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Hydrogeologic Framework, Hydrology, and Water Quality
in the Pearce Creek Dredge Material Containment Area
and Vicinity, Cecil County, Maryland, 2010-11

By Cheryl A. Dieter, Michael T. Koterba, Otto S. Zapecza, Charles W. Walker, and Donald E. Rice

Abstract

In 2009, to support an evaluation of the feasibility of
reopening the Pearce Creek Dredge Material Containment
Area (DMCA) in Cecil County, Maryland, for dredge-spoil
disposal, the U.S. Geological Survey (USGS) began to imple-
ment a comprehensive study designed to improve the under-
standing of the hydrogeologic framework, hydrology, and
water quality of shallow aquifers underlying the DMCA and
adjacent communities, to determine whether or not the DMCA
affected groundwater quality, and to assess whether or not
groundwater samples contained chemical constituents at levels
greater than maximum allowable or recommended levels
established by the U.S. Environmental Protection Agency Safe
Drinking Water Act.

The study, conducted in 2010-11 by USGS in coop-
eration with the U.S. Army Corps of Engineers, included
installation of observation wells in areas where data gaps led
earlier studies to be inconclusive. The data from new wells
and existing monitoring locations were interpreted and show
the DMCA influences the groundwater flow and quality.
Groundwater flow in the two primary aquifers used for local
supplies—the Magothy aquifer and upper Patapsco aquifer
(shallow water-bearing zone)—is radially outward from the
DMCA toward discharge areas, including West View Shores,
the Elk River, and Pearce Creek Lake. In addition to horizon-
tal flow outward from the DMCA, vertical gradients primarily
are downward in most of the study area, and upward near the
Elk River on the north side of the DMCA property, and the
western part of West View Shores. Integrating groundwater
geochemistry data in the analysis, the influence of the DMCA
is not only a source of elevated concentrations of dissolved
solids but also a geochemical driver of redox processes that
enhances the mobilization and transport of redox-sensitive
metals and nutrients. Groundwater affected by the DMCA is
in the Magothy aquifer and upper Patapsco aquifer (shallow
water-bearing zone). Based on minimal data, the water quality
in the upper Patapsco aquifer deep water-bearing zone does
not seem to have been impacted by the DMCA.

Introduction

The U.S. Army Corps of Engineers (USACE), Philadel-
phia District’s mission includes managing the water resources
of the Delaware River basin. The agency is responsible for
maintaining a navigable channel for large ocean-going and
smaller vessels along the Chesapeake and Delaware Canal
(C&D Canal) (fig. 1). The C&D Canal allows shipping ves-
sels to go from the Delaware River to the Chesapeake Bay,
and ultimately to the Port of Baltimore, thereby reducing the
300-mi (mile) trip south along the Atlantic Coast of Delaware,
Maryland, and Virginia to the mouth of the Chesapeake Bay,
and from there north in the bay to the Port of Baltimore. The
C&D Canal became navigable in 1829, albeit the canal was
much narrower than it is today.

To maintain navigability, the C&D Canal periodically
(generally annually or biennially) needs to be dredged, and
the dredged material disposed. Dredging and disposal of this
dredged material is the responsibility of the USACE. The
USACE acquired a total of 996 acres of land, which is referred
to in this report as the Pearce Creek Dredge Material Contain-
ment Area (DMCA) property, in 1937 as part of new (then)
dredging work to deepen the C&D Canal (T. Kelly, USACE,
written commun., 2012). In 1937, perimeter dikes were built
around an area of approximately 260 acres, which is referred
to in this report as the DMCA (bermed area), and a sluice
was constructed that would allow water to leave the bermed
area and flow into Pearce Creek. Subsequently, an additional
sluice was constructed near the mouth of Pearce Creek, which
limited the discharge from Pearce Creek to the EIk River and
created what is referred to in this report as Pearce Creek Lake.
Dredge materials were placed in the DMCA bermed area at
the site in 1937 and 1938, and then again from the 1960s until
the last placement of materials in 1993 (T. Kelly, USACE,
written commun., 2012). In 1989, the dikes at the DMCA were
raised to their current (2010-11) elevation, approximately 35
to 40 ft (feet) relative to the North American Vertical Datum of
1988 (NAVD 88), by bulldozing sediment within the DMCA
bermed area to build the higher dikes (T. Kelly, USACE,
written commun., 2012). It is estimated that 4.0 million cubic
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Figure 1.

yards of material was placed at the DMCA during this time
(T. Kelly, USACE, written commun., 2012).

Since 1993, the USACE has placed dredge materials at
open-water sites, such as Pooles Island, located 18 mi to the
southwest of the DMCA, in the Chesapeake Bay. In prepa-
ration for the closure of all open-water disposal sites in the
Chesapeake Bay by the State of Maryland on December 31,
2010, the USACE began looking for alternative disposal
locations. Pearce Creek DMCA is the preferred option for the
USACE because of its available capacity and proximity to the
C&D Canal, which will result in lower dredging, transport,
and placement costs than alternatives such as Court House
Point or Poplar Island, 7 mi to the northeast and 50 mi to the
south of the DMCA, respectively (D. Sirkis, USACE, written
commun., 2009).

The USACE asked the U.S. Geological Survey (USGS)
to conduct a study of the Pearce Creek DMCA and vicinity
(fig. 2), to define the hydrogeologic framework, and to deter-
mine groundwater flow directions both laterally and vertically
in the shallow groundwater flow system. The USACE also
asked the USGS to determine whether or not chemical constit-
uents in groundwater were greater than maximum allowable
and (or) recommended U.S. Environmental Protection Agency

S m
0 10 KILOMETERS

Location of the Pearce Creek Dredge Material Containment Area, Cecil County, Maryland.

(USEPA) Safe Drinking Water Act (SDWA) standards in

(1) shallow private domestic wells adjacent to the DMCA,
(2) shallow groundwater between the DMCA and Elk River,
and (3) shallow groundwater upgradient of the DMCA. The
final task was to determine whether or not the DMCA has
affected groundwater quality adjacent to the site. In 2010, the
USGS began an investigation of the Pearce Creek DMCA and

vicinity. The results of the investigation are presented in this
report.

Purpose and Scope

The purpose of this report is twofold: first, to present
the results of the USGS study to describe the hydrogeologic
framework, hydrology, and quality of groundwater in the
USACE Pearce Creek DMCA and vicinity; and second, to
assess whether or not the DMCA has affected the quality of
groundwater for domestic drinking-water supplies in the vicin-
ity of the DMCA. Understanding the interrelations among the
hydrogeologic setting, groundwater flow, and groundwater
quality are critical to understanding and illustrating the effect
of the DMCA on drinking-water supplies in the study area.
Thus, this report includes a description of the hydrogeology,
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which serves as the framework to describe the groundwater
hydrology in the study area. The description of the groundwa-
ter hydrology includes a discussion of factors affecting tem-
poral and spatial variations in groundwater levels and patterns
in flow in the major water-bearing zones used for groundwater
supplies in the study area. In turn, the described patterns in
both horizontal and vertical groundwater flow form the basis
for a discussion of the general chemistry of groundwater in the
study area. The general chemistry of groundwater is developed
and described based on surface-water samples and groundwa-
ter samples collected from observation and water-supply wells
in the study area. The data obtained from these wells docu-
menting groundwater quality also are evaluated to determine if
concentrations of chemical constituents are greater than maxi-
mum allowable or recommended levels established by the U.S.
Environmental Protection Agency Safe Drinking Water Act.
The hydrogeologic framework, hydrology, and groundwater
quality are then integrated to present the overall interpretation,
or understanding, of groundwater sources, flow, and quality in
the study area. An “integration of findings” section provides
the synopsis of major findings. A set of appendixes provides
details of the data-collection methods and the data resulting
from the study.

Previous Studies

Various studies were conducted at the Pearce Creek
DMCA in the 1990s after the last dredge materials were placed
in 1993. There were concerns by local residents and Mary-
land State regulators that the DMCA had contributed to poor
groundwater quality in the communities surrounding the site.

Maryland Environmental Service (MES) conducted a
Phase I study of the local groundwater chiefly on the basis of
available data and information for the Maryland Port Admin-
istration and the USACE (Maryland Environmental Service,
1995). They compared groundwater-quality data from the
local community to groundwater-quality data available for the
DMCA, Crystal Beach, and the relevant surficial and confined
aquifers in Cecil County, Md. They also compared selected
water-quality parameters for groundwater and surface water
(for example, Elk River, Pearce Creek Lake outlet, and DMCA
effluent). MES (1995) concluded that groundwater in some
domestic-supply wells in the West View Shores (WVS) com-
munity yielded elevated concentrations of metals (manganese,
iron, calcium, sodium, and potassium), sulfate, and chloride.
Wells with elevated concentrations of metals, sulfate, and
chloride chiefly were completed at elevations of approximately
—-50 to —100 ft NAVD 88. (NAVD 88 is the vertical datum to
which altitudes are referenced in this report. Sea level is simi-
lar, but not exactly 0 ft NAVD 88.) The concentrations in the
wells located in WVS differed from typical existing ground-
water concentrations in relation to Crystal Beach and to the
relevant aquifers in Cecil County, Md. The MES (1995) also
presented evidence that the elevated concentrations appeared
related to the oxidation of sulfide-rich sediments. Identification
of the source(s) of the elevated concentrations in groundwater

and the sulfide-rich sediments were inconclusive. MES (1995)
was not able to determine whether elevated concentrations of
metals, sulfate, and chloride in groundwater reflected brack-
ish water that intruded from EIk River or Chesapeake Bay,
groundwater that flowed from the DMCA, or acidic ground-
water from either of the above or other sources that reacted
with in-situ sediments. Insufficient data on the hydrogeology,
sediment, and groundwater chemistry, as well as groundwater
flow in and near the WVS community resulted in the inability
to identify the source(s) of the elevated concentrations of met-
als, sulfate, and chloride in their domestic-supply wells.

As a followup to the MES (1995) report, Black & Veatch
Special Projects Corporation was contracted by the USACE
to prepare a work plan and conduct a second Phase | study to
determine the groundwater flow system in the Pearce Creek
DMCA and collect geochemical data below the Pearce Creek
DMCA. The findings were published in Black & Veatch
Special Projects Corp., 1996. The results of Black &Veatch
Special Projects Corp. (1996) were incorporated into a
Phase Il report by the U.S. Army Corps of Engineers (1996).

The U.S. Army Corps of Engineers, (1996) Phase Il study
included an analysis of the geology, hydrogeology, soil chem-
istry, and groundwater quality of the Pearce Creek DMCA and
WVS community. The USACE concluded that (a) the Pearce
Creek DMCA was not the source of elevated concentrations
of metals, sulfate, and chloride because the area beneath the
DMCA was underlain by a continuous confining unit, and
(b) that the groundwater with elevated concentrations of met-
als, sulfate, and chloride originated from another source, pos-
sibly upgradient of the DMCA, or from intrusion of brackish
water from EIk River and Chesapeake Bay (U.S. Army Corps
of Engineers, 1996). Thus, the USACE concluded that further
use of the Pearce Creek DMCA would not result in future
problems for local community water supplies.

An additional review of existing data was conducted
by Roy F. Weston, Inc., for the USACE, and the results were
published in a final report (R.F. Weston, Inc., 1998). The
purpose of that report was to determine the local hydrogeo-
logic framework, potential groundwater flow paths from
the Pearce Creek DMCA to domestic-supply wells in WVS,
and to use geochemical and statistical methods to identify
sources of groundwater recharge in WVS. R.F. Weston, Inc.,
determined that groundwater flow paths had the potential to
allow groundwater to flow from the Pearce Creek DMCA into
domestic-supply wells in WVS, but there were insufficient
data to determine a definitive pathway. R.F. Weston, Inc., also
noted that the geochemistry is complex, and that the source
of geochemical signatures in the WVS could be from saltwa-
ter intrusion or could reflect regional groundwater flow and
quality patterns. R.F. Weston, Inc., concluded that most of
their analysis indicates that the Pearce Creek DMCA was not
responsible for the degraded groundwater quality in the WVS,
that there were insufficient data to determine the source of the
poor quality of groundwater, and that possibly a local land-
fill area or residential plumbing could be contributing to the
degraded groundwater quality in this community.



Description of Study Area

The Pearce Creek DMCA is located in Cecil County, Md.
(fig. 1), on the eastern bank of the Chesapeake Bay near the
confluence of the Elk River and the Chesapeake Bay. The site
is located on Pond Neck approximately 7 mi west of Cecil-
ton, Md. Several small communities border the Pearce Creek
DMCA, including WVS, Bay View Estates, and Crystal Beach
(fig. 2).

The climate in the study area is humid with well-defined
seasons. The average annual precipitation in the area is
approximately 45 inches per year and is relatively evenly dis-
tributed throughout the year. The mean tidal range on the Elk
River, 8 mi north of the Pearce Creek DMCA, is 2.2 ft.

Review of Maryland State well permits indicates devel-
opment of the WVS community mainly occurred after WWI1I
in the 1940s and 1950s. Initially, numerous wells were
installed typically at depths greater than 100 ft below land
surface. However, many wells installed as replacement wells
in the 1990s and 2000s were installed at shallower depths of
less than 70 ft. The development of Bay View Estates, which
borders the study area to the southwest of WVS, historically
was controlled by a single landowner. Consequently, develop-
ment occurred later and at a slower pace in this community
than in WVS.

Well Numbering System

In this report, wells are identified by their USGS “local
site name,” such as CE Dd 81, or CE Dd 124. The first two
letters, “CE,” indicate the county in which the well is located,
Cecil County, Md., in this example. The third and fourth
letters, “Dd,” indicate the 5-minute quadrangle in which
the well is located (LaMotte, 2010). The last two or three
numbers indicate the order (sequentially) that the well was
inventoried in the USGS National Water Information System
(NWIS) database. The 5-minute quadrangles are designated
by uppercase letters from north to south, and lowercase letters
from west to east. Most of the wells in this report are in Cecil
County, Md., and they are in the 5-minute quadrangle “Dd.”
Therefore, for brevity, the wells are sometimes only identified
by the last two or three digits, which is the case in this report.
Appendix A lists the USGS local site names and other infor-
mation, such as well depths and screened intervals, for each
well discussed in this report. Appendix A also lists the well
names used in some of the previous site investigations, in the
column titled “USACE well name.”

History and Use

At the time the USACE acquired the property for the
DMCA, the site was a groundwater discharge zone with a
natural wetland that drained directly into the EIk River, or
into Pearce Creek, which in turn naturally flowed into the Elk
River (fig. 3). After the USACE acquired the property, the
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agency created drainage canals and other structures, such as
berms and dikes, on the property (fig. 4). The berms and dikes
were formed from cut and fill operations, by the agency likely
using naturally deposited sediments within the DMCA prop-
erty boundary (D. Sirkis, USACE, oral commun., 2011). Since
the initial purchase of the site for dredge material disposal, the
site has undergone many changes. The site is no longer freely
draining. Pearce Creek is now a freshwater lake, after a land
bridge was created at the mouth of the lake. The level in the
lake can be raised or lowered through controlled releases at
the lake outlet. Berms have been created at the site, and dredge
material has been placed at the site. In addition to the sediment
routinely dredged from the canal, a considerable amount of
water from the Elk River routinely was mixed with dredged
sediment to create slurry that was pumped into the DMCA.
The containment area (within the berms) is currently (2012)
260 acres (fig. 5).

Methods of Water-Quality Data
Collection and Data Quality

Water-quality measurements and samples, which provide
extensive data on the physical and chemical characteristics
of groundwater and major surface waters in the study area
(appendix B, table B1), were collected at 36 observation wells
distributed throughout the study area, 15 domestic water-sup-
ply wells mainly located in WVS and along Pond Neck Road,
and two surface-water sites—EIk River and Pearce Creek
Lake (fig. 6). The selected wells provide coverage of the three
major water-bearing zones—one in the Magothy aquifer and
two (one shallow and one deep) in the upper Patapsco aqui-
fer—beneath the DMCA and vicinity; the domestic wells pro-
vide an indication of the quality of groundwater obtained by
residents mainly from the Magothy Formation and the upper
Patapsco Formation outside of the DMCA property boundary
(appendix A, table Al).

In relation to the wells chosen for data collection, histori-
cal records indicate there initially were many intermediate to
deep supply wells in the WVS area, but residents abandoned
many of these wells for shallow wells from about 1990 to
about 2005. Although residents initially indicated their deep
wells still existed and could be used for this study, onsite
inspections of a number of these wells found none suitable for
use. Logistical reasons (availability of open space and home-
owner permission) limited installation of wells in the elevated
central part of WVS, which further limited the ability to gather
water-quality data from intermediate or greater depths in the
area.

Water-quality data and samples also were collected from
the two major surface waters in the area (fig. 6). In addition to
providing an indication of their current (2010-11) water qual-
ity, data from EIlk River provides an indication of the quality
of water used to dispose of dredged sediments in the DMCA.
In addition, water from the DMCA drained into Pearce Creek
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EXPLANATION
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Figure 3. General topography and drainage characteristics of the study area before installation of the Pearce Creek Dredge Material

Containment Area (DMCA), Cecil County, Maryland, circa 1890.

Lake; thus, data collection also included obtaining water-
quality data and samples at the outlet of Pearce Creek Lake.

Except for wastewater and pesticide compounds, simi-
lar water-quality measurements and samples were obtained
from all wells and surface-water sites (appendix A, table Al).
Data collection for wastewater and pesticide compounds was
conducted mainly at selected shallow observation wells in
the study area, at all domestic water-supply wells, and at both
surface-water sites.

Water-quality data from most observation wells (30 of
35) and all supply wells were obtained during April through
mid-June, 2010 (appendix B, table B1). Data from five addi-
tional monitoring wells (three of which were installed late in
2010), two existing wells, and the two nearby surface-water
sites—EIk River and Pearce Creek Lake—were collected
from late January through February in 2011. Data collection
during both of these periods included quality-control samples

and measurements at selected wells and surface-water sites
(appendix B, table B2) to help determine the accuracy and
comparability of the water-quality data. The collected water-
quality and quality-control data have been summarized in a
manner consistent with their use to address the objectives of
this report (appendix B, tables B3 and B4, respectively).

Data-Collection Methods

Water-quality data collection at each well or surface-
water site was conducted by two local USGS Water Science
Center (WSC) sampling teams—one in Baltimore, Md., and
one in Dover, Del. Groundwater data-collection activities per-
formed by either team included (a) purging to remove water
that had been standing in a well, (b) flushing wetted equip-
ment during the final stages of purging with groundwater to
condition this equipment before final in-field measurements of
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Figure 4. General topography and drainage characteristics of the study area during the installation of the Pearce Creek Dredge
Material Containment Area (DMCA), Cecil County, Maryland, circa 1944.

selected water-quality parameters were obtained, and

(c) collecting, processing, and, as necessary, preserving,
samples until their analyses by the WSC team, or their ship-
ment, by chain of custody, to selected USGS laboratories for
analyses.

Data collection at each surface-water site involved the
use of equipment and procedures similar to those used to
obtain groundwater samples; equipment was conditioned with
surface water before final in-field measurements or samples
were obtained. In the case of Elk River, the surface-water
sample was collected soon after high tide at mid-channel,
as a composite of approximately 1.5-liter samples collected
at thirteen 3-ft intervals beginning 3 ft below the river sur-
face. Equipment was conditioned with river water at each
depth interval before the sample was collected. At the Pearce

Creek Lake outlet, samples were sequentially collected and
processed in a manner identical to that used for groundwater
samples.

Equipment and methods used for data collection were
chosen in accordance with the USGS National Field Manual
(NFM; U.S. Geological Survey, variously dated). (Parts of the
USGS NFM have been written and revised by many authors
over many years as procedures and protocols are refined, and
as such the USGS NFM is not referenced by specific authors
or publication years.) The methods for data collection were
also based on the expected well and groundwater-quality
conditions in the study area. Equipment and method selection
also was guided by historical studies of groundwater qual-
ity conducted in the Pearce Creek study area in the 1990s
(Maryland Environmental Service, 1995; U.S. Army Corps of
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Figure 5. General topography and drainage characteristics of the
Containment Area, Cecil County, Maryland, circa 1990s.

