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Preface

Contaminated sediments occur to some extent in almost all countries, both in fresh watexrs and m
rine environments. Sediment contamination in most countries results from historical releases, when
regulatory controls were lacking or minimalthoughreleases occur to some extent also today
Therefore, the problem of contaminated sediments and risks they can pose to the environment and
humans is not unique to Sweden.

Globally-accepted technologies for sediment remediation generally rely on either removing the
contaminated sediment then managingxisitu, or remediating sediment contaminatiorpiace,

in-situ. In-situ capping is an internationally recognized and ptex technology for remediating
contaminated sediments. The technique is well established in other countries like the USA, Norway
and Canada, in contrast to Sweden, where capping has been very lirtisee. to

The Swedish Geotechnical Institute (SGI) tresnational responsibility for research, technological
development and knowledge building for remediation and restoration of contaminated sites. The
aim is to raise the level of knowledge and increase the rate of remediation action, in orderx-for Sw
den toachieve the national environmental quality objectives. As part of this, knowledge should be
mediated to others, such as regulators, consultants, laboratories, problem owners, contractors, etc.
by (among other things) issuing publications.

This publicaton is intended to serve as a basis for the design and assessment of remediation alte
natives to dredging. The publication aims to provide a technology overview of various eapping
based techniques and to describe possibilities and limitations. The oirarallta establish a basis

for capping as a viabla-situ remediation alternative for managing contaminated sediments.

This publication includes a staté-the-art review of the remedial practicesiofsitu capping of

contaminated sediments. The publica comprises a main text plus several supporting, but-stand

alone, appendices. These supporting appendices include: a preliminary review of contaminated
sediments in Sweden; a general overview of establiskeiiu andin-situ sediment remediation

techrologies; a preliminary overview of remedial sediment capping projects worldwide; a short

di scussion on anticipated challenges with cappi
up-to-date collection of relevant technical and other internati@fatences.

The publication is a result of a-operation between the Swedish Geotechnical Institute (SGI) and
SAO Environmental Consulting AB (SAO). The main author is Dr. Joseph Jersak {SA@%o

authors ar®r. Gunnel Goranssomr. Yvonne OhlssonM.Sc.Lennart LarssorDr. Peter Fy-

hammar an®r. Per Lindh at SGIProfessor Danny D. Reible, Texas Tech University, bas r

viewed selected parts of the publication and submitted valuable comments. In addition, comments
on the publication have also be@ught through an external reviewing process, and comments
were submitted by the Swedish Environmental Protection Agency and the County Administrative
Board of Gavleborg.

SGIl and SAO would like to give special thanks to the following people for theialbi@ contriln-

tion to the publication: John Collins, AquaBlok, Ltd. (U.S.A.), Par Elander, Elander Miljoteknik
AB, Henrik Eriksson, Golder Associates AB, Tore Hjartland as a representative for BioBlek Sol
tions AS (Norge), John Hull, AquaBlok, Ltd. (U.S)ALudvig Landen, Stadsbyggnadsforvalgpin
en, Helsingborg, Dr. Jens Laugesen, DNV GL AS (Norge), Prof. Danny D. Reible, Texas Tech
University (U.S.A.), Kevin Russell, Anchor QEA (U.S.A.), and Prof. lan Snowball, Uppsala Un
versity.

A decision to publishhis publication has been taken by Mikael Stark. LinkopDerembel016.
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Abbreviations for key terms used herein are as follows:

AC Activated carbon

BAZ Biologically active zone

EMNR Enhanced monitored natural recovery

GAC Granular activated carbon

MNR Monitored natural recovery

NAPLs Non-aqueous phase liquids

PAC Powdered activated carbon

TOC Total organic carbon

USEPA United States Environmental Protection Agency
USACE United States Army Corps of Engineers

The entire SGI Publication 30 set includes the following independent parts:

SGI Publication 36, Huvuddokumentn-situ dvertackning av férorenade sedimevietodove-
sikt. (In Swedish)

SGI Publication 3AE, Main textIn-situ capping of contaminated sediments. Method overview.

SGI Publication 3@E. In-situ capping of contaminated sediments. Contaminated sediments in
Sweden: A preliminary review.

SGI Publication 3€BE. In-situ capping of contaminated sediments. Establighesitu andin-situ
sediment remediation technologies: A general overview.

SGI Publication 3@E. In-situ capping of contaminated sediments. Remedial sediment capping
projects, worldwide: A preliminary overview.

SGI Publication 3GE.In-situc appi ng of contaminated sedd ment s.
ed fiberbank sediments: A unique challenge.

SGI Publication 3@6E. In-situ capping of contaminated sediments. An extensiveowgate colle-
tion of relevant technical and other international references.

SGI Publication 3€7. In-situ 6vertackning av férorenade sedimedtergripande sammanfattning.
(In Swedish)

SGI Publication 3€YE. In-situ capping of contaminated sediments. Ovesaimmary.

Fact sheetn-situ capping of contaminated sediments. Method overview.
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Abstract

The main objective for this project was to conduct a technically detailedp$tthieart review of
the remedial practice dfi-situ capping of contaminated sediments. Another objective was-to d
velop several supporting appendices intended to collegtivgdlain how and why such a state
the-art review is important and relevant to a wide variety of Swedish stakeholders.

In-situ capping:A state-of-the-art review. As discussed in detail ithe current document, pa
pingin-place {n-situ) is aninternationally accepted technology for remediating contaminatked se
iments. It generally involves placimgpmaterial overtop the sediment surface to create a new
bottom and to meet certain performance objectives. Capping offers advantages and limitations
compared to other sediment remediation technologies, like dredging or natural recoveryf- Two di
ferent types of capping are recogniZieidolation and thidayer capping and they differ in many

ways, but mainly in terms of specific objectives for caggrerance. Various natural and man

made materials are used in isolation and-tayer capping, including conventional (nogactive)

and reactive (e.g. sorptive) materials. Numerous factors are considered and evaluated when selec
ing and designing a capgimemedy that is most appropriate for meeting sitel projecispecific

goals for sediment remediation. Once a cap is designed, it should be constructed in a controlled and
geotechnically stable manner, and with minimal sedimestispension. Subaqueazaps can be
constructed using many different types of equipment and approaches. Monitoring should occur
both during cap construction (to insure the cap is constructed as designed) and long-after cap
construction is completed (to confirm the cap is fundtigras intended over the lotgrm).

How big is Swedends c¢ on tSShiubliaatior PEgresehisang-nt pr o b |
liminary review of the type and occurrence of contaminated sediments identified in eadad of Sw
dends 21 count i eabhase€(mindgrogenmic) ara/oredaluldse arcir nrg ( Af i be
banko) sediments occur in at |l east 19 counties
that require effective management (remediation).

What technologies are available for remediating contaminated sediments?A general unde

standing of established sediment remediation technologies is essential to more fully appreciate
cappingbased remedies in particul®GI| Publication 3€BE introduces, describes, and generally

compares provenffective andnternationally accepteesitu (removatbased) andh-situ tech-

nologies for remediating contaminated sediments. Each technology has relative advantages and

l i mitations, -aizefits-alhledr et @ csh mool ofigoyn ef or aikd si tuat
site and projeespecific process.

How well-established isn-situ capping as a sediment remedy3GlI Pultication 304E collec-
tively present a preliminary overview of capping projects, worldwideddte, over &0 capping
projects (isolation, thitayer, conventional or active) have bemmpleted, initiated or planned
worldwide over the last several decades, most in the U.S. and many in Norwegp@ixgpro-

jects have been conducted in Sweden. Virtually all projects involve contaminated minerogenic
sediments. Capping is a versatile and internatioreatgblished sediment remediation technology
T at least for minerogenic sediment$ws,in-situ capping in its various formss one proven
technology that can be an option in many cases.

WhataboutSwedends fiberbank sedi menmnsigutapprayh t hey be
Fiberbank sediments result from past discharges from pulp and papermill industries and typically
contain multiple contaminants. They represent a significant national problem betmsof their

broad distribution (identified in at least 10 counties) and because of the unacceptable risks they

likely pose at many sites. Theoretically, one or more types of capping should be appropriate for
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remediating many fiberbank sediment siteswideer, there is very little global experiencedtate

in capping fiberbank sediments. Because ofitideupled with their unique characteristicthere

are many unknowns related to how fiberbank sediments will respond to different types of capping
remedes.SGI Publication 3&GE outlines some of these unknowns.

10 (41)



SGI Publication 30-1E

1. Introduction

The problem of contaminated sediments and risks they can pose to the environment and humans is
not unique to Sweden. Contaminated sediments occur in nearly all countries texsemgin both

inland and coastal aquatic environments. And, like Sweden, most sediment contamination in most
countries results from historical releases, when regulatory controls were lacking or minimal.

There is no single national inventory currenthaigable for contaminated sediments, as there is for
contaminated larfdHowever, information does exist on contaminated sediments in Sweden. Such
information is distributed throughout various published documents, including in: regional programs
summarizilg contaminated sites, regional and national environmental monitoring programs, and
risk assessments related to ldvabed poinsources for contaminant inputs into surface waters.

The true scale and severity of the contaminated sediment problem in Sevedelear. Regdr

less, a preliminary review of available information indicates that contaminated sediments occur in
19 of Swedeno6s 2rélated osksrat sorme partionSoétlieiidendfied sites are no
doubt at unacceptable levels, thus reiggiremediation now or in the near future.

Globally-accepted technologies for sediment remediation generally rely on either removing the
contaminated sediment then managingxisitu, or remediating sediment contaminatiorpiace

(in-situ). Between 200aAnd 2013the Baltic Sea Region programme financed a project referred to
as SMOCS (Sustainable Management of Contaminated Sediments in the Baltic Sea). A guideline
was released from the SMOCS project focusing on sustainable management of contaminated sed
ments dredged in the Baltic Sea region, as walkastu management of contaminated sediments.
Motivations for conducting the SMOCS project includgdincreasing costs for disposal of

dredged contaminated sedimerijschallenges in locating new andemuate disposal sites, aiijl

the possibility for beneficial use of dredged sediments for different purposes, e.g. lanceimprov
ment, port constructions/extension, etc.

