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Status of Superfund; prospects for continuing funding for
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Bummary of Meoting Held January 24, 1996
of the New Bedford Harbor Superfurnd

In attendance at the sesslon were:

i Town of Acushneb
Terrill Roland R. Pepin

MG & Alternative for City & Env’t
David Janik Charlie Lord

Downwind Coalition New Bedford CGity Council
Neal Balboni Paul Koczers
Carol Sanz George Rogears

Town. of Fairhaven Concerned Parents of Fairhaven
John T. Haaland Clavdia Kirk

‘n.

Ao B G, New Bedford Mayvor's Qffice
n Simmons Molly Fontaine
mnnwrhmmw“

HRANE
Aarey Brill Cratfey
Cynthia Catri mﬂwmﬂm
Frank HLdVdillﬂkl Helen Waldor
Dawve : ;

apoulos

State Elected 0fficial
Rep. BLll Straus

Epa current budget runs out Friday, EPA is expecting
continuing resolution to go to March 1 or March ,  Budget will
be reduced, but with respect to forum, the process should
continue as normal. Superfund tax has expired and could have
long term inpact for New Bed d if additional funding is needed.
New reautherization bill is being proposed. Interim budgets are
more stringent and may impact EPA’s contracting ability. Owverall
interim budget should have no impact on New Bedford site.

The citizen meeting will be held at Club Recordacoes at 253
Coggeshall St. in New Bedford on February 1lth at ?:UU p.m, This
ig the confirmed time for the meeting.




Solidification samples sent to laboratory for testing but
testing delayed due to furlough. Three vendors were chosen for
hot spot remediation. Federal regulations are very restrictive
about disclosure of information regarding vendor selection.
Ebasco recommended 3 vendors, however, one vendor Rust withdrew
The other two are Geosafe-vitrification technology and Ionic-
teamed with Commodore for solvent extraction to separate PCB.
Ebasco used specific criteria to choose vendors. EPA proposed
2nd RFP for selecting a new 3rd vendor for pilot scale tests.
This should allow schedule to be maintained. All vendors were
asked if they wanted a debriefing. Forum supported seeking a
third vendor.

Bill Strauss reported for the subcommittee for dredging.
Subcommittee has not met but needs to set a meeting date for
February. Discussion on CDFs and whether dredge material or
Superfund clean up should go into which CDFs. Navigational
dredging would require additional CDFs.

Charlie Lord gave presentation on CDFl. His issue paper was
circulated and may be a topic for further discussion.

Proposed meeting on the 11th should focus on openness for
learning public concern and education. Should clarify interests
of neighborhood group.

Next Forum Meeting is scheduled for February 28, 1996 at
6:00 p.m. in the auditorium of the Greater New Bedford Vocational
And Technical School.
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ARSTRACT.  Pilot biomonitoring and modeling studies were conducted at the Saginaw Confined Disposal
Facilicy (CDF), Saginaw Bay, Lake Huron, during 1987 to develop methods 1o assess the porential for or magni-
tude of 1) contaminant transport from the dike interior 10 the ouiside environment, 2) impacts of COF disposal
on the water cotumn and sediments, and 3) impacts of COF disposal on aquatic biote living in the ouidike zone.
‘ Polychlorinated biphenyls (PCBs) were selected for study due 1o their presence in the sediments of the Saginaw
River/Bay ecosystem. A mathemarical model of near-field concaminane transport through the dike walls was con-
" structed. Model predicrions indicare thar the rate of contaminany transport through the dike is expecred tm be
600 o small, amowniing o less thar 0.25 kg of PCBs after 5,000 days of simelation. A mathematical model of the far-

AR
\ lél W Jield impacts of COF wranspert was alse congtrucied, Mode! prediciions indicate that the incremental increase in
[

' steaddy-state, waier column PCB concentrations in Saginaw Bay is expected 1o be approximately 0.05 ng/l per kg

"y
[ -
v \\{.ltu of PCE transporred from the COF. A bicmonitoring program was developed 10 assesy comtaminant transport
4 . « . . . S -
00? through dike walls and its impact on contaminant concentrations in biological tissues. Distinet transport of cont-
0 . o L
v uminanis through the dike walls was not demonsirated wsing the biomonitoring epproach.

INDEX WORDS:  Mathematical models, biomonitoring, contaminared sedimenis, polvehtorinated
hiphenyly, PCHs.
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INTRODUCTION

Sediment contamination is a problem common to
most Tnternational hﬂﬁn'“nmmnbmﬁnm'ﬂfﬁmt[dkhn
Areas of Concern (Hileman 1988). Throughout the
Great Lakes, the sediments of many harbors and tribwu-
raries are routinely dredged to maintain comrmercial
shipping lanes and, due to contamination, often do not
rneet criteria for open-water disposal (IJC 1982). To
meet the need for improved disposal alternatives, a
major program was developed in the early 1970s for
the disposal of contaminated sediments in confined
disposal facilities (CDFs) (C 1986). CDF disposal
invelves the containment of dredged materials within
a diked impoundment, usually located in or adjacent
to a waterbody near the dredging site. Although CDEFs
WMTP(ﬁﬂﬂﬂmﬁdIK!COH‘WK:uUHMMH.WM£J,MAhﬂmeL
after dredging, the materials comprising the walls of
klﬂﬂ,amg1ngwnﬂnﬂrponmmymmﬂnmmwanomv&mwrmmv
port of water and associated contaminants back into
mw‘sunananp<ﬂwdrnnnmwm Contaminants trang-
ported back into waters swrounding CDF sites may
have deleterious irnpacts nm‘mmlnrqmety,aqmduu
organisms and, ultimately, human health

PROJECT SCOPE

An overview of three pilot studies with results and
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discussion iz presented o describe general modeling
and biomonitoring techniques that can be used o
assess and evaluate CDF perforrnance. These tech-
niques were applied to the Saginaw CDF to prelimi-
narily exarnine the observed and_theoretical impacts
of contaminant transport from the dike interior to the
outside enviromment, the impacts of CIF disposal on
the water columnn and sediments, and the impacts of
CDF disposal on aquatic biota living in the surround-
ing area. Comprehensive evaluations of CIDF conta-
minant rerention, transport, and potential impacts on
outdike biota have not been previously conducted
(JIC 1956). Tt should be noted that while these
results are specific to PCB wransport from the Sagi-
naw CRF, the modeling and biomonitoring tech-
nigues developed and described in this report are

applicable to a variety of CDF configurations and
wide range of organochlorine contaminants.
ﬁfHSDW HIP LOCATION AND DESCRIPTION

The Saginaw CDF is located in Saginaw Bay,

Lake Huron, east of the Saginaw River navigation
channel entrance, less than 2 kilometers from the
nmmmh|mfﬂm:3aguhnuI\umw,nemrﬁmm“CEmuPﬂhﬂﬂ-
gan (Fig. 1), the CDF is kidney-shapec with an area
of approximarely 283 hectares (700 acres), and a
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Location of Saginaw Bay, the Saginaw COF Study Area and the Saginaw CDF.
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capacity of approximately 7,645,000 cubic meters
(11C 1986). Construction of the cike wall was com-
pleted in 1978, The CDF was constructed to contain
Sheiter and Channel islands, which existed prior to
construction of the dike wall (Fig. 2).