Engineers, 1996; and R.F. Weston, Inc., 1998), combined with
recent (2009-10) site visits by the USGS to obtain geophysical
and video logs, and by USACE contractors during the devel-
opment or redevelopment of selected newly installed or exist-
ing monitoring wells. Collectively, these historical studies and
site visits indicated that groundwater in the study area could
be suboxic [a zone of water, between the oxic and anoxic
zones, in which the concentration of oxygen (and sulfur) is
very low] to anoxic with elevated concentrations of dissolved
solids, including major ions, metals, dissolved organic carbon
(DOC), and possibly hydrogen sulfide. Video logs of stand-
ing water in wells before and after their development revealed
suspended sediments in most wells, which likely consisted

of metal hydroxide or oxide precipitates and (or) fine silts or
clays. Thus, data-collection equipment and procedures were
chosen and employed to (a) ensure wells were adequately
purged to remove standing water and suspended sediments,

(b) properly condition sampling equipment, (c) obtain accurate
in-field water-quality measurements and suitable groundwater

D Agriculture (row crop, pasture, or nursery, mainly
southeast and east of Pond Neck Road)

[ ] Forested
[ ] wetland

study area after closure of the Pearce Creek Dredge Material

samples, and (d) adequately clean reusable equipment onsite,
or at the designated cleaning area in the study area, before
proceeding to reuse that equipment at the next site.

To adequately prepare each observation well for data
collection, purging was conducted in stages with a submers-
ible, stainless-steel, and positive-displacement (SSSPD) pump.
During the first stage, purging was conducted with a relatively
high pumping rate, approximately 1-3 gal/min (gallons per
minute), given there was no obvious continued decline in the
water level in the well. The purpose of this stage of purging
was to remove standing water and suspended solids. Purging
at this pumping rate was conducted until the equivalent of
at least two times the initial volume of water standing in the
well casing had been removed, and the turbidity of discharged
water declined to 5 NTRU (nephelometric turbidity ratio units)
or less. During the next stage, generally high purging rates
were decreased to reduce the potential for mixing between
groundwater entering and already standing in the well, and to
help ensure lateral groundwater flow to the well. Purging was
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then continued until at least a third volume of standing water
was removed from the well, turbidity measurements declined
to less than 1 NTRU, water levels were relatively stable, and
other selected water-quality purging parameters were stable
(table 1).

Equipment used to purge the well and to obtain ground-
water for water-quality measurements and samples was
selected in accordance with USGS NFM procedures (Lane and
others, 2003) with modifications to account for differences
in well depth, type, and construction. For shallow monitor-
ing wells with less than 10-15 ft of water standing above the
well screen, pumping to purge the well and obtain in-field
measurements and samples of groundwater was conducted
with a single SSSPD pump fitted with dedicated and cleaned
polychlorofluorocarbon-lined polyethylene sample tubing.

The pump head was installed within 2 to 3 ft of the top of the
well screen, and the pump system was used to purge the well,
condition equipment, obtain in-field measurements, and collect
groundwater samples. Generally the pumping rate was initially
set at 1 to 2 gal/min or less, but ultimately reset to a low rate
of flow (generally a few tenths of a gallon per minute) during
the final stage of purging.

Although the above approach was successful at most
shallow wells, repeated attempts to use this approach, or
other low-flow purging procedures, were unsuccessful at two
shallow observation wells (appendix A, table A1, well CE Dd
148 and well CE Dd 159). Despite several attempts by the
USACE contractor to develop these wells, recovery rates for
these two shallow wells were very low, and recovery water in
these wells always was highly turbid and contained high levels
of finely sized suspended solids. Recoveries were too low to
adequately purge the wells and collect samples representative
of groundwater.

For moderate to deep monitoring wells with more than
10 to 15 ft of standing water above the top of the well screen,
purging and groundwater data and sample collection were
conducted with two SSSPD pumps. A small SSSPD pump

Table 1.
Containment Area and vicinity, 2010-11.

similar to that used for shallow monitoring wells was installed
to a depth of 2 to 3 ft from the top of the well screen. A large
SSSPD then was installed generally 10 to 12 ft above the
small pump. The large shallow pump mainly was used to
purge and ultimately maintain the upward flow of groundwater
into the well. This pump generally was operated at an initially
high rate of flow (up to a few gallons per minute) during the
initial stage of purging. The pumping rate was then reduced,

as needed, to achieve purging requirements during the final
stage of purging. The small deep SSSPD pump was started and
operated at a low rate of flow (similar to that used for shallow
monitoring wells) at the onset of the final stage of purging.
Ultimately, the small deep SSSPD pump was used to obtain
water-quality measurements and samples.

For domestic water-supply wells, purging, conditioning,
and the collection of water-quality measurements and samples
were conducted with the existing submersible supply pump in
the well. Except for the rate of pumping, the domestic water-
supply wells were sampled with the same methodology that
was used for the monitoring wells. Groundwater from each
supply well was obtained from a standard water spigot. This
spigot generally was located on the water-supply distribution
line either before or just after the pressurized supply tank, and
before any type of water-treatment system. If the spigot was
located before the supply tank, a second spigot after the supply
tank but before the water-treatment system was used to create
continuous and sufficient discharge from the supply tank to
keep the well pump running and reduce any backflow from the
tank or the water-distribution system beyond the tank. If the
spigot was located just after the supply tank, spigot flow gen-
erally was split into a dedicated and cleaned polychlorofluoro-
carbon-lined polyethylene sample line and a waste line. Flows
at the spigot and through the waste line then were regulated
to continuously drop the pressure in the supply tank to keep
the well pump running. In addition, and regardless of where
the spigot used for data and sample collection was located, all
through and shutoff values associated with the water treatment

Stability criteria used for water-quality parameters during water-quality sampling in the Pearce Creek Dredge Material

[£, plus or minus; °C, degrees Celsius; %, percent; uS/cm, microsiemens per centimeter at 25 °C; >, greater than; <, less than; mg/L, milligrams per liter; mV,

millivolts; NTRU, nephelometric turbidity ratio units]

Field measurement

Stability criteria between successive measurements taken at 3- to
5-minute intervals for at least three intervals

Multiparameter sonde, continuous measurements

Temperature (thermistor)
pH
Specific electrical conductance (SC)

Dissolved-oxygen concentration (polarographic or optical)

Reduction-oxidation potential

+0.2°C

+ 0.1 standard unit

+ 3% for SC >100 puS/cm

+ 0.2 mg/L, if 0.5 mg/L or greater

+ 20 mV (as data are reported to nearest 10 mV)

Spectrophotometer, point-in-time measurements

Turbidity (nephelometric)

| 5% for Turbidity < 100 NTRU
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system were closed to prevent backflow through the system to
the spigot.

At each monitoring or supply well, in-field measurements
of well discharge were obtained at the end of the purging
(beginning of sampling) to help characterize the quality of
groundwater. Except for turbidity, all measurements were
obtained in accordance with the USGS NFM (Gibs and others,
2007), at 5- to 10-minute increments, on well discharge, in an
enclosed chamber equipped with a multiparameter sonde fitted
with probes for pH, temperature, specific conductance,
redox potential, and the concentration of dissolved oxygen
(appendix B, table B5). Spectrophotometric measurements of
turbidity were obtained in accordance with the USGS NFM
(Anderson, 2005), with a turbidity sensor (nephelometric tur-
bidity ratio units), at similar time increments, on grab samples
of well discharge (appendix B, tables B2 and B5).

At each monitoring or supply well, samples of ground-
water were collected, processed, and preserved in portable
chambers with dedicated liners, and in accordance with the
USGS NFM (U.S. Geological Survey, 2006), with several
modifications to help ensure samples reflected groundwater
unaltered by the manner of collection. Regarding sample-
collection order, raw-water samples for hydrogen sulfide, net
acidity, and acid neutralization capacity were collected first.
Filtered samples for dissolved inorganic constituents (trace
elements, major ions, and nutrients) and DOC were collected
immediately after the raw-water samples, in the order listed, to
reduce potential bias in trace-element and major-ion concen-
trations from potential sediment loading of the filter (Radtke
and others, 2002). Samples for dissolved pesticide and then
wastewater compounds were collected and filtered after the
collection of the DOC sample, using a second filter, and only
at selected (mainly shallow) monitoring wells and all domestic
water-supply wells.

Filter selection and use followed USGS NFM guidance
(Radtke and others, 2002) with some minor modifications in
the preconditioning of filters and filtering procedure given
groundwater characteristics in the study area. Samples for dis-
solved inorganic constituents and organic carbon were filtered
through a polypropylene encapsulated 0.2- um (micrometer)
effective pore size pleated polysulfonyl filter. Before use, this
filter was pre-rinsed with USGS WSC laboratory de-ionized
[0.055 pS/cm (microsiemens per centimeter)] activated-carbon
filtered water, hereafter referred to as simply USGS WSC
laboratory-grade water, and, on the day of use, purged with
high-purity, dried nitrogen gas to remove air (oxygen) and
excess water from the filter. Samples for dissolved pesticides
and wastewater compounds were filtered through a stainless-
steel plate filter containing a 0.70-pm effective-pore-size,
142-millimeter-diameter baked, glass fiber, which also was
pre-rinsed with USGS National Water Quality Laboratory
(NWQL) Pesticide-Volatile Organic Compound grade water.

Additional steps taken to ensure that filtered samples
for dissolved constituents reflected groundwater included the
following:

(a) Sample bottles that required pre-rinsing were each
rinsed with USGS WSC laboratory-grade water rather than
with groundwater—to avoid the oxidation of the latter and the
possible formation of chemical precipitates in the groundwa-
ter rinse that could contaminate the sample bottle before the
actual sample was collected;

(b) To remove residual rinsate, and to reduce oxidation of
the groundwater sample by air before it was entirely collected,
all sample bottles were filled with groundwater from the bot-
tom up with a dedicated extension tube and were allowed to
overflow before they were capped with little to no head space;

(c) For samples collected with a capsule filter, which
contains considerable head space above and below the pleated
filter, the capsule was attached to the sample tubing, inverted,
and filled from the bottom up to displace the nitrogen gas and
fill the entire filter housing. The dedicated extension tube was
connected to the outflow stem of the filter, and sample flow
discharged through the filter system to condition it before dis-
solved samples were collected.

For those samples that required chemical preservation—
dissolved samples for trace elements, major ions, and selected
nutrients—the samples were acidified with the appropriate
reagent-grade acid to a pH of 2 or less immediately after filtra-
tion. Dissolved samples for nutrients, organic carbon, and pes-
ticides and wastewater compounds, which required physical
preservation (chilling to at least 4 °C (degrees Celsius)), were
placed on ice immediately after collection, and maintained and
shipped in this state.

Upon completion of sampling at a well site, all non-
dedicated sample-wetted equipment to be reused at a sub-
sequent well site was initially rinsed and flushed with WSC
deionized tap water to remove groundwater. Depending on site
conditions, reused equipment was then fully cleaned on site,
or at a designated cleaning facility established in the study
area. Except for the use of methanol, cleaning was performed
in accordance with USGS NFM procedures for groundwater
sampling (Wilde, 2004).

At selected monitoring and observation wells, quality-
control (QC) samples, including field blanks to assess poten-
tial sample contamination, and duplicate sequential groundwa-
ter samples to assess measurement precision, were collected
for raw and dissolved constituents (appendix B, table B2).
Additional duplicate sequential groundwater samples were
collected for selected laboratory-analyzed samples, including
pesticides or wastewater compounds, for laboratory spikes.
Laboratory spikes were performed to assess whether any
chemical precipitation [or other degradation] from sample
oxidation during shipping or handling of samples in the labo-
ratory reduced the recovery of these compounds. In addition,
standard reference samples (SRSs), obtained from the USGS
Branch of Quality Systems, Denver, Colorado, were submitted
from the field to the NWQL to assess the accuracy of analysis
for selected trace elements.

Chemical analysis of raw groundwater and quality-
control samples was conducted in the field or local USGS
WSC laboratory depending upon the type of sample collected
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(appendix B, table B5). Analyses of samples for hydrogen
sulfide were conducted on raw or whole-water samples in
accordance with standard methods (appendix B, table B5),

by the sampling team immediately, and no more than 5 to

10 minutes after the samples were collected. Analyses of
duplicate samples for acid neutralization capacity also were
conducted on whole-water samples in the field or the USGS
WSC laboratory in Baltimore, Md., on the day of collection
and in accordance with the USGS NFM (Rounds, 2006).
Except for one modification, the analyses of samples for net
acidity also were conducted on whole-water samples acidified
to a pH of 4 (H,SO,, titrant) within 24 hours of collection and
then determined in the field or Baltimore USGS WSC labora-
tory in accordance with standard methods (appendix B, table
BS5). The modification was to increase the volume of hydrogen
peroxide added to each sample from one-half to several mil-
liliters to help ensure the oxidation of any hydrolyzed metals
and DOC.

Samples analyzed by USGS laboratories other than
the Baltimore USGS WSC were maintained until shipment,
shipped, and then maintained by those laboratories under a
formal chain of custody. With few exceptions, the analyses of
groundwater and quality-control samples for total dissolved
solids, dissolved inorganic constituents, dissolved carbon
and 69 wastewater compounds were conducted with standard
methods by the USGS NWQL in Denver, Colo. (appendix B,
table B5). The exceptions are described below.

Although all samples submitted to USGS laboratories
were initially filtered in the field, most samples were treated
by these laboratories as whole-water samples. Thus, except
for selected anions—ammonia-, nitrate-plus-nitrite-, and
nitrite-nitrogen, sulfate, and halides (bromide, chloride, and
fluoride)—chemical analyses were performed by the NWQL
or USGS Minerals Program Laboratory (arsenic) as if the sam-
ples were raw or whole-water rather than dissolved (filtered)
samples. As such, raw or whole-water samples were analyzed
using standard reference methods that involved the appropriate
digestion of the sample, including any suspended solids that
formed as a result of sample oxidation (appendix B, table B5).
Water-quality samples analyzed by the NWQL for ammonia-,
nitrate-plus-nitrite-, and nitrite-nitrogen, sulfate, and halides
(bromide, chloride, and fluoride), and for low-level pesticides
by the USGS Organic Geochemistry Research Laboratory
(OGRL), Lawrence, Kansas, were refiltered in each laboratory
to remove any suspended solids in accordance with standard
reference methods for the analysis of these compounds. In
addition, duplicate sequential groundwater samples were
collected at selected wells whose discharge during sample col-
lection had a high specific conductance. These samples were
then spiked by the receiving USGS laboratory for low-level
pesticides or wastewater compounds immediately after the
sample bottles were opened to determine if recoveries of these
compounds were reduced by the formation of suspended solids
following exposure of the sample to air.

The analysis of selected constituents required recently
developed or modified standard reference methods, as follows:

1. The analysis of nitrate-nitrogen, which was conducted
by the NWQL, employed a recently developed reductase
method to circumvent low bias results for nitrate-nitrogen
concentrations in groundwater samples with elevated iron
concentrations associated with the standard cadmium-
reduction method (Patton and Kryskalla, 2011; and appen-
dix B);

2. The analysis of beryllium, which also was conducted
by the NWQL, required the use of a modified standard
whole-water recoverable method to reduce sample-matrix
interferences (appendix B);

3. The analyses for arsenic were conducted by the USGS
Minerals Program Laboratory, Denver, Colo. This
analysis also utilized a modified standard whole-water
recoverable method to reduce sample-matrix interferences
(appendix B); and

4. The analysis of sulfate was conducted through a joint
collaborative effort between the NWQL, which employed
one standard reference method for most groundwater
samples, and the Baltimore USGS WSC, which employed
a second standard method, and regression analysis, to esti-
mate sulfate concentrations for selected samples, which
could not be analyzed by the NWQL method because of
sample-matrix interferences (appendix B).

Analyses for approximately 50 low-level pesticide com-
pounds in groundwater and surface-water samples obtained
from selected wells and surface-water sites (appendix B,
table B3) were conducted by the USGS OGRL in Lawrence,
Kans. All samples were analyzed by the OGRL in accordance
with standard recoverable methods for 22 triazine compounds
or their metabolites and 32 acetanilide and acetanimide com-
pounds or their metabolites at low levels (generally less
than 0.020 or 0.025 ug/L (microgram per liter); appendix B,
table B5).

Analyses of wastewater compounds only were conducted
on samples obtained from selected wells and surface-water
sites (appendix B, table B3), and by the NWQL in accordance
with standard recoverable methods (appendix B, table B5).
These analyses also included selected pesticides with
relatively high laboratory reporting levels (approximately
0.2 ug/L or greater) compared to the OGRL laboratory report-
ing levels for similar compounds. Hereafter, this analysis or
data from this analysis will be referred to as the NWQL high-
level pesticide method or data, respectively.

Data Quality

The quality of the surface and groundwater data collected
in 2010-11 was determined on the basis of quality-control data
obtained from field blanks and duplicate sequential ground-
water samples, from laboratory recoveries of water-quality
samples spiked with pesticides, wastewater, or surrogate
compounds (appendix B). Laboratories were also sent SRSs
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marked as site environmental samples, as an additional quality
control measure (appendix B). Additional laboratory quality-
control data also were obtained, analyzed, and summarized
for those constituents whose concentrations were determined
with modified analytical methods—nitrate-nitrogen, sulfate,
beryllium, and arsenic (appendix B). The purpose of all these
evaluations was to assess the quality of the groundwater data
collected, and to ensure the data were of sufficient quality to
address the purposes of the project and of this report. These
data-quality evaluations are described in detail later in this
report (appendix B), and are summarized below in relation to
contamination bias, measurement precision, sample-matrix
bias, and measurement accuracy.

Contamination Bias: Field Blanks

Inadvertent and routine contamination of water-quality
samples during or after their collection can be identified with
field blanks (Koterba and others, 1995). A review of field-
blank data collected during 2010-11 (appendix B) has been
summarized (table 2). For most of the water-quality data
collected in this study, including dissolved solids, major ions,
and pesticides, there was no evidence of routine contamination
of field blanks, and thus potentially of water-quality samples,
during or after their collection. For both years of data col-
lection, and except for occasional trace (detectable) amounts
of selected major and minor ions, the concentrations of all
groundwater constituents in field-blank samples generally
were below the laboratory reporting levels (LRLS). In addi-
tion, no pesticide was detected in any field blank. Thus, no
appreciable bias due to inadvertent contamination during the
collection, processing, preservation, shipping, or analysis of
groundwater samples in either year of data collection is evi-
dent that would warrant limiting the interpretation of the major
ion, nutrient, or pesticide water-quality data.

For five wastewater compounds (1,4-dichlorobenzene,
bis(2-ethylhexyl) phthalate, bisphenol A, diethyl phthalate,
and phenol), the frequency, magnitude (generally less than
1 ng/L), and timing of field-blank contamination does appear
to correspond to the magnitude and timing of their occurrence
in groundwater samples. In addition, triphenyl phosphate was
detected in every field blank at concentrations below its LRL,
but it was not detected in any water-quality sample. Determi-
nation of the source (or sources) of contamination was (were)
beyond the scope of this report, but all these compounds are
relatively ubiquitous in the environment due to their natural
occurrence and (or) many anthropogenic uses. Given the con-
sistency in low-level occurrence of these compounds in most
if not all field blanks, with the co-occurrence of these same
compounds in groundwater samples collected at similar times
as the contaminated blanks, detections of these compounds in
the groundwater samples are considered the result of con-
tamination bias. These compounds were excluded from other
interpretive analyses in this report, including evaluation of the
USEPA SDWA standards.

Measurement Uncertainty: Duplicate Samples

The absolute relative difference between duplicate
sample measurements for a given constituent, expressed in
percent, and hereafter referred to as the relative sample differ-
ence (RSD) in this report, provides an indication of the general
precision in measurement for that constituent. Given no bias in
the sample values appeared in relation to their order of collec-
tion, the RSD for each constituent and duplicate sample was
computed as follows:

RSD, = ABS[(X,—X,)/(Mean (X +X,))]*100 Q)

Where
RSD is the relative sample difference for a given
constituent X and the i duplicate pair
(i=1,2,3, or 4), expressed in percent;
ABS is the absolute value of the entire subsequent
calculation;
X,~X, isthe difference in measurements between

first sample collected (X,) and the second
sample (X,) collected sequentially after X ;
and
Mean (X,+X,) is used to normalize their difference for
comparative purposes.
RSD values were computed in the above manner for four pairs
of duplicate sequential groundwater samples, and they were
reviewed for each constituent and collectively summarized to
reflect groups of constituents (appendix B).