In-situ capping is an internationally recognized and accepted technology for réngedantant

nated sediments, and is extensively used in other countries like the USA, Norway and Canada. In
contrast, use of cappidgased remedies in Sweden has been very limitedt® There are likely
multiple reasons for this, including (but not Itel to):a) the Swedish branch and relevantesw

dish authorities feel they do not have sufficient knowledge on remedial sediment cdpfiiege

is a preference for dredging, which removes contaminants and is considered arestablished

and fAkon oworr ktd t e c)thare hay lpeya percepticsh that capping sediment céntam
nants in place is simply Acovering up the probl
and chemically isolate the contamination. The third reason may, howevelatbd te the first, i.e.

a lack of knowledge on and experience of the method. Nevertheless, in recognition of capping, the
Swedish EPA released a guidance document in 2003 on remediatmmariinated sediments
(Efterbehandling av férorenade sedimerh vagledning, Rapport 5254). The guidance document
summarizes severad-situ andexsitu remediation technologies and capping is mentioned as a
remedial technology that has become important, worldwide.

The primary goal of this publication is to establishasis for capping as a vialesitu remeda-
tion alternative for managing contaminated sediments by compiling a technology overview and

'For clarification, Swedenos n anbtcontairainformatiomenmet or y of ¢
taminated sediments.
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effectively disseminating overview results. This publication is also intended to servemntess
as a A c adocpneent tothe BMOCS guideline focusedessitu sediment management,
and as amoreidepthandugpo-d at e expansi on of the Swepgish EPA

ping.

As descried in detail in Section 2 below, this publication comprises a mafthiexturrent dag-
ment) plus several supportipgblicationsappendices.

To underscore: This is not intended to function as a guidance document for remedial segiment ca
ping. However, this document can serve as a basis for such guidance.

2. Objectives

The main objective for this project was to conduct a technically detailedp$tthieart review of

the remedial practice @f-situ capping of contaminated sedimeriibe current document comgri

es this reviewAnother objective for this project wasdevelop severglublicationsto collectively
support and hel p A ma kd-thaat review s snpodtantfandrrelevantyo at h e s t
wide variety of Swedish stakeholders (government authorities and institutes, university researchers,
engineerig and environmental consultants, site owners, and the public). These suppaioticar

tionsi which are intended to be staatbne references on their ownnclude:

1 Contaminated sediments in Sweden: A preliminary revig@i Publication 3@E).

1 Establishedxsitu andin-situ sediment remediation technologies: A general overview
(SGI Publcation 303E).

1 Remedial sediment capping projects, worldwide: A preliminary ovensi Publcation
30-4E).

T Capping Swedenbds cont amfmungeetchalbngéSGlPebtidc ank sed
tion 30-5E).

1 265technical and other international referenc@&i(Publtation30-6E).
Additionally provided are aaverall summarySGI Publication 3&/E) which summarizes the¥

view document and th&upporting documentaentioned abovend afact sheebn in-situ remed-
al sediment capping.
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3. In-situ remedial sediment capping:
An in-depth focus

3.1 Introduction

To properly placén-situcapping into the larger context of sediment remediation, brief summaries
of the other majoand internationally establishad;situ andexsitu sediment remediation techino
ogies are provided i8GI Publcation30-3E. In addition to capping, these technologies include:
removal, mainly dredging; monitored natural recovery (MNR); enhanced MN i &l tred-

ment.

For completeness, a brief summary of capping is includ&&inPublcation30-3E. It is recan-
mended that the reader review this general summary before reading the current document.

In SGI Publecation30-3E, a distinction is made between the remedial practices of isolation capping

andthinl ayer capping, and it is around thefe two m
the-art review is structured and presented. In practice, prsjpetific sedimencaps are oftenyh
brids which fall s ome whgerspectarn, dathgn tearnmsef ramediatioa t i o n

objectives and cap design.

Since the remedial practice of isolation capping was developed and in use beftagetho®-
ping, isolationcapping is discussed first.

3.2 Isolation capping

3.2.1 General description

Isolation sediment caps are engineered and designed structures, lihadaxddoermeable reactive

barriers, landfill liners, and slurry cutoff walls. Isolation capping involves placingon®re |g-

ers ofcapmaterial of one or more types overtop the surface of contaminated sediments. Isolation

caps are intended to effectively eliminate exposure of organisms colonizing the cap to sediment
contaminants in two different ways: by cutting diifect physical contact of burrowing benthic

organisms with the underlying contaminated sediment and by significantly minimizinggilong

migration of dissolvegbhase, sedimefit or ne cont ami nants up into the
zone (BAZ).

3.2.2 Objectives for isolation-cap performance

Various capperformance objectives can be considered for isolation capping. The objectives are
dictated by sitespecific needs for risk reduction, that is, reductions in organism exposure to and
bioaccumulation of sedimenbntaminants.
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Capperformance objectives typically listed in international guidance documents and considered in
isolationcapping projects worldwide include the following (e.g. USEPA, 2005; ITRC, 2014; SFT,
2002; Palermo et al., 1998a, 1998b; COWI, 2013

1 Physical isolationof burrowing benthic organisms from direct contact with contaminated
sediments.

1 Chemical isolationof benthic organisms from exposure to dissolpbdse sediment ne
taminants migrating up into and through the cap, including intothep 6 s BAZ, over

i Stabilization and protection of contaminated sediment masses against erosion and
transport away from the site. Note, this is not the same as treatment of contamiriated sed
ments using Solidification/Stabilization (S/S) processes.

Thecapperformance objectives of physical and chemical isolation are implicit to the geaeral d
scription of isolation cappindrurthermore, the caperformance objectives of physical isolation

and stabilization are relatively se&kplanatory. In contrasth¢ objective of chemical isolation can

be defined in different ways, depending on whether temporary (transient) or permanert (steady
state) conditions of the capped sediment system are considered (Reible and Lampert, 2014; Parsons
and Anchor QEA, 2012b; Rsell et al., 2013).

Under transient conditions As dissolveephase sediment contaminants migrate upwards over

time through saturated and connected pore spaces in a cap, a typical trangientoca@ance

objective can be to maximize the time to contaamint fibr eakt hrougho into th
least 100 years). The goal is often to ensure the design lifetime for the cap is long enough such that
other processes may render contaminants harmless or of minimal subsequent impact (e.g. slow
degradation).

Under steadystate conditions Typical capperformance objectives can include establishing and
maintaining: (a) total contaminant concentrations in the BAZ at some protective level; (b)ieontam
nant concentrations in BAZ porewaters at some protective kawedlor (c) contaminant flux from

the cap surface into the overlying water column at some target rate, often relative to that from un
capped sediment surfaces.

Additional discussions on chemical isolation of contaminants when capping with particutaotype
capping materials are provided in Sections 3.2.4 and 3.2.5.

3.2.3 Approach to isolation-cap design

The internationally accepted approaeachh kte® dceosi gr
cept, which was first developed by the U.S. Army Corps dfitgers (Palermo et al., 1998a,
1998b; Palermo and Reible; 2007; DNV GL, 2014; Mohan et al., 2000; Naturvardsverket, 2003).

The layercake design concept involves including different capping layers atgireed thicknes-
es, each of which is intendeddddress or count&rct one or more sitgpecific processes. These
function-specific capping layers include the:

1 Bioturbation layer i to accommodate activity of benthic burrowing organisms down to
some depth in the capbds surface.

9 Erosion-protection layer i to counteract natural and/or humamlated erosive forcestac
ing on the cap over time. Natural forces include river and tidal currents,dniveh
waves, and ice scour. Humeaglated forces include propeller wash (propwash) from ships
and boats as welkaressebenerated waves.
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1 Chemical isolation layeri to achieve longerm chemical isolation of dissolvguhase
sediment contaminants migrating upwards in cap porewaters.

1 Consolidation layeri to account for sediment (and cap) settlement or consolidgtiom u
cap loading.

1 Mixing layer T to account for physical mixing of cap material with sediment during cap
construction.

1 Operational layer i to account for expected thickness variability during cap construction.

A conceptual illustration of an isolation cap showing funepecific capping layers is shown as
Figure3.1.

Isolation caps can either be monolayer or composite caps. A monolayer cap is when all-function
specific layers are comprised of the samaerial, like sand. A composite cap is when funetion
specific layers comprise a combination of different materials, like sand + larger stone + a basal
geotextile.

Total cap thickness could theoretically be determined by simply summing up thicknedses of a
function-specific capping layers (FiguBel). However, it is recognized such a sumraipyep-

proach is usually too conservative. Instead, total cap thickness can often be reduced by assuming
particular capping layers may serve multiple functions, exthic habitat + erosion protection, or
erosion protection + chemical isolation (Palermo and Reible, 2007; Russell, 2015; Parsons and
Anchor QEA, 2012a; Palermo, 2015).

=l
T, bioturbation / habitat layer
Ts erosion layer
Total
cap
thickness T, chemical isolation layer
T'(
T ________cap*sedimentconsolidationlayer
T, operational / mixing layer

not to scale

Figure 3.1 Conceptual isolation cap, with emphasis on function-specific capping layers.

A separate evaluation of each ssfgecific process (bioturbation, erosion potential, chemicad-isol
tion, etc.) is typically required to determine the appropriate material type and thickness for each
function-specific capping layer.

