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1. Introduction and approach

Presented herein is a preliminary overview of: (a) remedial sediment capping projects completed,

initiated, or planned to-date, worldwide, (b) the types of capping-based remedies involved (isola-

tion, thin-layer, conventional, and/or active), and (c) where capping, including different types, has
been and is being conducted.

Since the capping overview document to which this publication is attached mainly targets a Swe-
dish audience, sediment capping projects completed to-date in Sweden are also presented, and dis-
cussed in relatively more detail. Information is also presented herein on sediment removal (dredg-
ing) projects in Sweden. Removal projects are presented to place nationwide capping efforts into
the larger context of nationwide sediment-remediation efforts in general.

Information presented herein was developed through preliminary reviews of readily available (and
mostly published) information. This overview is not intended to represent an exhaustive, complete,
and up-to-date summary of all remedial sediment capping projects completed, ongoing, and
planned, worldwide. Such was not a goal of the capping overview project. Regardless, this sum-
mary provides a general understanding what has been and is being done in regards to capping in
Sweden, Scandinavia, and worldwide.

Note, no details are provided herein for the non-Swedish capping projects listed, although a number
of references are provided. Nevertheless, it is important to clarify virtually all projects listed in-
volve capping of contaminated minerogenic (mineral-based) sediments. Global experience in cap-
ping fiberbank (cellulose-based) sediments is extremely limited, as discussed in SGI Publication
30-5E. To this author’s knowledge, the very few capping projects that have been completed to-date
worldwide for fiberbank (and/or fiber-rich) sediments have all been conducted in Sweden.

To underscore: This is only a preliminary overview of remedial sediment capping projects, world-
wide. There is considerable merit, for a number of reasons, in conducting a follow-up review of
such region- and country-specific projects that is more expansive, detailed, up-to-date and which
incorporates input from multiple informed parties.

2. Sediment capping, internationally

2.1 Isolation capping

2.1.1 Conventional isolation capping

A summary listing of sediment capping projects completed, initiated, or planned worldwide up to
2005 is provided in Appendix (provided by Prof. Danny D. Reible, Texas Tech University). Based
on this listing:

o Worldwide, a total of 107 projects had been completed, initiated, or planned up to 2005.

e The great majority of projects are isolation capping. Thin-layer capping projects include
item #s 10, 20, 26, 62, 73, 76, and 107.
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e The great majority of projects are conventional isolation capping. Active isolation capping
projects include item #s 13, 28, 37, 63, and 77.

e By far the most projects (~ 75%), occurred in the U.S. This is understandable since the
U.S. is where the practice of remedial sediment capping basically originated.

e 15 projects have occurred in Japan.

o A total of 13 projects have occurred in other countries (including Norway, The Nether-
lands, Sweden, Germany, and Belgium, as well as Hong Kong).

The project listing provided in Appendix is clearly an extensive effort. However, it is not quite
complete. Furthermore, over the last 10 years or so, many more capping projects have been com-
pleted, initiated, or planned, worldwide. These additional projects also address a wide variety of
sediment contaminants (organics, metals, organometallics, and/or non-aqueous phase liquids
[NAPL]) which occur in an equally wide variety of aquatic environments.

Since 2005, and in the U.S. alone, a significant number of conventional isolation capping projects
(both field pilot- and full remedial-scale) have been completed, initiated, or planned. A partial list-
ing of post-2005 isolation capping projects (completed, under construction, or in design phase) is
provided below (Russell, 2015; ITRC, 2014; Ebrahimi, 2015; National Grid, 2013 and other
sources). Note, all but a couple of the projects listed are in the U.S., and many involve partial sedi-
ment removal prior to in-situ capping.