The summary of RSD values obtained from sequential
duplicate groundwater samples revealed that precision in mea-
surement differed by constituent group (table 3). There were
no differences in measurement precision for pesticide data
obtained with either the low-level OGRL or high-level NWQL
methods. This result reflects that only a few pesticides were
detected in groundwater samples, and all detections reflect
low-level concentrations above the LRLs for these pesticides.
Precision results for total dissolved solids, major ions, and
nutrients indicate little to modest variability between measure-
ments from duplicate samples for most constituents. For
these constituents, mean or median RSD values were less
than 3 percent, and RSD values were generally less than
10 percent (table 3). Values in excess of approximately
10 percent corresponded to estimated sample concentrations
below the LRLs, which generally have higher than normal
uncertainty in their measurement. For trace elements, the
uncertainty in measurement increases, with mean and median
RSD values ranging from 4 to 10 percent, and individual
constituent values as high as approximately 35 percent. RSD
values derived from estimated (below LRL) concentrations
for trace elements covered a similar range in values. Waste-
water compounds had the greatest uncertainty in measure-
ment (table 3). The mean RSD value for these compounds
was approximately 20 percent, with individual RSD values as
high as 45 percent—excluding two extreme outliers. The high
degree of uncertainty in wastewater compound measurement
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Table 3. Measurement precision: Summary statistics for the relative differences in measurements between duplicate samples, by
constituent types, obtained from the analyses of sequential groundwater samples collected in the Pearce Creek Dredge Material

Containment Area and vicinity, 2010.

[RSD, relative sample difference; E, estimated relative difference, in percent, determined from duplicate sequential samples, which each had a measureable
concentrations below the laboratory reporting level for the constituent; ---, not quantified]

Constituent group

Dissolved solids, major

Summary statistic : s Trace elements? Wastewater compounds® Pesticides’
ions, and nutrients (percent) (percent) (percent)
(percent) P p p

Median RSD 1.07 4.17 --- ---
Mean RSD 2.89 7.56 E 20.367 0.000
Minimum RSD 0.000 0.184 E 1.29 0.000
Maximum RSD 25.2 35.8 E 45.6 0.000
Number of RSD values 51 45 20 8

1 Five of the 57 RSD values are estimated values and range range from E 7.02 to E 25.2 percent.

2 Four of the 45 RSD values are estimated values and range from E 0.319 to E 33.1 percent. Two extreme RSD values are not included: a value of
107 percent for arsenic, and a value of 214 percent for lithium. Each reflects marked differences between duplicate sample concentrations near their

respective laboratory reporting levels.

3 All 20 RSD values are estimated values.

4 All RSD values are zero as there was no difference between the duplicate sample concentrations for the eight instances in which both duplicate samples

had measureable concentrations.

reflects concentrations that generally were below all the LRLs
for these constituents.

The differences in measurement precision among constit-
uent groups combined with differences in the frequency with
which compounds were detected among constituent groups
influenced how the data were interpreted for this report. For
those constituents commonly detected and measurable above
their LRLs with reasonably good precision—total dissolved
solids, major ions, nutrients, and trace elements—the concen-
tration data are used to describe patterns in the occurrence and
distribution of these constituents in groundwater. For those
constituents infrequently detected and (or) measured with a
high degree of uncertainty—namely pesticides and wastewater
compounds—simply their detections, either as individual com-
pounds, or relative to grouping detected compounds by their
chemical type or use, rather than their concentration, is used to
describe simple patterns in the occurrence and distribution of
either type of compound in groundwater.

Matrix Bias: Spiked Groundwater Samples

Given anticipated changes to the sample matrix that
could result when suboxic (low dissolved oxygen) or anoxic
(no measurable dissolved oxygen) samples were fully exposed
to air (oxygen) in the USGS laboratories, it was necessary to
determine whether such changes could influence the quality of
the data collected. The potential for changes from dissolved to
solid forms for redox-sensitive inorganic constituents, includ-
ing major ions and trace elements, were for the most part
addressed through the acidification of samples to a low pH
(2 or less). Sample acidification to a pH of less than 2 proved

sufficient to prevent solids from forming in samples for these
constituents. In addition, the use of recoverable, rather than
dissolved, laboratory analytical methods helped ensure any
solids that did form were digested. However, potential changes
in the sample matrix could affect the ability to accurately
estimate concentrations of selected organic constituents, which
were obtained from the analysis of dissolved samples that
were not acidified—such as major anions, wastewater com-
pounds, and pesticides. Also, although wastewater compounds
and pesticides also were analyzed with recoverable methods,
an additional assessment for possible matrix bias was con-
ducted with the duplicate sequential groundwater samples
whose collection was described earlier in this report. For
pesticide and wastewater compounds, one of the duplicate
samples was spiked by the OGRL or NWQL immediately
upon opening in the laboratory. Both duplicate samples were
then allowed time to oxidize; then they were analyzed with
recoverable analytical methods, and the recovery of the spiked
constituent was determined in accordance with standard labo-
ratory procedures for spiked samples.

Data on the recoveries of low-level pesticides and
wastewater compounds were reviewed with the OGRL and
NWQL, respectively, and the results compiled for this report
(appendix B). A summary of the recovery data for the OGRL
low-level method for pesticides indicates that recoveries
were within the normal ranges for most (46 of 53) com-
pounds (table 4). Five compounds—cyanazine acid, deethyl
cyanazine, linuron, flufenacet oxanilic acid, and propach-
lor oxanilic acid—had higher than normal recoveries; two
compounds—2-chloro-N-(2,6-diethylphenyl) acetamide and
propachlor(ethane)sulfonic acid—had lower than normal
recoveries. All pesticide compounds actually detected in
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Table 4. Matrix bias: Summary statistics for the recovery of pesticides on the basis of U.S. Geological Survey Organic Chemistry
Research Laboratory low-level analytical methods and laboratory spikes for groundwater samples collected in the Pearce Creek
Dredge Material Containment Area and vicinity, 2010.

[Rose-shaded background indicates compound recovery is greater (or less) than normal with normal (mean) recovery being generally between approximately
75 to 125 percent; Gray-shaded background indicates compounds that were detected in at least one groundwater sample; --, not applicable; <, less than]

Recovery statistics

Pesticide Median Mean Minimum Maximum Number of
(percent) (percent) (percent) (percent) spiked samples
Triazines and metabolites

Atrazine, water, dissolved, recoverable 96.0 93.4 80.0 104 5

Bromacil, water, dissolved, recoverable 108 106 76.0 131 5

Cyanazine, water, dissolved, recoverable 110 111 83.0 136 5

Cyanazine acid (CAC), water, dissolved, 501 484 71.0 813 5
recoverable

Cyanazine amide (CAM), water, dissolved, 108 115 80.0 155 5
recoverable

2-Chloro-4-isopropylamino-6-amino-s-triazine 104 104 84.0 133 5
(DEA), water, dissolved, recoverable

Deethyl cyanazine (DEC), water, dissolved, 101 107 78.0 136 5
recoverable

Deethyl cyanazine acid (DCAC), water, 562 544 75.0 1,200 5
dissolved, recoverable

Deethyl cyanazine amide (DCAM), water, 108 114 80.0 155 5
dissolved, recoverable

Chlorodiamino-s-triazine (DDA), water, 105 103 81.0 131 5
dissolved, recoverable

2-Hydroxy-4-isopropylamino-6-amino-s-tri- 89.0 78.8 36.0 107 5
azine (DEHA), water, dissolved, recoverable

2-Hydroxy-4-isopropylamino-6-ethylamino-s- 126 116 65.0 168 5
triazine (DIHA), dissolved, water, recover-
able

2-Chloro-6-ethylamino-4-amino-s-triazine 102 103 81.0 120 5

(DIA), water, dissolved, recoverable

Diuron, water, dissolved, recoverable 104 102 63.0 135 5

Demethyl fluometuron (DMFM), water, dis- 89.0 93.6 68.0 146 5
solved, recoverable

Fluometuron, water, dissolved, recoverable 121 124 101 150 5

Linuron, water, dissolved, recoverable 173 160 92.0 191 5

Prometon, water, dissolved, recoverable 110 114 91.0 134 5

Propazine, water, dissolved, recoverable 93.0 94.0 77.0 108 5

Simazine, water, dissolved, recoverable 79.0 80.0 72.0 86.0 5

Hydroxy-simazine, water, dissolved, 103 103 67.0 149 5

recoverable
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Table 4. Matrix bias: Summary statistics for the recovery of pesticides on the basis of U.S. Geological Survey Organic Chemistry
Research Laboratory low-level analytical methods and laboratory spikes for groundwater samples collected in the Pearce Creek

Dredge Material Containment Area and vicinity, 2010.—Continued

[Rose-shaded background indicates compound recovery is greater (or less) than normal with normal (mean) recovery being generally between approximately
75 to 125 percent; Gray-shaded background indicates compounds that were detected in at least one groundwater sample; --, not applicable; <, less than]

Recovery statistics

Pesticide Median Mean Minimum Maximum Number of
(percent) (percent) (percent) (percent) spiked samples
Acetanilides, acetanimides, and metabolites

Acetochlor, water, dissolved, recoverable 94.5 92.0 38.0 145

Dechloroacetochlor, water, dissolved, recover- 74.5 725 56.0 83.0
able

Acetochlor (ethane)sulfonic acid (ESA), water, 80 80.7 74.0 92.0 6
dissolved, recoverable

Hydroxyacetochlor, water, dissolved, recover- 83 83.3 66.0 109 6
able

Acetochlor oxanilic acid (OXA), water, 91 90.2 76.0 100 6
dissolved, recoverable

Acetochlor sulfynil-acetic acid (SSA), water, 76.5 83.7 67.0 106 6
dissolved, recoverable

2-Chloro-N-(2-ethyl-6-methylphenyl) acet- 74 70.7 44.0 89.0 6
amide, water, dissolved, recoverable

2-[(2-Ethyl-6-methylphenyl)amino]-2-oxo- 108 109 60.0 140 6
ethane-sulfonic acid, water, dissolved,
recoverable

Alachlor, water, dissolved, recoverable 90.5 88.3 42.0 139

2-Chloro-N-(2,6-diethylphenyl) acetamide, 775 73.0 50.0 93.0
water, dissolved, recoverable

2-[2,6 diethylphenyl amino]-2-oxoethane-sul- 1115 104.0 62.0 125 6
fonic acid water, dissolved, recoverable

Dechloroalachlor, water, dissolved, recover- 78 74.7 54.0 84.0 6
able,

Alachlor (ethane) sulfonic acid (ESA), water, 91.5 92.8 90.0 100 6
dissolved, recoverable

Alachlor oxanilic acid (OXA), water, 90.5 90.5 77.0 104 6
dissolved, recoverable

Alachlor sulfynilacetic acid (SAA), water, 90.5 79.8 64.0 101 6
dissolved, recoverable

Hydroxyalachlor, water, dissolved, recoverable 83 83.5 64.0 111

Dimethenamid, water, dissolved, recoverable 89.5 92.3 60.0 142

Dechlorodimethen-amid, water, dissolved, 88 85.8 72.0 100
recoverable

Dimethenamid (ethane)sulfonic acid (ESA), 89.5 89.7 85.0 94.0 6
water, dissolved, recoverable

Dimethenamid oxanilic acid (OXA), water, 94 91.0 70.0 108 6
dissolved, recoverable

Hydroxydimethenamid, water, dissolved, 87 87.8 64.0 112 5
recoverable

Flufenacet, water, dissolved, recoverable, 84 89.2 46.0 160

Flufenacet (ethane) sulfonic acid (ESA), water, 74.5 76.0 46.0 95.0

dissolved, recoverable
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Table 4. Matrix bias: Summary statistics for the recovery of pesticides on the basis of U.S. Geological Survey Organic Chemistry
Research Laboratory low-level analytical methods and laboratory spikes for groundwater samples collected in the Pearce Creek

Dredge Material Containment Area and vicinity, 2010.—Continued

[Rose-shaded background indicates compound recovery is greater (or less) than normal with normal (mean) recovery being generally between approximately
75 to 125 percent; Gray-shaded background indicates compounds that were detected in at least one groundwater sample; --, not applicable; <, less than]

Recovery statistics

Pesticide Median Mean Minimum Maximum Number of
(percent) (percent) (percent) (percent) spiked samples

Flufenacet oxanilic acid (OXA) water, dis- 181 165.8 66.0 205 6
solved, recoverable

Metolachlor, water, dissolved, recoverable 97 86.8 40.0 105

Dechlorometolachlor, water, dissolved, recov- 91.5 87.5 54.0 104
erable

Metolachlor (ethane) sulfonic acid (ESA), 93.5 93.3 88.0 100 6
water, dissolved, recoverable

Metolachlor oxanilic acid (OXA), water, dis- 88 84.2 59.0 99.0 6
solved, recoverable

Hydroxymetolachlor, water, dissolved, recov- 90 89.8 76.0 111 6
erable

Propachlor, water, dissolved, recoverable 73.5 83.0 52.0 148

Propachlor (ethane) sulfonic acid (ESA), dis- -- <0.050 <0.050 <0.050 6
solved, water, recoverable

Propachlor oxanilic acid (OXA), water, dis- 327.5 266 70.0 358 6

solved, recoverable

groundwater samples in the study area (table 4) had recoveries
within the normal expected range. Therefore, the only limita-
tion in relation to the interpretation of the pesticide data on

the basis of detected compounds is that the lower than normal
recoveries for 2-chloro-N-(2,6-diethylphenyl) acetamide and
propachlor(ethane)sulfonic acid could have limited their detec-
tion in groundwater.

The NWQL determined recoveries on wastewater com-
pounds and surrogate wastewater compounds from laboratory-
spiked groundwater compounds. Whereas data on spiked
groundwater samples for all constituents are limited, surrogate
spikes, which involved four surrogate compounds, were used
on all groundwater and surface-water samples. A compilation
of these data (appendix B, table B8) is summarized (table 5),
and, on the basis of a collaborative review with the NWQL,
indicates that the pattern in recoveries in groundwater and
surface-water samples essentially mimicked the pattern the
NWQL observed in recent laboratory spiked reagent and
other quality-control blanks. Namely, although recoveries
of wastewater compounds generally are low compared to
other analyses for trace organic constituents, the recoveries
for most wastewater compounds in the spiked groundwater
sample were similar to levels the NWQL has observed in other
groundwater samples. In addition, wastewater compound
surrogate recoveries (mean and range in recovery) from all
the groundwater samples analyzed from the study area were
similar to, or better than, the recoveries (mean and range in

recovery) observed in a similar number of 2010 spiked reagent
blanks (D. Damrau, USGS, written commun., 2011).

In relation to recoveries from laboratory spiked ground-
water samples, and except for five wastewater compounds,
recoveries for all other wastewater compounds from ground-
water spiked samples were within acceptable ranges (generally
70 to 130 percent). However, the recovery for 3-beta-copros-
tanol was quite low (22 percent), and it was not detected in
any groundwater sample. In addition, recoveries for four
other compounds—nbeta-sitosterol, beta-stigmastanol, choles-
terol, and cotinine—which ranged between 40 to 60 percent,
although sufficient to detect each of these compounds in at
least some groundwater samples, were considered too low to
provide a reliable description of the occurrence of these com-
pounds in groundwater samples in the study area. Thus, even
detection data for these five compounds were excluded from
interpretive analyses.

Recoveries from laboratory-spiked samples also were
used to assess possible matrix bias effects on the analysis of
nitrate-plus-nitrite nitrogen, arsenic, and beryllium, each of
which was analyzed with modified standard methods. For
these modified methods, laboratory-spiked samples included
laboratory quality-control and (or) reagent blanks as well as
groundwater and surface-water samples. For each method,
recoveries from laboratory-spiked samples fell within the
normal expected ranges (within approximately 75 to 125 per-
cent of the expected theoretical spiked sample concentration)
whether the spiked sample was a water-quality sample, or
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Table 5. Summary statistics for spike and surrogate recoveries for selected pesticides and other wastewater compounds in
groundwater samples collected in the Pearce Creek Dredge Material Containment Area and vicinity, 2010-11.

[Recovery, in percent, determined from duplicate sequential samples, one of which was spiked with the actual wastewater compound (or surrogate) by the
laboratory before analysis, and one of which was used to correct spiked-sample concentration for concentation of wastewater in sample before it was spiked;
E, estimated, recovery with likely higher than normal uncertainty because of low concentrations—below laboratory reporting levels—in both duplicate

samples]
Recoveries for groundwater samples sP.'kEd with Recoveries for each of four laboratory surrogate wastewater compounds: summarized
actual wastewater compounds: summarized for all - .
. L for all groundwater samples spiked with all four compounds
recoveries for all compounds within the group
Wastewater group Wastewater surrogate compound
Summary Pesticide Other waste- Summary Bisphenol Caffeine-13C, _Decafluoro- Fluoranthene-
statistics compounds’ water statistics A-d3, surro- surrogate biphenyl, surro-  d10, surrogate
compounds? gate recovery recovery gate recovery recovery
(percent)
(percent) (percent) (percent) (percent) (percent)
Median E 105 90.3 Median 101 79.7 55.7 80.7
Mean 106 90.69 Mean 100 74.8 56.6 79.7
Minimum E 84.6 E 48.00 Minimum 40.4 241 24.9 36.5
Maximum E 126 E 117.0 Maximum 147 105 79.5 106
Number of re- 1 56 Number of re- 29 29 29 29
covery values covery values

* Three of the eleven recovery values range from E 84.6 to E 126 percent.

2 Excludes extremely low estimated recovery of E 22.6 percent for 3-tert-Butyl-4-hydroxyanisole; other recovery values (33 of 56) were estimated values,

ranging from E 48.0 to E 117 percent.

reagent or other laboratory blank (appendix B). Thus, all data
for nitrate-plus-nitrite nitrogen, arsenic, and beryllium were
considered unbiased by sample-matrix effects and suitable for
interpretation.

Measurement Accuracy: Standard Reference
Samples and lonic Mass Balances

Standard references samples (SRS), and the calculation
of the mass balance (MB), as the sum of major cationic con-
stituents minus sum of major anionic constituents, expressed
in percent, for each groundwater and surface-water sample,
provide independent checks on the quality of data for selected
inorganic constituents (Koterba and others, 1995). Both SRSs
and MBs were employed to assess the accuracy of measure-
ments for the inorganic data collected.

The USGS Branch of Quality Service (BQS), Denver,
Colo. provided SRSs that were submitted as blind water-
quality samples from the field for trace elements (append-

ix B, table B4). Additional SRS samples also were employed
by each of the USGS laboratories for the modified analytical
methods for sulfate, arsenic, and beryllium.

Analytical results for the blind BQS SRS samples
(appendix B) indicated that except for five trace elements,
the concentrations of all other trace elements were within
one (pseudo) standard deviation, and often within + (plus or
minus) 20 percent or less of their most probable (median)
value (MPMV) in either of two SRSs. Exceptions included
copper, selenium, and uranium in one BQS SRS sample

(sample TE-197), and thallium, boron, and selenium in another
BQS SRS (sample TE-199). However, the concentrations for
these trace elements generally also were acceptable, being
within + 30 percent and (or) within two times the (pseudo)
standard deviation from their MPMVs. For the modified
analytical methods, all laboratories provided analytical results
for all their internal SRSs (appendix B). The results indicate
repeated measurements for all internal SRSs generally fell
within standard laboratory acceptance criteria, namely within
80 to 120 percent of the most probable value for a variety of
SRSs (appendix B). Thus, on the basis of all SRSs analyses,
concentration data for sulfate and trace elements were consid-
ered sufficiently accurate for interpretive analyses.

Calculated results for MBs (appendix B, table B11)
were reviewed and summarized (table 6). The MB values
for groundwater samples indicate a negative bias from the
theoretical value of zero and an excess of anions for most
groundwater samples. For observation wells, the mean MB
is =5.41 meq/L (milliequivalents per liter) + 35 percent
(variance), or in relative terms, approximately —15 percent
+ 30 percent. For domestic water-supply wells the bias is
slightly less than that above for supply wells—the mean
MB being —1.26 meg/L + 2.70 percent, or approximately
—12 percent * 24 percent. The MB values for surface waters
are similar in magnitude to MB values for domestic wells
(appendix B, table B11).

The causes of the negative bias in the MB values are
unknown, but they likely are multiple in nature. The labora-
tory analyses for most major anions, as well as most cations
and trace elements, such as iron, manganese, and aluminum,
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Table 6. Measurement accuracy: Equivalence mass balance errors for groundwater samples collected in the Pearce Creek Dredge

Material Containment Area and vicinity, 2010-11.