All functionspecific capping layers are integral to isolation capping. Nevertheless, probably the

two most critical components to isolatioap design are the chemical isolation layer and the er
sionprotection layer. These two functi@pecific capping laysrare highlighted in Figur@2.
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not to scale

Figure 3.2 Isolation cap, with emphasis on erosion-protection and chemical isolation layers.

Thechemical isolation layeris usually relatively finggrained. Its main function is to slow down

or retard longerm migration of dissolveghase sediment contaminants up through the cap in one
or more ways (e.g. sorption, extended migration pathways, contaminant transformeggnagi-

tion, etc.). An appropriate thickness and partgsigng for this layer should be determined by-site
specific computebased modeling. Analytical or numerical cap models have been devel@ped sp
cifically for this purpose (Reible, 1998; Lampert arsllike, 2009; Go et al., 2009; Parsons and
Anchor QEA, 2012b; Reible and Lampert, 2014; Viana et al., 2008; Russell et al., 2013; Eek et al.,
2008; Petrovski et al., 2005; Bessinger et al., 2012; Reible et al., 2009).

Theerosionprotection layer is usually relatively coarsgrained. Its main function is to prevent
exposure and erosion of the underlying chemical isolation layer. The eprsieation layer,ti

self, will also obviously need to be resistant to erosive forces. An appropriateggsiriia) and
thickness for this layer should be determined by conducting-agsitgfic erosion analysis, which

is usually desktofpased. Erosion analyses require qualitative and quantitative knowledge of pr
vailing natural and humarelated erosional faes, including the dominant force. The analyses may
also require use of different types of specialized models (Maynord, 1998; Mohan et al., 2000; A
chor QEA, 2009; SFT, 2002; DNV, 2008).

A Afilter | ayer o i s -eapdesign@Nrighhetdl., 2@0L; Mayeodd, i n i s ol
1998). This layer is positioned directly beneath the ergsiotection layer (as generally shown in

Figure3.2). Filterlayer material is typically mediwgrained stone, and is graded to preventuurb

| ence at dcdfem mavipgdisesizedisolation and sediment materials up into and

through the coarsagrained erosioiprotection layer over time. A geotextile could insteadrbe i

cluded in cap design to serve as the filter layer.

3.2.4 Use of conventional capping materials

As defined herein, conventional isolation capping involves the exclusive use of conventi@ial mat
rials in cap design.

AConventional 6 capping materials are relativel
ly reactive (e.g. have minimal c@minant binding capacity) nor biologically reactive (e.g. do not

promote or enhance microbial degradation of organic contaminants). Conventional materials can be
natural earthen materials, e.g. sediment, natural sand or gravel, crushed stone of gliffidrent

tions, etc. (Figur8.4). Glacial moraine material, which is abundant in many locations in Sweden,
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could also be used. Conventional capping materials can also beacke) e.g. geofabrics, like
permeable geotextiles or lepermeability geomembranes.

Most conventional materials used in isolation capping (except for geomembranes) are relatively
permeable (on the order of 4@/s or higher). Sometimes this is intentional (by design), angé-som
times not. The type(s) of conventional material(s) includeshdesign will depend on a wide

variety of factors, including: specific objectives for cap performance; physical sediment conditions,
including bearing capacity; availability and relative cost of capping materials; approach used for
cap construction; anchpconstruction costs.

For some projects, a separate fAhabitat | ayer o (
design to serve as habitat for benthic fauna and/or flora. The Onondaga Lake capping project in the

U.S. is one such example (Pars@and Anchor QEA, 2012a). Even without including a designated

habitat layer, initial colonization of cap surfaces by benthic fauna can occur relatively rapidly in

marine and freshwater riverine environments, often within as short as one year. Devetdfnment

more evolved and stable faunal community takes longer, typically several years (SAO, 2013).

Nearly all the earlier isolation capping projects involved exclusive use of conventional materials
often clean sediment, sand, or coarser st8@ Publcation30-4E) i mainly because these were
materials most readily available for use at the time. Regardless, even with the more re¢ent deve
opment of active cappingaterialsnext section), conventional materials continue today tocbe e
tensively used in isolation capping, worldwide (Reible and Lampert, 2014; Eek et al., 2013; ITRC,
2014;SGlI Publtation 30-4E).

3.2.5 Use of active capping materials, including active-capping products

There are conditions when conventional materials may notdeedequate lorterm chemical
isolation and risk reduction, even when such materials are properly incorporated into a well
constructed isolation cap (ITRC, 2014; Reible and Lampert, 2814 conditions include
iffwhen:

1 Sediment contaminants do nottéhin ( sor b) strongly to the sedir
1 Significant groundwater upwelling or tidal influences occur.

1 Sediments are contaminated by raapueous phase liquids (NAPLS), like oil or creosote.

1

There is the need or desire forglace treatment of unaidable yet ongoing contaminant
inputs to an alreadsemediated (e.g. capped) sediment surface.

Under such conditions, there may be a need &nd nowadays an opportunity fiorcorporating

ffal ternativeo mat er i al scapaegn.dSuch maderneds mbke theécapt o an i
more efficient or effective in different ways, and allows for adequately meeting the cap

performance objective of chemical isolation when conventional materials cannot. Alternptive ca

ping materials or amendments arecdllecvel vy ref erred to herein as .
in remedial sediment capping is referred to as

Many different materials with unique properties or attributes have been evaluated as possible active
capping materials at lakaory benckscale and some at field pistale. These materials have

generally been organic carbbased or inorganic materials, naturally occurring mineralstmr su
stances, and processed or manufactured materials. As expected, they have shown vaegisig degr

of effectiveness.
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Naturally occurringnaterialsand substances or manufactured prodinetshave been evaluated as
activecapping materials include the following: metal (Al, Fe) oxides, hydroxides and ores (e.g.
bauxite); zeolites (natural amdodified); calcium phosphateased minerals (e.g. apatite and h
droxyapatite); activated carbon; phyllosilicate clays; biopolymers (e.g. chitosan); zero valent iron;
organoclays; Ambersofy XAD-2; Bion Soil; and nutrients (to encourage microbial actiaitg
contaminant degradation) (e.g. Gavaskar et al., 2005; Dixon and Knox, 2012; Jacobs and Férstner,
1999; Knox et al., 2007; USEPA, 2013; Thomaszewski et al., 2005; Ghosh 608l.J2rsak and

Eek, 2009).

Active capping materials that have, over tiemonstrated the greatest degree of effectiveness
and overall relative success include:

1 Sorbent materials: These materials can sorb (bind) hydrophobic organic contaminants and
some metals to the cap material 6sdstrognobi | e
ly than can conventional granular materials, like sand or most types of crushed stone.

Prime examples include:

o0 Carbon-based sorbentslike organierich soil, coal, coke breeze, and especially
activated carbon (AC). All of these bind hydrophobigamics and some metals
(seeSGI Publcation30-3E, Section 3.4).

0 Calcium phosphate minerals the apatite mineral family. These bind and/@-pr
cipitate a variety of different metals (Crannell et al., 2004; USEPA, 2013; Dixon
and Knox, 2012).

o0 Organoclays organically modified clays. These bind NAPLs mainly, but alse di
solvedphase organic contaminants (USEPA, 2013; Hull et al., 2015; Reible et al.,
2007; Oregon DEQ and UT, 2005).

1 Phyllosilicate clays(clay minerals): Compared to sand, clay minerals are substantially fi
er-grained and display much lower permeabilities. Some clay minerals also possess signif
cant metal exchange capacities, although oftem@pendent. Prime examples of clay
minerals (ircluding clayrich geologic materials) used in capping include bentonite and
palygorskite (attapulgiteBoth have weklestablished track records in the environmental
remediation industry, especially bentonite

Sediment caps incorporating certain clays, bkatonite and/or attapulgite, can: (a) create
a hydraulic barrier that can effectively divert flow of contaminated sediment porewaters
away from migrating through the cap; (b) reduce the rate of advective transpaer of di
solved contaminants up into anddhgh the cap; and (c) reduce steathte contaminant

flux through the cap more effectively than can coagsained materials, like sand (Reible
and Lampert, 2014; USEPA, 2007; USEPA, 2013; Reible, 2008; Anchor QEA and SAO,
2014).

Bentonite (mainly but ot only sodiurarich varieties) is also cohesive, especially intires
water environmentd his characteristic can offer the additional performance attribute of
significant resistance to at least some erosional forces (e.g. Gailani et al., 2001; Hull et al.,
1998b; Barth et al., 2008; SE, 2006).

Active capping materials are often combined with conventional materials in active isakgion
designs, with the active material serving as the chemical isolation layer (at least partially).

Conceptual examples oboventional and active isolation caps are shown in Figadre
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new sediment bioturbation zone

caps

not to scale

Figure 3.3 Conceptual examples of conventional (left) and active (right) isolation caps.

3.25.1 Active-cap performance

Incorporating active materials can significantly increase the time for migrating contaminants to
Aibreak througho into the isolation capbds BAZ.
functioning (Lampert and Reible, 2009; Viana et al., 2008;y@t al., 2009). Even if cap mdéde

ing predicts contaminant concentrations in the BAZ are above protective levels wherssagéady
conditions are reached, the greater time to breakthrough for an active cap may give some organic
contaminants time to sigmniantly degrade in the sediment and/or capping zone (Lowry et al.,

2009; Parsons and Anchor QEA, 2012b; Reible and Lampert, 2014). The extent of this degradation
will depend on many factors, including: timeframe, the biotic and/or abiotic degradatianser tr
formation process(es) involved, contaminant type and concentration, oxidediaction status,

carbon supply, etc.

Active caps are more effective than conventional caps at attenuating migration of sedimemt conta
inants. Consequently, relatively thinreetive isolation caps can often provide a level of perfo
mance at least equal to that provided by thicker conventional isolation sand caps (USEPA, 2005;
Olsta, 2012; Hawkins et al., 2011; Hull et al., 1999a, 1999b; Anchor QEA and SAO, 2014).