The dike wall is 7.7 meters high and trapezoidal
in cross-section with a thickness of 3.1 meters at
the top and 26 meters at its base {(Fig. 2). The dike
wall is composed of a prepared limestone core
(individual stoves from 1 to 14 oo in diameter)
covered by a fine, plastic filter ¢loth. Underlayer
stonte (14 to 113 kg) with cover stone (113 1o 950
kg) andfor riprap stone (14 to 113 kg), dependent
on placement, furnish protection for the core
(USAE 1976). An interior cross-dike wall separates -
the CDF into two disposal cells, north and south
(Fig. 2). As a result of its construction, the CDF ig
porous and permits the bulk movemnent of water
through the dike wall both into and out of the CDF
dependent on ternporal variations in hydranlic con-
ditions.

This facility regularly receives materials dredged
from the Saginaw River and its associated navig
tion channel. The first disposal operation was car-
ried out in 1979 and eight disposal operations were
completed at the time of the 1987 biomoritoring
study. A ninth disposal operation was in progress at
the tirme that the pilot biomonitoring study was con-
ducted. As a result of earlier disposal operations,

Vellewx et al,

the north disposal cell of the dike and the northwest -

tion of the south disposal cell were completely

o with dredged materials.

BIOMONITORING STUDY OVERVIEW

the introduction or col-
lection of organisms (biota) at a specific location to
erming the occurrence, distribution, and/or avail-
ability of contaminants, This approach was applied
to the Saginaw CDF to develop the field techniques
and data interpretation methods needed to prelimi-
narily determine whether contaminants are trans-
ported through CDF dike walls in quantities suffi-
cient to be accumulated by organisms in the owtdike
environment (Rathbun e¢r al. 1988). The biomoni-
toring appreach was utilized because, unlike water,
biota accurmnulate conrarninants, integrating their
EXPOSUre to any interrnittent ransport over time.

Biomonitoring involves

p

h,

This factor is particularly important because of tem-
poral variations in bydraulic conditions both inside

and outside of cthe dike and the influence these vari-
ations have on outward transport. Whereas a con-
ventional water sampling approach would require
an intensive sampling strategy staged during an
event, and can only reflect the presence of contami-
nants at the time of sampling, the biomonitoring
approach requires a relatively small nurber of sarm-
ples and can reflect the presence and distribution of
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contaminants as integrated in biological tissues
over the entire period of exposure during any series
of events. Additionally, biota bioconcentrate/bioac-
cumulate contaminants to concentrations muoch
higher than present in the suwrrounding water. This
litates the detection and measurement of conta-
rminants.

The pattern of contaminants accumulated by an
organistn can reflect the relative distribution of
available contarninants present in its surrounding
environment (Willford er al, 1987, Mac e al. 1990,
Mac and Schmitt 1992). The ability to recognize
‘PW“pM%NTNin&NWﬂHUIHFJH the so-called chemical
fingerprint, for a given class of compounds is

essential to this application of the biomonitoring
approach.
PCBs were chosen as the target class of com-

pounds for this study because of the demconstrated
existence of PCB contamination in the
River/Bay system. PCBs are also a good choice as
the physical-chemical properties of PCBs are repre-
sentative of a wide range of organochlorine com-
pounds and the analytical techniques for detecting
and discriminating between the member compounds
Junﬁn,1lw<.mxnuﬁwm s) are well defined (Mullin et
al. 1984). Further, PCBs were chosen because the
100 or so congeners which occur in the environ-
rment are apparently accurmulated by certain biota in
patterns that are indicative of their exposure. The
capability to quantify PCB congeners and identify
PCB hornolog and congener patterns are paramount
o the success of this approach.

y

BIOMONITORING STUDY FIELD
OPERATIONS AND METEOQDS
A dye study was conducted to determine the most
permeable region of the dike wall (Schroeder
1987). B ye

ised on information provided by the d)

study, three sites were chosen for dephnunrnmmﬂ'

caged biota in the study area (Fig. 3). The outdike
site was located along the exterior of the dike wall
at the point of greatest permeability. The indike site
was located along the interior of the dike wall,
opposite the outdike station. The reference site was
located at navigation buoy #28 a short distance
from the CDF. The refererce site location was cho-
sen so that the biota at this stacdion and at the out-
dike station would have a similar exposure to Sagi-
naw River water,

The tollowing organisms were successfully used
as biomonitors during the course of this study: green
algae (Cladophora glomerata (L)) Kuetzing), fat-

S
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pling sites.

head minnows (Pimephales promeles Rafinesque),
and mussels (Lamp radiata siliguoidea Barnes).
Cladophora is a large genus of freshwater and
marine algae, is widely distributed throughout the
Great Lakes, and is typically a dominant component
of attached algal assemblages. The presence of
Cladophora at all stations (dike walls and buoy sur-
face) was pararnount to ils selection as the represen-
tative, resident organism tn this study. Therefore,
the exposure period of Cladophora extended {rom
its development in the spring until the time of col-
lection and differed fror the exposure peried of fat-
head minnows and mussets. Cladophora has previ-
ously been used as an indicator of local
organochlorine or heavy metal contamination
(Anderson er al. 1982, Larsson 1987). At the tume
cages were recovered from each station, samples of
the filamentous alga were obtained by scraping the
hard substrates with a knife. Microscopic examina-
ﬁmmiﬂmmmnedthat{Mmdehwnnvmnx&mzpnnhwylnm
mass of these samples, although micr ic fauna
and flora were associated with the filaments. lh»
fathead minnow is a cornmon and widely-dis
native fish in the CGreat I$Mum.mmjlm5tmmn_Mh¢ﬂ
fully uwsed in other PCB bicaccumulation experi-
ments (USEPA 1987, Willford er «f. 1987, Mac et
al. 1990). Adult fish were obtained from Kurtz's
Fish Hatchery in Elverson, Pennsylvania and were
recetved one day prior to cage deployment. Lamp-
stlis is one of the rmost abundant native bivalvey in
the Great Lakes and has been successfully used in
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other PCE bioaccurnulation experiments (USEPA
1987, Kauss and Harndy 1985). Mussels were col-
lected from northwest Lake St Clair | day prior to
sage deployment. Pre-exposure PCB concentrations
n futhead minnow and mussel samples were deter-
mined. Pre-sediment disposal total PCE concentra-
tions in Cladophora were not determined.

