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ABSTRACT

Contaminated sedimentsin confined disposal facilities (CDF) are exposed to air leading to the emission
of organic compounds, among many others. Laboratory flux experiments were conducted to measure the flux of
tracer PAHs and the various physical factors that influence the emission. Continuing this effort, this document
describesthe effect of sediment reworking on PAH flux. A pilot-scale simulation of a CDF was performed at
Waterways Experiment Station, Vicksburg, Mississippi. The experimental design and preliminary results of the
pilot-scalefield simulation are al so presented in thiswork.
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INTRODUCTION

Contaminated sediment at various sitesin the United States containsvol atile and semi-volatile
hydrocarbonsa ong with varying degreesof oil and grease. TheU.S. Army Corpsof Engineers
(USACE) hastherespons bility to maintain navigation. Thedredged material may be stored on
shorein confined disposal facilities(CDFs). Thevarious pathwaysof contaminant transport from
these CDFshave been reviewed extensively. Polynuclear aromatic hydrocarbons (PAHS) areone
classof sediment contaminantsthat are of interest, owing to their suspected carcinogenic nature.
When airborne, these compounds may poseasignificant health hazard. Quantitative dataand
modelsare needed to predict volatile emissionsfrom CDFsand eval uate control strategiesto
manage contaminated sediments. Characterizing the processesin the sediment and air that controls
thevolatile emissonsfrom sedimentscan hel pidentify proper contaminated sediment management
practices.

Sediment inaCDF undergoes changing physical conditionsin responseto changing atmo-
spheric conditions. Of particular Significanceto volatile emissionsisthe moisture content of the
dredged materia. Thevalatilization of hydrophobic organic compoundsisstrongly affected by the
sediment moisture. Significant drying and shrinkage occursduring an extended dry period and
swelling occursafter rewetting during apreci pitation event (rain, fog). Diurnal changesinrelative
humidity a so affect the sediment surface moisture content. Studiesillustratethisbehavior for various
typesof surfacesand organic compounds. Recent studiesin our |aboratory havefocussed onthe
volatilization of PAHsfrom sediment surfacesunder controlled conditions. Both laboratory-spiked
andfield sedimentswere used in thelaboratory work. The effect of sediment moisture content and
air relative humidity have been studied aong with the use of capping to control theseemissions.
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Mathematical model swere devel oped to validate the experimental findingsand alsoto extend
themto thefield asvauablepredictivetools. These experiments, the mathematical validation, and
thediscussion are presented in recently published work (Valsarg et al.,1997; Valsarg) et a.,1999;
R.Ravikrishnaet a.,1998). A pilot-scalefield smulation of aCDF was conducted at theU.S.
Army Corpsof Engineers Waterways Experiment Station, Vicksburg. A brief description of the
setup and some preliminary resultsare presented in thiswork.

EXPERIMENTAL

Field sedimentsfrom two sourceswere used in thereworking effect study. Thesewerefrom
the Grand Calumet River and the IndianaHarbor Canal. The pilot-scaefield verification was
performed using sediment from IndianaHarbor Cand. The sediment ishomogenized and usedinthe
experiments. The propertiesof materids, experimenta procedures, and analysisaredescribedinan
earlier work (Valsarg et al., 1999).

Thepilot-scaefield verification setupisdescribedin Figure 1. Thesediment isloaded into a
wooden box, whichisplaced insidethe ground. There are pipesleading from the bottom and top of
the box to closed drumsplaced under the ground to collect the leachate and runoff, respectively.
Theflux chambersusedinthiscasearedightly different from those used in thelaboratory experi-
ments. Thebottom of chamber isremoved and the downward edges of thefour wallsare sharpened
inorder to alow easy placement in the sediment. During ameasurement, theflux chamber iskeptin
place by an aluminum framework to prevent it from sinking into the sediment. The other differencein
theseexperimentsisintheair supply. Air isdrawn acrossthe sediment surface through theflux
chamber by the use of avacuum pump. Theair exiting the chamber goesthrough aPAH trap, an
XAD-2resin bed, and then through aflow meter and on to the vacuum pump. A weather stationis
placed closeto the sediment surface. Theweather station records meteorological information and
sediment temperature datain adatalogger attached toit. Theweather datacan give usinformation
about any possible correlation between the flux and the atmospheric conditions.

