Remediation and
Redevelopment Division

Michigan Department of Environmental Quality

Interim Final — August 2, 2006
RRD OPERATIONAL MEMORANDUM NO. 4

SITE CHARACTERIZATION AND REMEDIATION VERIFICATION

ATTACHMENT 3 - SEDIMENTS

Key definitions for terms used in this document:

NREPA: The Natural Resources and Environmental Protection Act,
1994 PA 451, as amended

Part 201: Part 201, Environmental Remediation, of the NREPA

Part 213: Part 213, Leaking Underground Storage Tanks, of the NREPA

MDEQ: Michigan Department of Environmental Quality

RRD: Remediation and Redevelopment Division

U.S.EPA: United States Environmental Protection Agency

Benthic Community:  Aquatic organisms adapted for living near, on and within
sediment

Bioaccumulative Chemicals that tend to accumulate in the tissues of aquatic and

Chemicals: terrestrial organisms as defined in R 323.1043(l) and Table 5 of
R 323.1057

Contamination: Includes hazardous substances that have been released and are
present above criteria

Criteria or criterion: Includes the cleanup criteria for Part 201 of the NREPA and the

Risk Based Screening Levels as defined in Part 213 of the

NREPA and R 299.5706a(4)
Includes “facility” as defined by Part 201 of the NREPA and

Facility:
“site” as defined by Part 213 of the NREPA

Release: Includes “release” as defined by both Part 201 and Part 213 of
the NREPA

Sediment: Particulate matter that exists at or has settied to the bottom in

surface water bodies including those of intermittent streams,
creeks, brooks, ditches, drains or wetlands

Surface Water: Surface waters of the state as defined in R 323.1044(v) and
R 323.1043(s)

1 of 26



Remediation and

D E Redevelopment Division
Michigan Department of Environmental Quality v :

o

TABLE OF CONTENTS Page No.
1.0 INTRODUCTION .ot ettt e e e s bbaa s e e e sabaaa e ae 3
2.0 CHARACTERIZATION ..ottt et e e e e bb e e s siba e 4
2.1 ldentification or confirmation of a release to sediments ... 4
2.2 Initial characterization of the nature and extent of sediment contamination ............ 4
2.3 Sediment toxiCity testing.......cooiv i 5
3.0 SITE-SPECIFIC SEDIMENT CRITERIA DEVELOPMENT . .coooiiiiiiiii 6
3.1 Development of site-specific sediment criteria for protection of aquatic life ............ 6
3.2 Development of site-specific sediment criteria for protection of
other potential use IMpairmMents ... 6
4.0 REMEDIATION ..ottt ettt e e e s sttt e e s s e sm e en e smene e e nenaeanae e 6
4.1 Presumplive remedy ........ccooiiiiiiiiie e e 6
4.2 Response action monitoring and verification of remediation...................c.oco 6

APPENDIX A. Tables 1 and 2, Sediment Quality Guidelines, from the U.S. EPA’s A Guidance
Manual to Support the Assessment of Contaminated S ediments in Freshwater
Ecosystems, Volumes I, December, 2002. ...

APPENDIX B. U.S.EPA, Region 5, RCRA Ecological Screening Levels ............................

Interim Final

RRD Operational Memorandum No. 4
August 2, 2006

Attachment 3, Sediments 2 of 26



Remediation and

DE Redevelopment Division
Michigan Department of Environmental Quality.

1.0 INTRODUCTION

The particulate matter that exists at, or has settled to the bottom in lakes, ponds, streams,
wetlands, and other surface water bodies is called sediment. Sediment represents an essential
element of aquatic ecosystems, providing nutrients and habitat for aquatic flora and fauna
essential in the aquatic and aquatic- dependent food web. Contamination of sediments by a
wide variety of toxic and bioaccum ulative chemicals can negatively impact aquatic ecosystems,
aquatic dependent wildli fe (birds, reptiles and mammals) and human health. Many
contaminants, which may be found in only trace amounts in the water column, can accumulate
to elevated levels in sediments. Many of these, such as organochiorine pesticides and
polychlorinated biphenyls may have been released long ago, but they continue to persi st in the
environment. In addition to being sinks for contaminants, sediments can also serve as potential
sources of pollutants as conditions change in the receiving water system (such as periods of
anoxia, inundation/scouring from severe storms or human activity).

!

At any Part 201 facility or Part 213 site at which surface waters or sediments have been
contaminated or at which there is the potential for contamination to have reached surface
waters or sediments, characterization of the nature and extent of contam ination must address
surface water sediments in accordance with R 299.5730, which requires:

Rule 730. (1) Any remedial action plan that addresses surface water or sediments
associated with waters of the state shall include site-specific cleanup criteria established by
the department on the basis of sound scientific principles and evaluation of bulk s ediment
chemistry, sediment toxicity and benthic community populations. Criteria shall be
established considering the need to eliminate or mitigate the following use impairments, as
appropriate to the facility in question:

(a) Restrictions on fish or wildlife consumption.