Caged biota were placed in the study area to sim-
ulate the exposure of colonizing, sedentary, and
mobile organisms that have direct or proximate
contact with the Saginaw CDF. Organism deploy-
ment and recovery coincided with dredging and
confinement of the most heavily contaminated sedi-
ments removed from the Saginaw Kiver during the
1987 dredging and dis
pated that this time period would vield the greatest
potential for contaminant transport events due ¢
variations in hydraulic conditions within the dike.

The cages used in this study were constructed of

L-em, angled aluminum frames (3 mum in thickness),
OO x 52 x 32 cov in size, covered with Aquanet®7
mm mesh plastic netting. The tops of the coges were
hinged to allow access. The interiors of the cages
were divided into equal-volume compartments, sep-
arated by plastic netting (Mac et al. 1990). Five
mussels and 15 fathead minnows were placed into
zach of three compartments of each cage.

The cages were deployed at each of the three sta-
Hons on szlnunangum 2 September 1987, and
nmﬂuvcnujznleréicmgﬁ;oll;npu:uMJ.Tﬁm:lauym
exposure period was for 10 days as described by the
LLS. Fish and Witdlhife Service short-term bioassay
protocol (Willford  er al. 1987, Mac er al. 1990,
Mac and Schmiet 1992). Due o dredging schedule
changes, the exposure period had to be shortenad to
8 days to prevent contamination of the reference
site samples,

At the indike and reference stations, the cages
were deployed so that they floated (submerged) in
the water column and did not rest upon, come into
contact with, or otherwise disturb the bottom sedi-
ments. The thkf‘(d<. was suspended in the
ponded water of the CDE 0.7 m below the water
mnﬁmcmA;szpund(kmnhuuﬂhenndﬂﬂ:sme\sth:Snm
The r ce cage was suspended 2 m below the
water surface o minimize wave disturbance. The
water column depth at the reference site was 5 m. At
the outdike station, the cage was deployed so that it
was dircetly across the dike wall from the indike
cage, horizontally but not vertically displaced from
the CDF pond. To minimize effluent ditution due to
waves and currents, the outdike cage was anchored
tooand rested on the dike wall approximately 1m

posal cycle. It was antici-

below the water surface. Resident Cladophora were
collected from each station on the last day of the
exposure period.

Girab samples of whole water were collected at
zach of the three stations on the first and last days of .-
the exposure period. These samples were collected
as close as possible to the cages. Six clean 4-L
amber ss bottles were submerged and filled o
each station. The botrdes were returned to shore and
each six-bottle set, containing a total of 24 L., was
split inte twelve bottles, each containing 2 L. Two
hundred milliliters of dichloromethane (DCM) were
added to each of the twelve botdes and their con-
tents were shaken vigorously for [0 seconds to sta-
bilize the samples.

LABORATORY AND ANALYTICAL METHODS

All biota sarmmples were returned to the laboratory
on ice and kept frozen until processed. Mussel soft
tissue and whole fathead minnow samples were
each hor opﬁnhvﬂlh1a blender. Cladephora sam-
ples were air-dried at room temperature for 64
hours and homogenized using a mortar and pestle.

Toventy-gram aliquots of mussel and minnow tissue
~were mixed with anhydrous sodiwm sulfate (1:3,

wiw) in a cellulose thimble and exhaustively Soxh-
let extracted with n-hexane and DCM. Three-gram
aliquots of dried Cladophora were prepared and
rmixed with anhydrous sodwre ‘sulfate (1:10, wiw)
in a celiulose thimble-and exhaustively Soxhlel
extracted with n-hexane and acetone. All extracts
were then cleansed of lipids and other interfering
compounds by gel permeation chromatography
(GPCYy and sulfuric acid, sealed in glass ampules,
and stored in the dark at a constant termperature of
4% unti) analysis.

Al water samples were returned to the laboratory
and stored at room ternperature until processec. A
three-stage liquid:hquid extraction was performed

on each sample. The sarnple bottles were vigorously
shaken at 150 rpm

for 10 minutes on a model G0
Gyrotory Shaker®. The DCM layer was siphoned
into a clean 4-L, amber glass solvent bottle and then
replaced with an additional 200 mL fresh DCOM. The
shake and siphon steps were performed three times
after which the water was discarcded. The DCM lay-
ers extracted from each sample were then compos-
ited by station to provide a time-integrated sample
Ibwtheemnw&;mwkmiofhhmmwmqmmmme.Aw%ﬁﬁnmn”y
each sample bottle was rinsed with 50 mL of DCM.
WTWWﬂHMNQDHHHHNVWPH?UNH1&hmumhﬂmi“)ﬂm:umwr
nosite samples. The volume of each composited
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uxtract was reduced over a steam bath to 10 ml and
then to 0.5 ml under nicrogen gas. All composite
sxtracts were cleansed of interfering compounds by
Ci““‘uu1swdﬁuﬁc‘uﬁ(\faanmwilv'mhﬂnmu'\umh
activated copper (to remove sulfur), led in glass
anumﬂam‘dwdsAoumilnIhc‘dmﬁ.ataluumsmnttemh
perature of 4°C until analyzed,

All PCB analyses were performed on Varian®
maodel 3700 capillary column gas chromatographs
fitted with dual Ni* electron capture detectors,
autosamplers, and DBE-5 fused silica columns. Con-
gener 204 (2,2',3,4,4°,5,6,6" - octachlorobiphenyl)
delhmmldh:Wlmeﬁﬂ&]SHMM%Hﬁ.H)\TT“y‘ONWWHH
retention ttmes and concentrations. Individual con-
geners were identified with reference to a standard
mixture of Aroclors 1 1248, and 1262 using a
modified version of COMS FA}l'lhnthulemd
Weininger 1987). Data output were expressed as the
nbmﬂmmhrrmrwmnduan\utPl(h(iﬂwued congener in

sample on a mass or volumetric basis (e.g=-ug/kg,
Q@QJ‘mmkdshumdﬁhﬂﬂwlnusmm. ical analysis, these
absolute concentrations were additionally expressed
as relative concentrations (congener fraction of the
total mass of PCBs in the sample) by dividing the
absolute congener concentration by the sumrmed con-
centrations of all congeners detected in the sample.