Thinner yetequally effective active isolation caps can provide a number of advantages mver co
ventional isolation caps, including: (a) fewer restrictions to waterway navigation, (b) fewer effects
or modifications to site hydrology and/or ecology (depending ondiieanaterial used), (c) less
transfer of contaminated sediment porewaters up into the cap during sediment consolidation, due to

the capbs | ower submerged weight, and (d) reduc«

as material costs are both éakinto account (e.g. Hull et al., 1999a, 1999b).

In cap modeling, it is not uncommon to assume that the contaminant source (sediment)azoncentr
tion remains constant over time. This is a simplifying and conservative assumption. In contrast to
conventionataps, active caps incorporating highly effective sorbents like AC can sorb contam
nans from the underlying contaminated sediment. This could lead to depletion of the saurce co
centration, and reduced contaminant flux from the capped sediment. In seshtbasonservative
assumption of a constant source concentration need not be made (e.g. Reible, 2016).

Active capping tends to be most appropriate, and necessary, when organic rather than rdetallic se

iment contaminants are involved. This is becausenfory metals, concentrations in sediment
porewaters are often low since most are mainly bound into relatively insolublesuiétz con-
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plexes (e.g. Bishop, 1998; NYDEC, 2014; MERAG, 2007). Mstiffide complexes often prevalil
in anoxic freshwater and niae sediments, especially at depth.

Low porewater concentrations may not always be the case for some of the mogedbi@mi

cally dynamic metals, like Hg, As, and Cr. Furthermore, groundwater upwelling can also affect
metal solubility and mobility isediment environments (Liu et al., 2001). In these cases, active
capping may be much more appropriate, and necessary.

One unavoidable reality of active isolation capping should be recognized: Oncestttadyoni

tions are reached (e.g. once reactitesson and in AC patrticles are fully occupied by sorbed co
taminants), the active cap is no more effective than a conventional cap of equal thickness at redu
ing contaminant concentrations in the BAZ, and contaminant flux from the capped surface (e.g.
Lampert and Reible, 2009). This steashate reality applies to all relatively permeable active ca
bonbased sorbents, calcium phosphate minerals, and organoclays. However, it does not apply to
physical functioning of fingrained and lovpermeability claybased capping materials at steady
state.

3.2.5.2 Placing active capping materials through water

If active material cannot be adequately incorporated into an isolation cap during cap construction in
the field, it obviously cannot function as intended (regardlesswfdff@ctive the material is under
controlled laboratory conditions). It is particularly challenging to achieve adequate placement and
incorporation of active materials into a cap when the sediment surface is underwater, and especially
when surface waterseadeep and/or flowing.

Particles of some active capping materiaiscluding apatite sand, granular organoclay, and water
soaked granular AC (GAQ)are usually large and dense enough to adequately settle through water
and deposit in a relatively contied manner, and with minimal losses to the water column during
descent (Reible et al., 2006; Parsons, 2013; Horne and Sevenson, 2004; USEPA, 2013; Geary,
2012).

In contrast, particles of some other active capping matéridds powdered bentonite ana\-

dered AC (PAC) are too small to adequately settle through water and deposit in their bigk (as
form. In these cases, the active materials are typically incorporated into engineered technologies or
products which themselves are easily settleabldlardreadily placeable through water in a-co

trolled manner.

The most welknown and widely used actisaapping products or technologies, worldwide, are
presented and summarized in Tablé Most are also shown in FiguBet. Interestingly, despite

the mapid international growth in interest and use of active sediment capping, only a few products or
technologies for proveaffective delivery of active materials to submerged sediment surfaces are
commercially established and currently available.

Note,the OPTICAP method was originally developed for use in activeldélygr capping (e.g. NGI
and NIVA, 2012). Regardless, it is likely this method may also be appropriate for use in active
isolation capping, depending on site conditions (including bottope}| cap design, and other
factors. The OPTICAP method appears to only be available in Norway.
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Table 3.1 Well-known and widely used active-capping products or technologies, worldwide.

Name of prod- General description of Reactive material(s) deliv- | Selected references for

uct/technology |product/technology ered to submerged sedi- |product/technology
ment surfaces

Composite aggregate Wide variety, including: www.aguablok.com;
AquaBlok®; particles comprised of clay minerals, AC, or- www.bioblok.no.
ASCRVRENCERERANCE active plus other materials | ganoclay, apatite minerals,

and BioBlok® attached to a dense core zeolite minerals, etc.

with polymers.

Extruded agglomerate Typically AC. www.sedimite.com.
particles comprised of a

SICRCININVIER AR treatment agent, a

weighting agent, and an

inert binder.

Reactive materials, plus Generally the same as for http://www.cetco.com/en-
Reactive Core perh?ps also inert materi- AquaBlok® et al. us/Products/Enwronmenth-

als,Aisandwi&hec Products/Sediment-Capping-
Mat s, RC -

tween two sewn-together Technologies

geotextiles.

A water-based slurry Typically AC. http://www.ngi.no/no/Prosjekt

containing active and nett/Opticap/; NGI and NIVA,

other materials, which is 2012; Eek et al., 2010;
OPTICAP pumped down through the Schaaning and Josefsson,

water column and depos- 2011.

ited across the target sea-
bottom surface.

Footnotes:
1. In Scandinavia, AquaBlok@®ased products are knownBisBlok®-based products.
2. OPTI CAP (in Norway) is |less a remedial product/technolo

Conventional capping materials

Prof. D Reible

Figure 3.4 Conventional and active capping materials, products and technologies (photo sources provided).
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3.2.6 Additional considerations in design and use of isolation-capping
remedies

As discussed in Section 3.2.3, proper designing of any conventional or active isolation cap should
take into account a variety of siépecific processes (bioturbation, erosion, chemical isolation,

etc.). Somedditional factors should also be considered and evaluated to insure that the-most a
propriate isolatiorcapping and caponstruction approaches are being used. These additional fa
tors include:

1 Groundwater occurrence and influence.

1 Geotechnical stabilitgf the capped sediment system.

1 Gas ebullition.

1 Use of geotextiles when capping soft sediments, including fiberbank sediments.

3.2.6.1 Groundwater occurrence and influence

Ground and surface waters may flow upwards or downwards through a sediment cap, depending on
site-specific conditions. The nature and magnitude of such flows may also vary spatially and/or
seasonallyThe occurrence and rate of groundwater upwelling is one of the most significant factors
influencing isolatiorcap design, including when selectingtlveen conventional or active capping
approaches (e.g. Winter, 2002; Reible and Lampert, 2014).

When significant groundwater upwelling is not occurring, contaminants dissolved in sediment
porewaters tend to migrate up into and through a cap under theleerprocess of chemicalfdi

fusion. In such cases, conventional isolation capping, using sand or crushed stone for example, can
often provide adequate chemical isolation of sediment contaminants over the long term (Eek et al.,
2008; Viana et al., 2008:dile and Lampert, 2014; ITRC, 2014).

In contrast, when significant groundwater upwelling is occurring, porewater contaminants can m
grate up into and through a cap under the much faster process of advection. In such cases, time to
contaminant breakthrohgnto the BAZ of a conventional isolation cap may be too short todse pr
tective. This is when use of some type of actiapping approach may be more appropriate, and
necessary, to meet lottgrm performance objectives for chemical isolation of sedinmamtaai-

nants by the cap (Reible and Lampert, 2014; Reible et al., 2006; Lowry et al., 2009; USEPA, 2013;
Anchor QEA and SAO, 2014).

Possible occurrence and rate of groundwater upwelling should be investigated espadcifie

basis, and there are diffetevays to identify and measure it (Brodie et al., 2007; Chadwick and
Hawkins, 2008; Merritt et al., 2010b; NAVFACS, 2009; Papadopulos & Associates, 28110; R
paglia and Bokuniewicz, 2009). Difficulties in performing groundwater measurements age reco
nized,and significant variability across sites should not be discounted. Gheamd) the measured

or estimated upwelling velocity is entered into a cap model to determine, for example, if a-conve
tional isolation sand cap of some thickness is going to be atkeqy if not, what activeapping
material and cap design should instead be considered.

At some sites, there may be other advective forces involved, in addition to or instead of groundw
ter upwelling (e.g. tidapumping effects or rapidly changing pressgradients). These otherder

es may also or instead need to be considered when evaluating and selecting the most appropriate
conventional or activeapping approach and design (e.g. DNV GL, 2014; Reible et al., 2006).
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3.2.6.2 Geotechnical stability of the capped sediment system

Two main aspects of geotechnical stability should be considered when designing and constructing
conventional or active isolation caps: sediment bearing capacity and slope stability (Ebrahimi et al.,
2014, 2016; Borrowman et al., 2013; giand Leshchinsky, 1998; Keeley and Wakeman, 2001;
Rollings, 2000; Palermo et al., 2004; Mohan et al., 1999, 2000; Eek et al., 2003).

Sediment bearing capacity
To initially achieve then maintain geotechnical stability of a capped sediment system oyéndime
sediment profile must be able to physically support the submerged cap weight, or load.

Most contaminated mineralased (minerogenic) sediments are-fnained, with relatively high

water and organic contents and low wet bulk densitiesotnbination, these characteristics create
Asofto sedi ments with | ow s e d-strmethtvaludsénaeal ng c ap:
surface sediments of 2 kPa or even lower are not uncommon (Ebrahimi et al., 2014, 2016; Ling and
Leshchinsky, 1998; Paimo et al., 200450ft sediments are typically most sensitive to bearing
capacityrelated failures during and immediately (days to weeks) after cap placement, and often at

or near cap edges (e.g. Ebrahimi et al., 2014; Borrowman et al., 2013; Rollio@}s, 20

A proper approach for cap construction (Section 3.6) is critical to avoid geotechnical failures, and
to establish and maintain geotechnical stability of a capped sediment system. Geofabrias, like pe
meable geotextiles, can be incorporated at the difaselation caps to provide the sediment with
additional bearing support. However, there are a number of issues to carefully considenbefore i
corporating geotextiles into isolatiarap design (see below).

