://www.lrd.usace.army.mil/navigation/glnavigation/cdf


Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
U.S. EPA. 1988a. Guidance for Conducting Remedial Investigations and Feasibility Studies under 

CERCLA, Interim Final.  U.S. Environmental Protection Agency, Office of Emergency and 
Remedial Response, Washington, DC.  OSWER Directive 9355.3-01. EPA/540/G-89/004. 
October. 

U.S. EPA. 1988b. CERCLA Compliance with Other Laws Manual, Interim Final.  U.S. Environmental 
Protection Agency, Office of Emergency and Remedial Response, Washington, DC.  OSWER 
Directive 9355.0-67FS. EPA 540-G-89-099. December. 

U.S. EPA. 1989. Risk Assessment Guidance for Superfund.  U.S. Environmental Protection Agency, 
Office of Emergency and Remedial Response, Washington, DC.  EPA 540/1-89/002. December. 

U.S. EPA. 1991a. Risk Assessment Guidance for Superfund: Volume 1 – Human Health Evaluation 
Manual, Part C, Risk Evaluation of Remedial Alternatives.  U.S. Environmental Protection 
Agency, Office of Emergency and Remedial Response.  OSWER Directive 9285.7-01C. 
EPA/540/R-92/004. See Chapter 2, page 2-16. 

U.S. EPA. 1991b. Compendium of CERCLA ARARs Fact Sheets and Directives.  U.S. Environmental 
Protection Agency, Office of Solid Waste and Emergency Response, Washington, DC.  OSWER 
Directive 9347.3-15. 

U.S. EPA. 1991c. Handbook: Remediation of Contaminated Sediments.  U.S. Environmental Protection 
Agency, Office of Research and Development, Cincinnati, OH.  EPA 625/91/028. April. 

U.S. EPA. 1991d. A Guide to Principal Threat and Low-level Threat Wastes. U.S. Environmental 
Protection Agency, Office of Solid Waste and Emergency Response, Washington, DC. OSWER 
Directive 9380.3-06FS. 

U.S. EPA. 1992a. ECO Update - The Role of Natural Resource Trustees in the Superfund Process.  
Intermittent Bulletin Vol. I, No. 3.  U.S. Environmental Protection Agency, Office of Emergency 
and Remedial Response, Washington, DC.  OSWER Directive 9345.0-05I. March. 

U.S. EPA. 1992b. Early Action and Long-Term Action under SACM - Interim Guidance.  U.S. 
Environmental Protection Agency, Office of Emergency and Remedial Response, Washington, 
DC. OSWER Directive 9203.1-05I. December. 

U.S. EPA. 1993a. Guidance on Conducting Non-Time-Critical Removal Actions Under CERCLA.  U.S. 
Environmental Protection Agency, Office of Solid Waste and Emergency Response, Washington, 
DC. OSWER Directive 9360.0-32. EPA 540/R-93/057. August. 

U.S. EPA. 1993b. Revisions to OMB Circular A-94 on Guidelines and Discount Rates for Benefit-Cost 
Analysis.  U.S. Environmental Protection Agency, Office of Solid Waste and Remedial 
Response, Washington, DC. OSWER Directive No. 9355.3-20. 

U.S. EPA. 1993c. Assessment and Remediation of Contaminated Sediments (ARCS) Risk Assessment 
and Modeling Overview Document.  U.S. Environmental Protection Agency, Great Lakes 
National Program Office, Chicago, Illinois.  EPA 905-R93-007. 



Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
U.S. EPA. 1993d. Selecting Remediation Technologies for Contaminated Sediment.  U.S. 

Environmental Protection Agency, Office of Water, Washington, DC.  EPA 823/B-93/001. 

U.S. EPA. 1994a. RCRA Corrective Action Plan (Final). U.S. Environmental Protection Agency, Office 
of Waste Programs Enforcement and Office of Solid Waste.  OSWER Directive 9902.3-2A. 
May. 

U.S. EPA. 1994b. Role of the Ecological Risk Assessment in the Baseline Risk Assessment.  U.S. 
Environmental Protection Agency, Office of Solid Waste and Emergency Response.  OSWER 
Directive 9285.7-17. April 12. 

U.S. EPA. 1994c. Guidance for Conducting External Peer Review of Environmental Regulatory Models. 
U.S. Environmental Protection Agency, Office of the Administrator, Agency Task Force on 
Environmental Regulatory Modeling, Washington, DC.  EPA 100/B-94/001. July. 

U.S. EPA. 1994d. Assessment and Remediation of Contaminated Sediments (ARCS) Program 
Remediation Guidance Document.  EPA/905/R-94/003. U.S. Environmental Protection Agency 
Great Lakes National Program Office, Chicago, Illinois. 

U.S. EPA. 1994e. Considering Wetlands at CERCLA Sites. U.S. Environmental Protection Agency 
Office of Solid Waste and Emergency Response.  EPA 540/R-94/019. May. 

U.S. EPA. 1994f. Pilot-Scale Demonstration of Sediment Washing for the Treatment of Saginaw River 
Sediment.  Assessment and Remediation of Contaminated Sediments (ARCS) Program.  EPA 
905/R-4/019. July. 

U.S. EPA. 1995a. Land Use on the CERCLA Remedy Selection Process.  U.S. Environmental Protection 
Agency, Office of Emergency and Remedial Response, Washington, DC.  OSWER Directive 
9355.7-04. 

U.S. EPA. 1995b. Cleaning Up Contaminated Sediments: A Citizen’s Guide.  Assessment and 
Remediation of Contaminated Sediment (ARCS) Program.  U.S. Environmental Protection 
Agency, Great Lakes National Program Office, Chicago, Illinois.  EPA 905/K-95/001. July. 

U.S. EPA. 1996a. Soil Screening Guidance: User’s Guide. U.S. Environmental Protection Agency, 
Office of Solid Waste and Emergency Response, Washington, DC.  OSWER 9355.4-23, EPA 
540/R-96/018. July. 

U.S. EPA. 1996b. The Model Plan for Public Participation (developed by the National Environmental 
Justice Advisory Council).  U.S. Environmental Protection Agency, Office of Environmental 
Justice. EPA 300/K-96/003. November. 