After chernical analyses and quality assurance
were completed, the absolute and relative concen-
trations of the PCBs were statisticatly examined.,
Student's t-tests were conducted on total PCB and
congener concentrations to determine whether sig-
nificar ferences existed between sample sites
for each biota type. Tests were performed using the
MICROSTAT software package (Ecosoft, Inc,
F965). Principal component analysis (PCA), & mul-
HVd]MHP[MtHMNluH statistical analysis, as well as
other parametric and non-parametric technicues,
were used to examine the patterns of PCB aceumu-
lation in each of the biota and water samples col-
lected. PCA is a data transformation and reduction
technique that facilitates the search for patterns

H%J!Lb

Lsucces

within a data set. The relative concentrations ol the
PCB congeners were grouped into a set of derived
mhndxdﬂrd|n1wuqml(0mnmmm|n=[[(“h Each of the
PCs is a linear comnbination of the original data with
the first PC accounting for the greatest and each
ssive PC accounting for a decreasing propor-

tion of the total variance in the data. The sum of all
the PCs accounts for all the variability in the origi-
nal data. PCA was conducted using SAS as detailed
in the users manual (SAS Institute, Inc. 1987).

BIOMONITORING STUDY RESULTS
AND DISCUSSION

Total PCB concentrations in water and biota sam-
ples collected as part of the biomonitoring stady are
presented (Table 1). Total PCBs in the indike water
sarnple were substantially higher than in the cutdike
and reference samples by a factor of 10 to 20, Total
PCB concentrations in mussels and fathead minnows
aﬂerﬁldayscf&nmmmuws\mmm:Htu [5 times greater
Hunwrww-nqmmmme:numpth1 spendent un'nluom
Total PCB concentrations in the indike samples of all
three biota types were significantly higher (p<0.05)
than in the outdike or reference station samples,
while the total PCB concentrations in the outdike
and reference station samples were not significantly
differsnt (p»0.05) mdﬂﬂw;almuhlw”n"Ew‘mv‘-ﬂu
toral PCB concentrations in the indike water and
biota samples were significantly higher than the out,,
dike and reference sample and the outdike and refer-
ence sarmples were not significantly different, the

transport of PCBs through the CDF dike wall could
not be inferred for the exposure period.
TmewwmnH\P(Pﬁcongenm'pmrmmm4Tfﬂm'owwﬁkﬁ

and reference whole water samples were very simi-
lar (Fig. 4). The congener patterns of these samples
sugg I that both sites were equally influenced by
the Saginaw River. The pattern of the indike water
sammple, while simnilar, contained comparatively
higher relative concentrations of several low molec-

§

Concentrations of Totel PCE in water and biota samples from the Saginaw Bay CDF Study,
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Reference 1hm1hkr

ng/l. e
ugikg
uglkg :
pelkg e
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ular-weight congeners. These low molecular-weight
congeners are most likely to be transported due to
differential partitioning to materials comprising the
dilke wall. Differences in congener patterns between
Sites 15 a ne
the biomonitoring approach.

Once it was established that the relative concentra-
tions of the congeners at the indike site were suffi-
ciently different to apply the biomonitoring approach,
the congener pacterns in biota were examined. Cumu-
lative percent diagrams of PCB congeners for each
biota type indicated a difference between the indike
site and the other two study sites, wiereas the refer-
ence and outdike sites were very simular. The data of
the outdike site more closely resemble those of the
reference site than the indike site. This was true for
each of the three biota types. Data for mussels are
presented as an exarmpie (Fig. 5). Based on the curnu-
lative percent results, no distinct evidence of PCB
rransport from the Saginaw CDEF was observed dur-
ing the 8-day period of biota exposure.

Transport of PCBs through the dike wall was not
suggested by PCA, as the indike and ouwtdike biota
were typically at the extreme opposite ends of the
first PCA axis and the reference biota were gener-
ally associated with the outdike biota (Fig. €). This
relationship was observed for the composite ordina-
tion of all biota types and for each of the individual

sary condition for chist application of

biota types. Data for mussels are again presented as
an example (Fig. 7). Based on PCA results, no dis-
tinct evidence of PCB transport from the Saginaw
CDF was observed during the §-day period of biota
exposure. Because noticeable hydraulic head was
produced inside the dike due to disposal operations,
thus providing the greatest potential for contami-
nant transport, and the PCB congener pattern of the
incike water differed from the water at the outdike
and reference sites, it was assumed that outcike
biota would reflect indike PCB congener patterns,
pattern rernnants, or individual congeners if trans-
port occurred. Multivariate and parametric statisti-
cal tests were sufficiently robust to delineate differ-
ences in sample PCB congener patterns even if
differential transport due to partitioning occurred.
Fuarther, if contaminan: transport occurred, it was
expected that PCA ordinanon of the PCB congeners
would yield a greater association berween the out-
dike and indike biota in comparison to the reference
biota, thus confirming both the occurrence of conta-
minant transport and the incdike zone as the source.
However, this association between outdike and
indike samples was not observed and therefore did
not suggest contaminant transport. The LS. Army
Corps of Engineers obtained a sumilar finding using
clams as biomonitors in a study at the Buffalo CDF
(Marquenie er al. 1990).
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NEAR-FIELDFAR-FIELD MODEL OVERVIEW

Screening-tevel modeling studies of the Saginaw
CDF were also conducted. The primary purpose of
these studies was to deawﬂcmHWmfﬁmnmnwoﬂu;mm}-
essary Lo assess the magnitude and rate of contami-
nart transport from a CDEF and its impacts on water
column and sediment contarminanc concentrations in
the receiving waterbody, and 2) demonstrate the
utility of this approach through a screening-level
application to the Saginaw CE