[meg/L, milliequivalents per liter]

Mass bhalance error statistics (assuming iron is present as ferrous iron)
Well type Mean difference . Mean difference .
Variance Variance Number of samples
(meq/L) (percent)
Observation -5.41 35.4 -15.08 33.1 36
Domestic -1.26 2.70 -12.48 23.6 15
Mass balance error statistics (assuming iron is present as ferric iron)
Well type Mean difference Variance Mean difference Variance Number of samples
(meq/L) (percent)
Observation -2.26 10.5 -3.78 61.5 36
Domestic -0.83 2.17 -6.77 70.6 15

required a range of sample dilution rates be used to reduce
sample matrix interferences in the analysis of samples for
each constituent. Dilution rates for a given constituent often
differed among samples—from as little as 2-fold to as high

as 50- or 60-fold. Collectively, this could lead to one or more
systematic biases—such as overestimating the concentrations
of one or more major anions, or underestimating the concen-
trations of one or more cations. However, the MB bias also
simply could be a function of the assumptions regarding the
charge assigned to each cationic and anionic constituent. For
example, in the case of iron, as with most other metals, only
its concentration was determined. The mean MB error can

be reduced assuming iron is present as Fe®" rather than Fe?*
(table 6), but then variance also increases because the sole
use of Fe®" creates high outlier MB values. In actuality, both
ionic forms of iron could be present and their ratios differ in
groundwater associated with different well locations. How-
ever, determining the individual concentrations of multiple
ionic species for major constituents such as iron, aluminum,
and manganese, for each groundwater sample was beyond the
scope of this report. In addition, the negative bias in MB could
be the result of not including other possible cationic constitu-
ents in the MB calculation—such as organic acid or silica
species associated with the high concentrations of dissolved
recoverable organic carbon and dissolved silica (as SiO,)
found in groundwater in the DMCA and vicinity (appendix B,
table B3). Thus, although the MB results do indicate an imbal-
ance in the electroneutrality of samples, it could be erroneous
to assume and assign this imbalance solely to errors in labora-
tory measurements.

Hydrogeologic Framework

A hydrogeologic framework was developed to delin-
eate the shallow groundwater system underlying the Pearce
Creek DMCA and adjacent residential areas for the purpose of

defining and understanding the groundwater flow system and
water quality of the area. The main focus of the framework
was the definition of the lateral and vertical distribution of the
aquifers and confining units that ultimately contain and control
the local groundwater supply.

Well Network Design

Previous geologic and hydrogeologic investigations were
used to establish a preliminary hydrogeologic framework for
the study area. These investigations included hydrogeologic
data provided in Phase I and Il groundwater investigations
(Maryland Environmental Service, 1995; U.S. Army Corps of
Engineers, 1996), and data from the following reports: Drum-
mond (2007); Edwards and Hansen (1979); and Mack and
Achmad (1986). Additionally, new borehole geophysics data
were collected from existing monitoring wells in the study
area, and were incorporated with well construction records for
nearby domestic wells to refine the preliminary hydrogeologic
framework. This framework was then used to delineate three
water-bearing units within the top 250 ft of sediments underly-
ing the study area that are being tapped by local water-supply
wells.

Findings of the Phase I and Il groundwater investiga-
tions and subsequent review documents (Maryland Environ-
mental Service, 1995; U.S. Army Corps of Engineers, 1996;
R.F. Weston, Inc., 1998) stated the need for an expansion of
the existing (prior to this study) 15-well monitoring network
for further definition of groundwater flow directions, water
chemistry, and the sources of degraded water in area wells.

As part of the 2010-11 USGS study, 28 new monitoring wells
were installed in the study area. Site selection was based on
the need for (1) improved spatial and vertical distribution of
geologic framework, water-level and water-quality data, and
(2) replacement of 5 of the 15 existing monitoring wells deter-
mined to have structural or yield-related problems following
video logging and redevelopment.



The new monitoring wells mainly were installed to cre-
ate nested well pairs or triplets to determine vertical as well
as horizontal changes in the direction of groundwater flow
and quality with depth in the targeted water-bearing units
(fig. 7). Screen intervals for each well nest were determined
by initially drilling and gamma-ray logging a deep borehole
at each site. Screen intervals for the deep well and shallow
well(s) at each nest were selected on the basis of the interpre-
tation of gamma-ray logs and the lithological nature of core
material retrieved for the same interval. Well construction data
for existing and newly installed wells has been summarized
(appendix A, table Al).

Geologic Setting

The study area is located in the upper Chesapeake Bay
region approximately 12 mi southeast of the Fall Line, which
marks the western extent of the Atlantic Coastal Plain phys-
iographic province. Coastal Plain sediments generally are
classified as a southeast-dipping wedge of unconsolidated
gravel, sand, silt, and clay that range in age from Cretaceous
to Holocene. These sediments were deposited in non-marine,
deltaic, and marine environments on a bedrock surface com-
posed primarily of crystalline metamorphic and igneous rock
of Cambrian and Precambrian age. Coastal Plain sediments in
Cecil County range in thickness from a feather edge at the Fall
Line, which approximately follows Interstate 95 in Maryland,
to more than 1,500 ft in the southeastern part of the county
at the Maryland-Delaware border. The depth to crystalline
bedrock underlying the Pearce Creek study area has been
estimated at 900 ft (Otton and others, 1988).

This study focused on the geologic units or parts of units
that relate directly to the aquifers and confining units that
comprise the shallow groundwater flow system underlying the
DMCA and its vicinity. From oldest to youngest these units
include sediments of the Patapsco Formation (the uppermost
part of the Potomac Group), the Magothy Formation, and
the Merchantville Formation of the Matawan Group, all of
Cretaceous age. Overlying these are the Tertiary Pensauken
Formation of Pliocene (?) to Miocene (?) age and the surficial
deposits of Quaternary age. The stratigraphic relation of geo-
logic and hydrogeologic units on the basis of the interpretation
of the hydrogeologic framework and aquifer nomenclature
used in this report is shown in table 7.

Aquifers and Confining Units

Aquifers, water-bearing zones within aquifers, and
intervening confining units in the study area are described and
delineated on the basis of stratigraphic correlations derived
from existing geophysical data combined with collected geo-
physical data obtained from boreholes during the early stages
of this study. The recent geophysical data were obtained from
geophysical logs of existing and newly installed wells within
the study area (appendix C).
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The aquifers and confining units that form the basis for
the determination of the groundwater flow system underlying
the DMCA and its vicinity are illustrated in a series of struc-
ture contour and isopach maps (figs. 8 and 9). These
maps along with five related hydrogeologic cross sections
(figs. 10-15) show the vertical and horizontal relations among
the hydrogeologic units. Structure contours and hydrogeo-
logic-unit delineation were derived from the interpretation of
natural gamma-ray logs. Distinctive signatures and patterns on
gamma-ray logs provided an objective method to mark aquifer
and confining unit boundaries and facilitate stratigraphic cor-
relation of these units.

Gamma-ray logs are graphical plots of the rate of emis-
sion of gamma rays emitted by the formations penetrated by
the borehole. In general, silt- and clay-bearing sediments show
much higher natural gamma activity than do clean quartz
sands and carbonates. This is because of the ability of clays
to concentrate radioactive elements through ion exchange
and adsorption. Feldspars and micas, which readily decom-
pose into clay, also contain small proportions of the gamma-
emitting radioisotope potassium-40 (Keys and McCary, 1971).
Gamma radiation increases to the right on the gamma-ray log.
Therefore, relatively higher radioactive sediments, such as
silts and clays, cause log deflections toward the right, whereas
permeable sediments, such as sand and gravel, generally have
low radioactivity and cause log deflections toward the left.

The aquifers described herein include the confined upper
Patapsco aquifer where two distinct water-bearing zones,
referred to hereafter as the shallow and deep water-bearing
zones, are defined, and the shallower Magothy aquifer which
functions in conjunction with overlying surficial deposits as
either unconfined or confined depending on location. The
confining units that are mapped include two within the Pata-
psco Formation: one that lies between the shallow and deep
water-bearing zones of the upper Patapsco aquifer and another
that lies between the upper Patapsco aquifer and the overly-
ing Magothy aquifer. Confinement overlying the Magothy
aquifer, which can include sediments of the Matawan Group
and (or) fill material in the DMCA, forms the uppermost layer
described in this framework.

Potomac Group Aquifers

The Potomac Group, which consists largely of a thick,
complexly interbedded sequence of non-marine unconsoli-
dated sand, silt, and clay, is the basal Coastal Plain unit in the
study area. As is often characteristic of fluvial sediments, the
Potomac Group exhibits great lateral variation, which makes
lithostratigraphic correlation beyond a single outcrop or clus-
ter of closely spaced boreholes difficult. In the upper Chesa-
peake Bay area south of Cecil County, the Potomac Group
has been subdivided into three formations (Patuxent, Arundel,
and Patapsco) (Higgins and Conant, 1990). The Patuxent and
Patapsco are generally mapped as aquifers whereas the Arun-
del functions as a confining unit. Farther south in Maryland
and the middle Eastern Shore, the Patapsco Formation has
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Figure 7. Monitoring well network, Pearce Creek Dredge Material Containment Area (DMCA) and vicinity, Cecil County,

Maryland, 2010-11.

been subdivided into the lower Patapsco and upper Patapsco
aquifers (Mack and Achmad, 1986; Drummond, 2007).

In Cecil County, the individual formations of the Potomac
Group have been difficult to distinguish, particularly in
outcrop, and are not differentiated on the geologic map of the
county (Higgins and Conant, 1990). Otton and others (1988)
in their study of the water resources of Cecil County, use
borehole geophysics to broadly divide the Potomac Group into
upper and lower Potomac aquifers using natural gamma-ray
logs. The water-bearing zones of the upper Patapsco aquifer
delineated in this report roughly correspond to permeable units
within the upper Potomac aquifer shown in geologic cross
sections by Otton and others (1988). Edwards and Hansen
(1979) used borehole geophysics and pollen data to differenti-
ate the formations of the Potomac Group in borehole CE Dc
2 near Turkey Point on Elk Neck and borehole CE Ec 17 at
Grove Point, which are located approximately 2 mi west and
southwest, respectively, of the Pearce Creek DMCA. The units
they show as the “Elk Neck beds of the Patapsco Formation”

(microfloral zone III) correlate well with the hydrogeologic
units of the Patapsco Formation as subdivided for this study
(J. Wilson, Maryland Geological Survey, written commun.,
2010). Therefore, this report uses the terminology of the upper
Patapsco aquifer in the description of hydrogeologic units
delineated within the uppermost Potomac Group sediments
underlying the study area.

Upper Patapsco Aquifer

In the study area, the upper Patapsco aquifer is mapped as
a multi-layer aquifer system. Two distinct water-bearing zones
(shallow and deep) separated by a clay/silt confining unit
have been delineated (table 7; figs. 11-15). This multi-layer
division is supported by natural gamma-ray log stratigraphy,
water-level data, domestic well completion records and water-
quality conditions. The high density of data made it possible to
correlate these individual units in the study area. The water-
bearing zones and confining units exhibit the fluvial nature of



Table 7.
and vicinity.
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Stratigraphic correlation chart of geologic and hydrogeologic units in the Pearce Creek Dredge Material Containment Area

[Geology from Higgins and Conant, 1990, and Edwards and Hansen, 1979; hydrogeology modified from Otton and others, 1988]

. Geologic L
System Series Group formation Hydrogeologic unit
Surficial deposits locally part of Magothy
Quaternary Holocene undifferentiated aqulfer .Where Matawan C9nﬁnlng um.t 8 thin
or missing—anthropogenic fill material is
considered part of Matawan confining unit
Surficial deposits locally part of Magothy
Tertiary Miocene Pensauken aquifer where Matawan confining unit is thin
or missing
Upper Matawan Merchantville Matawan confining unit
Cretaceous Magothy Magothy aquifer
upper Patapsco confining unit
upper Patapsco aquifer
shallow water-bearing zone
confining unit
Patapsco -
Cretaceous upper Patapsco aquifer
Lower Potomac deep water-bearing zone
Cretaceous
undifferentiated aquifers and confining units
undifferentiated
Lower Paleozoic to Precambrian consolidated basement rocks

the deposition, which locally includes substantial changes of
unit thickness and lithology over short distances, and fewer
data points may have prevented the correlation of these units.
These changes are characteristic of the riverine deposition of
the Patapsco Formation in comparison to the broad sheet-like
deposits characteristic of marine and marginal marine deposi-
tion of the overlying Magothy and Matawan units. Although
the hydrogeologic units of the upper Patapsco Formation can
be separated locally, at a regional scale these water-bearing
zones could be connected to form a more extensive aquifer
system.

Upper Patapsco Aquifer Deep Water-Bearing
Zone

The upper Patapsco aquifer deep water-bearing zone is
the deepest hydrogeologic unit penetrated in the study area
and provides water for only a small number of homes in resi-
dential areas near the DMCA. Of the available well comple-
tion reports for the area it is estimated that the upper Patapsco
aquifer deep water-bearing zone provides water for less than
8 percent of area wells.

Structure contours on the top of the upper Patapsco
aquifer deep water-bearing zone reflect data obtained from

seven boreholes (at six locations) that penetrate the top of this
unit (fig. 8A). The altitude of the top of the unit ranges from a
maximum of approximately —150 ft just north of the southern
boundary of the perimeter dike to —180 ft NAVD 88 at the
edges of the area. The upper Patapsco aquifer deep water-
bearing zone ranges in thickness from 40 to 55 ft at three
sites where the entire unit was penetrated in the borehole. The
predominant lithology based on continuous sediment core is
medium to coarse-grained sand, well-sorted, and ranging in
color from light tan to brown and gray.

Confining Unit Between the Upper Patapsco
Aquifer Shallow and Deep Water-Bearing Zones

The thickness of this confining unit generally ranges
from 40 to 50 ft within the DMCA, increases to more than
80 ft near the Elk River in WVS (West View Shores residential
community), and decreases to approximately 25 ft between
the aquifers along the southeastern property boundary of the
DMCA (fig. 8B). Dominant lithologies of the confining unit
are gray to dark gray clay and silty clay, often with reddish
mottling, with lignite and thin fine-grained sand lenses present.
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Upper Patapsco Aquifer Shallow Water-Bearing
Zone

The upper Patapsco aquifer shallow water-bearing zone
provides water for the majority of domestic wells along Pond
Neck Road and the lower half of WVS nearer the Elk River.
Of the available well-completion reports for the area, it is esti-
mated that the upper Patapsco aquifer shallow water-bearing
zone provides water for approximately 71 percent of area
wells.

Structure contours of the top of the upper Patapsco aqui-
fer shallow water-bearing zone indicate the altitude of the top
of the unit ranges from approximately -40 ft NAVD 88 in the
WVS area to -102 ft NAVD 88 at monitoring well CE Dd 150
located east of the DMCA perimeter dike (fig. 8C). The thick-
ness of the upper Patapsco aquifer shallow water-bearing zone
ranges between 50 and 60 ft for much of the DMCA and WVS
(fig. 8D). The unit thins to less than 30 ft in thickness near
the eastern property boundary of the DMCA.. Characteristic
lithologies include fine to medium-grained gray, brown, tan,
and locally orange sands with occasional thin beds of gravel.
Clay and silt stringers within the unit are common, with some
clay lenses as much as 5 to 10 ft thick.

Upper Patapsco Confining Unit

The confining unit overlying the upper Patapsco aquifer
shallow water-bearing zone increases in thickness from 30 to
more than 60 ft from the center of the DMCA north toward
Elk River and Pearce Creek Lake (fig. 9A; section D-E,
fig. 14; section F-G, fig. 15). The unit thins to the south and
is missing in the southwestern corner of the DMCA near wells
CE Dd 81, 130, 122, 123, and 124. The unit is also miss-
ing in the southeastern most part of WVS (fig. 9A; section
A-B, figure 11; and section B-C, fig. 12), which places the
upper Patapsco aquifer shallow water-bearing zone in direct
hydraulic connection with the overlying Magothy aquifer. This
hydraulic connection between the two aquifers in this area has
direct implications on the groundwater flow system and water
quality. The contact at the bottom of the Magothy aquifer and
the top of the upper Patapsco aquifer shallow water-bearing
zone on hydrogeologic sections where the upper Patapsco
confining unit is missing is inferred and not meant to imply an
exact boundary between geologic formations.

There is a substantial increase in the thickness of the
upper Patapsco confining unit, and separation between the
Magothy aquifer and upper Patapsco aquifer shallow water-
bearing zone, from southeast to northwest through WV'S and
parallel to Elk River (section A-B, fig. 11; and section A-E,
fig. 13, respectively). Continuous core retrieved during drilling
for this study shows that the clays and silty clays of the upper
Patapsco confining unit can be quite variable in color but are
typically dark gray or red with lignite throughout.

Magothy Aquifer

The Magothy aquifer consists of sediments of the Cre-
taceous Magothy Formation. As defined herein, the aquifer
can contain the overlying Tertiary Pensauken Formation and
younger surficial Quaternary sands and gravels where uncon-
fined. In the study area, the aquifer is composed predomi-
nantly of light colored white, yellow, tan, and gray medium to
coarse-grained quartz sand and fine gravel. Beds of red brown
iron stained sand and gravel are also present particularly near
the top of the aquifer.

The Magothy aquifer is the uppermost aquifer encoun-
tered in the study area. Of the available well-completion
reports for the area, it is estimated that the aquifer provides
water for approximately 21 percent of area wells, most of
which are located in the upper part of WVS near the DMCA
property boundary.

The Magothy aquifer is unconfined from the Elk River
eastward to near the western berm of the DMCA (figs. 9B and
9D; section A-B, fig. 11). Therefore, the altitude of the top of
the unit is land surface where the unit is exposed west of the
berm. Across the DMCA, the top of the unit is encountered at
approximately 0 ft NAVD 88. The aquifer generally ranges in
thickness from 40 to 50 ft throughout most of the study area
except near the EIk River where the aquifer thins to less than
20 ft and is likely composed predominantly of younger Ter-
tiary and (or) Quaternary deposits (fig. 9C; section A-B, fig.
11; section A-E, fig. 13).

Matawan Confining Unit and Fill

Matawan Group sediments that overly the Magothy
aquifer form a regional confining unit in the Maryland Coastal
Plain (Otton and others, 1988). Higgins and Conant (1990)
noted that the Merchantville Formation is the predominant
component of Matawan Group sediments in the study area.
Higgins and Conant also mapped a large area they refer to
as spoil material indicated to be mixtures of soil, sand, clay,
gravel, and debris from dredging operations. This fill material
in part directly overlies the Magothy aquifer in the western
part of the DMCA and overlies the Merchantville Formation
in the eastern part of the DMCA. It is also likely that the fill
material overlies the original wetland sediment, thus creating
a buried layer of organic rich material. The Matawan confin-
ing unit is predominantly a dark gray to green clay and silty
clay with lignite and organic detritus present. Because the fill
imparts a degree of confinement, is locally as much as 25 ft
thick, and is difficult to distinguish hydrologically from the
underlying Merchantville Formation sediments, both fill and
Merchantville Formation sediments are included in the total
thickness of the confining unit. Confinement overlying the
Magothy aquifer increases from 0 to more than 40 ft east-
wardly across the DMCA as 20 to 30 ft of fill is encountered
and as the overlying Matawan Group sediments increase
in thickness in the easterly down-dip direction (fig. 9D;
section B-C, fig. 12).



Chemical Composition of Sediments

For the purposes of this study, no data are available (or
obtainable) on the chemical composition of the canal or Elk
River sediments deposited in the DMCA during its use. Nor
are there data on the chemical composition of native sedi-
ments in the area of the DMCA or vicinity that predate the
creation and use of this facility. However, studies have been
conducted on the composition of Chesapeake Bay sediments,
which include the northern part of the Chesapeake Bay and
Elk River Estuary. Limited data collected by the USACE after
the closure of the DMCA also are available on the chemical
composition of the surficial (fill-Matawan) sediments, and on
sediments in the underlying aquifers and confining beds in the
DMCA, as well as in the vicinity of the DMCA.

Northern Chesapeake Bay Sediments

The chemical composition of sediments in the Chesa-
peake Bay, hereafter referred to as bay sediments in this
report, has been the subject of several studies. Early studies by
Sinex and Helz (1981) describe the concentration and regional
geochemistry of trace elements in bay sediments about the
time the DMCA was in its final decade of use. Except for
chromium, the authors found that bay sediments north of
Baltimore, Md., are enriched 3 to 8 times relative to sediments
in the remainder of the bay in the concentrations of most trace
elements, including cobalt, copper, iron, manganese, nickel,
and lead. Concentrations of metals in digested* upper bay
sediments were on the order of hundreds of milligrams per
kilogram for cobalt, copper, nickel, and lead; thousands of
milligrams per kilogram for manganese; and tens of thou-
sands of milligrams per kilogram for iron. They also identified
that the chief sources of the enriched metals are fine-grained
(less than 63-pum fraction) sediments, which are prevalent
throughout the northern part of the bay. In a subsequent study,
Marvin-DiPasquale and Capone (1998) found that greater than
50 percent of the sulfur, as labile sulfate (*SO,*), annually
introduced in in-situ surficial (0- to 12-cm depth) sediments in
the upper bay was reduced to (ferrous) iron sulfide (FeS).

