Assessment of the Environmental
Impacts of the Hart-Miller Island
Confined Disposal Facility, Maryland

Year 16 Exterior Monitoring Technical Report
August 1997-April 1999

Prepared by:
Ecological Assessment Division
Maryland Department of the Environment



TABLE OF CONTENTS

S I O T G RIS A e r o h R Pt e o8, L T i i reaenendid il
S R O D AR S . e el cresteceshasteeitetbesassser iii
CONVE R S IO N S e o e e L  ove-beroutnesnssisssesosvarriosassiiieidatotnrs v
RIS OF A C R ON Y M S e e e reessersobeetossessnsissssissnsoss vi
CHAPTER 1: Project Management and Scientific/Technical Coordination
5 0] [0 8 0 ) b o odeifot o oot o S B T T T TP T IO LU U S SO SO 1
ACKNOW EEB G M E N R S o R e T i sttvnensitbaneenete 2
TN R ) L T L N e ool T e 3
SiteiBackgrounidy . R e e N R, e S 3
Environmental MONItOTING. ........ccceeeeuererrerererenrererseressersssessesessesesssssssesassesessssensessses 4
Project I: Project Management and
Scientific/Technical Coordination .............ceceerererrererreenerrreseeneeresaens 5
Project I/IV: Analysis of Contaminants in
Benthic Organisms and Sediments ...........ccccervereereererresnereoresseseesenes 6
Y2 T A o P e st R CL P S O Sl e 6
(e Fi B0 o Bt P fr PO AL BN TR P SORIRR e - LRI 6
Project III: Benthic Community StUdIEs........ccevrereererenrereeernsrevenneeesnsnersnes 7
CONCLUSIONS AND RECOMMENDATIONS ........cococvrentrrenrereeeruensseseeneseresessosesssnenes 7
CHAPTER 2': ANALYSIS OF CONTAMINANTS IN BENTHIC ORGANISMS AND
SEDIMENTS (PROJECT II/IV)......ccoceiineininrinenensnsesissessssssessssesssssssessesessossssossosessossssssssesssas 8
OB E IV I E S e et veessstsensesTommaessnsessest] 9
METHODS AND MATERIALS ..........oocoiintneninrenenrinenseentesnsessssessessssssssseessessssssossssssaee 9
SamPpling PrOCEAUTES .........cccceereerrerenenrrcenrerenrerensererinsessessssessesessessenesssssassrenssesenssess 9
Analytical Procedures for Metals and Ancillary Parameters............cceveverevereneacas 10
RESULTS AND DISCUSSION......ccccceosevrereerarreresessssesssasseseressesssessoserssnssesessssssssssersnsssones 12
S T T T b oo saoseene rotes I L 12
(0] i) O P Ao OB 0ot JOrk Yoty S s Nl e S el 14
CONCLUSIONS AND RECOMMENDATIONS ......c.cceoerrurererrnrencneneresessesssssessorssossases 16
CHAPTER 3: BENTHIC COMMUNITY STUDIES (PROJECT III)...........ccoevvvererrreunnnnne 25
ACKNOWIE R D G E NS e e creeeelsuestevaisionsasossass itosestosasesssss Bonsiasnoneth 26
B S TR A T et s, e ee s T e eoveessstssoushelo teosras o oL, i S 27
TN R O DU @ T O N e T e e e, 29
METHODS AND MATERIALS. ..........ccoerreerentreerierseresesensesnsessssesessssesosssessoseseseresssssene 30
RESULTS AND DISCUSSION .......ccccecetrurururunrnserssssessarsesesesessrensaasssssossssssssssssssssassossaoses 31
CONCLUSIONS AND RECOMMENDATIONS .....cccovuereirirnrinrrireseeneresencsssesssssessosessns 35
G O S A R, e e s reusitacsenanssasnensaosaniaiesin oo hobarsnsonensnsed 52
REFERENCES i . T L e nnditoc s, e ik o T 61