NEAR-FIELD MODEL DESCRIPTION

The Saginaw Bay near-field model was developed
to provide a theoretical, screening-level estimate of
the mugnitude and rate of contaminant transport
from a CDF (Martin er al. 1988). This model is
based upon the generalized contaminant rmass bal-
ance modeling framework TOXI4, one of the WASP
(Water Analysis Simulation Program) family of
frameworks (Ambrose er al. 1988). TOX14 was used
(@ construct a contaminant ransport and fate frame.
work specifically for evaluating the effectiveness of
a variety of CDF designs, TONXI4 uses a finite seg-
ment implementation of the generalized contaminant
mass balance (partial differential) equation and
Euler's method to numerically integrate the resultant

series of ordinary differential equations (Anbrose e
al. 1988). The model time step for numerical inte-
gration in this framework is limited oy the magni-
tude of the contarmminant rmass rglative o the contarni-
nant mass rate of change (the derivative)

The framework performs dynarnic rnass balances
for each solids type and comntaminant. accounting tor
all material that enters, accumulates within, or leaves
a CDF through loading, transport, and physicochem-
ical and biological transformations. The exact trans-
formation processes that should be incloded in the
framework depend on the contaminant simulated.
The framework also calculates the dissolved and par-
ticulate contaminant concentrations within the CDF
as well as two types of loadings 1o the receiving
waterbody: 1) direct discharges (over the dike wall).
and 2) transport through the dike wadl. This model-
ing approach was applied to the Saginaw COF to
estimate the magritude and rate at which contami-
nants associated with materials confined in the CDF
are transported to the outside environment.

58

NEAR-FIELD MODEL APPLICATION
TO THE SAGINAW CDIE
The Saginaw CDF was conceptualized as a semi-
circular dike with an inner radius of 605 meters and
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homogeneous limestone walls, The CDF interior
was modeled as three horizontal segments (from top
to bottom): ponded water, surficial sediment, and
deep sediment (Fig. 8). The dike wall was modeled
as 20 vertical segments (from dike interior o exte-
rior). each 1 meter thick in cross-section (Fig

The Saginaw CDF as Conceptualized in the
Near-Figld Model!

Pornded Watar
Surficial Sedimeant
Subsurface Sedimen

e
0Hmﬂ\ A 605 m
ottt

Parallel to the biomonitoring study, PCBs were
chosen as the target contaminant for simulation and
madeled as a single, homogeneous compound; indi-
vidual PCB congeners were not modeled. Constants
WhaHNTPHZHMJIhP(thde materials and the CDF
dike wall are presented (Table 2). The water (o sedi-
ment ratio chosen is typical of hydnnﬂh:dhwdgh'
The initial concentration of PCBs in the dike wall
and the ponded water of the CDF was assumed to be
zero. There is one source of PCBs in the model, sed-
iment disposal, and two loss mechanisms, volatiliza-
tion and transport through the dike (Fig. 9).

Inputs
Disposal of

Volatilization

A | Contarinated
Air Sediments
Al "
(SR SR MU gy B

Ths-Dike! [ Sorption | e | Over-Dile

i 1 Dissobved ... g Farticulate };m' ______ -
. 1| Contaeninant [ Conlaminant f 1.
Transport | Gontarmmant thmmumn ontammnd 11 Transport

hmM1nmhumnmn

Ponded Water dh

3 Interior Segments Dhilke Wall

20 Segments
(1.0 m each)

FlIG. 8. Near-field model segmentation.
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Mass balance framework of the near-

Sield model.
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USAE 1987
USAE 1987

0.6 Mills el al. 1985 (Estimated)
1.7 Mills et al. 1985 (Estimated)
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Transport through the dike is influenced by short-
term wave action, long-term waves such as seiches,
and sediment disposal operations, as well as a variety
of other conditions, t hd[(MﬂbMHMﬁLHNJW affect water
levels both outside and inside the CDE. As water lev-
els fluctuate and hydraulic conditions across the dike
wall vary, the rate of contaminant transport also varies
and is retarded due to sorption to materials compris-
ing the dike wall. This mechanism for transport is
hwﬁmmﬂh:pmnuﬁng‘Un|MmldwemmuncﬁWWm‘hwmmmMm
gradient) and was modeled as a regularly recurring
rise and fall of water levels in the CDF due to sedi-
ment disposal and seiches. The outflow seepage
through the dike wall due to the disposal operations
and imernal water surface fluctuarions was modeled
using Darcy’s law. The transport was computed as a
function of the hydraulic conductivity and porosity of
the dike wall using the arithmetic average of the head
between the interior pond, determined from a water
balance, and mean exterior water surface. The effects
of the fluctuating exterior water surface elevations
weas medeled using two approaches: as a diffusi
transport process and by estimating transmission
through the dike based on wave characteristics.
transport into the dike due to external water surface

variations was computed based on theoretical meth-
ods for predicting transmission through breakwaters
(Madsen and White 1976, Madsen er al. 1978). All
transport through the dike was assumed to be in the
dissolved phase. Screening-level calculations, based
on particle breakthrough in granular media filters,
suggested that particle transport through the dike wall
was negligible.

Phuhﬂid~Pdum9rldh¢mmaIQPGWUMWm(mnmhmmdcw
placing 240,000 rm® of dredged materials in the CDF
over i 60-day period beginning 100 days after the
start of the simulation and repeated every 400 days
until seven disposal gperations were completed. Afier
the final sediment disposal operation, the model sirm-
ulations were continued until the total time of sirnula-
ton was 5,000 days (13.7 years). These model mns
were used to assess the magnitude and rate of conta-
minant transport from the Saginaw CDF.