U.S. EPA. 1996c. ECO Update on Ecotox Thresholds.  U.S. Environmental Protection Agency, Office 
of Solid Waste and Emergency Response, Washington, DC.  EPA 540/F-95/038. January. 
Available at http://www.epa.gov/oswer/riskassessment/pdf/eco_updt.pdf. 

http://www.epa.gov/oswer/riskassessment/pdf/eco_updt.pdf


Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
U.S. EPA. 1996d. Superfund Removal Procedures, Response Management: Removal Action Start-up to 

Close-out. U.S. Environmental Protection Agency, Office of Emergency and Remedial 
Response, Washington, DC. OSWER Directive 9360.3-04. 

U.S. EPA. 1996e. Estimating Contaminant Losses from Components of Remediation Alternatives for 
Contaminated Sediments.  Assessment and Remediation of Contaminated Sediment (ARCS) 
Program.  U.S. Environmental Protection Agency, Great Lakes National Program Office, 
Chicago, Illinois. EPA 905/R-96/001. March. 

U.S. EPA. 1996f. Coordination between RCRA Corrective Action and Closure and CERCLA Site 
Activities. U.S. Environmental Protection Agency, Office of Solid Waste and Emergency 
Response, Washington, DC. OSWER Directive 9200.0-25. September. 

U.S. EPA. 1997a. CERCLA Coordination with Natural Resource Trustees.  U.S. Environmental 
Protection Agency, Office of Solid Waste and Emergency Response, Washington, DC.  OSWER 
Directive 9200.4-22A. 

U.S. EPA. 1997b. Community Advisory Group Toolkit for EPA Staff.  U.S. Environmental Protection 
Agency, Office of Solid Waste and Emergency Response, Washington, DC.  EPA 540/R-97/038. 

U.S. EPA. 1997c. Rules of Thumb for Superfund Remedy Selection.  U.S. Environmental Protection 
Agency, Office of Solid Waste and Emergency Response, Washington, DC.  OSWER 9355.0-69, 
EPA 540/R-97/013. 

U.S. EPA. 1997d. Ecological Risk Assessment Guidance for Superfund: Process for Designing and 
Conducting Ecological Risk Assessment.  Interim Final.  U.S. Environmental Protection Agency, 
Office of Solid Waste and Emergency Response, Washington, DC.  EPA 540/R-97/006. June. 

U.S. EPA. 1997e. Report on the Effects of the Hot Spot Dredging Operations, New Bedford Harbor 
Superfund Site, New Bedford, Massachusetts. U.S. Environmental Protection Agency, Region 1. 
October. 

U.S. EPA. 1998a. EPA’s Contaminated Sediment Management Strategy.  U.S. Environmental Protection 
Agency, Office of Water, Washington, DC.  EPA 823/R-98/001. The strategy and a fact sheet on 
this document are available on the Internet at http://www.epa.gov/OST/cs/stratndx.html. 

U.S. EPA. 1998b. The Plan to Enhance the Role of States and Tribes in the Superfund Program.  U.S. 
Environmental Protection Agency, Office of Emergency and Remedial Response, Washington, 
DC. OSWER Directive 9375.3-03P. EPA 540/R-98/012. March. 

U.S. EPA. 1998c. Guidance for Conducting Fish and Wildlife Consumption Surveys.  U.S. 
Environmental Protection Agency, Office of Water, Washington, DC.  EPA 823/B-98/007. 
November. 

U.S. EPA. 1998d. Assessment and Remediation of Contaminated Sediments (ARCS) Program Guidance 
for In-Situ Subaqueous Capping of Contaminated Sediments.  Prepared for the U.S. 
Environmental Protection Agency, Great Lakes National Program Office, Chicago, Illinois.  EPA 
905/B-96/004. Available on the Internet at http://www.epa.gov/glnpo/sediment/iscmain. 

http://www.epa.gov/OST/cs/stratndx.html
http://www.epa.gov/glnpo/sediment/iscmain


Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
U.S. EPA. 1999a. A Guide to Preparing Superfund Proposed Plans, Records of Decision, and Other 

Remedy Selection Decision Documents.  U.S. Environmental Protection Agency, Office of Solid 
Waste and Emergency Response, Washington, DC.  EPA 540/R-98/031. 

U.S. EPA. 1999b. Ecological Risk Assessment and Risk Management Principles for Superfund Sites. 
U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, DC. OSWER Directive 9285.7-28P. 

U.S. EPA. 1999c. A Community Guide to Superfund Risk Assessment – What’s it All about and How 
Can You Help? U.S. Environmental Protection Agency, Office of Solid Waste and Emergency 
Response, Washington, DC. OSWER Directive 9285.7-30. EPA 540/K-99/003. December. 

U.S. EPA. 1999d. Use of Monitored Natural Attenuation at Superfund, RCRA Corrective Action, and 
Underground Storage Tank Sites. U.S. Environmental Protection Agency, Office of Solid Waste 
and Emergency Response, Washington, DC.  EPA 540/R-99/009. April. 

U.S. EPA. 2000a. Guidance for the Data Quality Objectives Process.  (EPA QA/G-4). U.S. 
Environmental Protection Agency, Office of Environmental Information, Washington, DC.  EPA 
600/R-96/055. Also available on the Internet at http://www.epa.gov/quality/qa_docs.html. 

U.S. EPA. 2000b. Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories, 
Volume 1, Fish Sampling and Analysis, Third Edition.  U.S. Environmental Protection Agency, 
Office of Water. EPA 823/B-00/007. November. 

U.S. EPA. 2000c. Soil Screening Guidance for Radionuclides: User’s Guide. U.S. Environmental 
Protection Agency, Office of Radiation and Indoor Air and Office of Solid Waste and Emergency 
Response. OSWER 9355.4-16A; EPA/540-R-00-007. October. 

U.S. EPA. 2000d. Use of Non-Time-Critical Removal Authority in Superfund Response Actions.  U.S. 
Environmental Protection Agency, Office of Emergency and Remedial Response.  OSWER 
Directive 9360.0–40P. February. 

U.S. EPA. 2000e. Peer Review Handbook, 2nd Edition.  U.S. Environmental Protection Agency, 
Science Policy Council, Washington DC.  EPA 100-B-00-001. December. 

U.S. EPA. 2000f. Institutional Controls: A Site Manager’s Guide to Identifying, Evaluating, and 
Selecting Institutional Controls at Superfund and RCRA Corrective Action Cleanups.  U.S. 
Environmental Protection Agency, Office of Solid Waste and Emergency Response, Washington, 
DC. OSWER Directive 9355.0-7FS-P. EPA 540-F-00-005. September. 