In a recent and broad comprehensive study of bay sedi-
ment contaminants, Hartwell and Hameedi (2007) examined
the magnitude and extent of contaminants in recently depos-
ited shallow (upper 2- to 3-cm or upper 10-cm) bay sediments.
For three sites on Elk River Estuary, sediments found at two
of three sites—the mouth of the estuary near WVS and farther
up river just above the C&D Canal (Chesapeake and Dela-
ware Canal)—were considered to be in the top 10th percentile
of all contaminated sites. As for most sites in this percentile
category, sediment samples from these two sites consisted of
a relatively high percentage of fine-grained silts and clays,
which as noted above, appear prone to the absorption and
retention of inorganic and organic contaminants. In particular,

t Four-hour digestion with 90 percent nitric acid and 10 percent
hydrochloric acid.

Hydrogeologic Framework 33

Hartwell and Hameedi (2007) provide data on the two Elk
River estuary sites, which when compared to other middle and
lower bay estuaries were:

1. High in most of the 15 extractable? trace elements on the
basis of their mean normalized total metal concentration,
which was approximately 32 percent;

2. moderately high in selected insecticides, such as dichloro-
diphenyltrichloroethane (DDT) and (or) DDT metabolites
(approximately 4 pg/kg (micrograms per kilogram)),
chlorpyrifos (approximately 0.4 pg/kg), and chlordanes
and related cyclodienes (approximately 2 pg/kg), as well
as total chlorinated benzenes (approximately 2—-3 pg/kg);

3. moderate in levels of low-weight polyaromatic hydro-
carbons (PAHSs) (approximately 250-500 pg/kg), and
polychlorinated biphenyls (about 10-20 pg/kg); and

4. moderately low to low in high-weight PAHs (500-
1,000 ug/kg) insecticides such as hexachlorcyclohexane
(HCH) (approximately 0.1 pg/kg), butylins (approxi-
mately 5 ug/kg), and total PAHs normalized for total
organic carbon (approximately 1,000 or less pg/kg).

Hollweg and others (2009) also recently characterized the
general chemical composition of bay sediments to assess rates
of mercury methylation, which included sediment results
from northern bay sites most applicable to Elk River Estuary
(table 8). Because of the nature of their study, all sediment
samples were collected, maintained, processed, and analyzed
under anerobic (oxygen-free) conditions. Thus, their data
reflect the in-situ chemical composition of bay sediments and
sediment pore water. In comparison with middle and lower
bay sediments, they concluded that upper bay sediments were
low in bulk density, and high in total and organic carbon,
sulfur, nitrogen, and iron (11). Extractable bulk-phase metallic
monosulfides and polysulfides (table 8, acid-volatile sulfide
and chromium reduced sulfide, respectively) also were high
and include, for example, ferrous sulfide (FeS) and pyrite
(FeS,). In addition, pore waters from these sediments as well
as other bay sediments were highly alkaline in pH (a mean
pH of 8.4, with a standard deviation of 0.2). Compared to
middle and lower bay sediments, however, the authors noted
that northern bay sediments contained little nitrate-plus-nitrite
nitrogen, moderately low concentrations of sulfate, moderate
concentrations of sulfide, and relatively high concentrations of
total iron and total manganese (table 8).

Dredge Material Containment Area and Vicinity
Sediments

Limited data are available on the chemical composition
of surficial and underlying sediments in the DMCA. The
readily available data reflect sediment samples taken and
analyzed by the USACE after the closure of the facility in

2 Extraction methods could not be documented.
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1992 (U.S. Army Corps of Engineers, 1996). The individual
sediment-sample data from that report were categorized and
grouped on the basis of their original location and depth of
sampling to provide statistical summaries of the chemical data
in relation to the hydrogeologic framework of the study area
as described above in this report (tables 9 and 10).

As of 1995-96, when the sediment samples were col-
lected, all sediments in and beneath the DMCA contained
relatively high concentrations of iron, with the highest concen-
trations being associated with fill-Matawan sediments, which
were of many types (table 9). The fill-Matawan sediments also
contained relatively elevated concentrations of manganese,
zinc, and copper. Slurry or pore waters® associated with all
sediments generally were acidic. Concentrations of sulfate
were highest associated with the fill-Matawan sediments, but
also occurred at elevated concentrations in water associated
with the underlying Magothy aquifer sands, and the confining-
layer silt, peat, and (or) clay. Sulfide also occurred at measur-
able concentrations in slurry or pore waters associated with
at least some sediment samples from the fill-Matawan and
underlying aquifer and confining unit sediments.

In the vicinity of the DMCA, all sediments except those
associated with the Magothy aquifer contained relatively high
concentrations of iron (table 10). Most other metals were at
moderate to low concentrations, with metal concentrations
associated with confining-unit sediments being higher than
metal concentrations associated with sediments in either the
Magothy aquifer or upper Patapsco aquifer shallow water-
bearing zone. Slurry or pore waters associated with all
sediments also generally were acidic. Sulfate concentrations
appeared to be highest in sediments associated with the upper
Patapsco aquifer shallow water-bearing zone. Sulfide concen-
trations also were measurable in sediments associated with
both confining units and both aquifers; consistently high con-
centrations occurred in the confining unit sediments between
the Magothy and upper Patapsco aquifers.

Sediment Chemistry Comparisons

Other than broad comparisons and contrasts, further
interpretive analyses of the chemical composition of the bay
and DMCA sediments are limited, in part by the fact that the
sediment samples reflect two very different aquatic environ-
ments, and, in part, because the methodologies used to collect,
preserve, and analyze samples associated with each of these
environments differed appreciably. For example, it already
was noted that the collection, preservation, and analysis of bay
sediment samples were conducted excluding sample exposure
to oxygen. It is unlikely that this condition could have been
maintained during the collection, preservation, and analysis of
sediment samples from the DMCA or its vicinity. Thus, results
for redox-sensitive species, such as iron, manganese, nitrate
and nitrite nitrogen, sulfide, and sulfate, could be biased if

3 Unable to confirm whether analyses reflected pore waters or sediment
slurries.

sediment samples were even partially oxidized during these
procedures.

Despite the obvious differences, the bay sediment data
indicate that these sediments contain appreciable amounts of
carbon, nitrogen, and sulfur, as well as several trace elements
such as iron and manganese. These sediments appear also to
be quite alkaline (pH approximately 8) and contain appre-
ciable mono and poly sulfides and sulfate but little nitrate-
plus-nitrite nitrogen. Collectively, the above results indicate
an environment that appears to be in a fairly reduced state.
By comparison, sediments in the DMCA and its vicinity also
exhibit many of the same chemical sediment characteristics as
bay sediments, including elevated concentrations of iron and
manganese, as well as sulfate and measurable sulfide, which
could also reflect an environment that is possibly in a similar
reduced state. There also is clearly one marked difference
between bay and DMCA sediments: whereas the pH of the
former appears distinctly alkaline (table 8, pH 8.4 (mean)

+ 0.2 (standard deviation)), the pH of the latter appears dis-
tinctly acidic (table 9, pH 3.0 to 6.2).

Because similar methods were used to collect, preserve,
and analyze sediment samples in the DMCA and vicinity, one
can compare and contrast their sediment chemical composi-
tion. For example, iron is highly abundant, and manganese
moderately abundant, in sediments in and within the vicin-
ity of the DMCA (tables 9 and 10, respectively). All other
metals occur at relatively low concentrations in sediments in
and within the vicinity of the DMCA. Slurry or pore water is
acidic and contains measurable concentrations of sulfide in
sediments in the DMCA and its vicinity.

There are differences in the concentrations of selected
constituents in sediments in the DMCA and its vicinity. Con-
centrations of iron outside the DMCA generally are similar
to iron concentrations in sediments in the DMCA, regardless
of whether one is comparing these sediment concentrations
between the surficial sediments, or the underlying Magothy
aquifer, confining unit, or upper Patapsco aquifer shallow
water-bearing zone. However, manganese and zinc concen-
trations occur at higher concentrations in the surficial fill-
Matawan sediments in the DMCA compared to the surficial
Matawan sediments outside of the DMCA. The same pattern
also occurs for the confining unit between the Magothy aquifer
and upper Patapsco aquifer shallow water-bearing zone; but
the order is reversed for sediments in the upper Patapsco
aquifer shallow water-bearing zone. Sediments in this zone in
the DMCA appear to contain more manganese and zinc than
sediments in this zone outside of the DMCA.

The above information cannot be interpreted fully with-
out knowing the patterns in groundwater flow in the study
area and the geochemical processes that could occur within
the groundwater flow system. For example, whether or not
the chemical composition of sediments in the vicinity of the
DMCA reflect native sediments, and thus a potential indepen-
dent source area for recharge that influences the chemistry of
groundwater in the area, depends on the answers to several
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questions. Are these sediments in fact located in a recharge
rather than a discharge zone? What is the redox state of the
zone? What is the origin and chemical nature of the water
entering the zone, and is it likely changing as water passes
through the zone? Answers to these questions can be found by
integrating hydrogeologic framework, hydrology, and water-
quality information, and are described in later sections of this
report.

Hydrology

Patterns in horizontal and vertical directions of ground-
water flow within the Magothy and upper Patapsco aquifers
were determined from synoptic water-level measurements
made in May and August 2010 and March 2011. Continu-
ous water-level data recorded during the period January 2010
through March 2011 from selected well nests provide infor-
mation on daily and seasonal fluctuations and provide further
information regarding vertical trends between aquifers. The
derived patterns in groundwater flow associated with the May
2010 synoptic assessment are used as the basis for the inter-
pretations of groundwater quality in the DMCA and vicinity
given that most water-quality samples were collected within
this general time frame. The changes in water levels between
the three synoptics as well as the continuous water-level data
provide additional information on how groundwater flow
within and between aquifers changes through time in response
to water use, recharge, precipitation, and tidal effects.

Water-Level Synoptic Assessments and
Continuous Data Collection

Three synoptic assessments of groundwater levels were
conducted in the study area. The first synoptic assessment was
conducted during May 19-20, 2010; water-level data were
obtained from 58 wells and calculated for 3 wells for a
total of 61 data points from within the DMCA and vicin-
ity (fig. 16; table 11). The second synoptic assessment was
conducted from August 17-18, 2010; water-level data were
obtained from 62 wells and calculated for 3 wells for a total
of 65 data points from within the DMCA and vicinity (fig. 16;
table 11). The May and August 2010 synoptic assessments
included a combination of existing and newly installed project
observation wells, neighboring domestic wells in WVS and
along Pond Neck Road and a local irrigation well. Follow-
ing the installation of three additional wells for the project in
December 2010 (wells CE Dd 191, 192, and 193), a third more
limited synoptic assessment using observation wells only (39
wells total) was conducted in March 2011 (table 11). The syn-
optic data were used to delineate the potentiometric surfaces
of each aquifer in May and August 2010 and March 2011.
The May and March synoptic assessments reflect a time in the
spring when many of the seasonal residents of WVS generally

are absent, and groundwater withdrawals for supplies are
reduced leading to higher groundwater level altitudes. The
August assessment reflects summer withdrawals and generally
lower groundwater levels with most seasonal residents being
present, and groundwater withdrawals for supplies presum-
ably are greater than in the spring. Elevated evapotranspiration
within the DMCA and vicinity also occurs during the summer.

The USACE (Atlantic City, New Jersey) surveyed the
altitudes of land surface and measuring points at all observa-
tion wells and the altitude of land surface for domestic wells
used for this study. From these surveyed altitudes, the altitude
of a measuring point was determined for each well by the
USGS.

For each water-level synoptic assessment, the depth to
water in each well below the measuring point was measured
by the USGS with a steel tape graduated to 0.01 ft. Water lev-
els were adjusted to the altitude of the measuring point at each
well to obtain the altitude of water level at each well. Accu-
racy of the altitude of groundwater levels is considered to be
0.01 ft for the observation wells and 0.1 ft for domestic wells.

Continuous water-level data, collected from 15 study area
observation wells (fig. 17; appendix A, table Al) with installed
transducers, provided additional information on how ground-
water flow within and between aquifers changes through time,
including long- and short-term responses to recharge, tidal
effects and other stresses such as drought, and groundwater
withdrawals. Transducer water-level data were collected from
some wells starting January 26, 2010, and the last transduc-
ers were removed March 31, 2011. The period of record for
water-level measurements ranged from about 3 to 14 months
depending upon when the transducer was installed in the well.
The transducers used were rated at either 15 or 30 psi (pounds
per square inch), with an accuracy of altitude of water level
of + 0.2 percent or less. The altitude of the water level was
stored every 15 minutes on a data logger, and check measure-
ments were made approximately every 30 days. Transducer
water-level data were entered into the USGS National Water
Information System (NWIS) database, where drift correc-
tions based on check measurements, and (or) measuring point
datum corrections were applied to the data when necessary.

Pearce Creek Lake, which is dammed at the northeastern
limit of the DMCA property (fig. 17), receives streamflow
from Pearce Creek and is a potential groundwater recharge
source and (or) discharge area. The lake level was moni-
tored with a staff gage and continuous gage; the transducer
in the continuous gage recorded the lake level at 15-minute
intervals. The transducer level was referenced to a surveyed
reference point on the gage. To better understand groundwa-
ter and surface-water interaction within Pearce Creek Lake,
12 piezometers were driven into the lakebed during the May
2010 groundwater synoptic assessment. Each piezometer was
connected to a manometer, and the difference between the lake
and piezometer level was recorded. The piezometer difference
then was converted to the altitude of water level using the
altitude of lake level determined from the staff gage reading.
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Water Use

Except for selected residences in the community of
Crystal Beach, which is just north of Pearce Creek Lake
(fig. 17), groundwater use in the study area is predominantly
self-supplied by privately owned residential wells. Within
Crystal Beach, a private water company, with a withdrawal
permit from the Maryland Department of the Environment,
pumps groundwater for public supplies. State-maintained
records indicate the water company pumped an average
of 0.295 Mgal/d (million gallons per day) in 2008 and
0.315 Mgal/d in 2009 from two wells completed in the upper
Patapsco deep water-bearing zone. There also are permitted
irrigation withdrawals from a farm to the east of the DMCA
(fig. 17). Multiple irrigation wells on this property pumped an
average of 0.672 Mgal/d in 2009 and 1.074 Mgal/d in 2008
from the Magothy aquifer. All other withdrawals in the area
were from private non-permitted domestic wells. Maryland
well completion reports were obtained for 107 wells in the
area of WVS and Pond Neck Road. Of these, 23 wells were
screened in the Magothy aquifer, 76 wells were screened in
the upper Patapsco aquifer shallow water-bearing zone, and
8 wells were screened in the upper Patapsco aquifer deep
water-bearing zone. Based on well completion reports, most
withdrawals for supplies outside the DMCA property are from
the upper Patapsco aquifer shallow water-bearing zone.

Long-Term Water Levels

Although there is a paucity of data on historical water
levels in the study area, periodic measurements at one well,
CE Dd 81, in the vicinity of the DMCA, are available begin-
ning in 1983. This well is completed in the upper Patapsco
aquifer shallow water-bearing zone, and is located near the
entrance of the DMCA (fig. 17). Historical measurements at
this well from March 1983 through March 2011, converted to
water-level altitudes, ranged from 8.48 ft NAVD 88 in July,
1983 to 1.26 ft NAVD 88 in November 2002 (fig. 18). Water-
level altitudes in this well also vary through time in response
to changes in groundwater recharge. There does not appear
to be a long-term decline in the altitude of water level in this
well in response to groundwater withdrawals for the period of
record.

Short-Term Water Levels

Average-daily water levels for the period of January 26,
2010, to March 31, 2011, were calculated from the 15-minute
transducer water-level data. Average daily levels were calcu-
lated as altitudes for Pearce Creek Lake and selected wells,
with the latter being grouped by water-bearing zone and simi-
lar approximate locations (fig. 19). The altitude of the surface
of the lake is regulated at the outlet, with a rapid rise in lake
level presumably the result of direct precipitation and runoff
generated by precipitation. Among the monitored wells, the

transducer data indicate the highest water-level altitude during
the period of measurement occurred at well CE Dd 123, and
the lowest occurred at well CE Dd 136. Both these wells are
completed in the Magothy aquifer and are located within the
bermed area of the DMCA.

Trends in water-level altitudes generally reflect seasonal
patterns in evapotranspiration and water use (fig. 19). Water-
level altitudes in the transducer wells generally increased
during the winter to their highest recorded levels in early
spring (January through May 2010). Both evapotranspiration
and local water use (groundwater pumping) generally are low
during this period. Water-level altitudes then around the end of
May generally decreased through the summer to at least early
fall in most wells, which generally corresponds to the time of
reduced recharge, increased evapotranspiration, and increased
local groundwater withdrawals. By early winter (January
2011), water-level altitudes generally increased until the time
all transducers were removed from the observation wells
(March 2011).

The altitudes of water levels collected at 15-minute
intervals were examined in relation to Tropical Storm
Nicole (fig. 20). This storm locally brought as much as
5to 7 inches (in.) of rain to the study area during September
30-October 1, 2010. The water-level response to this tropical
storm was greatest in Pearce Creek Lake; the transducer at
the lake gage showed a 3-ft increase in the altitude of the lake
surface during this storm. The altitude of water level increased
at most wells during the storm (fig. 20).

Increases in groundwater-level altitudes could reflect the
net effects of (a) an increase in hydraulic head caused by the
weight of the increased volume of river water on the under-
lying sediments from a storm surge on the Elk River, (b) a
decrease in barometric pressure associated with the presence
of the atmospheric low (depression) reflecting the remnants
of Tropical Storm Nicole, and (c) an increase in the volume
of water in the lake, coupled with ponding of water within the
DMCA. Several wells that are relatively near the Elk River
(e.g., CE Dd 81, 126, 127, 136, and 141) display semi-diurnal
variations in water levels. The greatest tidal fluctuations aver-
age about 0.5 ft per tidal cycle and occur in the upper Patapsco
shallow water-bearing zone in observation well CE Dd 127 at
the base of WVS near the Elk River. Tidal fluctuations are also
noted in water levels in wells in and near the western most
part of the DMCA where fluctuations are generally 0.2 ft per
tidal cycle or less. From September 30 into October 1, those
wells show a heightened semi-diurnal response to greater
than normal tides associated with storm surge in the upper
Chesapeake Bay. Tidal fluctuations vary the load on confined
aquifers near and beneath coastal water bodies. The relation-
ship is direct, with water levels in wells increasing with tidal
water levels. For barometric pressure fluctuations, the relation-
ship is inverse; a decrease in barometric pressure would lead
to an increase in water levels in wells in confined aquifers.
Finally, an increase in the volume of water in the lake and
infiltration of water ponded within the DMCA could provide
a mechanism for recharging the groundwater. In relation to
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Table 11. Wells in the Pearce Creek Dredge Material Containment Area and vicinity in which water levels were measured during the
May 2010, August 2010, and March 2011 synoptic assessments to delineate the potentiometric surface in three aquifers.