It is worth stressing that this model was devel-
oped to provide screening-level estimates of the
magnitude of contaminant transport from the Sagi-
naw CDEF As with all water quality models, the
accuracy and validity of the model is direccly lim-
ited by the quality of the data available 1o parame-
terize it. The model has not been adequately cali-
hrated or evaluated using site-specific CDF data.
ixnvmnlm‘mmvum‘dameawaHMthhucmmﬁmnwhuwlhr
Saginaw CDF (or any CDF). The effect of the

madel assumptions could only be tested using a
lirnited sensitivity analysis, such as in assessing the
hmwmwl(M’paﬂhﬂ0ﬂ¢wuﬁTN“me;rWInHW(ﬂ predic-
tions (Martin et al. 1988). However, there were a
Ty nberufimmxusvdn(h‘wmnﬂnnwnmﬂmuh ed in the
model, such as the el s of catastrophic events,
fong-term deterioration of the dike wall, and wave
overtopping. In addition, there are a number of
reas where the methods used are in need of refine-
ment and testing, such as in the computation of
contaminant transport theough dike walls. It should
also be recognized that the model does not consider
the effects of contarninant transport or dispersal due
to currents in the receiving waterbody, Further
development of this model will be limited until diata
that allow quantitative descriprion of the dike wall
environment become available, Despite this lTimita-
tion, the model is still valuable as a screening-level
tool for providing initial estimates of the long-term
tﬂﬁwﬂ@(MW%wnﬂhﬁngcanannnaumlywhnmlnﬂlnidw
Saginaw CDF atm,fMWHWvaaﬂ\wauem(hnnunSme
ing the need for additional data

—~

NEAR-FIELD MODEL RESULTS
Model results indicate that after 1 year, hexmagnh
tude of PCB transport through the dike wall of the
udﬂnlwv(1>blsnuqur<ﬂih)tn‘nnllw(udm of 56
milligrams. Volatilization losses, though they do not
directly impact the environment immédiately sur-
rounding the CDF, are on the order of 20 grams after
I year. Model results also indicate thar after repeated
disposal operations, the magnitude of PCEs trans.
ported and volatilized from the CDFE is expected 10
increase. Curnulative PCB loss through the dike walls
are predicted to be on the order of 220 grams over
‘hwmwrnnw‘ufshnnthNx1Tunnﬂﬂnvwvm1ﬂﬁh"ﬂﬁnm
hmmvsLuv‘ﬂmjmnﬁjuhwl1nlu=(nlﬂw-uuhw of 3.32

kilograms over the same period (Figs. 10-12).

FAR-FIELD MODEL DESCRIPTION

The Saginaw Bay far-field model was developed
to provide a screening-level estimate or prediction
of the water quality impacts of contaminant trans-
port from any source on the receiving waterbody
(Velleux er al. 1988). This maodel (s based on the
generalized mwnunnhumu'MMNW;lakmmw-nwmdeﬁmg
framework WASP (DiToro er al. 1983). WASE uses
a finite segment implementation of the generalizec
contaminant mass balance (partial differential)
equation and Euler’s method to numerically inte-
grate the resultant series of ordinary differential
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FIG, 11, Near-field model prediction of the
cumulative mass of PCBs volatilized from the Sag-
inaw COF,

equations. The model time step for numerical inte-
gration in this framework is limited by the magni-
tude of the comaminant mass relative to the conta-
migant mass rale ol change (the derivalive).

The framework performs dynamic mass balances

Fredicted cumnulative POE mass transported
man:wwavi<wunwumtdwnnuuﬂ:wuvnﬂunw
and 5000 ds AYS O W simulation

Volatilization: Thru-Dile
Mass Disposed in COF: 3.32 kg Transport:
BT KRG ooy ! .||, 0.22 ky

T

|1 g

FiG. 12, Near-field model prediction of the cu-
mulative mass of PCBs transported and volatilized

Py

Sfrom the Saginaw CDE.
J 5

for each solids type and contarminant, accounting for
all material that enters, accumulates within, or leaves
a waterbody through loading, rransport, and physico-
chemical and biclogical transforrnations. The exact
sformation processes that should be included in
the framework depend on the contaminant sirnulated.
The framework also calculates the dissolved and par-
ticulate contaminant concentrations in the water col-
umn and sediments throughout the waterbody, The
WASP framework was previously used to construct
and calibrate a PCB wansport and fate model specifi-
zally for Saginaw Bay (Richardson er al. 1983), A
modified version of this model was used to provide an
estimate of the water colurnn contaminant concentra-
tiens and relative risks that rmay arise from disposing
contarninated sediments within the Saginaw CDF,
Model mod; iMKHH;VMH@‘UHLHP’(O‘HHWUVhHU
ﬂHluuﬂ(lbl1””“ummcﬁﬁfh@wnum:uuuhjllu=5du
inaw River, Lake Huron bOUHd&Q/COMUM]UH,“U“)
and adding PCB input from the Saginaw CDF.
These modifications allowed the impact of contami-
nant transport from the CODF on PCB concentrations
in Saginaw Bay to be easily assessed, independent
of other PCB sources.

[& 5

!

n

bmﬂlﬂb D MODEL APPLICATION
()Hth.mﬂ(JPdiEKJUF
Saginaw Bay was modeled as 19 sepments
divided into three layers: five surfuce water, eight
surficial sediment, and six deep sediment segments,

The Saginaw CDF was conceplualized as o poimnt

source, located in segment 1 (Fig, [3),
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TABLE .

Paramerer

Particle Settling Velocity:
Oryganic Solids
Light Solids
Heavy Solidy
Log Partition Coefficient:
Aroclor 1242
Organic Solids
Light Solids
Heavy Solids
Aroclor 1260
Organic Solids
Light Solids
Heavy Solids
Volatilization Rate:
Avroclor {242
Arin {err I'Azyi:)lt]

Far-field model segmentation.

To allow comparisons becween the far-field model
and the data collected during the biomonitoring
study, PCBs were chosen as the target contaminant
for simulation and modeled as the composite of two
industrial mixtures, Aroclors 1242 and 1260, Total
PCBs were representad as the sum of these two Aro-
clors. The composition of the modeled load entering
the bay from the CDF was assured to be identical
to the load entering the bay from the Saginaw River
Co: nﬁtﬂumacmwhinplhelmﬂmndorc%ﬁuﬂmﬂ;and
PCBs in Saginaw Bay have been previously
described (Richardson er al. 1983) and are presented
for convenience (Table 3). T is one source of
PCBs in the model, transport from the Saginaw
CDF, and three loss mechanisms, volatilization,
transport our of the bay (to Lake Huron), and sedi-
mentation (F 14), Model runs were conducted to
CW‘anhu-ﬂm=.ﬂzwhmw#dp:m:mmmdwaﬂmmrw1WW?n
PCE transport from the Saginaw CDF and water
colurnn PCB concentrations in Saginaw Bay.