U.S. EPA. 2000g. Institutional Controls and Transfer of Real Property under CERCLA Section 120 
(h)(3)(A), (B), or (C). U.S. Environmental Protection Agency, Federal Facilities Restoration and 
Reuse Office, Washington, DC. February.  Available at: 
http://www.epa.gov/swerffrr/documents/fi-icops_106.htm. 

U.S. EPA. 2000h. Managing and Sampling and Analyzing Contaminants in Fish and Shellfish, Volume 
1. U.S. Environmental Protection Agency, Office of Water.  EPA 823/B-00/008. 

http://www.epa.gov/quality/qa_docs.html
http://www.epa.gov/swerffrr/documents/fi-icops_106.htm


Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
U.S. EPA. 2001a. Enhancing State and Tribal Role Directive.  U.S. Environmental Protection Agency, 

Office of Emergency and Remedial Response, Washington, DC.  OSWER Directive 9375.3-06P. 

U.S. EPA. 2001b. Early and Meaningful Community Involvement.  U.S. Environmental Protection 
Agency, Office of Emergency and Remedial Response, Washington, DC.  OSWER Directive 
9230.0-99. October. 

U.S. EPA. 2001c. Incorporating Citizen Concerns into Superfund Decision-Making.  U.S. 
Environmental Protection Agency, Office of Emergency and Remedial Response.  OSWER 
Directive 9230.0-18. January. 

U.S. EPA. 2001d. Forum on Managing Contaminated Sediments at Hazardous Waste Sites.  U.S. 
Environmental Protection, Agency Office of Emergency and Remedial Response, Washington, 
DC. Proceedings available at http://www.epa.gov/superfund/resources/sediment/meetings.htm. 

U.S. EPA. 2001e. EPA Requirements for Quality Assurance Project Plans.  U.S. Environmental 
Protection Agency, Office of Environmental Information, Washington DC.  EPA/240/B-01/003. 
Also available on the Internet at http://www.epa.gov/quality. 

U.S. EPA. 2001f. EPA ECO Update: The Role of Screening-Level Risk Assessments and Refining 
Contaminants of Concern in Baseline Ecological Risk Assessments.  U.S. Environmental 
Protection Agency, Office of Solid Waste and Emergency Response.  EPA 540/F-01/014; 
OSWER 9345.0-14. June. 

U.S. EPA. 2001g. Natural Recovery of Persistent Organics in Contaminated Sediments at the Sangamo-
Weston/Twelvemile Creek/Lake Hartwell Superfund Site.  Prepared by Batelle under contract to 
U.S. Environmental Protection Agency, National Risk Management Research Laboratory, 
Cincinnati, Ohio. 

U.S. EPA. 2001h. Natural Recovery of Persistent Organics in Contaminated Sediments at the 
Wykoff/Eagle Harbor Superfund Site.  Prepared by Battelle under contract to U.S. Environmental 
Protection Agency, National Risk Management Research Laboratory, Cincinnati, Ohio. 

U.S. EPA. 2001i. Comprehensive Five-Year Review Guidance.  U.S. Environmental Protection Agency, 
Office of Emergency and Remedial Response, Washington, DC.  EPA 540/R-01/007. June. 

U.S. EPA. 2001j. Monitored Natural Attenuation: U.S. Environmental Protection Agency Research 
Program - An EPA Science Advisory Board Review.  U.S. Environmental Protection Agency, 
Environmental Engineering Committee of the EPA Science and Advisory Board.  EPA-SAB-
EEC-01-004. May. 

U.S. EPA. 2001k. Methods for Collection, Storage, and Manipulation of Sediments for Chemical and 
Toxicological Analyses: Technical Manual.  U.S. Environmental Protection Agency, Office of 
Water, Washington, DC. EPA 823/B-01/002. 

U.S. EPA. 2002a. Principles for Managing Contaminated Sediment Risks at Hazardous Waste Sites. 
U.S. Environmental Protection Agency, Office of Emergency and Remedial Response, 
Washington, DC. OSWER Directive 9285.6-08. February. 

http://www.epa.gov/superfund/resources/sediment/meetings.htm
http://www.epa.gov/quality


Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
U.S. EPA. 2002b. Role of Background in the CERCLA Cleanup Program.  U.S. Environmental 

Protection Agency, Office of Solid Waste and Emergency Response, Washington, DC.  OSWER 
Directive 9285.6-07P. April 26. 

U.S. EPA. 2002c. Guidance for Comparing Background and Chemical Concentrations in Soil for 
CERCLA Sites, U.S. Environmental Protection Agency, Office of Emergency and Remedial 
Response. EPA/540/R-01/003, OSWER 9285.7-41, September 2002.  Also available on the 
Internet at http://www.epa.gov/superfund. 

U.S. EPA. 2003a. Superfund Community Involvement Toolkit.  U.S. Environmental Protection Agency, 
Office of Emergency and Remedial Response, Washington, DC.  Available at 
http://www.epa.gov/superfund/tools. 

U.S. EPA. 2003b. Using Dynamic Field Activities for On-Site Decision-Making: A Guide for Project 
Managers. U.S. Environmental Protection Agency, Office of Solid Waste and Emergency 
Response. OSWER No. 5200.1-40, EPA/540/R-03/002, May 2003 (available on the Web at 
http://www.epa.gov/superfund/programs/dfa/guidoc.htm). 

U.S. EPA. 2003c. Guidance for Developing Ecological Soil Screening Levels (Eco-SSLs). U.S. 
Environmental Protection Agency, Office of Solid Waste and Emergency Response.  OSWER 
Directive 9285.7-55. November. 

U.S. EPA. 2003d. Guidance on the Resolution of the Post-ROD Dispute (Memorandum).  U.S. 
Environmental Protection Agency, Office of Solid Waste and Emergency Response and Office of 
Enforcement and Compliance Assurance.  November 25, 2003. 

U.S. EPA. 2004a. Updated Report on the Incidence and Severity of Sediment Contamination in Surface 
Waters of the United States, National Sediment Quality Survey.  U.S. Environmental Protection 
Agency, Office of Water, Washington, DC.  EPA-823-R-04-007. November. 

U.S. EPA. 2004b. OSRTI Sediment Team and NRRB Coordination at Large Sediment Sites.  U.S. 
Environmental Protection Agency, Office of Superfund Remediation and Technology Innovation. 
OSWER Directive 9285.6-11. March. 