When considering sediment bearing capacitgabationcap design and construction, a site
specific evaluation should be conducted by a qualified geotechnical engineer experienced in rem
dial sediment capping.

Slope stability

Submerged sediment surfaces are nearly always sloped to some degremeasiopes (including
gentler ones) are unstable, even before being loaded with a sediment cap. Thus, the inhkrent stabi
ity of the underlying slope should be investigated prior to capping. Once constructed, stability of
the cap slope should also be invgated.

Sand isolation caps can be successfully constructed on submerged slopes as steep asr8:1 (horizo
tal:vertical) (e.g. Borrowman et al., 2013; Biologge, 2009). However, other factors also pl&y signi
icant roles in establishing and maintaining shamtl longterm cap stability on submerged slopes,
including: factor of safety; sediment bearing capacity; type of capping material placed; rate of m
terial placement, including lift thicknesses; and-capstruction chronology, e.g. starting at the toe

of the slope and building upwards (Rollings, 2000; Borrowman et al., 2013; Bailey and Palermo,
2005; Palermo et al., 2004).

As noted for sediment bearing capacity:

1 Relatively soft sediments are typically more sensitive to slope stataléayed failures (e.qg.
sliding and slumping) when loaded with a cap, especially during and immediately after cap
placement.

1 A proper approach for cap construction is critical when constructing on submerged slopes
(Section 3.6).

1 When considering slope stability in isolatioapdesign and construction, a s@pecific
evaluation (including using sigpecific bathymetric data of adequate vertical/lateral-res
lution) should be conducted by a qualified and experienced geotechnical engineer.
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3.2.6.3 Ebullition

Gas ebullition (ebullition) ishe microbiallydriven process of gas formation (often mainly methane
and carbon dioxide) in anoxic sediments, followed by gas buildup and eventual upward release
(Yuan et al., 2007; Barabas et al., 2009, 2013; Adrieans et al., 2009). Ebullition isadlyratu
occurring process even in clean sediments, and is usually more prevalent when large amounts of
labile (easily degradable) organic matter are available (e.g. Himmelheber, 2008).

Formation, buildup and release of sedirdenitne gases from capped sedirhis usually not an
issue, unless the cap is significantly damaged in the process and intended cap functionsnte.g. che
ical isolation of sediment contaminants) are unacceptably compromised over therfong

If periodic and uncontrolled passage of gae and through a cap (e.g. Mutch et al., 2005) is not
acceptable for a given project, the isolation cap could be designed to either effectively eliminate

gas passage, e.g. include a basal geomembrane, or control gas release and passage through the cap
eg. install a gasenting system (USEPA, 2013; Reible and Lampert, 2014; Yin et al., 2010;

McLinn et al., 2010).

Total organic carbon (TOC) levels in typical contaminated minerogenic sediments are usually less

than about 10 percent. When capping thesexsedit s, t he cap effectively |
inputs of natural organic matter to the sediment. As a result, ebullition may only be a significant

concern during the first few years pasipping, while labile organics are still available for micr

bial deggradation and gas generation (e.g. Johnson et al., 2010; Reible et al., 2006). Afterlthat, ebu

lition and its potential negative impacts to the overlying isolation sediment cap should be of much

less concern.

One situation where ebullition can be of mggbhater concern is when capping NAPL

contaminated sediments (ARCADIS and Hart Crowser, 2008a, 2008b; McLinn and Stolzenburg,
2009a, 2009b; Ruiz et al., 2013). This is because: (1) NAPLs are clge®d, andhus may po-

vide a large amount of potentiallegradable organic substrate. More degradable substratere
microbial activity more ebullition greater potential concern, (2) when significant ebullition

occurs and if cap integrity is physically compieaud during gas release (e.g. cracks formetién

cap), NAPL can migrate up through the cracks and break through the top of the cap, and (3) b
cause they are hydrophobic, NAPLs can attach to migrating gas bubbles, thus providing yet another
mechanism for upwards migration and potential cap brealghrou

Use of cap modeling to predict lotgrm fate and transport of dissolvpdase contaminants when
ebullition is not a factor is becoming welstablished and accepted by most regulatory authorities,
at least in the U.S. (Russell, 2015). Howeterther modelingbased work is needed to adequately
predict gas ebullition and its effects on fate and transport of NAPL and disgdiasd contam

nants through sediments and sediment caps (e.g. Barabas et al., 2009; Yuan et al., 2009).

3.2.6.4 Use of geotextiles when capping soft sediments, including fiberbank sediments

Perceptions exist amongst some remediation practitioners worldwide, including in Sweden, that:

(a) adequately constructing relatively thick caps overtop soft sediments issiblfeand/or (b) if
softsediment capping is considered feasible, some type of geofabric (often a permeable geotextile)
should be included at the capbs base to provi de
material.

Fiberbank sedimen{sealt from past discharges from pulp and papermill indugtdesld be
substantially softer and weaker than the softest/weakest minerogenic sediments. Thus, use of basal
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geotextiles in three of the five isolati@apping projects completed-tiate in Swedei two of
which involved fiberbank sedimentSGI Publtation30-4E) i may be justified.

Regardless, general conclusions on the need for geotextiles in fiberbank sediment capping are not
advisable at this stage since: (1) very little beadagacity (uncained shear strength) data are
currently available for fiberbank sedimen&3] Publcation30-5E) for comparison to data for
minerogenic sediments, (2) global experience in capping fiberbank sediments is extremely limited
(SGI Publtation30-4E and30-5E), and (3) sediment conditions, including the need for geotextiles
when capping, should be evaluated on astecific basis.

Challenges in capping soft sediments are-kmetiwn and readily acknowledged (Ebrahimi et al.,
2014, 2016; National Grid, 201Bailey and Palermo, 2005; Palermo et al., 2004). However, it is
also recognized that sediments with undrained s$teangth values of 2 kPa and even lower can
be successfully capped, often (but not always) without using basal geofabrics for added support
(Zeman, 1994; Cridge et al., 2009; National Grid, 2013; Fitzpatrick et al., 2002; Ling dnd Les
chinsky, 1998).

Additional support for sofsediment capping is further provided by Dr. Michael Palermo, one of

the worlddéds | eadingdipmarct i¢capmieng. oQuotimedi B .
USEPAG6s misguided notion that soft sedi ment car
caps have been placed successfully on soft sedi
This sentiment waschoed by Prof. Danny Reible (National Grid, 2013), a practitioner firmly in

the same league with Dr. Palermo.

To summarize:

1 A proper construction approach is critical when constructing isolation caps overtop soft
sediments (Section 3.6), especially wlelmasal geotextile is not incorporated into cep d
sign.

T Including a basal geotextile in isolaticap design substantially increases total capping
costs.

1 Adequate installation of basal geotextiles and similar geofpboiducts across submerged
sediment surfaces can be challenging (Cridge et al., 2009; Carroll et al., 2009; Bailey and
Palermo, 2005; Sevenson, 2006/2007; CCC, 2@®h challenges tend to further
increase total capping costs.

1 The need for a costly baggotextile in cap design should be evaluated on @géeific
basis and by a qualified geotechnical engineer with experience in remedial sedjprent ca

ping.

1 During project planning stages, assuming a geotextile is required in cap design without first
conducting an adequate, sigpecific evaluation could increase predicted total capping
costs to the point a capping remedy is prematurely (and perhaps unjustifiably) eliminated
from further consideration.

1 The issues of whether or not a geotextile can bewsdely installed across a submerged
sediment surface and at a reasonable total cost are as important as the issue of whether or
not geotextile inclusion in cap design is technically justified.
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3.2.7 International experience with and use of conventional and active iso-
lation-capping remedies

Please se8GI Publication 3E.

3.2.8 Summary of isolation capping

1 Isolation capping involves placing one or more layersapimaterial of one or more types
overtop the surface of contaminated sediments.

1 Performance objectivdsr isolation capping typically include: physical isolation ohbe
thic (bioturbating) organisms from direct contact with underlying contaminated sediments,
chemical i solation of the capbdbs bioturbatio
into and hrough the cap over time, and sediment stabilization against erosive forces.

1 The fclakyeer concept should be used to design
different material layers at petermined thicknesses, each of which is intended-to a
dress or counteact one or more processes acting on or in the cap (bioturbation, erosion,
chemical isolation, consolidation, cap/sediment mixing, etc.).

9 Various natural and/or mamade materials can be used in isolation capping. These include
i p as s iventiohal materials (sediment, sand, crushed stone, geotextiles, etc.) and/or
more effective factived materials or amendm
or organoclay, lowpermeability clays, etc.). When difficult to place through wateiheir t
own, active capping materials are often incorporated into easily placeablecagpiag
products or technologies (including AquaBlo
RCMEs, and OPTI CAP) .

1 Conventional caps can be designed to meet performance obgeatimany sites. Howe
er, there are cases when active caps are necessary or preferred given superior performance,
costeffectiveness, lower yet still protective thickness, etc.

1 Over the last several decades, more tHiZhcbnventional isolaticapping pojects have
been completednitiated or plannedvorldwide, most in the U.S. and a considerablenu
ber in Norway §GI Publiation 364E). Such a global track record illustrates that capping,
at least for contaminated minerogenic sediments, is a versadiliternationally esta
lished sediment remediation technology. Isolation capping is not new; novel and/or untes
ed, and should not be considered as such.