Confirmed conventional isolation capping projects:
e Baie Comeau, QC (Canada)
e LCP Chemicals Site, Brunswick, GA
e Buffalo River, NY
e |ronton Tar, OH
o Tittabawassee River, Ml — SMAs 4 and 5
e San Jacinto River Waste Pits, TX — TCRA
o Tittabawassee River, Ml — Reaches B and D

Could be conventional isolation capping projects. Otherwise, active isolation capping
projects:

e Money Point Phase 11, Elizabeth River, VA

e Esquimalt Graving Dock, BC (Canada) — Phases 1 and 2
e Eddon Boatyard, WA

e Hylebos Waterway (Commencement Bay), WA

e St. Louis River/Interlake/Duluth Tar, MN

e Campbell Shipyard, CA

2.1.2 Active isolation capping

As indicated above, many more conventional isolation capping projects have been completed, initi-
ated, or planned to-date, worldwide, than active isolation capping projects.
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Nevertheless, international interest in active isolation capping is growing. As a result, there has
been a rapid increase in the number of field pilot- or full remedial-scale active isolation-capping
projects (completed, initiated, or planned) over the last 10 to 15 years. The great majority of these
projects occur in the U.S. and many in Norway. A partial listing of such projects is provided below
(ITRC, 2014, Patmont et al., 2014; USEPA, 2013 and other sources).

Note, the projects listed below: (a) are all in the U.S., (b) are organized and listed by the type of
active material used, and (c) mostly (but not exclusively) involve the use of active-capping prod-
ucts or technologies for delivering active materials to submerged sediment surfaces. The prod-
ucts/technologies used often include AquaBlok® and related products, SediMite™, and RCM™™s.

Carbon-based sorbents (mostly, but not exclusively, activated carbon [AC]):
e Anacostia River, MD (project generally referenced in Appendix, item #73)
e Cottonwood Bay, Grand Prairie, TX
e Duwamish Slip 4, WA
e Onondaga Lake, NY
e Passaic River, Mile 10.9, NJ
e Puget Sound shipyard, WA
e Spokane River Upstream Dam PCB Site, WA
e Stryker Bay, SLRIDT, MN

Organoclay:
e Central Hudson Gas & Electric Corp, NY
e Cottonwood Bay, Grand Prairie, TX
e Former creosoting wood treating site, Escanaba, Ml
e (Gasco, Portland, OR
e Grand Calumet River, East Branch, IN

¢ Pine Street Barge Canal Superfund Site, VT (project generally referenced in Appendix,
item #68)

e Port of Portland, OR
¢ Roxana Marsh, Grand Calumet River, IN
e Salem Manufactured Gas Plant, MA

Clay minerals (mostly bentonite):
e Anacostia River, MD (project generally referenced in Appendix, item #73)
e Chattanooga Creek, TN
o Galaxy/Spectron Little EIk Creek, MD
e Penobscot River, ME

Apatite (calcium phosphate minerals):
e Anacostia River, MD (project generally referenced in Appendix, item #73)
e Cottonwood Bay, Grand Prairie, TX
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Additional active isolation capping projects in the U.S. are listed below (Russell, 2015). The active
materials used in these projects typically include AC, organoclay or some unidentified source for
total organic carbon (TOC). For most (but not all) projects, active materials were placed through
water using active-capping products or technologies.

e Fox River, WI (OU1 as well as OU 2 to OU 5)

e Gloucester Harbor, MA

e Housatonic River, MA (1% Mile Reach)

e Lower Rouge River, Old Channel, Ml

¢ River Raisin, Ml

e Silver Lake, MA

e St. Lawrence River, Alcoa East Plant, NY

e Upper Hudson River, NY

As noted in Section 2.1.1, additional active isolation capping projects could potentially be added to
the above lists.

2.2  Thin-layer capping

2.2.1 Conventional thin-layer capping (including EMNR)

Relatively inert (non-active) capping materials like sediment or sand have been used in a number of
conventional thin-layer capping projects. Such projects can generally be considered the same as
EMNR (enhanced monitored natural recovery) projects (see SGI Publication 30-3E).