U.S. EPA. 2004c. Guidance for Monitoring at Hazardous Waste Sites: Framework for Monitoring Plan 
Development and Implementation.  OSWER Directive 9355.4-28, January. 

U.S. EPA. 2005a. 2004 National Listing of Fish Advisories (Fact Sheet).  U.S. Environmental Protection 
Agency, Office of Water.  EPA-823-F-05-004. September.  Available at 
http://www.epa.gov/waterscience/fish. 

U.S. EPA. 2005b. Contaminated Sediments: Impacts and Solutions, Video EPA-540-V-05-001, 
available from http://ertvideo.org, and Presenters Manual EPA-540-R-05-001, available from the 
Community Involvement and Outreach Branch, U.S. Environmental Protection Agency, Office of 
Superfund Remediation and Technology Innovation. 

http://www.epa.gov/superfund
http://www.epa.gov/superfund/tools
http://www.epa.gov/superfund/programs/dfa/guidoc.htm
http://www.epa.gov/waterscience/fish
http://ertvideo.org


Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
U.S. EPA. 2005c. Procedures for the Derivation of Equilibrium Partitioning Sediment Benchmarks 

(ESBs) for the Protection of Benthic Organisms: Metal Mixtures (Cadmium, Copper, Lead, 
Nickel, Silver and Zinc). EPA-600-R-02-011. U.S. Environmental Protection Agency, Office of 
Research and Development.  Washington, DC 20460. 

U.S. EPA. In preparation1. Evaluation of Contaminated Sediment Fate and Transport Models, Final 
Report, U.S. Environmental Protection Agency, Office of Research and Development, National 
Exposure Laboratory, Athens, Georgia, 141 pp. 

U.S. EPA. In preparation2. Evaluation of Chemical Bioaccumulation Models of Aquatic Ecosystems, 
Final Report, U.S. Environmental Protection Agency, Office of Research and Development, 
National Exposure Research Laboratory, Athens, Georgia, 122 pp. 

U.S. EPA and USACE. 1992. Evaluation of Dredged Material Proposed for Ocean Disposal: Testing 
Manual. U.S. Environmental Protection Agency, Office of Marine and Estuarine Protection, 
Washington, DC, and U.S. Army Corps of Engineers, Washington, DC.  EPA 503/8-91/001. 
February. 

U.S. EPA and USACE. 1998. Evaluation of Dredged Material Proposed for Discharge in Waters of the 
U.S. - Inland Testing Manual. U.S. Environmental Protection Agency, Office of Water, 
Washington, DC, and U.S. Army Corps of Engineers, Washington, DC.  EPA 823/B-98/004. 

U.S. EPA and USACE. 2000. A Guide to Developing and Documenting Cost Estimates During the 
Feasibility Study. EPA 540-R-00-002.  U.S. Army Corps of Engineers Hazardous Toxic, and 
Radioactive Waste Center of Expertise, Omaha, Nebraska, and U.S. Environmental Protection 
Agency, Office of Emergency and Remedial Response, Washington, DC.  July.  Available at: 
http://www.epa.gov/oerrpage/superfund/resources/remedy/finaldoc.pdf. 

U.S. Naval Facilities Engineering Command.  	2003. Implementation Guide for Assessing and Managing 
Contaminated Sediment at Navy Facilities.  UG-2053-ENV. March. 

Van Oostrum, R.W.  1992. Dredging of contaminated sediment between pre-dredging survey and 
treatment. In: Proc. of the International Symposium on Environmental Dredging, Buffalo, New 
York. 

Warner, G.F. 1977. On the Shapes of Passive Suspension-Feeders.  In Keegan, B.F., P.O. Ceidigh, and 
P.J.S. Boaden, eds. Biology of Benthic Organisms.  New York. 

Wiles, C.C., and E. Barth. 1992. “Solidification/Stabilization: Is it Always Appropriate?”  Stabilization 
and Solidification of Hazardous, Radioactive, and Mixed Wastes, 2nd Volume, ASTM STP 1123, 
T.M. Gilliam and C.C. Wiles, Eds.  American Society for Testing and Materials, Philadelphia, pp. 
18–32. 

Winter, T.C. 2002. Subaqueous Capping and Natural Recovery: Understanding the Hydrogeologic 
Setting at Contaminated Sediment Sites,  DOER Technical Notes Collection. ERDC TN-DOER-
C26, U.S. Army Engineer Research and Development Center, Vicksburg, Mississippi 
http://www.wes.army.mil/el/dots/doer. 

http://www.epa.gov/oerrpage/superfund/resources/remedy/finaldoc.pdf
http://www.wes.army.mil/el/dots/doer


Contaminated Sediment Remediation Guidance 
for Hazardous Waste Sites 
Zaidi, B. R., G. Stucki, and M. Alexander. 1988.  Low chemical concentrations and pH as factors 

limiting the success of inoculation to enhance biodegradation.  Environ. Toxicol. Chem. 7: 
143–151. 

Zappi, P.A., and D.F. Hayes.  1991. Innovative Technologies for Dredging Contaminated Sediments. 
Miscellaneous Paper EL-91-20. U.S. Army Corps of Engineers, Waterways Experiment Station, 
Vicksburg, Mississippi. 

Zar, J.H. 1999. Biostatistical Analysis Fourth Edition, Prentice Hall, Upper Saddle River, New Jersey. 

Zimmerman, J.R., U. Ghosh, R.G. Luthy, R.N. Millward, and T.S. Bridges.  2004. Addition of carbon 
sorbents to reduce PCB and PAH bioavailability in marine sediments: physiochemical tests. 
Environ. Sci. Technol. 38:5458–5464. 



This page left intentionally blank. 



CONTAMINATED SEDIMENT REMEDIATION

GUIDANCE FOR HAZARDOUS WASTE SITES:


APPENDIX A: PRINCIPLES FOR MANAGING 
CONTAMINATED SEDIMENT RISKS AT 
HAZARDOUS WASTE SITES 



This page left intentionally blank. 