! Projects I and IV combined into one project for Year 16
i



LIST OF FIGURES

Figure 2/4 —-1: (a) Site map of Hart-Miller Island showing the sampling
stations; (b) Accompanying map showing the stations from

the Baltimore Mapping Study .........ccocceveverirvenenienenieciecrecreereeeeeesee e esresaesnenes 17
Figure 2/4 -2: A comparative plot of the sediment data for 1996 and 1997

for samples analyzed by Chesapeake Biological Lab............ccccccevrvveeevrinienvenennnn. 18
Figure 2/4 —3: Concentrations of metals in sediments on a transect from

the Back River to Hart-Miller Island ...........ccccocveevievenreececicceeceecereceevennes 19
Figure 2/4 —4: Comparison of metal concentrations in small and large

clamsHiromithell 907 stlidy, t o S ai e Al e A 20
Figure 2/4 —5: Bioaccumulation factors for Clams ...........c.ccceeeeeevieieiiirenniicicreerereeereeseeseenens 22

Figure 3-1: Chesapeake Biological Lab sampling stations during Year
16 of benthic community monitoring for the Hart-Miller
Island Exterior Monitoring Programi...........c.cceeveveveereeeeeereerenesneereenesnesseeressnens 37

Figure 3 -2: Length frequency distribution of the clams Macoma
balthica, Macoma mitchelli, and Rangia cuneata during

Year 16 of benthic monitoring studies at HMI .............c.cccooceeeeeeivincriicrcnernennee 38

Figure 3-3: Cluster analysis for all HMI stations during Year 16 of
benthicicOMMURNILY SHUAIES .....o.ccoro e i e et sacstsasssasesaseeiosesesbenesnens 39

1i



LIST OF TABLES
Table 1 -1:  Dredged material placed at HMI during Year 16 (7/97-6/98) .........cccccovvviverinnrnnne. 4

Table 2/4 —1: Concentrations of metals in HMI sediments collected in
1996 and 1997 compared with Baywide average values and
values for Baltimore Harbor. Comparison is made on a dry
S Vi ] B i bt O R bR o e X o T s P R Y e R e i fe 23

Table 2/4 -2: Correlation matrix for metals and ancillary parameters in
T ST ot e g R e R s Yoo ek e e et AR . O Wi e A 24

Table 2/4 —3: Concentrations of metals in clams collected in 1997 with
1993/1994, and 1996, and comparison with Baywide oyster
tissue data. Comparison is made on a dry weight basis........ccccceevervenerneensvenncnen. 24

Table 3 -1:  Relative abundances (# per square meter) of three of the
most abundant species of benthic organisms which have
occurred at the HMI silt/clay Reference stations over the
sixteen year study from August 1981 to August 1997.......cccocervirircrnnrnreeneennnnns 40

Table 3 -2: A list of the three numerically dominant benthic organisms
collected from each bottom type on each sampling date
during Year 16 of benthic studies at HMI ...t 41

Table 3-3:  Number of benthic organisms per meter squared (#/m?)
found at the Reference stations during Year 16 (August
1997) of benthic studies at HMI ........c.coccecerviriieneneneniieneneneneeseseseesesnessessennens 42

Table 3—4:  Number of benthic organisms per meter squared (#/m?)
found at the Nearfield stations during Year 16 (August
1997) of benthic studies at HMI ..........cccccouvceririiineiiencinninnenenenenese e esssesiaeseens 43

Table 3 -5:  Number of benthic organisms per meter squared (#/m?)
found at the Zinc Enriched stations during Year 16 (August
1997) of benthic studies at HMI .........ccccvcievirrirnenieriiieenenieincenesesieeassssaessensens 44

Table 3-6:  Number of benthic organisms per meter squared (#/m?)
found at the Back River Transect Stations during Year 16
(August 1997) of benthic studies at HMI .........cccccooeeirvniiinenininienenenieseenieieen 45

Table 3 -7:  Salinity (parts per thousand-0/00), temperature (degrees
centigrade-°C), and depth (in feet-ft.) for the benthic
sampling stations on the 2 collection dates during Year 16
of benthic studies at HMI (August 1997) ......oocveireeiirieeeeeeseseeevesreeee e e 46

iii



Table 3 -8:

Table 3 -9

Table 3 -10:

Table 3 —-11:

Table 3 -12:

Number of species and the total number of individuals
collected in three grab samples (0.05m? each) at the
infaunal stations for August 1997. Bottom substrate,
species diversity (H’) and dominance factor (S.1.) are also

shown. Data for the Year 16 benthic studies at HMTI.......ovoovveeeoeeonnn,

The Ryan-Einot-Gabriel-Welsch Multiple F test of
significance among mean number of individuals per station
for stations sampled in August 1997. Subsets show
groupings of stations different at (P<0.05). Stations in a
separate vertical row and column are significantly different

from others. Year 16 benthic studies at HMI.........ovoeveeeeeeeeeoooeeenn

Results of Friedman’s non-parametric test for differences in
the abundances of (11) selected species between stations
with silt/clay substrates for the Year 16 benthic studies at
HMI. (Silt/clay stations are: Nearfield stations — S5, S6,
BC3; Reference stations —- HM7, HM16, HM22, 30, New,
BC6; and Zinc-enriched stations — G5, G25, G84, and

Benthic Index of Biotic Integrity (B-IBI) metric scores for

VEET? L Aottt e YYD TR R T E oot o | e, 3 S S

Benthic Index of Biotic Integrity (B-IBI) metric scores for

Year 16 at the Back River Transect Stations..........oeveeeeeeeeeeeeeoesoeseonnnn

v



CONVERSIONS?

WEIGHT:
1Kg = 1000g = 2.205 1bs.
1g = 1000mg = 2.205 x 10”Ibs
1mg = 1000pg = 2.205 x 10°Ibs

LENGTH:
Im = 100cm = 3.281ft = 39.370in
lem = 10mm = 0.394in
1mm = 1000pm = 0.039in

CONCENTRATION:
Ippm = lmg/L = Img/Kg = 1pug/g = 1mL/m’
1g/cc = 1Kg/L = 8.345 lbs/gallon
1g/m’ = Img/L = 6.243 x 10”Ibs/ft’

VOLUME:
1L = 1000mL
1mL = 1000uL

lecc=10%m?

FLOW:
1m/s = 196.850ft/min = 3.281ft/s
1m/s = 35.320ft%/s

AREA:
1m? = 10.7641*
lhectare = 10000m? = 2.471acres

11b=160z = 0.454Kg

1ft =12in = 0.305m

1 Ib/gal = 7.481 lbs/ft’ =
0.120g/cc = 119.826g/L =
119.826Kg/m’

loz/gal = 7.489K g/m’

1yd® =278 = 764.560L = 0.764m’
lacre-ft = 1233.482m’

1 gallon = 3785¢cc

1ft* = 0.028m> = 28.317L

1ft%/s = 1699.011L/min = 28.317L/s

1ft%hr =2.778 x 10™*ft¥/s = 2.581 x
10°m?¥s

1ft/s = 0.031m/s

1yd*/min = 0.450f/s

1yd*/s = 202gal/s = 764.560L/s

1f* = 0.093m?
lacre = 4046.856m? = 0.405 hectares

2 Modified from the June 1994 Draft “Evaluation of Dredged Material Proposed for Discharge in Waters of the U.S.
— Testing Manual” published by the U.S. Environmental Protection Agency and the U.S. Army Corp of Engineers.
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INTRODUCTION

With a 64,000 square mile watershed and 2,300 square miles of tidal surface waters,
Chesapeake Bay is the nation’s largest estuary. Chesapeake Bay is a valuable natural resource
and ranks third, behind only the Atlantic and Pacific oceans, among the United States’ most
productive fisheries. Over half of the nation’s catch of blue crabs (Callinectes sapidus) and 70-
90% of the Atlantic Coast stock of striped bass (Morone saxatilis) come from the Chesapeake.

