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« To stimulate degradation

— Add organisms

e To stimulate sequestration
— Add sequestration additives
— Add hydraulic barrier




surfactant to adsorb cationic metals

« Apatite: binds metals into insoluble

phases — stable S
: (Yin, Viana and Rockne, 2010)
— Replace Ca?*, PO,* ions

(Bostick et al. 2003, Crannel et al. 2004, Kaplan and Knox 2004, Roberts 2004)
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Diffusion Advection Gas Ebullition Consolidation

f(Ky, Doy 6: o, Cap thickness, K,,, d,/d,)

 GE: Methanogenic OM degradation + denitrification
— Cap integrity: deflections ~ 0.75 m, 30—45 d (reivle et al., 2006)




Develop a
contaminants due to gas ebullition

2. Model the transport of contaminants through OC,
AP, GAC and sand

— Capping performance: Compile model parameter
data + Monte Carlo for uncertainty

3. Isotherm experiments and column studies
4. Design an active capping demonstration project
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 OC analys
— Predictor of s

 Anions: IC
— Predictor of microbial oxidant activity

 PAHs: GC/MS (Soxhlet extraction)

« PCBs:
— USEPA method 8082 (USACE)

e Metals: ICP-MS
— USEPA method 6010B
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PAH Water depth ~ 20ft
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7.5cm ID (37) sections of PVC

7 pipe threaded at end, thick wall:
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__, Very strong threaded
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\;;SCnN 12 ; 12cm,

Depth into sediment

Compare with contaminant flux due to gas ebullition and after capping
(simulations + real results after cap placement)
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Sur and Fe,

respec
* Ebullitio port:
significant ¢ contaminant

flux from sedime er column

— Principles governing transport are different
» Metals: Particle re-suspension (total gas flux)

» Organics: Contaminant partitioning and sorption
Into/onto the gas bubbles (total gas flux + OC)




c(x,t) =c.erfc X
4D, t

_ I:)mol T

Ratio between C(x,t) - the breakthrough porewater
. concentration of contam. at the top of the cap at time t
. AdveCt|On and C, - the initial concentration of contam. in the
sediment porewater

eXpL X, <dh/dx>jerf{ O oK) ﬁ}
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(Charbeneau, 2000; Viana et al. 2008)




assess
capping performance to
minimize release and
account for data
uncertainties.
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Shown are simulations
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(Viana et al., 2008)




Sumi

udy:

Capping material

Sand OoC Tires AP GAC
CMC  CCC CMC CCC CMC CCC CMC CCC
Cd,pH7  ++/- ++/- -/- -/- -/- -/- ++/++ A+ /- -/-
Cr,pH 7 +/- +/- -/- -/- -/- -/- -/- -/- -/- -/-
Pb,pH7  +++/- ++/- +/- -/- +/- +/- ++/++  ++[++ /- -/-
Ag +++/-  n.a. -/- n.a. +/- n.a. -/- n.a. -/- n.a.
As +++/- /- -/- -/- -/- -/- -/- -/- -/- -/-
Hg +++[++ [+ 4+ ++/+ +++/- ++/- [+ +H/[+ +/+ -/-
CH;Hg +++/- +++/- ++/+ +/- ++/- ++/- /- -/- -/- -/-
CN -/- -/- -/- -/- -/- -/- -/- -/- -/- -/-
& - means cap complies with the USEPA CMC or CCC after 100 ithin <50% CI; +, ++ and

+++ means cap complies with the CMC or CCC _within_mean |, respectively.
First symbol means result fo@on, second symbol means result for advectiom (d,/d,=0.05).
n.a.=there is no EPA CCC criteria for the compound
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Cap material and year

and toxicity-normalized concentration measures of
contaminant release flow conditions (d,/d,=0.05)
. Shown are: (a) Cumulative areal mass release and (b)
the toxicity criteria for

maximum concentration ( ) from EPA



Capt Iffusion
Advectio an T K,
— More K, data u conditions
Apatite: perform best for Cd, Pb and Hg
OC: perform best for Ag, As, Ba, CH;Hg, Hg

No cap Is predicted to be effective for Cr and CN
(under these Xx)

Cap combinations

— Apatite or OC mat + sand
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Metal solution - adjusted pH - added
capping material > sparged w/ N, 2 5
weeks in the dark, 20° C - concentration
in the water and in the sorbent

(1) feed vessel containing metal influent
solution, (2) peristaltic feed pump, (3)
upstream and downstream pressure gauges,
(4) test column (10 cm by 1 or 1.5 cm) and (5)
effluent graduated cylinder to measure volume
of sample