(b) Tainting of fish and wildlife flavor.

(c) Degraded fish or wildlife populations.

(d) Fish tumors or other deformities.

(e) Bird or animal deformities or reproductive problems.
0 Degradation of benthos.

(9) Restrictions on dredging activities.

(h) Eutrophication or undesirable algae.

) Restrictions on drinking water consumption or taste or odor problems.
)] Beach closings.

(k) Degradation of aesthetics.

0] Added costs to agriculture, industry, or a local unit of government.

(m)  Degradation of phytoplankton or zooplankton populations.

(n) Loss of fish and wildlife habitat.

(0) Unacceptable risk through human contact as a result of absorption of
hazardous substances through the skin or by incidental ingestion of
sediments.

(p) Other unacceptable risks to human receptors exposed to hazardous
substances in sediments.

(2) The basis for, and information used by the department to develop, cleanup criteria
under this rule shall be made available to the public upon request.
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In addition to the required analysis of bulk sediment chemistry, sediment toxicity and benthic
community populations, the characterization of nature and extent of contamination at a facility
where sediment contamination is or may be present should include an assessm ent of the

presence of any of the above-listed use impairments.

There are no generic sediment cleanup criteria. Due to the wide range of potential use
impairments, development of site-specific sediment criteria may require addressing multiple
exposure scenarios. Each may require different sampling strategies for criteria development
and compliance for the protection of aquatic life, wildlife, human health and the ecosystem.

in order for the MDEQ to develop site-specific sediment cleanup criteria as required by

R 299.5730(1) and provide the public information as required by R 299.5730(2), any proposal
for response activities that includes the development of site-specific sediment criteria must be
submitted to the RRD project manager for MDEQ review and approval.

2.0 CHARACTERIZATION

Proper characterization of sediment must determine the potential for contaminated sediments to
result in violations of water quality standards (Section 20120a(15)) or use impairments specified
in R 299.5730(1) and the nature and extent of contamination. Phasing the sediment
characterization may be beneficial. Useful information on evaluating contam inated sediments
can be found in U.S.EPA’s A Guidance Manual to Support the Assessment of Contaminated
Sediments in Freshwater Ecosystems, Volumes |, II, and Ill, December, 2002. (EPA-905-B02-
001-A, B, and C). htip/iwww.cerc.usgs.gov/pubs/sedtox/quidance m anual htm.

2.1 ldentification or confirmation of a release to sediments

Where it is suspected that sediment contamination is present, it may be advisable to conduct
preliminary sampling to confirm whether there is any sediment contamination. Such initial
sampling should be targeted to those areas where sediment contamination is likely to have
concentrated. Such areas may include locations of groundwater contamination discharge;
locations where contaminated soils, water, or waste materials entered the surface water body;
and locations where fine grained materials tend to accumulate such as pools, backwaters, and
the inner portions of river bends. Upstream locations, outside the impact area of the facility
should also be sampled, to differentiate the impact of the facility from that of upgradient sources
or background. Results from this preliminary sampling effort should be used only to evaluate
the presence or absence of contamination. This preliminary sampling effort is not intended to
provide sufficient information to evaluate the risk posed by contaminants or the need for further
response activities where hazardous substance contamination is present.

2.2 Initial characterization of the nature and extent of sediment contamination

Where sediment contamination exists, a work plan must be prepared to determine the lateral
and vertical extent of the hazardous substances contamination. Guidance for preparing a
sediment sampling plan is available in U.S.EPA’s Methods for Collection, Storage, and
Manipulation of Sediments for Chemical and Toxicological Analyses: Technical Manual, October
2001. (EPA 823-B-01-002). http://www .epa.gov/waterscience/cs/collectionmanual pdf

Where it is known that multiple sediment contaminants, significant “unknown” contaminants or
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bioaccumulative contaminants are present, it may be prudent to conduct the sediment toxicity or
bioaccumulation testing discussed in Section 2.3 below in the initial phase of characterization
and include the results with the characterization report.

D

i

|

Because the results of this characterization will form the basis for development of site-specific
sediment cleanup criteria by the MDEQ, the work plan must be submitted to the RRD project
manager for MDEQ review and approval prior to implementation.

In the initial sediment evaluation phase, the analytical data can be compared to published
sediment chemical quality guideline information, which are used as screening values for the
potential that the presence of hazardous s ubstances will cause water quality standards
violations or any of the use impairments identified in R 299.5730(1). Chemical values for

screening sediment chemical sampling results may be found in:

Appendix A:
U.S.EPA’s A Guidance Manual to Support the Assessment of Contaminated Sediments in

Freshwater Ecosystems, Volumes Ill, December, 2002, Tables 1 and 2. (EPA-905-B02-
001-C). http://www .cerc.usgs.gov/pubs/sedtox/quidance m anual.htm.