As a highway for shipping, the Bay is also an important center of commerce for the Mid-
Atlantic states. Two major ports are found on the Bay: the Hampton Roads Complex near the
mouth of the Bay in Virginia and the Port of Baltimore located in the Upper Bay of Maryland.
The Hampton Roads complex ranks third in the nation and Baltimore ninth in foreign water-
borne commerce. Baltimore is the nation’s leading exporter of cars and trucks.

The Port of Baltimore’s geographic location, approximately 120 miles north of the mouth
of the Bay and 70 miles south of the Chesapeake and Delaware Canal, requires a network of
commercial shipping channels. Tributaries contribute vast quantities of sediment to the
mainstem Bay, creating a complex of shoals and shallows which shift with tidal currents,
freshwater inflow and storm events. These dynamic sediment transport processes operating in
the Bay watershed require annual maintenance dredging of the approach channels to the port of
Baltimore.

Site Background

Finding placement sites for the material dredged from the approach channels to Baltimore
Harbor is an ongoing concern. Moreover, sediments dredged from Baltimore’s Inner Harbor are
contaminated and require placement in specially designed disposal facilities. In 1981,
construction of the Hart-Miller Island Confined Disposal Facility (HMI) was initiated to provide
storage capacity for the Port of Baltimore’s dredging projects. A 29,000-foot long dike
encircling a 1,100-acre area was constructed along the historical footprints of Hart and Miller
Islands at the mouth of Back River. The eastern or Bay side of the dike was reinforced with
filter cloth and rip-rap to protect the dike from wave and storm-induced erosion. A 4,300-foot
long cross-dike was also constructed across the interior of the facility, dividing HMI into a 300-
acre South Cell and an 800-acre North Cell. A series of five spillways are located on the
perimeter dike, with spillways 1, 2 and 4 located in the North Cell and spillways 3 and 5 located
in the South Cell. The spillways are designed to release supernatant water from dredged material
deposited at HMI.

The dikes in the North Cell were raised from +18 feet above mean low water (MLW) to
+28 feet in 1988 in order to provide sufficient capacity for the 50-foot channel deepening project.
The site was filled to capacity in June 1996. Raising the dikes around the North Cell by an
additional 16 feet (to +44 feet MLW) increased the placement capacity by 30 million cubic
yards, giving the site an additional 12 years of operational life, beginning 10/01/96. Volumes
and project names for dredged materials placed at HMI during monitoring Year 16 are provided
in Table 1-1.



The last inflow of dredged material into the South Cell was completed on October 12",
1990. The process of converting the 300-acre South Cell into a wildlife refuge is currently
underway. The North Cell is projected to reach full capacity by the year 2009, at which time it
will also be converted into a wildlife refuge. The remnants of Hart and Miller Islands, which lie
outside the dike, serve as a State park and receive heavy recreational use throughout the summer
months.

Table 1-1: Dredged material placed at HMI during Year 16 (7/97-6/98)°

PROJECT CUBIC YARDS OF MATERIAL

FT. McHENRY CHANNEL 327,500
CRAIGHILL ENTRANCE 653,054
CRAIGHILL ANGLE 1,215,669
GREENHILL COVE 24,353
BREWERTON EXTENSION 425,000
BLUE CIRCLE CEMENT 44,500
PIER 11 USNS COMFORT 12,692
CLINTON STREET/GEMINI 24,799
REALTY

MUDDY GUT 27,374
BG&E BRANDON SHORES 5,836

———f——  CRAND TOTAL =2,760,777

Environmental Monitoring

Revenues to the State’s economy from Chesapeake Bay’s seafood industry rival those
from the Port of Baltimore. It was recognized prior to construction that any adverse impacts to
the Bay’s fishery resources or water quality from HMI could override facility operations. Under
Section 404(b&c) of the Clean Water Act (1987), entitled “Permits for Dredged or Fill Material”,
permits for dredged material disposal can be revoked if it is determined that: “the discharge of
such materials into such area will have an unacceptable adverse effect on municipal water
supplies, shellfish beds and fishery areas (including spawning and breeding areas), wildlife, or
recreational areas.” In accordance with this federal mandate and as a special condition of State
Wetlands License 72-127(R), a long-term compliance monitoring program was implemented in
1981 to assess the effects of HMI on the surrounding environment. Results from the monitoring
are used to detect changes from baseline environmental conditions in the area surrounding HMI,
and, if necessary, to guide decisions regarding operational changes and remedial actions.