1 Five conventional isolation capping projects have been conductiedaan SwederSGI
Publication30-4E).

1 Fewer active isolatiowapping projects have been conducteddte, worldwide. Newe
theless, the project numbers are growing rapi@é( Publcation30-4E). Over the last 10
to 15 years, at least 40 active isolatmapping projects (piler full-scale) have been
completed, initiated, or planned in the U.S. or Norway alone. Many of these projects i
volve using AC, organoclay, or clay minerals as the active capping materials. Also, many
of the projects use activapping products or technologiwsdeliver active materials to
submerged sediment surfaces.

1 Using the growing track record of completed projects (and lessons learned) asaa found
tion, the remedial practices of conventional and active isolation capping continue to evolve,
develop, and iprove, internationally.
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1 Isolation capping remedies are proven technologies, both in terms of their technical pe
formance and cosffectiveness (se8Gl Publcation30-3E). This assumes, however, site
specific caps are designed appropriately @ombstructed according to specifications. dsol
tion capping is also a versatile remedy and broadly applicable to a wide variety of sites and
situations, especially when active materi al
available capping matei&a

T I't should be emphasi ze cizdfits-@all adi noeameadippli nge ¢
appropriate for use at all sites. A humber of-sjtecific limitations are recognized fos-u
ing isolationrcapping remediesSGI Publcation 30-3E). Neverthelessit should also be
recognized use of active materials in isolation capping can address some of thase limit
tions, as can thiayer capping strategies.

3.3  Thin-layer capping

3.3.1 General description

Thin-layer sediment capping has been defined or describedénedit ways by remediationgr
fessionals.

The most widely accepted definition or description fordayer capping (as used herein) involves
placingcapmaterial overtop a contaminated sediment surface at a thickness approximately equal to
thedepthoft e fmieXddd bi oturbation zone. Theetarget e
gree of risk reduction desired and the type of capping material used.

The wellmixed bioturbation zone can be 5 cm or less, but is more typically in the range of 5 to 15
cm, depending on populations of burrowing benthic organisms present, substrate type, salinity and
other factors (Clarke et al., 2001; Glaser and Hovel, 2011; Lampert et al., 2011; Reible, 2016).

3.3.2 Objectives for thin-layer cap performance

The main objectives fahin-layer cap performance are to rediidaut not necessarily eliminate
organism exposure to and bioaccumulation of sediment contaminants. This means that while cap
thickness is greater than bioturbation depths for most burrowing benthic organismsrgarn

isms may still occasionally penetrate deeper, and into underlying contaminated sediments.

Different levels of contaminant exposure and bioaccumulation reduction are achieved wiren biotu
batingorganisms either stay mainly within the capping layer or penetrate more deeply. Deeper
penetration results in some degree of vertical mixing of capping material with underlyingieontam
nated sediments. Reductions in contaminant exposure and bioaccunalgidepend on the

capping material used.

When bioturbatiordriven cap/sediment mixing occurs, a reduction in wisel@giment (total) ao-

taminant concentrations also occurs by dilution (e.g. Palermo et al., 2004). However, when non
sorptive material lik sand or crushed stone is used as cap material, reductions in total contaminant
concentrations do not result in reduced contaminant concentrations in porewater, which is the most
bioavailable phase (ITRC, 2011; NYDEC, 2014).

In contrast, whebioturbationdriven cap/sediment mixing occurs and a highly sorbent material
like AC is included in the cap material, the mixing mordess naturally delivers the reactiveam
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terial directly to where it needs to be within the biological zone. As a shiis process, signif

cant reductions in porewater contaminant concentrations and thus exposure and bioaccumulation
can be achieved within the pastp BAZ (e.g. Ghosh et al., 2011; Menzie, 2012; Patmont et al.,
2014; Cornelissen et al., 2011).

3.3.3 Approach to thin-layer cap design

Unlike isolation caps, thitayer caps do not include functi@pecific layers to address certain site
specific processes (erosion, chemical isolation, sediment consolidation, etc.). Thus, tbakayer
concept is not used in dgsing thinrlayer caps.

Instead, parameters dictating thayer cap design and thickness include: type of cap material used,
including its ability to sorb contaminants; expected {oagt bioturbation depths; and target levels

for reductions in contaminagbncentrations in porewaters, exposure and bioaccumulation
(USEPA, 2013; Lampert et al., 2011; Maget al., 2009).

3.3.4 Use of conventional and active capping materials

Most conventional and active capping materials (including actiyping products and taablo-
gies) used in isolation capping are also used inléyier capping. Conventional materials not used
in thin-layer capping include geofabrics and larger stones.

When using passive (nesorptive) materials like sand or crushed stone, the layer thkhesild
at least equal the depth of the welixed bioturbation zone, in order to be most protective. ia co
trast, when using sorptive material, like AC, layer thickness can be less than thaxeelldepth
and still be protective.

It should be noted #i research on thilayer capping has been conducted by numerous Swedish
academics. Most research has focused on activdayén capping, often involving use of carbon

based sorbents. A patrtial listing of relevant references is included herein (Gunredralsp2015;
Gustafsson et al., 2015; Josefsson, 2011; Samuelsson, 2012; Samuelsson et al., 2015; Renman et
al., 2013).

Conceptual examples of conventional and activeltyer caps are shown in Figu3&. Conve-
tional thinlayer capping, using sdrfor example, is considered the same as Enhanced MNR
(EMNR). Active thirlayer capping, using AC for example, is considered the saimesés tred-
ment SGI Publtation30-3E). Also see Figur8.6.

not to scale

Figure 3.5 Conceptual examples of conventional (left) and active (right) thin-layer caps.
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Figure 3.6 Conventional (left) and active (right) thin-layer caps, both, ~ 5 cm (photo sources provided).

3.3.5 Additional considerations in design and use of thin-layer capping
remedies

3.3.5.1 Groundwater occurrence and influence

When significant groundwater upwelling is occurring, a conventional sand isolation cap may not
provide adequate loAgrm protection for benthic organisms against exposure to migrating co
taminants (Section 3.2.6). Witroundwater upwelling, if an isolatidayer thickness of sand a

not provide adequate protection, it can be assumed a thinner layer of the same materialbbowould pr
vide even less protection.

Lampert et al. (2011) concluded that a tlaper sand cap carifectively reduce PAH bioaccum

lation provided its thickness is greater than the depth of active and rapid bioturbation. However, the
authors emphasize this is limited to systems dominated by molecular diffusion in the sediment u
derlying the biologicallyactive zone. They go on to say if other mechanisms exist to maintain pore
water concentrations high (e.g., groundwater upwelling), such a cap will not reduce contaminant
bioaccumulation.

Even with significant groundwater upwelling, an active fliyer cg containing highly sorbent

AC can greatly decrease contaminant bioavailability and bioaccumulation. This will increase the
capbs effective |ifespan to a much greater degr
nonsorptive sand layer.

Superior performance of such an active 4aiyer cap, however, will not be achieved indefinitely.
As for active isolation caps (Section 3.2.6), once statalg conditions are reached, the active
thin-layer cap will be no more effective at reducing camtent bioavailability and bioaccunaul
tion than a sand layer of similar thickness.
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3.3.5.2 Geotechnical stability of the capped sediment system

In isolation capping, sediment bearing capacity and slope stability need to be considered because of
the thicker layerand greater loads being placed overtop submerged sediment surfaces (Section
3.2.6). Insuring a proper approach is used to construct thicker and heavier isolatibnaaygsdy,

the caplift strategy (Section 3.6) is also critical to maintaining geotechal stability of the

capped sediment system. This is especially the case when capping on slopes and cappiitg soft sed
ments.

Thin-layer capping involves placing much lighter loads overtop submerged sediment surfaces.
Thus, the geotechnical issues of seditri@aring capacity and slope stability should usually be

less of a concern. However, even gentle sediment slopes can be inherently unstable, and this poss
bility needs to be considered before loading such slopes with even relativelyweigét thin

layer caps.

One of the benefits to using the didpstrategy for cap construction is typically achieving a lower

degree of material mixing at the cap/sediment interface (Section 3.6). Minimal cap/sediraent mi

ing is advantageous in conventional thager cgping. This is because less mixing during-co
struction creates an -sorptivetmataribl bng thiisduttheradeceasés | ay e r
direct organism contact with sediment contaminants.

In active thinlayer capping (using AC, for example), maagp/sediment mixing during capreo

structioni not less’ mayhoweverbe advantageous. This is because construotiated mixing

would promote rapid and extensive contact between AC particles and sediment contaminants, at

least to some depth. Acceleratedterial contact should result in more rapid reductions in oenta

inant concentrations in porewaters, and thus reductions in contaminant exposure. In essence, some
degree of constructierelated cap/sediment mixing would give the natural process of bitihmba
driven cap/ sedi ment mixing a significant #Ahead

This is not to say the cdjft strategy should not be used to also constructldnyer capsRegad-

less, the catlift strategy should typically be used to constructdlaiyer caps since lay@lacement

in controlled and even thicknesses is an integral component of this construction strategy (Section
3.6).

3.3.5.3 Ebullition

As noted in Section 3.2.6, the physical integrity of even a relatively thicker and heavier isolation

cap could be compromised sleases of sedimehbrne gas through the cap. Thus, it is reason

ble to assume gas releases could have even greater disruptive impacts on thinner aneidbiver

caps. Gasnduced disruptionstoathinayer cap coul d compiysicaly se t he
and chemically isolate sediment contaminants.

But the main performance objectives for thager capping are reductions in contaminant exposure
and bioaccumulation not elimination of exposure and bioaccumulation through complete sed

ment isohtion (Section 3.3.2). Thus, cap performance objectives may still be met even when some
degree of gatduced disruption occurs to a tHayer cap, especially when active (sorptive) enat

rials are included in the cap. The extent to which disruptive gassed result in unacceptable-le

els of increased contaminant exposure and bioaccumulation should be evaluated-@ma gite
jectspecific basis.