According to Merritt et al., 2009 and 2010a, several U.S. projects designated as conventional thin-
layer or EMNR projects have been completed in the U.S. Target placed thicknesses for these pro-
jects ranged from 10 to 30 cm, with 15 cm most common. These projects include the following
(note, all three projects are referenced in Appendix and are listed in this section for clarification):
o Wyckoff/Eagle Harbor, WA
e Ketchikan Pulp Company, AK

e Bremerton Naval Shipyard, WA

Merritt et al. further identify additional projects (all in the U.S. except one) they also consider
“thin-layer capping” projects, but where placed material thicknesses were greater, on the order of
15 to 45 cm. These projects include the following (note, all projects except Saguenay Fjord and
Duwamish Waterway are referenced in Appendix and are listed in this section for clarification):

e Saguenay Fjord (Quebec, Canada)

e Palos Verdes Shelf, CA

e Anacostia River, MD (portions of project involved use of active materials)

e Grasse River, NY (portions of project involved use of active materials)

e Duwamish Waterway, WA

Magar et al., 2009 also identify a couple additional EMNR projects for which placed material
thicknesses were not indicated (Commencement Bay, WA and Lavaca Bay, TX).
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2.2.2 Active thin-layer capping (~ in-situ treatment)

A significant number of active thin-layer capping projects have been completed to-date, worldwide,
and interest in this remedial strategy is growing rapidly, especially over the last decade or so. Ac-
tive thin-layer capping is often considered the same as (or at least placed into the same remedial
category as) in-situ sediment treatment (see SGI Publication 30-3E).

Like trends in growth for both conventional and active isolation capping, the great majority of ac-
tive thin-layer capping projects completed or planned to-date occur in the U.S. and Norway. Also,
many of the projects involve the use of AC.

A partial listing of field pilot- or full remedial-scale thin-layer active capping (~ in-situ treatment)
projects is provided below (as referenced in ITRC, 2014; Patmont et al., 2014; Ghosh et al., 2011;
Cornelissen et al., 2011; USEPA, 2013 and other sources).

Note, the projects listed: (a) are all in the U.S., (b) all involve the use of carbon-based sorbents,
mostly AC, and (c) mainly (but not exclusively) involve the “Method-B” approach for active-
material delivery to submerged sediment surfaces (see SGI Publication 30-3E). Some projects in-
volve the “Method A” delivery approach. For many of the Method-B projects, products or technol-
ogies were used for active material delivery.

e Aberdeen Proving Grounds, MD (multiple sub-sites and projects)

o Bailey Creek, VA

e Berry’s Creek, NJ

e Bremerton Naval Shipyard, WA (multiple projects)

e Custom Plywood, WA

e Grasse River, NY

e Hunter’s Point, San Francisco Bay, CA

e James River, VA

e Little Creek, VA

e Mirror Lake, DE

e South River, VA

e Tittabawassee River, Ml

3. Norwegian capping projects

3.1 Introduction

Over the last decade or so, the regulatory infrastructure in Norway related to contaminated sedi-
ment characterization, risk assessment, and remediation (including published guidance in all these
areas) has developed extensively. This is reflected by an impressive, yet partial, listing of sediment-
related guidance documents prepared by SFT, Klif, and Miljg Directorate (see SGI Publication
30-6E).

All aspects of the contaminated sediment market in Norway have developed to a far higher level
than in any other Scandinavian country. In fact, the Norwegian market is likely the second largest
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in the world, behind the U.S. market. The Swedish consulting community appears to recognize this
(e.g. COWI, 2013).

Thus, it is not surprising a significant number of sediment capping projects (of different types) have
been completed, initiated, or planned to-date in Norway. For this reason, Norwegian capping pro-
jects deserve special mention herein.

3.2 Isolation capping

3.2.1 Conventional isolation capping

In the pre-2005 summary project listing (Appendix), only two conventional isolation-capping pro-
jects were listed for Norway: project # 87 (Eitrheim Bay) and project # 109 (Serfjorden).