Appendix A: 11 Principles 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D.C. 20460


Feb. 12, 2002


OFFICE OF

SOLID WASTE AND EMERGENCY


RESPONSE


OSWER Directive 9285.6-08 

MEMORANDUM 

SUBJECT:	 Principles for Managing Contaminated Sediment Risks at Hazardous Waste Sites 

FROM:	 Marianne Lamont Horinko  /s/ Marianne Lamont Horinko 
Assistant Administrator 

TO:	 Superfund National Policy Managers, Regions 1 - 10 
RCRA Senior Policy Advisors, Regions 1 - 10 

I. PURPOSE 

This guidance will help EPA site managers make scientifically sound and nationally 
consistent risk management decisions at contaminated sediment sites.  It presents 11 risk 
management principles that Remedial Project Managers (RPMs), On-Scene Coordinators 
(OSCs), and RCRA Corrective Action project managers should carefully consider when 
planning and conducting site investigations, involving the affected parties, and selecting and 
implementing a response. 

This guidance recommends that EPA site managers make risk-based site decisions using 
an iterative decision process, as appropriate, that evaluates the short-term and long-term risks of 
all potential cleanup alternatives consistent with the National Oil and Hazardous Substances 
Pollution Contingency Plan’s (NCP’s) nine remedy selection criteria (40 CFR Part 300.430). 
EPA site managers are also encouraged to consider the societal and cultural impacts of existing 
sediment contamination and of potential remedies through meaningful involvement of affected 
stakeholders. 

This guidance also responds in part to the recommendations contained in the National 
Research Council (NRC) report discussed below. 
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II. BACKGROUND 

On March 26, 2001, the NRC published a report entitled A Risk Management Strategy for 
PCB-Contaminated Sediments. Although the NRC report focuses primarily on assessment and 
remediation of PCB-contaminated sediments, much of the information in that report is applicable 
to other contaminants.  Site managers are encouraged to read the NRC report, which may be 
found at http://www.nrc.edu. 

In addition to developing these principles, OSWER, in coordination with other EPA 
offices (Office of Research and Development, Office of Water, and others) and other federal 
agencies (Department of Defense/U.S. Army Corps of Engineers, Department of 
Commerce/National Oceanic and Atmospheric Administration, Department of the Interior/U.S. 
Fish and Wildlife Service, and others) is developing a separate guidance, Contaminated 
Sediment Remediation Guidance for Hazardous Waste Sites (Sediment Guidance).  The 
Sediment Guidance will provide more detailed technical guidance on the process that Superfund 
and RCRA project managers should use to evaluate cleanup alternatives at contaminated 
sediment sites. 

While this directive applies to all contaminants at sediment sites addressed under 
CERCLA or RCRA, its implementation at particular sites should be tailored to the size and 
complexity of the site, to the magnitude of site risks, and to the type of action contemplated. 
These principles can be applied within the framework of EPA’s existing statutory and regulatory 
requirements. 

III. RISK MANAGEMENT PRINCIPLES 

1. Control Sources Early. 

As early in the process as possible, site managers should try to identify all direct and 
indirect continuing sources of significant contamination to the sediments under investigation. 
These sources might include discharges from industries or sewage treatment plants, spills, 
precipitation runoff, erosion of contaminated soil from stream banks or adjacent land, 
contaminated groundwater and non-aqueous phase liquid contributions, discharges from storm 
water and combined sewer outfalls, upstream contributions, and air deposition.  

Next, site managers should assess which continuing sources can be controlled and by 
what mechanisms.  It may be helpful to prioritize sources according to their relative 
contributions to site risks. In the identification and assessment process, site managers should 
solicit assistance from those with relevant information, including regional Water, Air, and PCB 
Programs (where applicable); state agencies (especially those responsible for setting Total 
Maximum Daily Loads (TMDLs) and those that issue National Pollutant Discharge Elimination 
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System (NPDES) permits); and all Natural Resource Trustees.  Local agencies and stakeholders 
may also be of assistance in assessing which sources can be controlled. 

Site managers should evaluate the potential for future recontamination of sediments when 
selecting a response action. If a site includes a source that could result in significant 
recontamination, source control measures will likely be necessary as part of that response action. 
However, where EPA believes that the source can be controlled, or where sediment remediation 
will have benefits to human health and/or the environment after considering the risks caused by 
the ongoing source, it may be appropriate for the Agency to select a response action for the 
sediments prior to completing all source control actions.  This is consistent with principle #5 
below, which indicates that it may be necessary to take phased or interim actions (e.g., removal 
of a hot spot that is highly susceptible to downstream movement or dispersion of contaminants) 
to prevent or address environmental impacts or to control human exposures, even if source 
control actions have not been undertaken or completed. 

2. Involve the Community Early and Often. 

Contaminated sediment sites often involve difficult technical and social issues.  As such, 
it is especially important that a project manager ensure early and meaningful community 
involvement by providing community members with the technical information needed for their 
informed participation.  Meaningful community involvement is a critical component of the site 
characterization, risk assessment, remedy evaluation, remedy selection, and remedy 
implementation processes.  Community involvement enables EPA to obtain site information that 
may be important in identifying potential human and ecological exposures, as well as in 
understanding the societal and cultural impacts of the contamination and of the potential 
response options. The NRC report (p. 249) “recommends that increased efforts be made to 
provide the affected parties with the same information that is to be used by the decision-makers 
and to include, to the extent possible, all affected parties in the entire decision-making process at 
a contaminated site.  In addition, such information should be made available in such a manner 
that allows adequate time for evaluation and comment on the information by all parties.” 
Through Technical Assistance Grants and other mechanisms, project managers can provide the 
community with the tools and information necessary for meaningful participation, ensuring their 
early and continued involvement in the cleanup process. 

Although the Agency has the responsibility to make the final cleanup decision at 
CERCLA and RCRA sites, early and frequent community involvement facilitates acceptance of 
Agency decisions, even at sites where there may be disagreement among members of the 
community on the most appropriate remedy. 

Site managers and community involvement coordinators should take into consideration 
the following six practices, which were recently presented in OSWER Directive 9230.0-99 Early 
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and Meaningful Community Involvement (October 12, 2001). This directive also includes a list 
of other useful resources and is available at http://www.epa.gov/superfund/pubs.htm. 

(1) Energize the community involvement plan. 
(2) Provide early, proactive community support. 
(3) Get the community more involved in the risk assessment. 
(4) Seek early community input on the scope of the remedial investigation/feasibility 
study (RI/FS). 
(5) Encourage community involvement in identification of future land use. 
(6) Do more to involve communities during removals. 