Appendix B:
U.S.EPA, Region 5, RCRA Ecological Screening Levels hitp://www.epa.qov/RCRIS-Region-

5/ca/ESL pdf

Upon completion of the sediment characterization and comparison of the concentrations of
contaminants to screening values, all of the sampling results and comparisons as well as
identification of the presence any of the use im pairments specified in R 289.5730(1) must be
provided in a report to the RRD project manager. MDEQ staff will review the report to
determine its approvability and whether additional sediment analysis and site specific sediment

criteria development is necessary.

2.3 Sediment toxicity testing

If upon review of the sediment characterization report, the MDEQ determines that the sediment
concentrations indicate the potential for toxicity to aquatic life and/or the bioaccumulation of
sediment contaminants, appropriate sediment toxicity tests must be performed to determine
whether violations of water quality standards may be occurring. A sediment toxicity sampling
and analysis work plan must be submitted to the RRD project manager for prior MDEQ review
and approval. Guidance for preparing an appropriate plan is available in the U.S. EPA’s
Methods for Measuring the Toxicity and Bioaccumulation of Sediment-associated Contaminants
with Freshwater Invertebrates, March 2000, EPA600/R-99/064.

http:/Awww.epa.qov/ost/cs/fr eshfact. html.

Upon completing the sediment toxicity sampling and analysis, a sedim ent toxicity and/or
bioaccumulation report must be submitted to the RRD project manager. MDEQ staff will review
this report to determine whether there is a potential water quality violation, and whether the
development of site-specific sediment criteria is appropriate.
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3.0 SITE-SPECIFIC SEDIMENT CRITERIA DEVELOPMENT

ol

3.1 Development of site-specific sediment criteria for protection of aquatic life

If upon review, MDEQ determines that violations of water quality standards are likely to occur,
site-specific sediment cleanup criteria will be developed by the MDEQ and documented along
with the basis for the criteria. Response action(s) taken at a facility wiil need to address
sediments that exceed site-specific cleanup criteria (Sec. 20118).

3.2 Development of site-specific sediment criteria for protection against other potential use

impairments
Site-specific chemical criteria developed to protect aquatic life may not sufficiently address all
potential use impairments. The MDEQ will: 1) determine if ecological risks for other than
aquatic life need further evaluation; 2) assess the potential for unacceptable risk through human
contact as a result of absorption of hazardous substances through the skin or by incidental
ingestion of sediments; 3) determine whether additional review of use impairments may be
necessary where there is no established basis for calculating numeric or qualitative criteria
(e.g., aesthetics), or if conditions warrant further consideration to address Rule 730 elements.
Where appropriate, site-specific sediment criteria will be developed to protect against such
other potential use impairments.

4.0 Remediation
4.1 Presumptive remedy

Where after site characterization the nature and extent of sediment contamination above
screening levels and any use im pairments are well defined, and bioaccumulative contaminants
are not an issue, it may be more cost effective or otherwise appropriate to proceed with remedy
design and implementation to address contamination above the screening levels, rather than
proceed with extensive toxicity testing and site-specific criteria development. Although
screening levels would not be considered enforceable cleanup criteria, with the exception of
bioaccumulative contaminants they would be protective and if they were met and any use
impairments addressed, further response action to address sediment contamination would not

be required.

4.2 Response action monitoring, and verification of remediation

Facilities with sediment contamination require significant planning for remediation, operation
and maintenance, monitoring, and remedy verification. A monitoring plan should be developed
and included in any plan for response action involving contaminated sediments. Things that

need to be considered in a monitoring plan include:

e The media affected {e.g., sediment, surface water, floodplain soils, surface water,

groundwater, biota);

e The variety of contaminants of concern and (potentially ongoing) sources of those
contaminants;

« The area and ecological and physical conditions where remediation and monitoring will
need to be performed,;

» The spatial and temporal variability of sediments and biota to be monitored;
The nature of the relationship between contaminant levels in sediment and biota; and
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¢ At large facilities, the impact and effectiveness of multiple response actions across the
facility.

el

i

l

In some situations nonnumeric parameters such as color or the presence of waste may need to
be used to monitor the effectiveness of individual actions.

Physical, chemical and biological monitoring all may play a part in evaluation of the
effectiveness of a response action. If remediation is designed for removal of sediments to a
specific depth or some erosion-resistant surface (e.g., hardpan), bathymetric or geophysical
surveys could be used to deter mine compliance with the design. W here response action is
designed to meet specific concentration criteria, monitoring to assess the effectiveness of
response action should include chemical concentrations in sediment, surface water or biota with
comparison to cleanup criteria or to environmental and health standards. V erification of the
effectiveness of response action may also need to include evaluation of any of the use
impairments identified in R 299.5730(1) to assess improved conditions over time.