The Hart-Miller Island Exterior Monitoring Program has evolved over the past sixteen
years, involving different agencies, monitoring components, sampling times and methods. The
baseline studies conducted around HMI from 1981-1983 included studies of the water column,
currents, submerged aquatic vegetation, fisheries, benthic macroinvertebrates, sediment grain

? Placement volumes provided by the Maryland Environmental Service
* From page 250 of the 1987 Clean Water Act published by the Water Pollution Control Federation.
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size, sediment geochemistry, and toxicological analyses. Some of these projects were
discontinued over the years. The following four projects, which have been consistently
monitored from the beginning of the program to the present day, are: (1) Project Management
and Scientific/Technical Coordination, (2) Sedimentary Environment, (3) Benthic Community
Studies, and (4) Analytical Services.

Project I: Project Management and Scientific/Technical Coordination - Maryland
Department of the Environment (MDE)

During the baseline monitoring years (1981-1983), the Chesapeake Research Consortium
was responsible for project management, followed by the Maryland Department of Natural
Resources (DNR) from 1984 to 1995. In 1995, part way through the Year 15 monitoring effort,
project management was transferred from the Maryland DNR to the Maryland Department of the
Environment (MDE). The Ecological Assessment Division (EAD) within the Technical and
Regulatory Services Administration (TARSA) of MDE presently coordinates the Hart-Miller
Island Exterior Monitoring Program.

Project management entails comprehensive oversight of the HMI Exterior Monitoring
Program to ensure coordination between the different projects and principal investigators (Pls).
Before a monitoring year begins, EAD reviews draft monitoring proposals for the upcoming year
and consults with the PIs concerning sampling stations and analyses. Following approval of the
proposals by the Maryland Port Administration (MPA), EAD develops formats and timeframes
for receipt of deliverables (seasonal reports, draft technical and data reports, invoices and
attendance at quarterly meetings from the PIs), as well as Memoranda of Understanding between
the different monitoring agencies. Budgets and invoices for each of the PIs are tracked by MDE.

Upon receipt of the draft data and technical reports, EAD initiates a three-tiered peer
review process to address the technical and editorial issues. The first level of review is
conducted internally by MDE staff knowledgeable in the fields of dredging and environmental
risk assessment, including toxicologists, engineers, benthic and aquatic ecologists. The next
level of review is performed by the HMI Technical Review Committee (TRC) consisting of
researchers/staff from the University of Maryland, and State and Federal agencies, who have
backgrounds in estuarine ecology and processes. The final tier in the review process is the HMI
Citizens’ Oversight Committee (COC), a group of stakeholders from the public, watermen’s
associations and environmental groups, who bring the cares and concerns of Maryland’s citizens
to bear on the monitoring effort. EAD compiles and organizes the comments received and
submits them to the Pls for response and incorporation into the draft reports. This process
promotes quality assurance in the final HMI reports.

Lastly, EAD conducts database management, production and standardization of the data
and technical reports, and holds quarterly and special meetings among the PIs and the TRC.
Project I is a constantly evolving, dynamic project which strives to constantly improve the
scientific merit of the exterior monitoring program and the presentation of the data and technical
reports.



Project II/IV: Analysis of Contaminants in Benthic Organisms and Sediments — University
of Maryland Center for Environmental Science/Chesapeake Biological
Laboratory (UMCES/CBL)

In Year 16, analyses of sediments and tissues were conducted by the Chesapeake
Biological Laboratory (CBL) of the University of Maryland Center for Environmental Science
(UMCES). CBL has been involved in the analysis of benthic tissues since Year 14. Field
sampling was only conducted once this year during August 1997.