3. 	 Coordinate with States, Local Governments, Tribes, and Natural Resource 
Trustees. 
Site managers should communicate and coordinate early with states, local governments, 

tribes, and all Natural Resource Trustees. By doing so, they will help ensure that the most 
relevant information is considered in designing site studies, and that state, local, tribal, and 
trustee viewpoints are considered in the remedy selection process.  For sites that include 
waterbodies where TMDLs are being or have been developed, it is especially important to 
coordinate site investigations and monitoring or modeling studies with the state and with EPA’s 
water program.  In addition, sharing information early with all interested parties often leads to 
quicker and more efficient protection of human health and the environment through a 
coordinated cleanup approach. 

Superfund’s statutory mandate is to ensure that response actions will be protective of 
human health and the environment.  EPA recognizes, however, that in addition to EPA’s 
response action(s), restoration activities by the Natural Resource Trustees may be needed.  It is 
important that Superfund site managers and the Trustees coordinate both the EPA investigations 
of risk and the Trustee investigations of resource injuries in order to most efficiently use federal 
and state resources and to avoid duplicative efforts. 

Additional information on coordinating with Trustees may be found in OSWER Directive 
9200.4-22A CERCLA Coordination with Natural Resource Trustees (July 1997), in the 1992 
ECO Update The Role of Natural Resource Trustees in the Superfund Process 
http://www.epa.gov/superfund/programs/risk/tooleco.htm), and in the 1999 OSWER Directive 
9285.7-28 P Ecological Risk Assessment and Risk Management Principles for Superfund Sites 
(also available at the above web site). Additional information on coordinating with states and 
tribes can be found in OSWER Directive 9375.3-03P The Plan to Enhance the Role of States and 
Tribes in the Superfund Program (http://www.epa.gov/superfund/states/strole/index.htm). 
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4. Develop and Refine a Conceptual Site Model that Considers Sediment Stability. 

A conceptual site model should identify all known and suspected sources of 
contamination, the types of contaminants and affected media, existing and potential exposure 
pathways, and the known or potential human and ecological receptors that may be threatened. 
This information is frequently summarized in pictorial or graphical form, backed up by site-
specific data. The conceptual site model should be prepared early and used to guide site 
investigations and decision-making.  However, it should be updated periodically whenever new 
information becomes available, and EPA’s understanding of the site problems increases.  In 
addition, it frequently can serve as the centerpiece for communication among all stakeholders. 

A conceptual site model is especially important at sediment sites because the 
interrelationship of soil, surface and groundwater, sediment, and ecological and human receptors 
is often complex.  In addition, sediments may be subject to erosion or transport by natural or 
man-made disturbances such as floods or engineering changes in a waterway.  Because 
sediments may experience temporal, physical, and chemical changes, it is especially important to 
understand what contaminants are currently available to humans and wildlife, and whether this is 
likely to change in the future under various scenarios. The risk assessor and project manager, as 
well as other members of the site team, should communicate early and often to ensure that they 
share a common understanding of the site and the basis for the present and future risks.  The May 
1998 EPA Guidelines for Ecological Risk Assessment (Federal Register 63(93) 26846-26924, 
http://www.epa.gov/superfund/programs/risk/tooleco.htm), the 1997 Superfund Guidance 
Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting 
Ecological Risk Assessments (EPA 540-R-97-006, also available at the above web site), and the 
1989 Risk Assessment Guidance for Superfund (RAGS), Volume 1, Part A (EPA 540-1-89-002, 
http://www.epa.gov/superfund/programs/risk/ragsa) provide guidance on developing conceptual
site models.  

5. Use an Iterative Approach in a Risk-Based Framework. 

The NRC report (p. 52) recommends the use of a risk-based framework based on the one 
developed by the Presidential/Congressional Commission on Risk Assessment and Risk 
Management (PCCRARM, 1997, Framework for Environmental Health Risk Management, Vol. 
1, as cited by NRC 2001). However, as recognized by the NRC (p. 60): “The framework is 
intended to supplement, not supplant, the CERCLA remedial process mandated by law for 
Superfund sites.” 

Although there is no universally accepted, well-defined risk-based framework or strategy 
for remedy evaluation at sediment sites, there is wide-spread agreement that risk assessment 
should play a critical role in evaluating options for sediment remediation.  The Superfund 
program uses a flexible, risk-based framework as part of the CERCLA and NCP process to 
adequately characterize ecological and human health site risks.  The guidances used by the 
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RCRA Corrective Action program (http://www.epa.gov/correctiveaction/resource/guidance) also
recommend a flexible risk-based approach to selecting response actions appropriate for the site. 

EPA encourages the use of an iterative approach, especially at complex contaminated 
sediment sites.  As used here, an iterative approach is defined broadly to include approaches 
which incorporate testing of hypotheses and conclusions and foster re-evaluation of site 
assumptions as new information is gathered.  For example, an iterative approach might include 
pilot testing to determine the effectiveness of various remedial technologies at a site.  As noted 
in the NRC report (p. 66): "Each iteration might provide additional certainty and information to 
support further risk-management decisions, or it might require a course correction."

  An iterative approach may also incorporate the use of phased, early, or interim actions. 
At complex sediment sites, site managers should consider the benefits of phasing the 
remediation.  At some sites, an early action may be needed to quickly reduce risks or to control 
the ongoing spread of contamination.  In some cases, it may be appropriate to take an interim 
action to control a source, or remove or cap a hot spot, followed by a period of monitoring in 
order to evaluate the effectiveness of these interim actions before addressing less contaminated 
areas. 

The NRC report makes an important point when it notes (p. 256): “The committee 
cautions that the use of the framework or other risk-management approach should not be used to 
delay a decision at a site if sufficient information is available to make an informed decision. 
Particularly in situations in which there are immediate risks to human health or the ecosystem, 
waiting until more information is gathered might result in more harm than making a preliminary 
decision in the absence of a complete set of information.  The committee emphasizes that a 
‘wait-and-see’ or ‘do-nothing’ approach might result in additional or different risks at a site.”  