‘g,

FAR-FIELD MODEL RESULTS

Model predictions indicate that steady-state water
column PCB concentrations are expected to increase
by about 0.05 ng/l. per kilogram of PCH annually
transported from the CDFE This estimate is based on
the response of model segroent 1, the area of the bay

Constants charactericing the environmental behavior of solids and PCE Aroclors 1242 and
12 6UHthn=ﬂw ﬂTh!HWWLWMWHPVNM!”V}NF$FWHMIMlhfﬁmmﬂﬁwwlP!UﬂJ“M!”

"lhmt{

Jmhu, unu‘e

miday
mfday
miday

Likg
Lkg
Likg

Likg
Likg
Likg

m/day
m/day

Lu]nn(hnnzﬂfd 1983
0.10 {Cabibration values)

0.20
.50
Richardson er al. 1983
{(Calibration values)
/‘ ‘Y Q
4,30

3.30

5.00

4,60
3.30

Richardson et «l. 1983
0.20 (Cabbration values)
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hnnmmTMWﬂbfﬁmnwnnuﬁnu'ﬂvh<“PW7IVkmhﬂ‘mmmﬂm
also indicate that PCEB concentrations are predicted
o be greatest near the CDF and decrease as distance
frorn the CDF increases (Fig, 15).
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FlG, 14, Mass balance framework of the far-
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NEAR-FIELIDVEAR-FIELD MODEL
DISCUSSLO!

To put the results of these modeling studies into a
water quality management context, the current fed-
ehnlmi,wmmerMMyCHMWMMlbrhmnmnhaﬂﬂmu
107 risk, 0.079 ng/l. (USEPA 1686), was used to
describe the magnitude of the potential impacts of
PCB transport from the Saginaw CDF. In this con-
text, the far-field model results (0.03 ng/L. per kg of
PCB transported from the CDF) can then be used w
determine the maximurn annual rate of PCB trans-
port from the CDF that can be sustained without
thrwiwm'rh“IHT“rhﬂ;cmuﬁrkmm‘nmhqmnMme:of
other sources, -

IPm:hn119hlmnuhlmwwuhslmﬂW‘h%lhm:mm:ﬁmm»
retical roaximum § nable rate of PCB transport
from the Saginaw CDF would be approximately
1.58 kg/vear. Transport rates greater than this value
would result in water colurmnn PCB concentrations
in excess of the federal water quality criterion. This
estimate is based on the response of far-field maodel
segment 1.

The near-field model estimates the cumulative
mass of PCE transported from the $: w CDF to
be on the order of 220 grams after 5,000 days of
simulation, given the modeled sediment disposal
conditions. Compared to the simulated rate of PCB
loading into the CDF, abour 340 kg for each sedi-
mmnmrﬁspomﬂ«nmnaﬁcm,‘nalhemmiudllaurufFﬁﬂﬁ
transport from the COF is small. This transport,
while considerable (amounting to about 0016
cglyear on an average annual basis), is not pre-
icted to reach unacceptably large levels (»1.58
kgf/year) over the 5,000-day time frame. The find-
ings of the btomonitoring study may offer partial
confirmation of this result. However, these results
rannot completely address the issue of long-term
contaminant (ranspaort,

Long-term near-field model predictions indicate
that contaminant transport from the CDF will
increase in time. (cwndnnlmmn11anqunn from the
Saginaw CDF and CDFs in general, may be a
highhrlhneqﬂumnmhmM}pmmww»,pmwhapsxcquhﬂng
20 years or more before easily quantifiable levels of
contaminants are transported from the structure
(amalogous to retardation in the transport of
hydrophobic contaminants through groundwaters or
any porous media), The major mechanism for trans-
pwn;Hthﬁﬁlnruz'k is belteved to be hydraulic
pumping, caused by fluctuating water levels within
and outside of the dike. Substantial volumes of
water enter the CDF during the course of any sedi-
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ment disposal operation, Newly confined sediments
will also displuce additional water, causing notice-
able changes in water levels within the dike as sedi-
ment disposal operations progress. This effect was
observed during the course of the biomonitoring
study (Rathbun er al. 1988). Additionally, water
level fluctuations both inside and outside the dike
can be caused by a variety of conditions, such as
storms, wave-piling due to strong winds, and the
natarally-occurring periodic variations in water lev-
els, such as seiches. These water level fluctuations
may provide a substantial hydraulic gradient, dri-
ving water and associated contaminants through the
dike wall, eventually saturating and exceeding the
sorptive capacity of the dike, potentially allowing
contaminants to escape

Volatilization is predicted to be the largest of all
sstble PCB transport mechanisms. As the
CDF is filled, and the depth of the ponded water
decreases, the mass rate of volatilization from the
CDF is predicted to increase. At the end of a CDF’s
active life, the structure may be capped with a layer
of clean materials, such as clean fill. However,
these capping materials may be porous and signifi-
cant quantities of contaminants rnay nonetheless
continue to escape the CDF doe to volatilization,
potentially posing a long-range, long-term hazard to
the surrounding ecoregion. It should be noted that
IN)&HPHHP‘Wdh[HddPln\]N‘.H field model to con-
sider the impact of contaminants wolnﬂmm*ltuwm
the COF. An implicit assumption of this model i
that volatilized contaminants duzhkangqﬂuuﬁu
leng-term hazard that do not directly impact the
arca immediately surrcunding the CDF Addiion-

1

(
ally, it should be noted that as water quality stan-
durds are changed, the threshold transport rate
resulting in @ violation of the water quality criterion
will also change, perhaps leading to a different
interpretation of these results.

ILis again worth stressing thae both the near-field
and far-tield models were developed to provide
screening-level estimates of the magmde of cont-
amminant transport from the Saginaw CDE
vnpnl«unquqqwmhh;mnudvumm'ﬁ&u -
riucy ol these models is directly humnwﬂby1]w<unﬂ
ity of the data available 1o parameterize them. As
few data are available o characterize the Saginaw
CDF, further development of these models will be
limited antl data cthat allow quantitative description
ol the dike wall and the surrounding environment
tmxrwwuanmdhﬂﬂe.[hmqmu‘1hEM‘lunuu1uwuulhema
models nonetheless are usetul screening-level tools
thar provide initial estimates of the long-term

effects of confining contarninated sediments in the
Saginaw CDF after dredging as well as demonstrate
the need for additional data.

