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 Objectives/Hypothesis
 The focus of this study was to provide a better basis for the estimation of contaminant
release rates from in-water and near shore confined disposal facilities (CDF) which have
been and are used for the disposal of contaminated dredged material.  This focus can be
clarified through the three main objectives for this study: 1) development of an analytical
capability for chemical and dissolved organic carbon measurement; 2) development of a
column for sediment leaching experiments; and 3) the numerical simulation of the
significance of in-dike transport processes.  Contaminant transport as a dissolved  phase,
colloidally bound phase and particulate bound phase were to be considered.  These
processes were to be investigated experimentally using model sediment and dike
materials as well as representative CDF construction and fill material.  Further
information on the objectives of this study are outlined below.
 
 Experimental Evaluation of Transport and Dispersion
 This work was done in thin layer, large diameter polycarbonate columns.  The primary
advantage of this column design is large column diameter and short length which
maximizes the volumetric flowrate of water through the sample.  This is especially
important to minimize experiment length for very low permeability samples.
 
 Develop Conceptual/Mathematical Models
 Three sets of experiments allowed testing and development of conceptual and
mathematical models of seepage in a porous dike structure as a result of water level
transients.  Both existing sophisticated numerical transient porous media flow models
(Tracy, 1973; Barends et al., 1983; Voss, 1984; Black and Craig, 1989) as well as simpler
models (Martin et al., 1988; Martin and McCutcheon, 1989)were considered for
comparison to the collected data.
 
 Approach
 Experimental Evaluation of Transport and Dispersion
 The columns selected and designed were based on a review of the available column types
by Myers e al. (1991).  The purpose of the column is to collect fundamental sorption,
desorption and leaching rate data on sediment and confined disposal facility dike
materials.  The media will be either sediment or CDF construction material or a
combination of the two.  Media used was characterized as to its physical parameters, such
as sand, silt, clay and organic content and size classification.  Equilibrium partitioning of
the contaminants of interest was determined by batch testing



 
 In all experiments, chemical analysis of inoculated chemical compounds was done via
solid phase extraction and high performance liquid chromatography.  Particulate analysis
was done via gravimetric and turbidometric methods.  Analysis in the presence of
dissolved organic carbon (i.e. the colloidal fraction) was also done by solid phase
extraction.  Determination of the dissolved organic carbon was performed via a total
organic carbon analyzer.
 
 Develop Conceptual/Mathematical Models of Transient Water Level Changes and Dike
Hydraulics and Transport
 A two dimensional finite element model was developed to evaluate free surface
unsaturated flow in a CDF dike wall. A finite element convection-dispersion transport
model was also developed to use the predicted flow field for purposes of predicting
chemical movement.  Linear, reversible partitioning between water and the sediments are
assumed in the model.
 
 Results
 This work focused on the evaluation of the importance of seepage as a hydrophobic
contaminant release mechanism in CDFs. It was found that the transport of pyrene, a
polynuclear aromatic hydrocarbon (PAH), through a sediment column was enhanced in
the presence of a synthetic colloidal carrier. Degradation studies on PAHs in different
natural colloidal systems, however, indicated fast degradation rates of these compounds.
Even though colloidal carriers that can increase the seepage rates of PAHs in CDFs are
present in the seepage water, at high degradation rates, contaminant spreading via this
mechanism may not be significant. In the natural environment, diverse populations of
microorganisms which can degrade or catalyze the breakdown of PAHs are abundant.
 
 A sediment column cell representing the CDF dike wall was developed. The seepage
flow under saturated conditions was depicted by pumping the feed water vertically
upward through the interstices of the porous material. Realistic values for the column
characteristics such as porosity, bulk density, particle density and dispersivity were
obtained by measuring in situ. Based on the good reproducibility of the experimental
results, the physical modeling scheme adapted provided a consistent means of studying
the effect of colloidal matter on the seepage rates of hydrophobic contaminants through
soil/sediment media.
 
 In the pyrene transport simulation experiments, a synthetic colloid was employed while
attempts to find potential sources of natural DOC water were conducted.
 
 Colloidal Studies - PS706 Colloid
 The transport parameters and sorption properties of the synthetic colloid were
experimentally determined. It was shown that the adsorption/desorption of PS706 colloid
was reversible. From the colloid breakthrough data, the colloid sediment-water partition
coefficient of 4.0 L/kg was obtained by applying three different methods.
 