Sediments

Sediments were analyzed in Year 16 for the following ten metals: cadmium (Cd), lead
(Pb), nickel (Ni), chromium (Cr), copper (Cu), zinc (Zn), silver (Ag), arsenic (As), mercury
(Hg), and methyl mercury (MMHg). The sedimentary analysis for Year 16 used a different
methodology from previous years. In previous years, the Maryland Geological Survey (MGS)
performed sedimentary characterization and trace metal analysis. MGS normalized trace metal
concentrations to sediment grain size. However, in Year 16, CBL normalized metal
concentration data to sediment carbon content. Acid volatile sulfide (AVS), percent nitrogen,
percent phosphorus and total organic matter (TOM) were also used in Year 16 to examine
correlations between these parameters and metal concentrations.

An upstream transect of stations in Back River was established this year to investigate the
contribution of metals from Back River to the HMI vicinity. Two of the Back River sites were
chosen to overlap with the sites in the Baltimore Harbor Sediment Study (Baker et al. 1996).
Much higher concentrations of Pb, Cu, Cr, and Zn were seen upstream in Back River; but
concentrations declined dramatically between station BSM75 and the rest of the Back River
stations. Arsenic, however, was higher around HMI than at the Back River stations.

Given the differences in methodology, the values for Year 16 and Year 15 are
comparable to each other, within a factor of two. Although metal concentrations in sediments
are generally higher in Back River, it cannot be concluded that Back River is the dominant
source of metals to the area around HMI. Metal concentrations around HMI are typical of the
Northern Bay area and are also much lower than concentrations in the Inner Harbor/Patapsco
River estuary.

Clams

Tissue homogenates of the clam Rangia cuneata were analyzed this year for the presence
of the same trace metals examined in sediments. In general, it was concluded that the clams
found at HMI do not have high metal concentrations compared to Bay-wide values. The data did
reveal, however, that three of the stations (BC6, M4, and M2) showed high metal levels among
small clams. The authors suggest that these elevated metal levels in small clams may be due to a
pulse of contamination that was not captured in the sediments. The small clams may better
reflect short-term changes in the environment, whereas the larger clams integrate longer-term
signatures of metal concentrations in their tissues.



Project III: Benthic Community Studies —~ University of Maryland Center for
Environmental Studies

For the sixteenth consecutive year, CBL was responsible for describing the benthic
community surrounding HMI. Sampling was only conducted once this year, during August
1997. In addition to the same 17 stations sampled last year, another nearfield station (S1) and
the Back River transect stations (BSM75, M1-M5) were sampled in Year 16. As in years past, a
small number of species were the dominant members of the benthic community.

The most abundant species in Year 16 were the annelid worms Scolecolepides viridis,
Streblospio benedicti, and Tubificoides heterochaetus; the crustaceans Leptocheirus plumulosus
and Cyathura polita; and the clam Rangia cuneata. A total of 29 species were collected in the
quantitative infaunal samples (compared to 26, 30, 35, 31, 34, 32, 35, 30, 30, 31, and 26 for the
5" through 15™ years, respectively). The major differences in the dominant or most abundant
species among stations were primarily a result of differences in sediment-type (e.g., silt/clay,
shell or sand). Cluster analysis showed no unusual groupings of stations due to factors other
than sediment-type.

The benthic index of biotic integrity (B-IBI) was used for the second consecutive year.
Based on this index, none of the eighteen regular benthic stations sampled showed any indication
of stress to the benthic macroinvertebrate community living at those stations. Only one of the
Back River transect stations, BSM75, was shown to be stressed based on the B-IBI. Overall, no
adverse impacts on the benthic community from the operation and maintenance of HMI were
observed.

CONCLUSIONS AND RECOMMENDATIONS

Since dredged material inputs, weather conditions and consequent site management vary
on annual basis, continued monitoring of the exterior environment surrounding HMI is
recommended. It is also recommended that future studies be undertaken to determine any
gradients in contamination leading from Baltimore Harbor to the Hart-Miller Island vicinity.
Additionally, it is recommended that a comprehensive, statistically rigorous review of all HMI
data be undertaken at some point in the future to discern historical trends.
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