SUMMARY AND CONCLUSIONS

A biomonitoring study was conducted at the Sag-
inaw Bay CDF to preliminarily determine whether
contaminants are transported through CDF dike
walls. Biomonitoring involves the use of organisms
(biota) at specific locations in and around the CDF
to determine the occurrence, distribution, and/or
availability of contaminants (in this case PCBs).
EWOLl‘anphﬂ;vNﬂT'Pﬁlkw%edAandiMLMWQmmlth
PCBs. Principal cornponent analysis (PCA), a rmul-
nvandu=nuﬂhud«nf,thl:mlammtwﬂ&.mwmnxwxlm»
exarnine the patte “PCH accumulation in each
of the biota and water samples collected. No dis-
tinct evidence of PCB transport from the Saginaw
CIDF was observed-using this technique.

Modeling studies of the Saginaw CDF were also
conducted. These models were used to assess 1) the
rate at which contaminants can theoretically escape
the CDF, and 2) the potential impact these contami-
nants have on water column contaminant coneentra-
tions in the receiving waterbody.

The near-field model was de
rate at which contaminants (PCBs) can theoretically
escape the CDF. Model resulis indicate that the
magnitude of cumulative PCB ransport from the
Saginaw CDF is expected to be on the order of 220
grams for the modeled sediment disposal conditions
and 5,000 days of simulation. Transport through the
dike, while considerable, is not predicted to reach
unacceptably large levels over the active life of the
CDFE.

The far-field model was developed to assess the
hm1mwrrﬁWMMM" inant (PCBs) transport from the
Saginaw CDF on Saginaw Bay, Model results indi-
cate that steady-state water column PCE concentra-
tions are expected to increase by about 0.05 ng/l.
for each kilogram of PCB wansported through the
dike walls of the CDF. Model results also indicate
that PCE concentrations are predicted to be greatest
near the CDF and decrease as distance from the
CDF increases. Based upon the current federal PCB
water quality eriterion for hurmnan healeh at 10 risk,
0.079 ng/l. the theorctical maximum rate of PCH
transport from the Saginaw CDF that can be sus-
tained without resulting in o violation of the 10
risk criterion is approxirmately 158 kg/vear. Trans.
port rates greater than this value would result in
water column PCH concentrations in excess of the

Y

wwhuwmﬂnnaﬁwmmlim
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federal water quality criterion. This estimate is
: AJFmIYWWWﬂpunﬂeuﬂ1fu1lrhlnmmkm:£gnmnnﬁL
The predicted rate of PCB transport through the
dﬂurvaL, 0.016 kgfyear, in itsetf would not result
in a violation of the current 10~ risk criterion.

The field, interpretive, and theoretical methods
explored through these pilot studies were initiated to
develop a frarnework for future evaluations of the
CIMF(wmmaxnnﬂnrrwmwmhww%nwnmmwtand.mmmMmmF
nated sediment disposal impact issues. The results of
the biormonitoring study, not fully reported here, sug-
gested a number of study design alternatives that
would improve the evaluation of CDF performance.
These include: replicate stations at the reference,
indike, and outdike sites (for improved spatial cover-
age), separating and analyzing the dissolved and par-
ticulate fractions of the whole water PCB samples

(assurning that the dissolved PCBs are more likely to
b&lmmuﬂmnumiHmmnmﬁlduﬂthﬂ\vaL:mqu 10-clay
Bbiota exposure period as recommendead by the
USFWS protocol, and conducting a biomonitoring
study before as well as during sediment disposal oper-
ations (to investigate the potential for contaminant

transport from an inactive and active CDF), Most of

these improvements were incorporated into a subse-
quent biomenitoring study of the Saginaw CDF con-
ducted in 1988 (Kreis er f. 1992). Similarly, interpre.
tive techniques using additional significance tests,
graphical representations, and a focus on low molecu-
lar-weight PCH congen

cornprising the dike wall, should be exarined.

The screening-level CDF modeling results alse
suggﬂshmdzirmumhmTwufrnomwﬂ‘mﬂﬁnwnm*Mﬁ that
would improve the evaluation of CDF performance.
These include: revised descriptions of the indike
environment, wave transrnission and subsequenl
contaminant transport through the dike wall, and
long-term contaminant transport through the dike
long the CDF is completely filled. For exam-
ple, the indike environment was modeled as a homo-
geneous pond. The CDF dike wall was constructed
mmcmnmﬂn<€hanneldnd Sheler islands. For a more
realistic simulation, n*«hkelnnwunr4nuhl&v1nud
ew'ldn;vanﬂ‘wwnnfau.muluduqflhe|> [
islands, mounds J(expmmﬂﬂ:nntmx:sﬁdrnﬁumymmh
ated during sediment disposal, and the ponded
water, as well as confined sediments underlying the
CDF pond. Unfortunately, most of these modcel
refinements require a degree of field daca or theoret-
wal sophistication that is currently unavailable,

At present, the pilot biomoenitoring study did not
suggest that significant contaminant transport

ers, those most likely to be»
transported due to differential partiioning to raterials
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occurred during the 1987 sediment disposal opera-

tions. The modeling efforts similarly do not suggest
an extraordinarily great potential for contaminant
transport from the Saginaw CDF These parallel lines
of evidence both suggest that the rmagnitde of cont-
aminant transport from the Saginaw CDF is small.
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Ward 2 Resldents Meetimg on New Bedford Harbor Cleanugp
2:00 - 2430 Informal Open Houge/Browse information stations
2:30 Introduction of Forum Members and Speakers

Purpose/Rules of Order
Background on Problem in the Harbor

Recommendsed Solutions to Clean Up the Harbor

Concerns of the Citizens/Q & A Sesaion
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ATTENTION! ! !

RESIDENTS OF WARD 2

YOU ARE INVITED TO ATTEND A SPECIAL MEETING
TO UPDATE YOU ON THE CLEANUP OF NEW BEDFORD HARBOR,
THE ACUSHNET RIVER AND COFFIN AVENUE LAGOON,
AND THE PROPOSED SEDIMENT DISPOSAL FACILITY
FOR RIVERSIDE PARK AREA

SUNDAY, FEBRUARY 11, 1996
2:00 P.M.
CLUB RECORDACOES DE PORTUGAL
253 COGGESHALL STREET, NEW BEDFORD

RESIDENTS ARE ENCOURAGED TO ATTEND AND VOICE
THEIR CONCERNS ABOUT THE CLEANUP PROPOSALS FOR THE LAGOON

TRANSLATION SERVICES IN PORTUGUESE WILL BE PROVIDED

N
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