 



 Colloidal Studies - Natural DOC
 Collection and concentration methods for DOC did not yield sufficient quantities of high
DOC water. However, the possibility of using unconcentrated water from a local surface
water source, Bayou Manchac (BM), was pursued. BM water was characterized in terms
of its absorbance, DOC content (15-20 mg/L), and sorption behavior. The adsorption
curve indicated that the organic carbon of BM DOC water may be associated mainly in
two colloidal size fractions. Furthermore, BM DOC appeared to exhibit a higher
retardation to the sediment phase than the synthetic colloid, although partial breakthrough
was readily observed.
 
 The use of BM DOC as a potential colloidal feedstock was problematic. The problem
encountered was mainly the lack of stability of the PAHs which was attributed to
contaminant degradation in the DOC laden water. It was observed that light had no effect
on the degradation rate. In addition, tests conducted to determine if significant
stabilization of the PAHs-colloid system could be gained by periodic addition of
0.0002% sodium azide did not yield positive results. Further degradation studies were
conducted and decay rate constants were measured by assuming first order kinetics. A
first order model adequately fit the biodegradation rate data.
 
 Pyrene Transport
 Pyrene was highly retarded in the sediment column. In the presence of PS706 colloid (3.5
and 20 mg/L,) however, significant breakthrough was observed indicating that colloidal
matter facilitated the transport of pyrene through the porous material. The CAD model
satisfactorily predicted the transport of pyrene in the aqueous phase, however, an
exponential decay term accounting for the first order degradation of pyrene had to be
included to obtain acceptable fits of the experimental data. In the presence of PS706
colloid, the CAD model including the exponential decay term for degradation was also
applicable to the transport of the aqueous fraction of pyrene reversibly sorbed to the
colloids. The pyrene fraction associated with the colloids sorbed to the sediment column
was modeled by assuming that this material was in equilibrium with the feed
concentration. Due to the fast degradation of dibenzofuran and phenanthrene, no
significant transport data were gathered.
 
 The results of the colloid and PAHs transport and degradation studies implied that PAHs
in the mobile water phase are relatively unstable in the presence of natural colloidal
material.  Due to the short lifetime of even mid-range PAHs (e.g. pyrene) in DOC-laden
waters, these compounds would not be expected to leach from a CDF in significant
quantities.



 
 Modeling
 Modeling was undertaken employing conditions appropriate for a relatively porous CDF,
the Chicago CDF.  For the particular conditions of the Chicago CDF, the estimated
evaporation rate of water-side mass transfer resistance controlled contaminants is
approximately the same as the maximum rate of contaminant transport via seepage
through the dike walls.  Since the Chicago CDF  is one of the more porous CDFs and
thus exchanges water more readily with adjacent waters, the conclusion is that
vaporization of volatile compounds is likely to be more important than dike wall seepage
as a contaminant loss mechanism from most confined disposal facilities.  The dike wall
can also serve to attenuate the contaminant seepage by sorption or biodegradation while
neither process serves to slow evaporation.  Further, the estimate of volatile losses
neglects evaporation from exposed dredged material in the CDF.  Thibodeaux (1989)
predicted that freshly exposed dredged material would result in the greatest contaminant
evaporation.
 
 Conclusions
 Based upon the above, seepage is unlikely to be a significant contaminant loss
mechanism through most CDFs.  Even in the case of the relatively porous Chicago CDF,
it was expected that vaporization of organic compounds is of equal or more importance.
 
 It should be recognized, however, that non-volatile compounds such as many of the
heavy metals will not evaporate and dike seepage may remain an important loss
mechanism for these contaminants in a confined disposal facility.  In addition, volatile
losses, while potentially greater than seepage losses, may have a lesser impact due to
dilution in the atmosphere.  Seepage losses will have a direct impact on the ecology of
the adjacent water body and the ability of that water body to dilute the contaminants
released via seepage may be limited.
 
 Summary of Results

• Demonstration of rapid degradation of refractory PAHs in the presence of natural
colloids

• Identification of volatilization as a likely more important loss mechanism than
seepage from most CDFs

• Demonstration of colloidal enhancement of transport of PAHs in sediment although
colloidal enhancement was insufficient to overcome the enhanced degradation rate of
PAHs and the potentially more important vaporization loss mechanism from a CDF.
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