One situation where gas release through al#tyier cap could result in significant contaminant

release ad exposure is when capping NARbntaminated sediments. Given its lower thickness
and weight, a typical thitayer cap would probably offer little physical resistance teagsisted
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NAPL passage completely through the cap. Even including a highly sonag¢erial like o-

ganoclay in the cap may do little to effectively reduce organism exposure to the NAPL. For these
reasons, conventional and even active (organoclayjaher capping of NAPicontaminated sk
iments is usually not appropriate.

3.3.6

International experience with and use of conventional and active
thin-layer capping strategies

Please se8GI Publcation30-4E.

3.3.7

1

Summary of thin-layer capping

The remedial concept of thlayer capping has been described in different ways. The most
widely accepted description (as used herein) is placemeapofaterial overtop a ¢o
taminated sediment surface at a thickness approximately equal to the dépthvefit

mixed bioturbation zone (5 to 15 cm).

The main performance objectives for thityer capping are to reducéut not necessarily
eliminate- organism exposure to and bioaccumulation of sediment contaminants.

Different levels of contaminant exposuaed bioaccumulation reduction are achieved

when bioturbating organisms either stay mainly within the capping layer or penetrate more
deeply. Deeper penetration results in some degree of cap/sediment mixing. The type of cap
material used has a significanfluence on the exposure and bioaccumulation reductions
achieved.

Parameters dictating thlayer cap design and thickness include: type of cap material used,
including its ability to sorb contaminants; bioturbation depths; and target levels for redu
tions in contaminant concentrations in porewaters, exposure and bioaccumulation.

Most of the same conventional as well as active capping materials and products used in
isolation capping are also used in thayer capping.
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1 When using conventional (nesorptive) capping material like sand or crushed stone, the
layer thickness should at least equal the depth of themie#ld bioturbation zone to be
most protective. Conventional thiayer capping is often considered the same as the-rem
dial approach of EMNR.

1 When using active capping material, like highly sorbent AC, the layer thickness can be less
than the depth of the wethixed zone. This results in some degree of bioturbatroren
cap/sediment mixing. Increased contact between AC particles and sedintantinants
leads to significant reductions in contaminant concentrations in bioavailable porewaters. In
turn, porewater reductions result in significant reductions in contaminant exposure-and bi
accumulation. Active thitayer capping, especially when usiAg, is often considered the
same as the remedial approaclinesitu treatment.

1 To-date, far fewer thilayer capping projects (conventional or active) have been comple
ed worldwide than isolation capping projec®3(] Publcation30-4E). Regardless, intaa-
tional interest in and use of thiayer capping remedies is growing steadily, especially in
the U.S. and Norway. Increased use of activelder cappingi(-situ treatment) inco
porating AC sorbents is especially noteworthy. Over the last 10 yesos @ total of jp-
prox. 10 conventional thifayer (EMNR) projects and approx. 15 Adsedn-situ tred-
ment projects have been completed in the U.S. and Norway.

9 Like isolation capping, thihayer capping: (a) is a proven and internationally acceptid se
iment remediation technology, (b) is versatile and broadly applicable to a wide variety of
contaminategsediment situations, especially when active materials like AC are included in
t he fAt ool bcapping matérialg @)tmust e implemented uajmgropriate, site
specific designs, and (d) will not be appropriate for all sites, either in conventioral or a
tive forms.

3.4 Deposition of new sediment after capping

At many sites, some amount of deposition of typically figigined sediment can often ocawer-
top a cap over time (Figur8s3 and3.5). New sedimentation is especially common overtop caps
constructed in inherently lowemnergy, depositional environments.

Ideally, the newly deposited sediment witit be contaminatedin such cases, it shoyttovide

habitat material when deposited overtop isolation caps, including within void spaces at the top of
armored caps (Figui23). When deposited overtop tHimyer caps over time, the new sediment

will provide additional (and expanding) vertical segigim between bioturbating organisms and the
underlying contaminated sediment (Fig3rg).

Postcap sediment deposits could instead be significantly contaminated, for various reasons. This

new contamination may pose unacceptable risks to benthic arganisegardless of how well the

cap is physically and chemically isolating the underlying sediment contamination. In such cases,

active materials could be used forglace treatment of these new contaminant inputs. For example,

a thin layer of sorbent mextial, like AC, could be placed across the cap surface as a final @anstru

tion phase. As particlbound contaminants deposit overtop the cap over time, benthic burrowing
organisms colonizing the cap would then naturally mix the new contaminated sedithethiewi

underl ying AC. Conc edpotwnadl lvya,r itahtiiso ni so fa rin-hfieu pMseit dhe
situ sediment treatment (s&&I Publcation 30-3E).
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When using AC foin-situ sediment treatment, remediation professionals often acknowledge post
capcontaminant inputs are indeed being treated in the atbeseribed fashion. However, most
consider such treatment as an unintenddd Abonu:
ready deposited) sediment contamination. There is merit in develapihgefining this upside

down treatment variation as an intentional and designsdu remedial approach in its own rite

(e.g. Jersak, 2012).

3.5 Selecting the most appropriate capping approach

Four different, enabf-spectrum cappingtrategyplus materialtype combinations have beerepr
sented herein:

1 Conventional isolation capping.

1 Active isolation capping.

1 Conventional thidayer capping (~ EMNR).
1 Active thinlayer capping (+n-situtreatment).

In practice, projeespecific sediment caps incorporaticgnventional and/or active materials are
often hybrids, falling s -tapeespdcteum i teans of remediatiore i s o |
objectives and cap design.

As when selecting the most appropriate remediation technology in general (remsitalcap-

ping, MNR, etc.), selecting the most appropriate capping approach is ansiterojectspecific

process. Furthermore, the selection process should consider and balance multiple factors, including:
rate and degree of risk reduction needed, contarhtype(s) and concentration(s), site conditions

and sediment characteristics, and costs.

3.5.1 General capping strategy i isolation or thin-layer?

As discussed in previous sections, performance objectives for isolation ahaydricapping are
not the same.d¥ any project, specific cgperformance objectives should be decided and agreed
upon before the cagesign phase is initiated. Typically, siipecific performance objectives can
best be met using eithibut usually not bothi an isolation or thidayercapping strategy. Thus,
the decision of whether to follow an isolation or a tlaiyer capping approach is one that is made
moreor-l ess fautomaticall yo.

Thin-layer capping strategies should generally be most appropriate in depositional environments,
where an erosioeprotection layer is not required. This is because: (a)l#yiar capping is gendra

ly considered the same as EMNR, at least when using conventional materials like sand, (b) the
remedial approach of EMNR is fundamentally based on the iahaibroach of MNR, and (c) a

main site condition requirement for MNR is a relatively lov@aergy, depositional environment.

Thin-layer capping may also be appropriate in dredged areas, which are inherently depositional. In
such areas, risks posed bgitrial, posdredge sediment contamination are managed not only by
presence of a thitayer cap, but also by new (and hopefulbt contaminatedsediment naturally
depositing overtop the cap over time.

Isolationcapping strategies are usually more appabg for use irhigher energy environments,
where some type of erosigmotection layer is required.
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In selecting between isolation versus tlager capping, there are obviously more factors te co

sider beyond just thieydrodynamic conditions at site.These additional factors include: rate and
extent of risk reduction required, contaminant type(s) and concentration(s), sediment characteri
tics, etc. For example, an active isolation cap incorporating organoclay is appropriate for use at a
NAPL-contaminged site even if the site is relatively lowemergy and depositional.

Furthermore, even though an isolation cap can and should be used at sorenkrgeisites (as in
the above example), the reverse is not necessarily appropriate. That is, placiaghaored, thin
layer cap in a relatively high@nergy, erosional environment is usually not appropriate.

3.5.2 Isolation capping i conventional or active?

When capping is the most appropriate remedy for a given site, and when isolation capping in pa
ticular isthe best strategy for meeting aefined objectives for cap performance, a conventional

i solation cap shoul d be ¢ onsunldssonea maeoftheh e i
following can be concluded:

1 A conventional isolation cap will not adeafely meet longerm capperformance obje
tives for chemical isolation.

1 An active isolation cap can adequately meetpaiformance objectives and be cost
competitive with a conventional isolation cap.

1 Even if an active cap is a bit more expensive, tititiadal cost is justified if the cap can
provide farsuperior performance over a conventional isolation cap.

1 Use of an equaliperforming active cap may still be attractive to involved stakeholders
(for various reasons), even if it is a bit more expensive
The rationale for considering conventional isolation capping as the default approach includes the
following:

1 Despite the rapidly growing global track record for active capping, the list of conventional
isolation capping projects completeddateworldwide is considerably more impressive
(SGI Publication 3@1E).

1 A wide variety of conventional materials, especially granular earthen materials, are often
appropriate and locally available at a reasonable delivered cost.

1 Depending on the contaminant ¢emt, £diments dredged for navigational purposes can

often be used as capping material. At some sites, this can serve two needs at once: a source

for capping material and a means for sediment disposal.

1 A conventional isolatiostapping remedy provideseb as el i neo t o whi ch
isolationcapping remedies may be comparedhliechnically and economically.

3.5.3 Thin-layer capping i conventional or active?

As discussed previously, active capping materials like AC can significantly reduce contaminant
concentrations in porewaters, significantly lowering organism exposure to and bioaccumulation of

n

sediment contaminants. Conventional capping materials, like sand or crushed stone, can do none of

these things effectively.

Because of such inherent differesan material performance: (a) when using-sorptive material
like sand, the layer thickness should at least equal the depth of thmiwed bioturbation zone to
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be most protective, and (b) when using AC, the layer thickness can be less than-thiedkl|
depth and still be protective.

Differences in material performance, respective layer thicknesses required, and relative costs are all
factors that need to be considered early on when selecting conventional or active materials for use
in thin-layer @pping at a given site.