In fact, a significant number of sediment capping projects, including conventional isolation-
capping projects, have been completed (including prior to 2005), initiated, or planned to-date in
Norway. The projects involve conventional isolation capping of contaminated sediments either in-
situ or following removal-then-re-deposition. Most projects occur in harbor areas. A partial project
listing is provided below (per COWI, 2013; Eek et al., 2013; SFT, 2006; Laugesen, 2015 and other
sources).

e Bergen Harbor (multiple projects)

e Harstad Harbor

o Kiristiansand Harbor (multiple projects)

e Mosjgen Harbor

e Oslo Harbor (multiple projects)

e Sandefjord Harbor

e Sunken German Submarine (Ubat U-864)

e Tromso Harbor

e Trondheim Harbor (multiple projects)

3.2.2 Active isolation capping

A partial listing of field pilot- or full remedial-scale active isolation-capping projects completed to-
date in Norway is provided below (per Patmont et al., 2014; COWI, 2013 and other sources).

Note: (a) all involve the use of AC sorbents, (b) all involve the use of products, technologies, or
methods for delivering AC to submerged sediment surfaces, namely BioBlok® or OPTICAP, and
(c) some caps could be considered active “hybrids” (between isolation and thin-layer) in terms of
design and/or intended functioning.

e Bergen Harbor (Kirkebukten)

o Leirvik Sveis, shipyard

e Naudodden, Farsund

e Sandefjord Harbor

e Trondheim Harbor
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3.3 Thin-layer capping

3.3.1 Conventional thin-layer capping (including EMNR)

Only one project has been completed to-date in Norway that can be considered conventional thin-
layer capping or EMNR. This project involved placement of a very thin sand cap (target 5 mm
thick), which was included as a control plot in a field pilot-scale evaluation of different active thin-
layer capping remedies in Trondheim Harbor (Cornelissen et al., 2011). The active thin-layer cap-
ping remedies evaluated involved use of AC, with or without including clay (bentonite).

3.3.2 Active thin-layer capping (~ in-situ treatment)

Three active thin-layer capping (~ in-situ treatment) projects have been completed to-date in Nor-
way. These include projects in Trondheim Harbor (see above) and in Grenlandsfjord, both in shal-
low and deepwater areas (per Patmont et al., 2014; ITRC, 2014; Cornelissen et al., 2011; USEPA,
2013; NGl and NIVA, 2012; Eek et al., 2010; Schaaning and Josefsson, 2011 and other sources).

All of these projects involved: (a) use of AC, and (b) use of the Method-B approach for AC deliv-
ery (see SGI Publication 30-3E) specifically using the OPTICAP method.

4, Swedish capping projects, plus
dredging projects (for comparison)

4.1 Introduction

A complete and detailed review and summary of sediment remediation projects completed to-date
in Sweden would likely be very useful to numerous interested parties. However, such was not a
goal of this capping overview project. Regardless, a preliminary overview of Swedish sediment
remediation projects was necessary to place the capping overview into a more balanced national
context.

And since the capping overview project focuses on sediment capping, emphasis was logically

placed on obtaining and reviewing readily available information specifically related to completed
(and planned) sediment capping projects in Sweden.

4.2  Swedish capping projects

Based on results of a review of readily available (and published) information, a preliminary sum-
mary of sediment capping projects completed to-date in Sweden is provided in Table 1.
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Table 1 Preliminary summary of sediment capping projects completed to-date in Sweden.