6. 	 Carefully Evaluate the Assumptions and Uncertainties Associated with Site 
Characterization Data and Site Models. 

The uncertainties and limitations of site characterization data, and qualitative or 
quantitative models (e.g., hydrodynamic, sediment stability, contaminant fate and transport, or 
food-chain models) used to extrapolate site data to future conditions should be carefully 
evaluated and described. Due to the complex nature of many large sediment sites, a quantitative 
model is often used to help estimate and understand the current and future risks at the site and to 
predict the efficacy of various remedial alternatives.  The amount of site-specific data required 
and the complexity of models used to support site decisions should depend on the complexity of 
the site and the significance of the decision (e.g., level of risk, response cost, community 
interest). All new models and the calibration of models at large or complex sites should be peer-
reviewed consistent with the Agency’s peer review process as described in its Peer Review 
Handbook (EPA 100-B-00-001, http://www.epa.gov/ORD/spc/2peerrev.htm). 

A-6 

http://www.epa.gov/correctiveaction/resource/guidance
http://www.epa.gov/ORD/spc/2peerrev.htm


Appendix A: 11 Principles 

 Site managers should clearly describe the basis for all models used and their 
uncertainties when using the predicted results to make a site decision.  As recognized by the 
NRC report (p. 65), however, “Management decisions must be made, even when information is 
imperfect.  There are uncertainties associated with every decision that need to be weighed, 
evaluated, and communicated to affected parties.  Imperfect knowledge must not become an 
excuse for not making a decision.” 

7. 	 Select Site-specific, Project-specific, and Sediment-specific Risk Management 
Approaches that will Achieve Risk-based Goals. 

EPA’s policy has been and continues to be that there is no presumptive remedy for any 
contaminated sediment site, regardless of the contaminant or level of risk.  This is consistent 
with the NRC report’s statement (p. 243) that “There is no presumption of a preferred or default 
risk-management option that is applicable to all PCB-contaminated-sediment sites.”  At 
Superfund sites, for example, the most appropriate remedy should be chosen after considering 
site-specific data and the NCP’s nine remedy selection criteria.  All remedies that may 
potentially meet the removal or remedial action objectives (e.g., dredging or excavation, in-situ 
capping, in-situ treatment, monitored natural recovery) should be evaluated prior to selecting the 
remedy.  This evaluation should be conducted on a comparable basis, considering all 
components of the remedies, the temporal and spatial aspects of the sites, and the overall risk 
reduction potentially achieved under each option. 

At many sites, a combination of options will be the most effective way to manage the 
risk. For example, at some sites, the most appropriate remedy may be to dredge high 
concentrations of persistent and bioaccumulative contaminants such as PCBs or DDT, to cap 
areas where dredging is not practicable or cost-effective, and then to allow natural recovery 
processes to achieve further recovery in net depositional areas that are less contaminated. 

8.	 Ensure that Sediment Cleanup Levels are Clearly Tied to Risk Management Goals. 

Sediment cleanup levels have often been used as surrogates for actual remediation goals 
(e.g., fish tissue concentrations or other measurable indicators of exposure relating to levels of 
acceptable risk). While it is generally more practical to use measures such as contaminant 
concentrations in sediment to identify areas to be remediated, other measures should be used to 
ensure that human health and/or ecological risk reduction goals are being met.  Such measures 
may include direct measurements of indigenous fish tissue concentrations, estimates of wildlife 
reproduction, benthic macroinvertebrate indices, or other “effects endpoints” as identified in the 
baseline risk assessment.  

As noted in the NRC report (p. 123), “The use of measured concentrations of PCBs in 
fish is suggested as the most relevant means of measuring exposures of receptors to PCBs in 
contaminated sediments.”  For other contaminants, other measures may be more appropriate. 
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For many sites, achieving remediation goals, especially for bioaccumulative contaminants in 
biota, may take many years.  Site monitoring data and new scientific information should be 
considered in future reviews of the site (e.g., the Superfund five-year review) to ensure that the 
remedy remains protective of human health and the environment. 

9.	 Maximize the Effectiveness of Institutional Controls and Recognize their 
Limitations. 

Institutional controls, such as fish consumption advisories and waterway use restrictions, 
are often used as a component of remedial decisions at sediment sites to limit human exposures 
and to prevent further spreading of contamination until remedial action objectives are met. 
While these controls can be an important component of a sediment remedy, site managers should 
recognize that they may not be very effective in eliminating or significantly reducing all 
exposures. If fish consumption advisories are relied upon to limit human exposures, it is very 
important to have public education programs in place.  For other types of institutional controls, 
other types of compliance assistance programs may also be needed (e.g., state/local government 
coordination). Site managers should also recognize that institutional controls seldom limit 
ecological exposures. If monitoring data or other site information indicates that institutional 
controls are not effective, additional actions may be necessary. 

10. 	 Design Remedies to Minimize Short-term Risks while Achieving Long-term 
Protection. 

The NRC report notes (p. 53) that: “Any decision regarding the specific choice of a risk 
management strategy for a contaminated sediment site must be based on careful consideration of 
the advantages and disadvantages of available options and a balancing of the various risks, costs, 
and benefits associated with each option.” Sediment cleanups should be designed to minimize 
short-term impacts to the extent practicable, even though some increases in short-term risk may 
be necessary in order to achieve a long-lasting solution that is protective. For example, the long-
term benefits of removing or capping sediments containing persistent and bioaccumulative 
contaminants often outweigh the additional short-term impacts on the already-affected biota.  

In addition to considering the impacts of each alternative on human health and ecological 
risks, the short-term and long-term impacts of each alternative on societal and cultural practices 
should be identified and considered, as appropriate. For example, these impacts might include 
effects on recreational uses of the waterbody, road traffic, noise and air pollution, commercial 
fishing, or disruption of way of life for tribes. At some sites, a comparative analysis of impacts 
such as these may be useful in order to fully assess and balance the tradeoffs associated with 
each alternative. 
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11.	 Monitor During and After Sediment Remediation to Assess and Document Remedy 
Effectiveness. 

A physical, chemical, and/or biological monitoring program should be established for 
sediment sites in order to determine if short-term and long-term health and ecological risks are 
being adequately mitigated at the site and to evaluate how well all remedial action objectives are 
being met.  Monitoring should normally be conducted during remedy implementation and as 
long as necessary thereafter to ensure that all sediment risks have been adequately managed. 
Baseline data needed for interpretation of the monitoring data should be collected during the 
remedial investigation. 