Furthermore, as noted previously, conventionaktéer capping is considered the same as

EMNR whereas active thilayer capping (e.g. with AC) is considered the sania-aitutred-

ment. Remedial objectives for EMNR are notessarily the same as thoseifesitu treatment

(SGI Publcation30-3E). Thus, in addition to the above factors, the desired remedial objectives for
sediment remediation should also be firmlynimd when selecting between conventional or active
thin-layer capping.

Additional note on use of AC in active thinlayer capping (n-situ treatment): Secondaryfe

fects from AC amendments on some species of benthic organisms have been reported, including
some negative impacts on certain ecotoxicological endpdketeiganism survival, growth, lipid

content, and/or behavior (Kupryianchyk et al., 2015; Janssen and Beckingham, 2013; Janssen et al.,
2012; Jonker et al., 2009). More research is needed to evaluate these secondary effects, including
under what speciessedimentand AGspecific conditions such effects may be more likelydo o

cur (e.g. Janssen and Beckingham, 2013; Nybom et al., 2016). Practically speaking, secondary
negative effects from AC amendments wialy need
demonstrated effectiveness in significantly reducing bioavailability of sediment contaminants to
benthic organisms (e.g. Kupryianchyk et al., 2012 a).

3.6 Cap construction

This section addresses cap construction through placement of loose capping materials, like bulk
masses of sand or crushed stone. Methods for placing other types of capping materials, bke geofa
rics, are not addressed herein.

Many different mechanicabr hydraulicbased approaches (equipmphis-placement method
combinations) can be and have been used to construct sediment caps at a wide variety of sites with
water depths ranging from ~ 0 m (e.g. Fitzpatrick et al., 2002) up to almost 100 m (e.g. NGl and
NIVA, 2012). Some examples of approaches to cap construction are shown in3=igure

Regardless of the bulk material placed or approach used to place it, certain objectives should be
met when constructing any isolation or théyer cap overtop a subnged sediment surface. These
objectives include:

1 Cap construction in a controlled manner.

9 Cap construction in a geotechnically stable manner.

1 Minimal sediment resuspension during cap construction.

35 (41)

t



SGI Publication 30-1E

Figure 3.7 Equipment-plus-placement-method combinations for cap construction (photo sources indicated).

3.6.1 Cap construction in a controlled manner

Controlled cap construction refers to material placement through water such that the material se
tles and deposits evenly and uniformly across the target surface and at the layer thickness intended,
within acceptable (and previously agreed on) limits or ranges (e.g. Mastbergen et al., 2004).

Because there is less margin for vertical error, the rezeabiequately meeting target placed
material thicknesses tends to be more critical when: (a) constructidgykincaps, and (b) when
building up an isolation cap by placing successive, thinner layers of capping material (see below).

Having adequate vecal control during cap construction is especially important when placing

high-value activec appi ng products or materi al ssodkedk e Aqua
GAC. From a cost poirdf-view, no more product or material should be placed than isedded

adequately meet cggerformance objectives.

3.6.2 Cap construction in a geotechnically stable manner

A proper approach to cap construction is critical for establishing and maintaining geotechnical st
bility of the capped sediment system, both when capilagively soft sediments and wherpea
ping sediments (particularly soft sediments) on submerged slopes (Section 3.2.6).

A proveneffective capconstruction approach commonly used by U.S. and Norwegian contractors

to achieve and maintain geotechnical digbof the capped sediment system, especially when ca

ping relatively soft sedi meHdtids,t isg rvaht ety yoda n Bad
lermo, 2005; Palermo et al., 2004; Parsons, 2013; Ebrahimi et al., 2014, 2016).
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The capglift strateg is defined herein as gradually (rather than rapidly) building up a total capping
layer and can further be described as follows:

T First, a thin | ayer, or | i ft, of materi al (
the submerged sediment surfagrd in a controlled manner (as defined above). Typically
within a couple weeks or so, the underlying sediment consolidates beneath the load by
isqueezing outo sedi ment porewaters ap thro
tion and dewateringrpcess results in the sediment gaining bearing strength.

1 Then, with the increased sediment bearing strength, a second lift of material of equal or
somewhat greater thickness is placHus results in further sediment consolidation and
increased strength.

1 Finally, subsequent and often thicker material lifts are progressively placed until the total
target cap thickness is constructed.

Use of the catlift strategy is especially necessary when constructing relatively thicker (iselation
scale) capeoowserdtionenfibasurfaces, e.g. when no b
plemented correctly, use of the dépstrategy for cap construction can often (but not always)

eliminate the need for incorporating costly geotextiles into cap design, even whergcagt

sediments (Section 3.2.6, geotextiles-sabtion).

3.6.3 Minimal sediment re-suspension during cap construction

Regardless of how much care is exercised by the contractor, at least some seeispension
always occurs during cap construction. &sfs of cap construction causings#spension include:
during material impact with the sediment surface, durigostioning of bargéased construction
equipment with tugboats, etc. Regardless, there is still merit in minimizsigspension of often
contaminated sediment to the extent possible and practical. Legspension means less re
suspended sediment (turbidity) to aquatically control or confine (e.g. using silt or bubble curtains).

Use of the catlift construction strategy not only results in a more geotechnically stable capped
sediment system, but can also significantly minimize sedimenigpension during material
placement, particularly during placement of initial mateiftd (e.g. Lyons et al., 2006).

The caplift strategy can also minimize mixing of cap and sediment materials (Palermo et al., 2004;

Bailey and Palermo, 2005; Zeman and Patterson, 1997). Less mixing results in achieving more

discrete (sharper) cap/sedimeneimt f aces. Thi s, in turn, transl ate
nantfree) cap base.

In summary, selection of the most appropriate @apstruction approach for meeting eap
construction objectives (e.g. Figud&) is a projectand sitespecific processThis selection -

cess should involve considering and balancing a wide variety of factors including: cap design; m
terials used; site conditions, including water depth, water flow, and bottom slope; sedimasit chara
teristics, including sediment strengthuggment availability and cost; and contractor experience.

3.7  Monitoring

Two different types of monitoring are involved when conducting any capping project: construction
monitoring and performance monitoring. Long before field phases of a capping projeciégin

ten plans should be in place that precisely describe each monitoring effort in detail (what, where,
when, how often, for how long, how, replication, manner in which collected data will be used, etc.).
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Construction monitoring is conducted during ameinediately after cap construction. Performance
monitoring is conducted after (to long after) cap construction and construction monitoring are
completed.

3.7.1 Cap-construction monitoring

The overall goal of caponstruction monitoring is to insure the cap desigoeing constructed
according to prelefined specifications, including within allowable thickness tolerances.

In addition to monitoring during the actual construction process, some types of monitoring should
also occur shortly after (days to weeks) ¢he is constructed. Monitoring shortly after constru

tion should focus on geotechnical stability of the capped sediment system, since it is at this early
stage a cap is typically most sensitive to possible bearing capacity and especialiglateplefali

ures.

Construction monitoring often involves the use of various physical and/or geophysical equipment
and techniques (Figu@®8) to collect different types of data from above and below the water su
face. Such techniques and equipment include: GPS pusdigore vs postcap bathymetry, séd

ment profile imaging (SPI) cameras, s&t=an sonar, subottom profiling, visual inspections by
divers and/or remote operated vehicles (ROVs), and core collection and inspection.

Monitoring sediment rsuspension (rbidity) is often a component of construction monitoring.
Turbidity monitoring is typically conducted in conjunction with using aquatic barriers (e.g. silt or
bubble curtains) intended to control and contain any sedimaunispension created during thegoc
construction process.

For reference, examples of eapnstruction monitoring programs developed and implemented for
selected conventional or active sediment capping projects are provided herein (Anchor QEA and
Parsons, 2012b; BBL, 2006; Horne éelvenson, 2004; Colton, 2010; Alcoa, 2005).

3.7.2 Cap-performance monitoring

The overall goal of caperformance monitoring is to collect and evaluate various types otapst
data and other information over time to determine if physically and/or cherricihted obje-
tives for cap performance have been, and continue to be, adequately met (or not).

If and when cagperformance monitoring indicates the cap is not performing as intendedi-or ind
cates some type of damage has occurred to the cap, immediateatiodi§i or repairs to the cap
are required.

Capperformance monitoring typically occurs during multiple events and often for a period of at
least several years. A wide variety of physical/geophysical, chemical, hydraulic, and/or biological
techniques cahe used for caperformance monitoring.

The types of monitoring equipment and techniques used (RBf)revill depend on the specific
objectives for cap performance, and available budget. Such techniques and equipment can include:
many of those used irnstruction monitoring (discussed above), settlement plates to traek sed

ment (and cap) consolidation, dejaliscrete chemical analyses of bulk capping materials and cap
porewaters, use of benthic flux chambers and groundwater seepage meters, sedirrapigtion

and bioassays.
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Figure 3.8 Examples of some cap construction and performance monitoring equipment and techniques.

Key aspects of caperformance monitoring should be determined early on, during cap design

(Reible, 2016). Such aspects should include:

BAZ i top, bottom, or below, (b) what contaminant phase will baitapedi porewater, particle
bound, or both; and (c) how monitoring will be condudtedg. measuring porewater contaminant
concentrationfn-situ, core collection and depttiscrete chemical analysis, etc.

Over time, costs for caperformance monitormi including cap repair, when neediedan add up
significantly. Thus, anticipated monitoring and maintenance costs should be factored into initial
estimates for total costs for any capping project.

For reference, examples of cap performamomitoring pograms developed and implemented for
selected conventional or active sediment capping projects are provided herein (Knox et al., 2012;
Menzie, 2012; ARCADIS BBL and Hart Crowser, 2008a, 2008b; Eek et al., 2009; Jacobs, 2003;
Wilson and Romberg, 1995; ASWBIO, 2009; Germano et al., 2011; Alcoa, 2006; SEG, 2005).
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