Site or
project Where |When
name

General descriptions of site, project, and cap de-

: References
sign

- River sediments (presumably minerogenic) contami-

%" g g 1991- nated by creosote (presuma_bly NAPIT). Naturvardsverket,
‘c 2 K 92 - Cap design: Basal geotextile overlain by ~ 30 cm 2003; von Post,
3 & 8
S a sand. ) 2005.
- Capped area, ~ 6,800 m”.
- Fiber-rich lake sediments near stream mouth con-
taminated by Hg. Bergman, 2012;
1999 - - Cap dgsign: Basql geotextile overlain by ~ 20 cm Nykvarns kommun,
_ 2000 fine-grained sand (in some areas, ~ 20-40 cm of 2004;
e - crushed rock for erosion protection, in addition to or www.turingen.se.
2 = instead of sand layer).
g g - Capping area: approx. ~ 40,000 m*.
E S - Soft, fiber-rich sediments in deeper parts of lake also
[ 9 contaminated with Hg. Naturvard ket
< Q - Cap design: several cm of an “artificial” (aluminum- a ur.var SVerket,
= 0 . . . 2003; Petsonk and
& 2001- based) sediment material, derived from a placed “gel” Ber r,nan 2006
02 material. gman, !
- Capping area, ~ 800,000 m?. W ILNNGen. se.
- Note, this is considered conventional thin-layer cap-
ping.
@ £ - Fiber sediments in lake contaminated by Hg. Valdemarsviks
© g 2008 - Cap design: Basal (and weighted) geotextile overlain | Kommun, 2013;
© 8 by a layer of crushed stone for erosion protection. Petsonk et al.,
= o Thickness of crushed-stone layer unclear. 2008.
E S ° - Harbor sediments (presumably minerogenic) con-
o % E taminated by TBT, and perhaps also other pollutants. Lansstyrelsen
E < g Started | - Involved capping of contaminated sediments that Vastra Gotaland,
E = O 2009 previously have been dredged but then re-deposited 2006; Goteborgs
3_8 g (somewhere else). Stads Nyhetstid-
i :% a : ning, 2015.
30 > - Cap design: ~ 1 m sand.
£ s &
é 8. 3o Goteborgs Stads
cv-g s g ? - Appears to be similar to Lundbyhamnen. Nyhetstidning,
NE S @ 2015.
S 2 <

Fotnot:
Y Both Lake Turingen projects are referenced in Appendix and are included in table for clarification.

As shown in Table 1, only a limited number of sediment capping projects have been completed or
initiated to-date in Sweden. All but one are considered conventional isolation capping. The gel-cap
project completed in Lake Turingen is considered to be conventional thin-layer capping, since there
appears to be no active (e.g. sorptive) characteristics attributed to the artificial sediment (Bergman,
2012).

Interestingly, despite the small number of projects, they collectively represent a surprisingly broad

range of aquatic environments, sediment types, contaminant types, capping strategies, capping ma-
terials, and cap designs.
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In addition, at least a couple other Swedish capping projects are understood to currently be in the
serious-consideration or planning stages:

o Lillesjon (Jonkoping): As-contaminated minerogenic sediments (Golder, 2014).

e Sodra hamnen (Skane): PCB- and TBT-contaminated minerogenic sediments (Anchor
QEA, 2015).

4.3 Swedish removal (dredging) projects

Although the focus herein is on capping, a limited preliminary review was also conducted of readi-
ly available information on sediment removal (mainly dredging) projects in Sweden. This was done
for purposes of general comparison, and to place nationwide capping efforts into the larger context
of nationwide sediment remediation efforts in general.

A listing of the relatively larger and more well-known remedial sediment dredging projects com-
pleted (including ongoing or planned) to-date in Sweden is provided below. Information comes
from a number of readily available, published sources (Elander, 2012, 2013; Naturvardsverket,
2003; Ekman, 2004; Goteborgs Stads Nyhetstidning, 2015):

e Jarnsjon (PCBs; utslapp fran ett returpappersbruk)

e Orserumsviken (PCBs; PAHSs; utslapp fran ett returpappersbruk)

e Svartsjdarna (Hg; utslapp fran ett pappersbruk)

e Skutskars hamn (Hg; utslapp fran massaindustri, ingar i en hamnutbyggnad)
e Valdemarsviken, ongoing (Cr and Hg; utslapp fran ett garveri)

e Oskarshamn hamn, ongoing (metaller och dioxiner; utslapp fran kopparverk och batterifa-
brik)

e Ala Lombolo, Kiruna (Hg; utslapp fran laboratorium)
e Vanan, i Vansbro (Creosote-contaminated sediments)

¢ Lundbyhamnen, i Géteborg harbor (sediments contaminated by TBT, and perhaps also
other pollutants).

e The Malarprojektet, which is a navigational dredging project, but also references the pres-
ence and possible spreading of sediments contaminated by Hg; PAHs and/or TBT
(Sjofartsverket, 2013).

e Project in Gavle Harbor.