During arun, theflux chamber is placed on aselected areaon the surface and afresh PAH
trap bed isattached to the outl et. The vacuum pumpisturned on and theflow rateisincreased to
about 1700 ml/mininsmall steps. Thesampling intervasaretypically 24 - 72 hours. Theanaysis
methodsarereferred to earlier in thissection. Samplesof sediment weretaken fromthe CDF at the
beginning of the experiment and analyzed for PAHS; total recoverabl e petroleum hydrocarbons,
fraction organic carbon, particle size, and moisture content. Sediment coresareremoved after afew
months of sampling to check for the PAH lossfrom the sediment.

After threemonthsof sampling, arainfall event wassmulated (Priceet al., 1998). Flux mea-
surementsweretaken before and after the event. The sediment wasreworked after three more
monthsand theresponse of emiss on recorded. Reworking was performed by mixing the sediment,
disturbing the surface, and bringing up new layersof sediment from below the origind surface.
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RESULTSAND DISCUSSION

Effect of Sediment Reworking

Figure 2ashowsthe effect of reworkingin thefield sediment on theflux of naphthalenefrom
Grand Calumet River sediment smulated inasmall 1aboratory flux chamber (Valsarg et al.,1999) .
The open symbolsrepresent thefirst cycle of the experiment. Thevaue of naphthaeneflux after 6
hourswas 778 ng/cm?.hr and dropped to 63 ng/cm2.hr in 72 hoursand to 2 ng/cm?.hr in 168 hours.
After thereworking, theflux, represented by the closed symbols, was 1480 ng/cm?.hr after 6 hours,
176 ng/cn.hr after 24 hoursand 7 ng/cm?.hr after 72 hours. We observethat theflux follows
amost the same path asfor thefirst cycle. Figure 2b showstheflux of naphthalenefromthelndiana
Harbor Cana sediment. Inthefirst cycle, before reworking, theflux was46 ng/cm?.hr after 6 hours,
1.8 ng/cmz.hr after 48 hours, and 0.03 ng/cm?.hr after 168 hours. After reworking, theflux was56
ng/cm2.hr after 6 hours, 7.7 ng/cm2.hr after 24 hours, and 0.08 ng/cn2.hr after 168 hours. Rework-
ing exposes previoudy unexposed sediment to the surface. Theresistanceto masstransfer is
primarily inair-sdeafter thisexposure and hencethe high value. Asthe surfaceisdepleted, the
sediment-sideresi stanceincreasesasthe compound must diffusein thevapor phasefrom thelower
layersof sediment.

InaCDF, an enhanced emission from sediment reworking issignificant because, fromtimeto
time, when new sediment isdumped, it disturbsthe existing sediment. Also other agentslikerain,
stormwater runoff, and macro faunamight cause sediment reworking.

Pilot-Scale Simulation

Figure 3 showstheflux of phenanthrenefromthe pilot-scale CDF at WES. Theflux was
12.75 ng/cm?.hr after 6 hoursand quickly dropped to 0.13 ng/cm?.hr after 68 hours. Theflux was
onthe sameorder of magnitudefor along period of time. Therewasarainfall event around 2100
hoursafter the start of the experiment. However, no perceptible effect was noticed becausethe
sediment was already wet beforetherainfall and the event did not causeany ‘re-wetting’ of the
sediment. Thereworking event was performed at 4600 hoursafter start. The phenanthreneflux
was 0.22 ng/cn?.hr before the reworking and increased to 3 ng/cm?.hr after the event and then
decreased to 0.32 about 24 hourslater. The behavior issmilar to that observed in thelaboratory
experimentswith field sediments. Themode used for phenathreneflux prediction, asshownin
Figure3, isdescribed inan earlier work (Valsarg) et d., 1999). All themodel parameterswere
derived from experimental measurements. Themode fitsthe data satisfactorily and therefore
representsapositivetransition from thelaboratory to thefield.

CONCLUSIONS
Sediment reworking causestheair-emission flux toincreaseinlaboratory experiments. Thisis
reinforced inthe pilot-scalefield experiments. Themodel predictsthefield datasatisfactorily.
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Figurel. Pilot-scaefield smulation setup.

(a) Flux of NAPH from GCR (b) Flux of NAPH from IHC
100
1000 * é
© &  GCR (cycle 1) & IHC (cycle 1)
¢ GCR (cycle 2) @ IHC (cycle 2)
$ 10 4,

<
~ 100 -

I < o~

[3) I

= o

(o)) B) <&

c c 14

< 10 =

= M < f

3 z

[ < o

1 * 0.1 1 &
o
0.1 T T T © 0.01 T T T
0 100 200 300 400 0 100 200 300 400
t,h t h

Figure2. Field Sediments—Effect of reworking insmall laboratory chambers.
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Figure3. Pilot-scaefield smulation—Phenantrheneflux.
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