[ft, feet (referenced to North American Vertical Datum of 1988); UPA, upper Patapsco aquifer; shallow, shallow water-bearing zone; deep, deep water-bearing
zone; ---, well not measured]

Altitude of water Altitude of water Altitude of water

Station name Well use Aquifer level, level, level,
May 19 0r20,2010  August 17 or 18, 2010 March 18, 2011
(ft) (ft) (ft)
CE Dd 81 Observation UPA, shallow 6.76 5.11 4.73
CE Dd 116 Irrigation Magothy 8.89 1.45
CE Dd 122 Observation UPA, shallow 7.14 5.54 5.49
CE Dd 124 Observation Perched 18.74 17.58 19.29
CE Dd 125 Observation Magothy 8.59 6.37 7.53
CE Dd 126 Observation UPA, shallow 3.94 3.37 3.37
CE Dd 127 Observation UPA, shallow 4.28 3.24 3.19
CE Dd 128 Observation UPA, shallow 5.38 421 3.94
CE Dd 129 Observation UPA, shallow 6.92 5.44 5.28
CE Dd 130 Observation UPA, shallow 6.92 5.45 53
CE Dd 133 Observation Magothy 9.96 7.41 9.58
CE Dd 135 Observation Magothy 9.62 8.26 8.9
CE Dd 136 Observation Magothy 1.19 1.28 1.63
CE Dd 137 Observation Magothy 9.48 7.54 8.55
CE Dd 138 Observation UPA, shallow 8.02 6.31 2.67
CE Dd 139 Observation Magothy 8.95 7.1 7.13
CE Dd 140 Observation Magothy 4.59 5.03 5.83
CE Dd 141 Observation UPA, deep 1.6 1.31 1.24
CE Dd 142 Observation UPA, shallow 5.23 4.12 3.81
CE Dd 143 Observation Magothy 4.84 3.69 34
CE Dd 144 Observation Perched 18.21 15.91 20.41
CE Dd 145 Observation Magothy 1.59 1.62 2.03
CE Dd 146 Observation UPA, shallow 2.7 2.13 2.42
CE Dd 147 Observation UPA, deep 3.57 2.77 2.95
CE Dd 148 Observation Magothy 9.02 6.98 7.76
CE Dd 149 Observation UPA, shallow 7.73 5.96 6.5
CE Dd 150 Observation UPA, shallow 5.41 4.14 4.31
CE Dd 151 Observation Magothy 6.51 6.21
CE Dd 152 Observation UPA, deep 4.69 3.69 3.46
CE Dd 153 Observation Magothy 9.71 7.17 8.45
CE Dd 154 Observation UPA, shallow 9.29 6.91 7.55
CE Dd 155 Observation UPA, deep 6.38 4.48 5.15
CE Dd 156 Observation UPA, shallow 6.39 5.08 4.89
CE Dd 157 Observation Magothy 10.46 8.33 9.76
CE Dd 158 Observation UPA, shallow 8.09 6.35 6.66
CE Dd 159 Observation Magothy 3.64 2.85 3.03
CE Dd 160 Observation UPA, shallow 4.64 3.22 3.06
CE Dd 161 Domestic UPA, shallow 6.99 5.56
CE Dd 162 Domestic UPA, shallow 6.49 5.19 ---
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Table 11. Wells in the Pearce Creek Dredge Material Containment Area and vicinity in which water levels were measured during the
May 2010, August 2010, and March 2011 synoptic assessments to delineate the potentiometric surface in three aquifers.—Continued

[ft, feet (referenced to North American Vertical Datum of 1988); UPA, upper Patapsco aquifer; shallow, shallow water-bearing zone; deep, deep water-bearing
zone; ---, well not measured]

Altitude of water Altitude of water Altitude of water
Station name Well use Aquifer May 15;6:: ;'0, 2010 August :.;v:rl'w, 2010 Man::‘?:,' 2011
(ft) (ft) (ft)
CE Dd 163 Domestic Magothy 7.96 6.2
CE Dd 164 Domestic UPA, shallow 7.41 5.75
CE Dd 165 Domestic Magothy 8.13 6.34 -—-
CE Dd 167 Domestic UPA, shallow 3.67 2.85 -
CE Dd 168 Domestic Magothy 7.61 5.72
CE Dd 169 Domestic UPA, shallow 6.19 4,78 ---
CE Dd 170 Domestic UPA, deep 6.79 5.01
CEDd 171 Domestic UPA, deep 4.17 3.37
CE Dd 174 Domestic UPA, shallow -—- 5.48 -
CE Dd 176 Domestic UPA, shallow 6.11 -
CE Dd 177 Domestic UPA, shallow 3.97
CEDd 178 Domestic UPA, shallow 3.65 -
CE Dd 179 Domestic Magothy 8.24 6.43
CE Dd 180 Domestic UPA, shallow 3.18 2.19
CE Dd 181 Domestic UPA, shallow 3.12 2.15 -
CE Dd 182 Domestic UPA, shallow 3.83 2.63
CE Dd 183 Domestic UPA, shallow 3.98 2.58
CE Dd 184 Domestic UPA, shallow 3.55 2.03 --
CE Dd 185 Domestic UPA, shallow 4.33 2.84
CE Dd 186 Domestic Magothy 5.84 4.3 -—-
CE Dd 187 Domestic UPA, shallow 6.26 4.86 ---
CE Dd 188 Domestic UPA, deep 3.26 2.88
CE Dd 189 Domestic Perched 16.87
CE Dd 190 Domestic UPA, shallow 2.21 1.99 -
CE Dd 191 Observation UPA, shallow 6.11° 4.18 5.21
CE Dd 192 Observation Magothy 10.232 7.78 9.21
CE Dd 193 Observation Magothy 9.85% 7.592 8.92
@ Value was calculated.
the pre-storm water-level altitudes, post-storm water-level Groundwater-Level Synoptic Assessments
altitudes in several wells completed in the Magothy aquifer
appear elevated and continued to rise thereafter (fig. 20). Groundwater flow directions in the Magothy and upper
Daily fluctuations in groundwater levels in the upper Patapsco aquifer shallow and deep water-bearing zones
Patapsco aquifer shallow water-bearing zone are evident in are based on potentiometric surface maps delineated using
well CE Dd 154 owing to nearby groundwater withdrawals. groundwater-level data collected during synoptic water-level
Well CE Dd 154 is part of a three-well nest where well assessments in May and August 2010 and March 2011

CE Dd 153 is screened in the Magothy aquifer and CE Dd 155  (table 11). May and August 2010 maps include estimated

is screened in the upper Patapsco aquifer deep water-bearing water levels for well 192 and well 193 screened in the

zone. The isolation of the three units from one another in this Magothy aquifer and well 191 screened in the upper Pata-
area is noted by the lack of any appreciable effect of nearby psco aquifer shallow water-bearing zone. These wells were
pumping as recorded in adjacent well CE Dd 154, screened in installed following the May and August synoptic assessments.
the upper Patapsco aquifer shallow water-bearing zone. The synoptic altitudes of water levels for wells 192 and 193
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Figure 18. Altitude of water levels in well CE Dd 81 near Pearce Creek Dredge Material Containment Area
(DMCA), Cecil County, Maryland, March 1983-June 2011.

were determined by estimating what the water levels would
have been based on a simple linear regression of water levels
in wells 192 and 193 with water-levels in well 153. (The
coefficients of determination for the trend lines for wells 153
and 192, and for wells 153 and 193, were 0.983 and 0.991,
respectively.)

The comparable well for well 191 was well 154.
Well 154, an upper Patapsco aquifer shallow water-bearing
zone well, and well 153 are located on private property with
a homeowner well that is also screened in the upper Patapsco
aquifer shallow water-bearing zone. Withdrawals from the
homeowner well cause declines in the altitude of water level
in well 154—usually several times daily, with the altitude of
water level recovering between withdrawal periods; this is
clearly seen in figure 20. Because of the daily fluctuations in
water level in well 154, the maximum daily altitudes of water
levels for wells 154 and 191 were used for the linear regres-
sion. (The coefficient of determination value for this trend line
was 0.9812.) The maximum daily water-level altitude could
differ from a synoptic level taken at a specific time during the
day, but the difference is expected to be small; for example,
the greatest daily difference recorded by the transducer in
well 191 was 0.28 ft.

Magothy Aquifer: May 19-20, 2010, Synoptic
Assessment

The altitude of groundwater levels was determined for
the 16 observation wells, 5 domestic wells, and 1 irrigation
well open to the Magothy aquifer from the groundwater-level
measurements taken during May 19-20, 2010. The altitude
of water levels in all Magothy aquifer wells and lake-bed
piezometers measured during the May 19-20 synoptic assess-
ment were used to develop the potentiometric-surface contours
for the Magothy aquifer (fig. 21). Groundwater flow within the
aquifer is interpreted as being perpendicular to the contours
with flow in the direction of high groundwater altitude to low
groundwater altitude. Areas of highest groundwater altitude
generally occur in the southeastern part of the DMCA prop-
erty. Groundwater flow is generally outward from this area,
northward to Pearce Creek Lake, south toward Pond Neck
Road, and northwest and westward toward WVS and the
Elk River. A groundwater flow divide running in an easterly
direction through the DMCA separates northerly and southerly
flow components. The horizontal gradients are low to the east
of the DMCA property, indicating little flow from the DMCA
property toward the east, or from the east towards the DMCA

property.
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The potentiometric-surface contours in the area of Pearce
Creek Lake during the May 2010 synoptic assessment were
in part derived on the basis of the altitude of water levels
obtained from the lake-bed piezometers (fig. 21). Except for
areas of isolated clay or cemented sediments, most piezometer
installations indicated that the lake-bed muck is hydraulically
connected to underlying sands, implying that the Magothy
aquifer subcrops beneath Pearce Creek Lake. Just to the east
of the 6-ft potentiometric-surface contour, the altitude of the
water level in the lake bed was the same as the lake level
(fig. 21, P-11). When this piezometer was driven into the
lake bed, solid clay was encountered immediately below
the lake-bed deposits, and the piezometer was set into the
lake-bed deposits. Thus, the altitude of the water level in this
piezometer is that of the lake and not of the groundwater. Clay
and iron-cemented sediments were encountered in the area
between P-8 and P-9 (fig. 21); no water-level measurement
could be made from a piezometer that was to be installed in
this location. Cemented sediments also were encountered dur-
ing initial attempts to install a third piezometer (fig. 21, P-4);
however, this piezometer was eventually set in sand below the
lake bottom.

During the May 2010 synoptic assessment, the altitude
of the lake was calculated at 6.79 ft on the basis of the lake
staff gage reading on May 19, 2010. The continuous-gage
lake-level data associated with this staff gage indicate that the
lake level varied between 6.78 and 6.81 ft during the 2-day
synoptic assessment; thus variations between —0.01 and
0.02 ft in the lake-bed piezometer measurements could be due
to variations in the lake level. However, the lake-bed piezom-
eters at the downstream end of the lake had an altitude of
groundwater level in the Magothy aquifer that was 1.3 ft less
than the altitude of the lake (fig. 21, P-1 and P-7). This differ-
ence in water-level altitudes indicates that in the down-lake
area in the vicinity of these two piezometers there is flow from
the lake downward to the Magothy aquifer. Up-lake from these
two piezometers, the vertical flow measurements indicate that
during this synoptic assessment groundwater from the Mago-
thy aquifer is discharging to the lake (fig. 21).

Magothy Aquifer: August 17-18, 2010, Synoptic
Assessment

The altitude of groundwater levels was determined for
the 16 observation wells, 5 domestic wells, and 1 irrigation
well open to the Magothy aquifer from the groundwater-level
measurements taken during August 17-18, 2010. The lake-bed
piezometer at the downstream end of Pearce Creek Lake was
reinstalled and an altitude of water level also was obtained at
this piezometer. In general, the altitude of water levels in the
remeasured wells and piezometer were lower than the altitude
of water levels during the May 2012 synoptic assessment.
Continuous altitude of water-level measurements confirm that
between May and August 2010 there was a generally decreas-
ing trend in the altitudes of water levels for the transducer
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wells open to the Magothy aquifer (fig. 19). The two excep-
tions were well 140 and well 145, which both are located near
Elk River (fig. 17). Tidal influences could have caused the
higher August level in well 145, but the consistently erratic
levels in well 140 are indicative of a problem in well con-
struction. The mean difference of the altitude of water level
between the May and August levels, for all Magothy aquifer
wells, was 1.82 ft. This includes one relatively large difference
of 7.44 ft for well 116, an active irrigation well to the east of
the DMCA property; this difference is likely the result of local
withdrawals from this and nearby irrigation wells.

The potentiometric-surface contours derived from the
altitudes of water levels in the August 2010 synoptic assess-
ment (fig. 22) generally resemble contours derived from the
May 2010 synoptic assessment. Thus the pattern in ground-
water flow within the Magothy aquifer during the late summer
and spring synoptic assessments is similar despite the general
decline in the altitude of water levels.

Magothy Aquifer: March 18, 2011, Synoptic
Assessment

The altitude of groundwater levels was determined for
the 16 observation wells open to the Magothy aquifer from the
groundwater-level measurements taken on March 18, 2011.
These late winter-early spring water levels are overall higher
than those of August 2010 but generally not as high as those
taken during May 2010 (table 11).

The potentiometric surface of the Magothy aquifer on
March 18, 2010, is shown in figure 23. The pattern of hori-
zontal flow in the Magothy aquifer within the study area is
relatively consistent with previous synoptic results. Areas of
highest groundwater altitude generally occur in the southeast-
ern part of the DMCA. Groundwater flow is generally outward
from this area, northward to Pearce Creek Lake, south toward
Pond Neck Road and northwest and westward toward WVS
and the EIk River. Horizontal gradients are low to the east of
the DMCA property, indicating little flow from the DMCA
property toward the east, or from the east toward the DMCA

property.

Upper Patapsco Aquifer Shallow Water-Bearing
Zone: May 19-20, 2010, Synoptic Assessment

The altitudes of groundwater levels were determined for
17 observation wells and 14 domestic wells open to the upper
Patapsco aquifer shallow water-bearing zone from the ground-
water-level measurements taken during the May 19-20, 2010,
synoptic assessment. The altitudes of water levels in these
wells from the May 19-20 synoptic assessment were used to
derive the potentiometric-surface contours for this zone
(fig. 24). The pattern of horizontal groundwater flow within
this water-bearing zone during the May 2010 synoptic assess-
ment was similar to the pattern of groundwater flow observed
in the Magothy aquifer during this period. The potentiometric
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surface of the upper Patapsco aquifer shallow water-bearing
zone has its highest altitudes in approximately the same loca-
tion as the Magothy aquifer, but May 2010 upper Patapsco
aquifer shallow heads are approximately 1 to 2 ft lower than
the highest altitudes of the Magothy potentiometric surface
during the same time period. Similar to groundwater flow
within the Magothy aquifer, groundwater flow within the
upper Patapsco shallow water-bearing zone within the DMCA
is interpreted to be northward and westward toward the Elk
River and WVS. However, the horizontal gradients are low
in the southeastern corner of the DMCA property and south
along Pond Neck Road indicating little horizontal flow in this
southern part of the study area.

Upper Patapsco Aquifer Shallow Water-Bearing
Zone: August 17-18, 2010, Synoptic Assessment

The altitudes of groundwater levels were determined for
17 observation wells and 16 domestic wells open to the upper
Patapsco aquifer shallow water-bearing zone from the ground-
water-level measurements taken during the August 17-18,
2010, synoptic assessment. The altitudes of water levels in
all wells completed in upper Patapsco aquifer shallow water-
bearing zone from the August 17-18, 2010, synoptic assess-
ment were used to derive potentiometric-surface contours for
this time period (fig. 25). Synoptic results indicate the altitudes
of water levels were lower during the August synoptic assess-
ment compared to the May synoptic assessment (figs. 24 and
25). The decline in water-level altitudes between May and
August 2010 is confirmed by the generally decreasing trend
in continuous water-level altitudes for the wells open to the
upper Patapsco aquifer shallow-water-bearing zone (fig. 19).
The mean difference in altitude of water levels for this water-
bearing zone between the May and August synoptic assess-
ments was 1.34 ft.

The pattern of groundwater flow within the upper Patap-
sco aquifer shallow water-bearing zone, interpreted from
the August synoptic levels, is similar to the pattern of flow
observed on the basis of the May synoptic levels (figs. 24 and
25).

Upper Patapsco Aquifer Shallow Water-Bearing
Zone: March 18, 2011, Synoptic Assessment

The altitudes of groundwater levels determined for
17 observation wells open to the upper Patapsco aquifer shal-
low water-bearing zone from the groundwater-level measure-
ments taken during March 18, 2011, are contoured on the
potentiometric map in figure 26. Groundwater flow directions
during this period are essentially the same as described for the
previous two synoptic measurements for this aquifer.
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Upper Patapsco Aquifer Deep Water-Bearing
Zone: May 19-20, 2010, Synoptic Assessment

The altitudes of groundwater levels were determined
for four observation wells and three domestic wells open to
the upper Patapsco aquifer deep water-bearing zone from the
groundwater-level measurements taken during May 19-20,
2010. Although the paucity of data limits the accuracy of
interpretation, potentiometric-surface contours for this water-
bearing zone were derived from the water-level altitudes
obtained from these 7 wells (fig. 27). The resultant contours
indicate that groundwater in this zone generally follows the
axis of the Pond Neck peninsula, and travels northwestward to
the Elk River.

Upper Patapsco Aquifer Deep Water-Bearing
Zone: August 17-18, 2010, Synoptic Assessment

All wells used for water-level measurements during the
May 2010 synoptic assessment were reused during the August
2010 synoptic assessment. The altitudes of water levels in
these wells were used to determine the potentiometric-surface
contours for the upper Patapsco aquifer deep water-bearing
zone (fig. 28). Similar to the synoptic results for the Magothy
and upper Patapsco aquifer shallow water-bearing zone, the
water-level altitudes in the upper Patapsco aquifer deep water-
bearing zone were lower during the August synoptic assess-
ment compared to their altitudes the May synoptic assessment.
The mean decline in the altitudes of water levels between the
two synoptic assessments was 1.07 ft. The general direction of
groundwater flow in August remained northwestward toward
the Elk River.

Perched Groundwater Zone: August 17-18, 2010,
Synoptic Assessment

The altitude of groundwater determined for three shallow
wells (22 to 27 ft below land surface) located along the west-
ern property boundary of the DMCA and extending into WVS
indicates a local zone of perched groundwater (fig. 29). These
include wells 144 and 189, which are considered screened in
part of the Magothy aquifer, and well 124, which is screened
at the base of the dredge material (R.F. Weston, Inc., 1998).
Water levels in these wells are approximately 10 ft higher than
surrounding wells screened deeper in the Magothy aquifer.
R.F. Weston, Inc., (1998) also noted the perched water zone
in well 124 based on water-level measurements taken in 1996
and 1997. The altitudes of water levels and associated poten-
tiometric contours in figure 29 are approximate and general-
ized, given only three water-level altitudes form the basis of
interpretation. The small unnamed stream along the western
property boundary of the DMCA (fig. 29) is at approximately
the same elevation as the potentiometric contours, and it is
likely that the perched groundwater may be associated with,
and discharges to, this unnamed stream. Water-quality data for
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these shallow water table wells are included on maps of the
Magothy aquifer.

Cross-Sectional Flow

In addition to potentiometric surfaces presented in map
view, two-dimensional representations of groundwater flow
along selected cross sections provide a perspective of vertical
as well as horizontal groundwater flow within and between
the three major water-bearing zones within the study area
(fig. 30, section A-A" and fig. 31, section B—B'). Section 4-A4'
(fig. 30) extends eastward from Elk River through WVS and
the DMCA. Section B—B' (fig. 31) runs perpendicular to A-A'
and in a north-south direction from EIk River to just beyond
the southern property boundary of the DMCA. These sec-
tions have been generalized to show a vertical profile of well
locations, screen intervals, contoured water-level data and
flow directions in relation to the hydrogeologic framework.
The sections extend vertically from land surface down to or
through the upper Patapsco aquifer deep water-bearing zone.
The potentiometric-surface contours from the May 19-20,
2010, synoptic assessment were projected onto each section
and contours of equal value were connected across the confin-
ing units between the three water-bearing units.

Section 4-A' (fig. 30) illustrates the direction of lateral
and vertical components of flow as driven by the water-level
altitudes among the hydrologic units. Downward flow at land
surface implies recharge, which in the DMCA occurs mainly
in response to precipitation since the DMCA's closure in the
mid-1990s. Downward flow outside of the DMCA occurs in
response to recharge from the lake, irrigation, and (or) septic
effluent, as well as precipitation, depending on the local land
use and human activities near the DMCA property.

Flow between aquifers is vertically downward over most
of the area, and flow is generally impeded locally by the pres-
ence of confining units or zones of lower permeable material.
However, groundwater flow along the line of section A—A4'
from the western part of the DMCA toward Elk River is rela-
tively unimpeded and markedly downward where the Magothy
aquifer is unconfined and hydraulically connected to the upper
Patapsco aquifer shallow water-bearing zone. Ultimately,
groundwater flow is vertically upward at the western end of
section A-A"and discharges to the Elk River. Horizontal gradi-
ents are much lower in the eastern part of the DMCA property,
indicating little flow from the DMCA property toward the east
along section 4-4".

Section B—B’ (fig. 31) illustrates lateral flow of ground-
water extending outward from the groundwater vertical
divide, which is located approximately between well 138 and
well 158. Along this line of section, and except in the vicin-
ity of well 126 and well 147, vertical flow is predominantly
downward through the hydrogeologic units. In the vicinity
of well 126 and well 147, groundwater flow is upward as
flow discharges to the Elk River. The cross-sectional pat-
terns in groundwater flow described here form the basis for
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the discussion of water-quality conditions, and these patterns
have direct bearing on the transport and quality of ground-
water beneath the DMCA and vicinity as well as the quality
of groundwater used for domestic water supplies (see Water
Quality, this report).