4. Geo-E
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 Active capping demonstration project
_ High OM: gas collection system ||

6. Gas vent
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1. Contaminated Sediments




he

— EID and O

— IWG-OA: Develop an inter-agency SRP for OA as
mandated by Congress (FOARAM Act)

— Developing a workshop and a special session on
EMID at the 2011 ASLO meeting (February 2011)

* https://sites.google.com/site/emidworkshop/

review process




he

— Coordinati arch conference
on the DWH oll s r 2010)

» http://www.marine.usf.edu/conferences/fio/NSTC-
JSOST-Pl/index.shtmi

o Multiple presentations at the Eco-DAS
symposium: own research and Fellowship
activities (October 2010)




— Calcifyin
approach)

(Hoegh-Guldberg et al., 2007; Kuffner etal.,  (Doney et al., 2009; Kranz et al., (Calosi et al, 2009; Doney et
2008; Royal Society, 2005) 2009) al., 2009; Langer et al., 2006)
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Oliver, 2007)

= How C
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— Regions with naturally varying pH ﬁ,%gf.h
gradients (coastal upwelling systems) ot oo b Tl

__1

 What is the effectiveness of available mitigation
strategies? Side effects?

NRC report (2010): review + critical
gaps in information
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1. Contaminated Sediments

Contact information:
Priscilla Viana
pviana@nsf.gov
https://sites.google.com/site/priscillazviana/
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Parameter Value

Pb and Hg (mg/kg dry wt) (NOAA)
PAHs (mg/kg) (NOAA)

GF; (L m2d?)

CH, GF;(L m2d?)

VGPR, (L m3d?)

Temperature during study (°C)

SG OM (%)

Whole Core OM (%)

SG OC (%)

Whole Core OC (%)

Lab-derived E, (kJ molt)

Water depth (m)

Sediment depth to hardpan (m)
Gravel: Sand: Silt: Clay

260 — 2,800 (127), 1.2 — 12 (0.6)
60 — 750 (12)

1.4-938

0.8-6.7

1.8 — 18 (highest at CC5)

23.5 - 27

1.5 - 32 (highest at CC5)
5.5-26

1.5 - 20 (highest at CC5)

0.6 - 15

17 — 64 (lowest at CC5, OM diagenetically young)
1.2-55

0.3-6.5

(1-17%) : (9—89%) : (0.1 —53%): (3—37%)



Meta
U

Compound Geom CMC/C, CCC/C,
std dev |- target target

Cd, pH 7 110 2.0 103 6.610*% 25104 8.310°
Cr,pH 7 0.021 20 20500 220 1.0 101 4.8103 29102 14103
Pb,pH7 0.26 4 60 8 6.5102 1.7102 2510° 6.410%

Ag 0.17 8 390 20 3.210° 3.910+% n.a.
As 0.018 5 1470 80 3.4101 6.5107? 1.5101 29102
Ba 0.67 60 5970 40 n.a. n.a.
Hg 0.002 15 101000 1000 1.4103 9.510° 7.7104 5.210°
CH3Hg 100 1.410° 1.410° 7.7104 7.7 10°

CN 0.35 280 232000 190 2.2102% 7.7 10° 5.210% 1.810°
P10, P50, P90 = percentiles; n.a.=there is no EPA CMC and/or CCC criteria for the compound

(Viana et al., 2008)



Pare ad In
the oNns

Cap X (m) p (kg L) Ky (m-yrt) 2
material
M o M o

u(orp) o(oroy)
Sand 0.25 0.31 0.03 2 0.3 21,000 27,000
Organoclay 0.02 0.36 0.07 1.8 0.35 10 207

Shredded 0.1 0.48 0.2 0.7 0.05 280,000 10
tires

Apatite 0.02 0.44 0.02 1.7 0.1 22 25
GAC 0.02 0.45 0.11 0.6 0.12 60 26

2 Organoclay, shredded tires and GAC k;, values are reported as geometric mean (yy) and geometric
standard deviation (o)

(Viana et al., 2008)




e CO,:
PH: 8.2 ¢

(Kleypas et al., 1999)

Atmospherlc £O,

CO, + H,0 © H,CO,
H,CO, <> H* + HCO;
H* + CO,2 <> HCO,

G0, RO UHICO, H  cox  Heoy
4 <' diszohed OO0 carbanic carborute  Blcarbonite
ackd kn lon
HCO,*
bicarbonata in

Ca* 4 co?
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