Response actions conducted to addres s contaminated sediments may require a variety of
permits or compliance with the substantive requirements of the relevant per mitting programs
(e.g., State Part 301 permits for most sampling, dredging or containment activities in surface
water bodies, Federal Section 404 permits for dredging and containment activities, NPDES

permits for discharge from dewatering activities).

For further information regarding sediment remediation, operation and maintenance and remedy
verification see, the U.S. EPA’s Contaminated Sediment Remediation Guidance for Hazardous
Waste Sites, December, 2006 (EPA-540-R-05-012, OSWER 9355.0-85),

hitp://www .epa.gov/superfund/resources/sediment/pdfs/guidance.pdf.
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APPENDIX A

Tables 1 and 2, Consensus-Based Sediment Quality
Guidelines for Freshwater Ecosystems

From U.S.EPA’s A Guidance Manual to Support the Assessment of
Contaminated Sediments in Freshwater Ecosystems, Volumes llI,
December, 2002. (EPA-905-B02-001-C).
hitp://www.cerc.usgs.gov/pubs/sedtox/quidance _manual.htm .
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Table 1. Sediment quality guidelines that reflect threshold effect concentrations (TECs;

unlikely to be observed; from MacDonald ef al. 2000b).

i.e., below which harmful effects are

Threshold Effect Concentrations

Substance TEL LEL MET ERL TEL-HA28 SQAL Consensus-Based TEC

Metals (in mg/kg DW}
Arsenic 59 6 7 33 11 NG 9.79
Cadmium 0.596 0.6 0.9 5 0.58 NG 0.99
Chromium 373 26 55 80 36 NG 43.4
Copper 35.7 16 28 70 28 NG 316
Lead 35 31 42 35 37 NG 35.8
Mercury 0.174 0.2 0.2 0.15 NG NG 0.18
Nickel 18 156 35 30 20 NG 227
Zinc 123 120 150 120 93 NG 121

Polycyclic Aromatic Hydrocarbons (PAHs; in ug/kg DW)
Anthracene NG 220 NG 85 10 NG 572
Fluorene NG 190 NG 35 10 540 77.4
Naphthalene NG NG 400 340 15 470 176
Phenanthrene 41.9 560 400 225 19 1800 204
Benz[alanthracene 317 320 400 230 16 NG 108
Benzo(a)pyrene 319 370 500 400 32 NG 150
Chrysene 571 340 600 400 27 NG 166
Dibenz{a,hjanthracene NG 60 NG 60 10 NG 33.0
Fluoranthene 111 750 600 600 31 6200 423
Pyrene 53 490 700 350 44 NG 195
Total PAHs NG 4000 NG 4000 260 NG 1610
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Table 1. Sediment quality guidelines that reflect threshold effe
unlikely to be observed; from MacDonald ef al. 2000b).

ct concentrations (TECs; i.e., below which harmful effects are

Threshold Effect Concentrations

Substance TEL LEL MET ERL TEL-HA28 SQAL Consensus-Based TEC
Polychiorinated Biphenyls (PCBs; in ug/kg DW)
Total PCBs 341 70 200 50 32 NG 59.8
Organochlorine Pesticides (in ug/kg DW)
Chlordane 4.5 7 7 0.5 NG NG 3.24
Dieldrin 235 2 2 0.02 NG 110 1.90
Sum DDD 3.54 8 10 2 NG NG 4.88
Sum DDE 1.42 5 7 90f26 2 NG NG . 3.16
Sum BDT NG 8 9 1 NG NG 4.16
Total DDFs 7 7 NG 3 NG NG 5.28
Endrin 2.67 3 8 0.02 NG 42 2.22
Heptachlor epoxide 0.6 5 5 NG NG NG 247
Lindane (gamma-BHC) 0.94 3 3 NG NG 3.7 2.37

TEC = Threshold effect concentration (from MacDonald ef al. 2000a).

TEL = Threshold effect level; dry weight (Smith ¢ al, 1996).

LEL = Lowest effect level, dry weight (Persand ef o, 1993),

MET = Minima] effect threshold; dry weight (EC & MENVIQ 1992),
ERL = Effects range low; dry weight (Long and Morgan 1991),

TEL-HA28 = Threshold effect level for Hy,
SQAL = Sediment quality advisory levels;
NG = No guideline; DW = dry weight.

RRD Operational Memorandum
No. 4 Attachment 3, Sediments

alella azteca ; 28 day test; dry weight (USEPA 1996),
dry weight at 1% OC (USEPA 1997).
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