Historical Perspective

There are no available groundwater-level data and,
therefore, no interpreted directions of groundwater flow before
or during the period of active disposal of dredge material at
the DMCA. There are very few data for the period since the
active disposal ceased at the DMCA until the 2010-11 study.
This is a historical limitation in hydrologic data for this study.
However, in general terms, and on the basis of topographic
maps before, during, and after the DMCA was built, and
hydrogeologic data collected during the 2010-11 study, the
site was likely a low-elevation tidal wetland, which reflected
regional groundwater discharge from the Magothy aquifer
before the DMCA was constructed in the late 1930s. As is
common in other coastal estuaries along the Chesapeake Bay,
and on the basis of early (pre-1930s) topography of the study
area, groundwater mainly would have discharged into the
wetland. From this wetland, it (the former groundwater dis-
charge) either flowed directly into the Elk River, or into Pearce
Creek, and subsequently flowed into the Elk River. During
the 1930s to 1990s, the construction of a land bridge limited
the discharge of Pearce Creek into the Elk River and led to
the creation of Pearce Creek Lake. This lake likely resulted in
elevated water levels in local groundwater, particularly during
the late fall through winter months. In addition, the initial
construction and raising of berms used to create the DMCA,
combined with an eventual rise in the land surface elevation
within the DMCA of 20 to 30 ft as a result the deposition of
dredged sediments, combined with the large volumes of Elk
River water that were used to transfer these sediments into
the DMCA, likely contributed to a rise in water levels in
local groundwater. Ultimately, the combined effects of all the
above transitioned the site into an elevated local groundwater
recharge area, which affected local groundwater flow pat-
terns. Although much of the Elk River water pumped into the
DMCA during sediment disposal was drained through a sluice
and into Pearce Creek Lake after allowing sediments to settle
over a several day period, net recharge within the DMCA as
a result of sediment disposal exceeded that generally associ-
ated with the preexisting wetland under normal precipitation
conditions.

Although there are no historical data that show the effects
of depositing large volumes of recharge into the DMCA on
groundwater levels during its use, the effects on groundwa-
ter levels could be similar to that observed from continuous
water-level data in September and October 2010 from Tropi-
cal Storm Nicole, which deposited 5 to 7 in. of precipitation
within a 48-hour period at the site.
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Figure 29. Potentiometric surface of a perched groundwater zone, August 17-18, 2010, in the Pearce Creek
Dredge Material Containment Area (DMCA) and vicinity, Cecil County, Maryland.

Finally, despite no DMCA use during the past 20—
25 years, the maximum local water levels associated with
the Magothy aquifer are centered over part of the DMCA.
The water-level pattern is not entirely what would be expected
solely from regional groundwater recharge and flow; the pat-
tern indicates that recharge from precipitation is relatively
high in the vicinity of the containment area.

Water Quality

The chemistry of regional and local surficial groundwa-
ter, both natural (or background) and that affected by human
activities, of the Delmarva Peninsula has been described by
Shedlock and others (1999). Natural surficial groundwater is
moderately acidic, and low in total dissolved solids, specific

conductance, alkalinity, nitrate as nitrogen, chloride, major
cations (calcium, magnesium, sodium, and potassium), and,
except in poorly draining sandy sediments with silt and
organic matter, most trace elements (table 12). Under residen-
tial land use, groundwater in the surficial aquifer generally
is slightly more acidic and moderately elevated in relation to
most of the above properties or constituents. In the northern
and inner coastal section of the Delmarva Peninsula, which
includes the general area near the DMCA, Shedlock and others
(1999) note that sediments typically are fine grained and low
in permeability. However, their study did not specifically char-
acterize water quality along coastal areas in the northernmost
part of the Delmarva Peninsula, probably because of a paucity
of historical data.

Historical data to describe the quality of local groundwa-
ter without the effects from human development in the vicinity
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Figure 31. Hydrogeologic section showing groundwater altitudes and flow directions along line B-B’, May 2010, in the

Pearce Creek Dredge Material Containment Area and vicinity, Cecil County, Maryland. (Location of line of section B-B’is

shown in figure 16.)

of the DMCA are limited: however, there are some ground-
water-quality conditions from nearby sites (outside of the
DMCA) that are available from various other studies (1983—
2003) (table 13, fig. 32). Whereas the data are insufficient to
warrant a definitive discussion of “natural or background”
water-quality conditions for the study area, they are used for
comparative purposes in subsequent discussions in this report
as the best representation available of those conditions.

The quality of groundwater beneath the study area dif-
fered spatially within the Magothy aquifer, and within the
upper Patapsco aquifer deep and shallow water-bearing zones.
In part, the differences in the general chemical composition of
groundwater can be linked to the previously described patterns

in groundwater flow. In part, the differences also reflect differ-
ences in geochemical conditions associated with groundwa-
ter—including redox conditions and acidity—that also appear
to relate to the DMCA and its influence on groundwater qual-
ity beneath and in the vicinity of the DMCA.

General Water-Quality Characteristics

The general quality of groundwater in the study area can
be described in relation to the occurrence, distribution, and
chemistry of total dissolved solids (TDS). Both the quantity
and quality, which is presented on trilinear diagrams, of TDS
are discussed in relation to the probable patterns in recharge



and groundwater flow from the DMCA in each of the major
aquifers in the study area. Collectively, these descriptions pro-
vide the basis for subsequent discussions of the redox states
and acidity of groundwater and help illustrate the influence of
the DMCA on the quality of groundwater in the study area,
including that used for domestic drinking-water supplies.
Trilinear (Piper) diagrams provide a useful tool for the
visualization of geochemical data. By plotting percentages
of major ions, similarities and differences in the chemical
composition of the samples can be easily illustrated. Figure 33
shows the anionic and cationic composition of groundwater
and surface waters in the study area. The waters are grouped
into two different categories: low TDS (less than 300 mg/L),
and high TDS (greater than 300 mg/L) (fig. 33A and 33B,
respectively).

Total Dissolved Solids and Major lons

The concentrations of TDS in the two predominant
surface waters in the vicinity of the DMCA were markedly dif-
ferent (fig. 34). The concentration of TDS was relatively low
(89 mg/L) at the controlled discharge outlet for the landlocked
Pearce Creek Lake in comparison to the concentration of
TDS at the main channel of the nearby Elk River tidal estuary
(1,960 mg/L). Differences between the two waters were also
observed in their major ion chemistries. Sodium and chloride
were the predominant ions measured in the EIk River tidal
estuary, whereas mixtures of calcium and sodium cations and
sulfate and chloride anions were observed in the Pearce Creek
Lake water (fig. 33).

The concentration and chemistry of TDS in groundwater
is heterogeneous, both spatially and vertically, amongst and
within different aquifers in the study area. In the Magothy
aquifer (fig. 34), concentrations of TDS ranged from 45 to
5,700 mg/L. Within the DMCA property boundary, all but two
of the wells sampled (135 and 145) had TDS concentrations
greater than 500 mg/L, the Federal Secondary Drinking Water
Regulation (SDWR) for public drinking-water supplies.

The two wells with the highest concentrations (greater than
5,500 mg/L) of TDS are located just south of the DMCA
property boundary along Pond Neck Road. Low TDS
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concentrations (less than 200 mg/L) in the Magothy aquifer
mainly occurred in the WVS community, and specifically

in the topographically elevated residential area that lies just
northwest of the DMCA property boundary. The lowest con-
centration of TDS (45 mg/L) in the Magothy aquifer occurred
southeast of the DMCA and its property boundary and just
north of Pond Neck Road in well CE Dd 193, which had a
TDS concentration similar to natural water (tables 12 and 13).

The chemistry of the Magothy aquifer also varied greatly
within the study area. Wells with TDS concentrations under
300 mg/L, slightly greater than level found in natural water,
showed different chemistries than those with TDS concentra-
tions greater than 300 mg/L. The main difference in chemistry
was the proportion of sulfate in the samples. Sulfate was the
most prevalent anion (typically greater than 50 percent
of the total anion composition) in waters that had concentra-
tions of TDS greater than 300 mg/L (fig. 33B; appendix B,
table B3). This pattern was observed primarily in wells within
the DMCA boundary. Wells within the WVS community with
TDS under 300 mg/L had very low proportions of ferrous iron
and manganese and a mixture of chloride and sulfate anions
(fig. 33A). The higher percentages of chloride found in the
wells under WVS may show some impact from Elk River
water, in which chloride made up greater than 80 percent of
the total anions (fig. 33).

In the upper Patapsco aquifer shallow water-bearing
zone, as in the case of the Magothy aquifer, the concentrations
of TDS also varied greatly, ranging from 75 to 6,080 mg/L
(fig. 35). Elevated TDS concentrations occur along the south-
ern and western parts of the DMCA (either within the DMCA
or at its property boundary), just beyond the southeastern
property boundary of the DMCA near Pond Neck Road, and
west of the DMCA into WVS. Within WVS, elevated concen-
trations of TDS occurred peripheral to low concentrations of
TDS (above and below but near 500 mg/L) in wells located
in the central part of this residential area northwest of the
DMCA. The lowest concentrations of TDS occurred in this
water-bearing zone throughout most of the southeastern
half of the DMCA. The lowest concentration in TDS
(75 mg/L) occurred in the upper Patapsco aquifer shallow
water-bearing zone at the easternmost edge of the DMCA
property boundary (well CE Dd 191), and may indicate

Table 12. Chemical characteristics of natural water and water affected by residential activities in the surficial aquifer of the

Delmarva Peninsula (modified from Shedlock and others, 1993, 1999).

[mg/L; milligrams per liter; uS/cm at 25 °C; microsiemens per centimeter at 25 degrees Celsius; CaCO,, calcium carbonate; ug/L, micrograms per liter;

<, less than; ---, not available]

Properties Dissolved constituents
Total . Alka- .
Predominant (djs- iop::;::::c (sl’::n- linity Cal- Magne- So- Potas- Chlo- Sul- N':::te Silica Iron
landuse  solved tance dard (mg/L cium sium  dium  sium ride fate nitrogen  (mg/l)  (ng/L)
solids /B0 i) 85 (mo) (mgl) (mg/L) (mg/L) (mg/t) (mgn) "R TS
(mgr) ¥ caCo,) g
Undeveloped <200 115 5.8 26 4.8 9.4 11 9.1 6.6 <0.4 24 1,800
Residential - 163 5.4 6.0 7.8 9.3 2.6 16 7.5 7.1 18 2.0
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A TOTAL DISSOLVED SOLIDS LESS THAN 300 MILLIGRAMS PER LITER
EXPLANATION

A Pearce Creek Lake /oo '\@

% Magothy aquifer, West View Shores

Magothy aquifer, Dredge Material Containment Area
(DMCA) and south and east of the DMCA

® Upper Patapsco aquifer, shallow water-bearing zone,
DMCA and south and east of the DMCA

O Upper Patapsco aquifer, deep water-bearing zone
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PERCENTAGE OF TOTAL MILLIEQUIVALENTS PER LITER

Figure 33. Trilinear diagram for samples with A, total dissolved solids less than 300 milligrams per liter (mg/L) and B, total
dissolved solids greater than 300 mg/L collected in the Pearce Creek Dredge Material Containment Area and vicinity, Cecil

County, Maryland.

background concentrations (natural water) for this aquifer (see
tables 12 and 13).

The upper Patapsco aquifer shallow water-bearing zone
displayed similar major ion chemistry to the Magothy aquifer
for wells with TDS concentrations greater than 300 mg/L.
Regardless of geographic position, sulfate was the most preva-
lent anion (greater than 50 percent) in samples with high TDS
(greater than 300 mg/L). For wells with less than 300 mg/L
of TDS, which were only located within the DMCA property
boundary, bicarbonate was the predominant (greater than
75 percent) anion in the water; in contrast, proportions of chlo-
ride and sulfate were very low. Although the low TDS wells
were located in the DMCA, they were located in areas where

the confining unit between the Magothy and upper Patapsco
aquifer shallow water-bearing zone is present.

In the upper Patapsco aquifer deep water-bearing zone,
the concentrations of TDS were relatively low, ranging from
60 to 137 mg/L (fig. 36). The TDS concentrations in this
aquifer were slightly higher along the Elk River shoreline
(74 and 137 mg/L) than inland and southeast of the DMCA in
this aquifer (60 and 101 mg/L). Locations with TDS concen-
trations less than 100 mg/L are similar to concentrations found
in natural groundwater in this aquifer (tables 12 and 13). Well
CE Dd 152 had a concentration of 2,100 mg/L TDS, however,
the integrity of the sample/well may have been compromised
during installation and was not used for groundwater flow
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B TOTAL DISSOLVED SOLIDS GREATER THAN 300 MILLIGRAMS PER LITER
EXPLANATION
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Magothy aquifer, Dredge Material Containment Area
(DMCA) and south and east of the DMCA

Upper Patapsco aquifer, shallow water-bearing zone,
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DMCA and south and east of the DMCA
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Figure 33. Trilinear diagram for samples with A, total dissolved solids less than 300 milligrams per liter (mg/L) and B, total
dissolved solids greater than 300 mg/L collected in the Pearce Creek Dredge Material Containment Area and vicinity, Cecil

County, Maryland.—Continued

interpretations in this report. The complete set of data for well
CE Dd 152 is available in appendix B, table B3 and is pre-
sented on water-quality figures in the main part of the report.

The major ion chemistry of the upper Patapsco aquifer
deep water-bearing zone was very similar to the chemistry of
the upper Patapsco aquifer shallow water-bearing zone with
similar TDS concentrations. Bicarbonate was the predominant
anion; in contrast, proportions of chloride and sulfate were
very low. The proportions of cations were relatively mixed and
similar to those for water from other aquifers.

Bromide-Chloride Ratios

Mass ratios of bromide to chloride (Br:Cl, mg/L to mg/L)
have been used to identify seawater intrusion into groundwa-
ter (Richter and Kreitler, 1993). They also have been used to
differentiate groundwater affected by road salt and from other
land uses (Snow and others, 1990), and brackish water from
urban land uses (Andreasen and Fleck, 1997). In addition, R.F.
Weston, Inc., (1998) used these ratios in an attempt to identify
potential sources of recharge to WVS community groundwater
supplies.

In particular, R.F. Weston, Inc., (1998) utilized statistical
and graphical analyses of water quality data, including Br:Cl
ratios (fig. 37), to argue that the groundwater used for supplies
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Figure 37. Ratios of the concentration of bromide to the concentration of chloride as a function of the concentration of

chloride for selected surface- and groundwater samples collected in the Pearce Creek Dredge Material Containment Area
(DMCA) and vicinity, Cecil County, Maryland, 1995-96 (modified from R.F. Weston, Inc.,1998).

by WVS residents likely reflected multiple different sources—
intruded Elk River water, local recharge, including possibly
that from an local unknown dump area, and (or) groundwater
flow from the DMCA. However, absent sufficient informa-
tion on the hydrogeologic framework and actual patterns in
groundwater flow, R.F. Weston, Inc., indicated it was not pos-
sible to determine the actual sources of groundwater supplies
beneath the community.

Revisiting these ratios on the basis of the 2010-11 data
(appendix B, table B3), the ratio values for selected surface
waters and groundwater in the study area are diverse (fig. 38).
There does still appear to be an elevated ratio (greater than
surface-water ratios) in groundwater associated with most sup-
ply and observation wells. However, groundwater associated
with selected wells has ratios that are either similar in value to
the ratio for Pearce Creek Lake, or to the ratio for Elk River
water.

Vertical cross sections (locations shown in figure 39)
illustrate the relations between Br:Cl values and groundwa-
ter flow patterns. For example, anoxic groundwater in the
western part of the DMCA in the perched water-bearing zone,
and in the Magothy aquifer just beyond the DMCA property
boundary near WVS, is highly enriched in bromide relative
to chloride (fig. 40). The opposite is true for groundwater
in the shallow oxygen-bearing zone in the Magothy aqui-
fer beneath WVS, which have the lowest Br:Cl values for

groundwater in the area. At depth beneath WVS, the Br:Cl
values for groundwater in the upper Patapsco aquifer shal-
low water-bearing zone are intermediate in value in relation

to their shallow water and DMCA (likely) sources, which is

to be expected if water in this zone reflects a mixture of water
from both sources. Furthermore, these ratios also are gener-
ally greater than the Br:Cl value for Elk River water, or for the
oxygen-bearing groundwater much farther east in the Magothy
aquifer, which reflect two different sources of groundwater.
Hence, without knowledge of the hydrogeologic framework
and patterns and chemistry of groundwater flow, it would be

a challenge to interpret the influence of the DMCA on the
quality of groundwater supplies in WVS solely on the basis of
Br:Cl ratios.

Total Dissolved Solids and General Patterns in
Groundwater Flow

Differences in the concentrations of TDS can be related
to the general patterns in groundwater flow within and
between the Magothy and upper Patapsco aquifers. This rela-
tion is best illustrated through visual (aerial and sectional),
rather than statistical, comparisons of the concentrations of
TDS at selected wells along the general and probable direc-
tions of groundwater flow. The latter are inferred from the
potentiometric surface maps and sectional flow diagrams
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Figure 38. Ratios of the concentration of bromide to the concentration of chloride as a function of the
concentration of chloride for selected surface- and groundwater samples collected in the Pearce Creek Dredge
Material Containment Area (DMCA) and vicinity, Cecil County, Maryland, 2010-11.

described earlier in this report (see Hydrology, this report).
Because most of the groundwater-quality samples were col-
lected close in time to the May 2010 synoptic assessment, the
potentiometric surface and flow lines presented on the water-
quality figures are interpreted from the May synoptic assess-
ment presented in figures 21, 24, and 27.

For the sectional comparisons, only those wells in the
vicinity of each line of section are used to illustrate verti-
cal patterns in groundwater flow (fig. 39). In addition, in the
resulting composite TDS-groundwater-flow sections, only
the general directions of groundwater flow are shown within
and between aquifers, without the accompanying water-level
potentiometric contours, to facilitate visualization of the TDS
concentrations along the probable paths of groundwater flow.

From both the aerial (fig. 34) and the vertical sec-
tion 4-A’ (fig. 41) perspectives, groundwater in the shallow
perched zone, shown by well CE Dd 124 and (or) CE Dd
144, on the west side of the DMCA, is elevated in TDS (CE
Dd 124, 934 mg/L; CE Dd 144, 3,140 mg/L). The occurrence
of elevated concentrations of TDS in this shallow perched
groundwater demonstrates that the surficial sediments in the
DMCA remain a source for elevated TDS in groundwater
more than 20 years after the cessation in use of the DMCA
in the early 1990s. As to the fate of these TDS, groundwater

in this perched zone likely discharges to the local stream that
lies between the DMCA berm and property boundary farther
west (see Hydrology, this report). Although water-quality
data associated with this perched groundwater are provided
throughout later discussions of specific water-quality constitu-
ents in this report, the fate of each dissolved constituent likely
is determined when this groundwater discharges into the local
stream, and (or) in the stream during its flow to Elk River,
which are beyond the scope of this report.