Depending on the risk management approach selected, monitoring should be conducted 
during implementation in order to determine whether the action meets design requirements and 
sediment cleanup levels, and to assess the nature and extent of any short-term impacts of remedy 
implementation.  This information can also be used to modify construction activities to assure 
that remediation is proceeding in a safe and effective manner.  Long-term monitoring of 
indicators such as contaminant concentration reductions in fish tissue should be designed to 
determine the success of a remedy in meeting broader remedial action objectives.  Monitoring is 
generally needed to verify the continued long-term effectiveness of any remedy in protecting 
human health and the environment and, at some sites, to verify the continuing performance and 
structural integrity of barriers to contaminant transport. 

IV.	 IMPLEMENTATION 

EPA RPMs, OSCs, and RCRA Corrective Action project managers should immediately 
begin to use this guidance at all sites where the risks from contaminated sediment are being 
investigated. EPA expects that Federal facility responses conducted under CERCLA or RCRA 
will also be consistent with this directive. This consultation process does not apply to Time-
Critical or emergency removal actions or to sites with only sediment-like materials in wastewater 
lagoons, tanks, storage or containment facilities, or drainage ditches. 

Consultation Process for CERCLA Sites 

To help ensure that Regional site managers appropriately consider these principles before
 site-specific risk management decisions are made, this directive establishes a two-tiered 
consultation procedure that will apply to most contaminated sediment sites.  The consultation 
process applies to all proposed or listed NPL sites where EPA will sign or concur on the ROD, 
all Non-Time-Critical removal actions where EPA will sign or concur on the Action 
Memorandum, and all “NPL-equivalent” sites where there is or will be an EPA-enforceable 
agreement in place.  
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Tier 1 Process 

Where the sediment action(s) for the entire site will address more than 10,000 cubic 
yards or five acres of contaminated sediment, Superfund RPMs and OSCs should consult with 
their appropriate Office of Emergency and Remedial Response (OERR) Regional Coordinator at 
least 30 days before issuing for public comment a Proposed Plan for a remedial action or an 
Engineering Evaluation/Cost Analysis (EE/CA) for a Non-Time-Critical removal action. 

This consultation entails the submission of the draft proposed plan or draft EE/CA, a 
written discussion of how the above 11 principles were considered, and basic site information 
that will assist OERR in tracking significant sediment sites.  If the project manager has not 
received a response from OERR within two weeks, he or she may assume no further information 
is needed at this time.  EPA believes that this process will help promote nationally consistent 
approaches to evaluate, select and implement protective, scientifically sound, and cost-effective 
remedies. 

Tier 2 Process 

This directive also establishes a new technical advisory group (Contaminated Sediments 
Technical Advisory Group–CSTAG) that will monitor the progress of and provide advice 
regarding a small number of large, complex, or controversial contaminated sediment Superfund 
sites. The group will be comprised of ten Regional staff and approximately five staff from 
OSWER, OW, and ORD.  For most sites, the group will meet with the site manager and the site 
team several times throughout the site investigation, response selection, and action 
implementation processes.  For new NPL sites, the group will normally meet within one year 
after proposed listing. It is anticipated that for most sites, the group will meet annually until the 
ROD is signed and thereafter as needed until all remedial action objectives have been met.  The 
specific areas of assistance or specific documents to be reviewed will be decided by the group on 
a case-by-case basis in consultation with the site team.  For selected sites with an on-going RI/FS 
or EE/CA, the group will be briefed by the site manager some time in 2002 or 2003.  Reviews at 
sites with remedies also subject to National Remedy Review Board (NRRB) review will be 
coordinated with the NRRB in order to eliminate the need for a separate sediment group review 
at this stage in the process. 

Consultation Process for RCRA Corrective Action Facilities 

Generally, for EPA-lead RCRA Corrective Action facilities where a sediment response 
action is planned, a two-tiered consultation process will also be used. Where the sediment 
action(s) for the entire site will address more than 10,000 cubic yards or five acres of 
contaminated sediment, project managers should consult with the Office of Solid Waste’s 
Corrective Action Branch at least 30 days before issuing a proposed action for public comment. 
This consultation entails the submission of a written discussion of how the above 11 principles 
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were considered, and basic site information that will assist OSW in tracking significant sediment 
sites. 

If the project manager has not received a response from OSW within two weeks, he or 
she may assume no further information is needed.  States are also encouraged to follow these 
procedures. For particularly large, complex, or controversial sites, OSW will likely call on the 
technical advisory group discussed above. 

EPA also recommends that both state and EPA project managers working on sediment 
contamination associated with Corrective Action facilities consult with their colleagues in both 
RCRA and Superfund to promote consistent and effective cleanups.  EPA believes this 
consultation would be particularly important for the larger-scale sediment cleanups mentioned 
above. 

EPA may update this guidance as more information becomes available on topics such as: 
the effectiveness of various sediment response alternatives, new methods to evaluate risks, or 
new methods for characterizing sediment contamination.  For additional information on this 
guidance, please contact the OERR Sediments Team Leader (Stephen Ells at 703 603-8822) or 
the OSW Corrective Action Programs Branch Chief (Tricia Buzzell at 703 308-8632).  

NOTICE: This document provides guidance to EPA Regions concerning how the Agency 
intends to exercise its discretion in implementing one aspect of the CERCLA and RCRA remedy 
selection process. This guidance is designed to implement national policy on these issues.  Some 
of the statutory provisions described in this document contain legally binding requirements. 
However, this document does not substitute for those provisions or regulations, nor is it a 
regulation itself. Thus it cannot impose legally binding requirements on EPA, states, or the 
regulated community, and may not apply to a particular situation based upon the circumstances. 
Any decisions regarding a particular situation will be made based on the statutes and regulations, 
and EPA decision-makers retain the discretion to adopt approaches on a case-by-case basis that 
differ from this guidance where appropriate.  Interested parties are free to raise questions and 
objections about the substance of this guidance and the appropriateness of the application of this 
guidance to a particular situation, and the Agency welcomes public input on this document at 
any time.  EPA may change this guidance in the future. 

cc:	 Michael H. Shapiro 
Stephen D. Luftig 
Larry Reed 
Elizabeth Cotsworth 
Jim Woolford 
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Jeff Josephson, Superfund Lead Region Coordinator, USEPA Region 2 
Carl Daly, RCRA Lead Region Coordinator, USEPA Region 8 
Peter Grevatt 
NARPM Co-Chairs 
OERR Records Manager, IMC 5202G 
OERR Documents Coordinator, HOSC 5202G 
RCRA Key Contacts, Regions 1 - 10 
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