In addition to the projects listed above, references are also made in county-specific regional pro-
gram summaries (see SGI Publication 30-2E) to other, perhaps smaller-scale sediment dredging
projects (completed, ongoing, or planned). Many of these additional projects appear to involve
sediment removal for remedial rather than navigational purposes, at least in part. Such dredging-
related references are made for specific sites or areas in the following counties: Blekinge, Halland,
Uppsala, and Ostergétland.
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4.4  Summary

It appears more remedial removal (dredging) projects have been completed (or initiated or planned)
to-date in Sweden than capping projects. If this is accurate, a logical question is why.

One answer could be related to actual or predicted costs associated with Swedish experiences in
implementing capping versus dredging remedies. Three of the five isolation-capping projects com-
pleted so far in Sweden incorporated the use of geotextiles (Table 1). Incorporating a geotextile in
cap design increases total capping costs, often significantly. This may be giving consultants and
others in Sweden the general impression capping is a relatively expensive sediment remediation
technology, and perhaps one that is not economically competitive with removal technologies. If
this is the perception, it is contrary to the much more widely held view that capping remedies are
typically less expensive than dredging remedies (see SGI Publication 30-3E).

There could also be additional reasons for why dredging remedies seem to be more commonly con-
sidered and used in Sweden than capping remedies. These additional reasons are also based on
perceptions, which may include:

¢ Removal (by dredging or excavation), although costly, is really the only viable, proven-
effective solution for remediating contaminated sediments.

e In general, in-situ technologies for contaminated sediment remediation are too new and/or
not yet proven-effective.

e In-situ capping is simply “covering up the problem”.
e Soft sediments cannot be successfully capped, or cannot be capped cost-effectively (with-
out the use of a supporting basal geotextile, for example).

e There really isn’t any good sediment-remediation technologies available at all (dredging
too expensive, and in-situ methods, including capping, are unproven). And because of this,
most available resources instead go to soil or groundwater cleanup projects — where respec-
tive remediation technologies are, in contrast, perhaps considered more well-proven and
relatively more cost-effective.

5. Capping projects in other
Scandinavian countries

In addition to Norway and Sweden, contaminated sediments also occur in other Nordic countries as
well, including in Denmark and Finland.

As noted by Spadaro (2011), capping — along with other in-situ and ex-situ sediment remediation
technologies — is listed as being employed in Denmark and Finland. Thus, there is probably little
doubt at least a few sediment capping projects, including conventional isolation capping, have been
completed, initiated, and/or planned to-date in both Denmark and Finland.
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An in-depth review of available information on capping projects in these other two Scandinavian
countries was beyond the scope of this project. Nevertheless, it is known at least a couple capping
projects have been conducted in these countries to-date:

e In Denmark: A pilot-scale conventional isolation-capping project was conducted (some-
time) in the Port of Copenhagen (Renberg et al., no date).

e In Finland: During 1998/99, a creosote-impacted, 0.5-ha area of sediment in Lake
Jamsénvsi was covered by a (presumably basal) polypropylene filter geotextile overlain by
1to 1.5 m of gravel and sand (Hy®tylainen and Oikari, 2003).

6. References

For all references cited herein, please see Publication 30-6E.
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Appendix

Draft Summary of Contaminated

Sediment Capping Projects,
Revised 2005

The following summary table was provided (in pdf format)
by Prof. Danny D. Reible, Texas Tech University.
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