To the north of the perched groundwater, the DMCA is
fairly close to Elk River. Groundwater beneath this northern
section of the DMCA in both the Magothy aquifer (fig. 34) and
the upper Patapsco aquifer shallow water-bearing zone
(fig. 35) reflect the northerly flow of groundwater from the
central interior of the DMCA. The TDS concentrations associ-
ated with this northerly flow are best illustrated in section B—B’
(fig. 42). Beneath the DMCA and just west of the groundwater
divide, groundwater that flows north in the Magothy aquifer
contains elevated concentrations of TDS
(fig. 42, well 157, 1,790 mg/L). This TDS concentration is
over 30 times greater than the TDS concentration for natural
water found nearby in this aquifer (table 13, Magothy aquifer,
TDS, 43, 56, and 70 mg/L). The high concentration of TDS
in this part of the Magothy aquifer likely reflects vertical



n

Water Quality

‘puejAse ‘Arunog 1989 ‘ANUIdIA pue (Y9N Q) B8y JuswuieIu0Y [elIle|A 8Bpalq
Y0819 80.1ead 8yl ul,J—J pue’ g—g ‘- suonaas buoje suondiiaosap Ajjenb-1aiem Joy Asaing |eo160j0ag ‘g n ayr Aq pasn sjjam pa1os|ag  "6E ainbiy

J131J1JUaPI PUE [|aM UONBAI3S(O (3U0Z
Bunieag-1ajem mojeys) sajinbe oasdejed saddn e 57|
18ynuapl pue [jam ansawop Jaynbe Ayjobepy o ggy
1aynuapi pue [jam uonensasqo sajinbe Ayobely o ;g
laypuapl pue
119M uoneaiasqo Jajempunoih payasad Ajjeso] e L
uopaasjoaur] \/— —\/

13Y1uap! pue aYs J9)eM-39BUNS W jany i3
J3J1JUBPI PUE [|3M D1)SaWOp (3uoz
funeaq-1ajem daap) sajinbe oasdejed saddn m oLL
131J1JU3PI pUE [|3M UONBAI3S|O (3U0Z
funieaq-1ajem daap) sajinbe oasdejed 1addn o 66l
J3J1JUaPI pue [[am d1)Sauop (auoz
funieag-1ajem mojjeys) 1ajinbe oasdejed 1addn m 6oL
NOILYNY1dX3

SHILIN amv oﬁ_ﬁ

€861 JO WNJeQ UBILIBLY YLON
WasAs 81euIpI002 BUB|d B1E1S PUBJAIBI
JuswuIanob puejhiely ‘Aiunog (1989 woly dew aseg

ol-o

T T T T
13340007  00S'L  000'L 005

—1 .0€.5246¢
sa)eIs3 malp Aeg
wm—
evl
Zlo
| P
aip EEE_::_\ I E:o TV

N \\\ ; mm—*

) I

\ p ealy [ \

> Juawuie}uo? |eL3Je \

! 7’ abpai(gaa1g aoueayd !
’ { jo Arepunoq Ayiadoud I \ $810yS M3l 1S3\
— 1 Q)
— | _ —{ 9z.6¢

9L pra
o
W
3)e7 a1 asiead
e ysal)d aalead v , 27 5 ©
\\\lull-.ll \\ el v&///
T N
R _’ = /\\
N\
-=- somy 3 Y
yoeag |eishi)
| |
9L

6G0GL



in the Pearce Creek Dredge Material Containment Area

Hydrogeologic Framework, Hydrology, and Water Quali

72

('6€ 84nB1y Ul uMmoys s

/-7 uonaas Jo aul| Jo uoieao) | 1-010Z ‘puejhiely ‘Alunog 1989 ‘ANUIaIA pue (Y9IAIQ) Baly Juswuieluo) |eLale|y aBpaliq Yealg adiead ayl ul suoz Bulleag-ialem dasp
10 mojjeys Jajinbe oasdeled Jaddn Jo “uajinbe Ayobey ‘suoz Bulieag-1alem payalad ayy ul paia|dwod S|jom palda[as WOy pue ‘SIalem a9.LINS Palas|as Wolj palas||od
pue /— aul| Buoje sajdwes Ayjenb-1a1em Ul 8pLIOJYI JO UONBIIUSIUOI BY} 01 BPILIOI] JO UOIRIUSIUOD B} 4O sonel Buimoys uoinoas ai16oj0abolpAy  op 8inbiy

188} Ul ‘aauelsig

0006 0048 0008 00SZ 000/ 00S'9 0009 O0OS'S  00O'G O0OS'Y 000 O00SE  OQ00'E  00GZ 0007 00S'L  000'L 00§ 0
P I (I (I NI N SO N SR IS NN NI N SR N SR NS R SR R T TR T T R 05Z-
. abieyoayuonendioalg — > 02X NOLYE399YX3 TWalLan
] mojj 1ajempunoib jo uonosailq — " gzz-
1 1/6w u N
. uoI1}e1JU3IU0I 3pLIOJY3 0} ‘(]/Bu) Hun m:_c_quu L
, 131 Jad swelbiijjiw ui ‘uoneny = >
] -u32uo0d apiwoiq jo (;01X)oney  Lv'S — 00¢- =
1 - g
] NOILYNV1dX3 - 2
] auoz Bulieaq-1a1em dasp —_— T g/- =
=}
] Jajinbe oosdeled Jaddn —> B =
i S29(] B et
— —0sl- &
- - o
. uun Buluyuo? C 3
0 B S
- IS | C sl o
] N =)
] auoz Bulleaq-1a1eM Mo||eYsS | ApIAIp J81BMPUNOJL) B s
B Jajinbe 0osdejeq saddp L @y -0 =
: . [Jev Ozge 2
] | —— - > A B [| 8¢ N >
T | J £69 mM — S 3
] \\::: Buluiuo? . og'e]] — g
- I~ =)
. / — 05 <
4 wel] e r Yl [ v6Z - =
] _ D " " 2
- 5 c L o
] saynbe Ayrobepy | SL'G CEl guf] (Wil E:M.E A - =
] _ —_—> —> . €€ - 0 3
. \ . JANY - S
] ! sz NI 3
b - o
= 761 167 UOIeULIO] UBMEI.|A - 15l 18 N\ 6
] 191/ “bu /Nhe 1aluapl -
] p] 089 21 AR T
I./mm_ L5185t 6L 4z &9l gg| oM F
AY Y
1SV3 1SIM



3

Water Quality

('6€ @4nB1y ul UMOYS SI /—17 UOI198S JO aul| J0 UOIBIO0T) | 1—010Z ‘PuejAlel ‘Alunod (1989 ‘AluldIA pue (yJAQ) ealy Juswuleluo? [euale|y abpai(q yasi) adlead
ay1 ul sauoz Bulieaq-ia1em daap 10 mojjeys Jajyinbe oasdeied Jaddn Jo Uajinbe Aylobe|y ‘auoz Buleaq-1azem payalad ayl ul pala|dwod S||aMm paloa|as Wol) pue ‘sialem
a0eJINS pa}aa|as WoJj pajaa||oa pue, i/~ aull buoje sajdwes Ayjenb-iaiem ul Spijos paA|oOSSIp |10} JO Suoneudau0d Buimoys uonaas d160j0abolpAy  “Lp ainbil4

188} Ul ‘aauelsig

0006 004’8  000'8  00SZ 000/ 00S'9 0009 0OS'S  000'G 0OGy 000 O00SE 000’ 006z  000°Z 00G'L  000'L 00§ 0
ey ey ey ey ey ey ey ey ey .
] — 062
N ] ; | 02 X NOILYH399VX3 WOLLHIA |-
1 ableyaali/uolnjeydiddild — -
] Mmojj Jajempunoib jo uonsaing —>» HI Gee-
. Papaaoxs sem yun Buluijuo -
] (1/6w 00g) uone|nBay sarepn bunjuiig ; T C
] Alepuodag |elapad ay3ieyl sajeaipul =~ 00z- >
- | Jequinu pay—(7/6w) 1y 1ad sweibijjw B =
7 ul ‘uoIjeIUAIUOD SPI|OS PAAJOSSIP |BI0] G/ - m
- — (]
7 NOLLVNY1dX3 auoz Bulleaq-ia1em dasp & — S-S
] Jajinbe oasdeje Jadd ’ B @
. i 18d n 0oLz 0oL - @
. __ Cos g
- 1un Buruiuo) | - 2
- o
] auoz Bulieaq-1a1em mojjeys | PIAIP J81BMPUNOIL : C 0! 2
|. Jajinbe oasdejey Jadd ] 000y -z
] i 1ed Jeddn [Joso’s o 2
. _ > —> > = 065'p C >
E ) 29€ M’ e —S 3
. \\::: Buluiuo? o | — > &
=}
S B / -0 2
] s[] 08L's - yd | - ' S
. _ — A S
E ] 5 B ~ /T oo
. sayinbe Aysobepy | 06L'L 0e0t U - &
N | —> . F, 3
. i \ ” sony [ =l
] FEI 3
= /6l UOIIBWII0S UBMEIRIA - [|!d P N -
] 7l L o1, gar N:ﬁ: wl | sounuap: |
H/umF L6186l mm__.vN_ 9l ggy 113M - "
A Y



74 Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

NORTH SOUTH

B B’

50— Well -
] U 137 identifier :

& 5 Fill - M Formati 2
[==) N _ -
S ElkRiver - I atawan Formation :
s Y || o
£ . | M B
S . | — K
= 95 ] 2,540D ‘ C
2 ] — | — Magothy aquifer
< - \J\% C
c -50 \ | .. : -
3 . \ Confining unit -
£ 75 w2l 1 o
< -] B
= . T D o ¢ | 1,320D 3,400 . -
= 1 <« | Upper Patapsco aquifer C

S .

-100 — shallow water-bearing zone —
= 0 [ o st guone |
= T Groundwater divide” | C
0 — -
5 15 | -
[<3) - oo - -
3 1 Confining unit -
150 -
‘g ] MZ
= ] H% «— C
s 7 Upper Patapsco aquifer EXPLANATION -
= N deep water-bearing zone 362 Total dissolved solids concentration, in B
= - milligrams per liter (mg/L)—Red number | |-
< -200 indicates that the Federal Secondary —

_//_/ Drinking Water Regulation (500 mg/L) ~
E was exceeded -
-225 — <«—— Direction of groundwater flow —
] Confining unit ~— Precipitation/recharge B
1 VERTICAL EXAGGERATION x 20 -
-250 T | T | T | T | T | T | T | T T T T T T f T T
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500
Distance, in feet
Figure 42. Hydrogeologic section showing concentrations of total dissolved solids in water-quality samples along line

B-B’and collected from selected wells completed in the Magothy aquifer or upper Patapsco aquifer shallow or deep
water-bearing zone in the Pearce Creek Dredge Material Containment Area (DMCA) and vicinity, Cecil County, Maryland,

2010-11. (Location of line of section B—B' is shown in figure 39.)

recharge through overlying DMCA sediments. Flow at this
location also continues vertically downward to the upper
Patapsco aquifer shallow water-bearing zone through the
confining layer, which is relatively thin, and consists of sandy
and silty clay sediments (see Hydrogeologic Framework, this
report). Leakage through this confining layer of groundwater
elevated in TDS likely accounts for the occurrence of the mod-
erately elevated concentration of TDS in this water-bearing
zone (fig. 42, CE Dd 158, 362 mg/L). This TDS concentration
is about 5 times greater than the TDS concentration in natural
water in this aquifer (table 13, upper Patapsco aquifer, shallow
water-bearing zone, TDS, 53 mg/L). The chemistry of CE Dd
158 (fig. 33), despite its moderate TDS concentrations, was

very similar to the chemistry of those wells with much higher
concentrations of TDS. The similarities in major ion content,
specifically a high percentage of sulfate, also indicated a verti-
cal influence from the Magothy aquifer.

Groundwater in both the Magothy aquifer and upper
Patapsco aquifer shallow water-bearing zone at the ground-
water divide and beneath the DMCA flows laterally to the
north (figs. 34 and 42). In the northern part of the DMCA, the
concentration of TDS in the Magothy aquifer is elevated
(figs. 42 and, CE Dd 136, 2,100 mg/L). However, this con-
centration is not much greater than the concentration of TDS
observed in this aquifer upgradient and in the interior of the
DMCA.



By way of contrast, the concentration of TDS is relatively
low in the underlying upper Patapsco aquifer shallow water-
bearing zone in this northern section of the DMCA (fig. 42,
CE Dd 126, 167 mg/L). It is only about half the concentration
of TDS observed in this water-bearing zone generally upgra-
dient and in the interior of the DMCA (fig. 42, CE Dd 158,
362 mg/L). This decline in TDS implies the leakage observed
through the confining layer into this zone in the DMCA
interior is not extensive, and is consistent with the increas-
ing thickness of the overlying upper Patapsco confining layer
along B—B'to the north (see Hydrogeologic Framework, this
report).

The quality of the TDS also indicates that leakage
through the confining zone in the northern section of the
DMCA area is not extensive. As mentioned previously, despite
only moderate TDS concentrations, water from CE Dd 158
is chemically similar to water from wells with much higher
concentrations of TDS, particularly those with a high percent-
age of sulfate (fig. 33). In contrast, water from CE Dd 126 is
chemically very different; this water was dominated by bicar-
bonate but had very low percentages of sulfate (fig. 33).

Farther north beyond the DMCA berm, but within the
DMCA property boundary, along B—B’, the Magothy aquifer
crops out beneath the shoreline and Elk River (fig. 42). Here
groundwater flow from this shallow aquifer and upgradient
flow from the underlying upper Patapsco aquifer shallow
water-bearing zone converge and discharge either into Pearce
Creek (downstream of the lake outlet), or along the shore-
line or beneath the Elk River (fig. 42, CE Dd 145, 146, and
147). The concentration of TDS in the Magothy aquifer at this
northerly location is notably lower (fig. 42, CE Dd 145,

446 mg/L) compared to the elevated TDS concentration
observed in the Magothy aquifer upgradient and interior to

the DMCA (fig. 42, CE Dd 136, 2,100 mg/L). The chemistry
of water from CE Dd 145 is typical of water from wells with
TDS greater than 300 mg/L, specifically the high percentage
of sulfate (fig. 33). The reduced TDS concentration in the
Magothy aquifer at this location could reflect groundwater
recharge from Pearce Creek Lake, which has a similar chemis-
try, although a lower percentage of sulfate (fig. 34, TDS equals
89 mg/L). Recharge likely occurs seasonally when lake levels
are high along the lower part of the lake (see Hydrology, this
report).

Well CE Dd 145 can be used as a TDS point of reference
to evaluate the possible effect of DMCA discharge on the Elk
River. The TDS concentration in the Magothy aquifer near
the northern DMCA property boundary (fig. 42, CE Dd 145,
446 mg/L) is about 7 to 8 times greater than the concentration
of TDS in natural water for this aquifer (table 13, Magothy
aquifer). Whether or not this concentration of TDS in the
Magothy aquifer at this location is of concern depends in part
upon the nature of the TDS, which is predominantly sulfate.
However, the transport and fate of the individual dissolved
constituents as this groundwater discharges along the shore-
line, or directly through bed sediments into the Elk River, are
beyond the scope of this report. In addition, consideration
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needs to be given to the water quality of the receiving body,
the Elk River, which has a TDS concentration of 1,960 mg/L
(fig. 34) and chemistry that is predominantly made up of
sodium and chloride ions.

In the eastern and southern parts of the DMCA and
vicinity, from an aerial perspective (figs. 34 and 35), elevated
concentrations of TDS (greater than 500 mg/L) occur down-
gradient of the groundwater divides in the Magothy aquifer
and in the upper Patapsco aquifer shallow water-bearing zone
at all but the most easterly sites. From a vertical perspective
to the east along 4-A4" (fig. 41), in the Magothy aquifer in the
interior of the DMCA, elevated TDS concentrations, com-
posed mainly of sulfate, occurred near the groundwater divide
(CE Dd 157, 1,790 mg/L) and likely reflect vertical recharge
through overlying DMCA sediments. Farther to the east near
the DMCA property boundary, and just south of the groundwa-
ter divide, the concentrations of TDS were quite high (CE Dd
192, 5,180 mg/L). Absent additional information, it is unlikely
that the elevated TDS at depth in the Magothy aquifer at this
location reflect groundwater flow into the DMCA area from
farther to the east, or through the confining unit from above.
Either source of water is extremely low in TDS (fig. 41, CE
Dd 193, 45 mg/L; CE Dd 191, 75 mg/L).

The extremely high concentration of TDS in the Magothy
aquifer at CE Dd 192 could reflect groundwater flow from the
southeastern part of the DMCA. Similar elevated concentra-
tions of TDS with high proportions of sulfate occur in the
Magothy aquifer south and downgradient of the groundwater
divide within the DMCA property boundary and along Pond
Neck Road (fig. 34, CE Dd 125 and 153; 5,700 and 5,580
mg/L, respectively). In addition, elevated concentrations of
TDS also occur in the upper Patapsco aquifer shallow water-
bearing zone south and downgradient of its groundwater
divide—within the DMCA, within the DMCA property bound-
ary, and outside the DMCA property boundary (fig. 35, CE
Dd 138, 149, and 154; 1,320, 3,400, and 1,090 mg/L, respec-
tively). These elevated TDS concentrations also reflect leakage
through the relatively thin and permeable confining layer
described earlier, but reflect southerly rather than northerly
groundwater flow (fig. 42).

The elevated concentrations of TDS in both of these
aquifers, which are attributed to groundwater flow from the
DMCA, are considerable. The TDS concentrations in excess
of 5,000 mg/L in the Magothy aquifer in the eastern and south-
ern locations described above are 90-100 times greater than
the concentration of TDS in natural water in this aquifer
(table 13, Magothy aquifer). The TDS concentrations in the
upper Patapsco aquifer shallow water-bearing zone in the
southern locations described above are approximately 14 to
48 times greater than the concentration of TDS in natural
water for this aquifer (table 13, upper Patapsco aquifer shallow
water-bearing zone).

Along the western part of the DMCA, elevated TDS
concentrations occur within the DMCA, at its property
boundary, and beyond into WVS in both the Magothy aquifer
(fig. 34) and the upper Patapsco aquifer shallow water-bearing
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zone (fig. 35). In the Magothy aquifer (fig. 34), westward
groundwater flow begins in the interior southern half of the
DMCA, and from there moves through the lower western part
of the DMCA to its property boundary with WVS. Elevated
concentrations of TDS associated with westward flow within
the DMCA property boundary are between 1,000 and 2,000
mg/L in the Magothy aquifer (fig. 34). Concentrations of TDS
in the underlying upper Patapsco aquifer shallow water-bear-
ing zone were lower than or similar to those in the Magothy
aquifer at two wells near the central interior of the DMCA but
are markedly elevated (4,000 to 6,000 mg/L) near the western-
most point in the DMCA (fig. 35). Toward the west (toward
WVS) along 4-A4' (fig. 41), groundwater flow with elevated
TDS in the Magothy aquifer beneath the DMCA likely travels
beyond the berm, and at least to well CE Dd 152. However,
along this part of the groundwater flow system, and farther
west into WVS, the following patterns in groundwater flow
and TDS concentrations were observed (fig. 41):

(1) Elevated concentrations of TDS occurred in the
deeper Magothy aquifer groundwater just beyond the DMCA
dike in WVS (CE Dd 151, 1,430 mg/L), concomitant with
a vertically downward gradient where local recharge occurs
through this elevated part of WVS; and

(2) Highly elevated concentrations of TDS (4,000—
6,000 mg/L) occurred beneath the WVS community in the
upper Patapsco aquifer shallow water-bearing zone, where
the confining unit between the Magothy and upper Patapsco
aquifers is absent and flow is vertically downward.

In the Magothy aquifer in the WVS area (fig. 41), shallow
groundwater flow is determined by vertical recharge—both
from precipitation and residential land use. The latter includes
outdoor water uses such as irrigation and effluents from
individual septic systems for every residence. Nevertheless,
shallow groundwater in the Magothy aquifer in the elevated
central part of WVS contained relatively low TDS (less than
approximately 130 mg/L) and had a chloride dominated
chemistry.

Groundwater flow with elevated TDS from the western
end of the DMCA that travels vertically downward into the
upper Patapsco aquifer shallow water-bearing zone can travel
farther north in this zone and beneath the confining layer
before possibly discharging vertically upwards and eventually
into EIk River (fig. 43). As observed in section A—A4', shallow
groundwater in the Magothy aquifer in section C—C' contains
low concentrations of TDS (CE Dd 163, 69 mg/L), which
likely reflect local recharge from precipitation and residential
use.

The patterns in groundwater flow and the low TDS
concentrations beneath the WVS community indicate that it
is unlikely that the community is responsible for the elevated
TDS concentrations found at depth beneath their community.
The chemistry of the water from Magothy wells under WVS
was different from that at other wells with TDS concentrations
less than 300 mg/L (fig. 33). Chloride and sulfate accounted
for the majority of the anions in water from the WVS Magothy

wells, whereas, other waters with TDS concentrations less
than 300 mg/L had a higher proportion of bicarbonate.

The patterns in the TDS concentrations and groundwater
flow beneath and in the vicinity of the DMCA indicate that the
DMCA is the most likely source of elevated concentrations of
TDS in groundwater in the Magothy aquifer and upper Patap-
sco aquifer shallow water-bearing zone. There was also a clear
distinction in the chemistry of water based on the concentra-
tion of TDS. For those waters with greater than 300 mg/L of
TDS, sulfate was the most prevalent ion, regardless of aquifer
or well location. For those wells with TDS concentrations less
than 300 mg/L, closer to levels found in natural groundwater
for the aquifer, the chemistry was not dominated by sulfate
and varied between location.

Electromagnetic-Induction Logging

Electromagnetic-induction logs support the use of water-
quality sampling from wells screened at discrete intervals
to describe groundwater quality in each aquifer. These logs
are obtained by running an induction probe inside a well and
simultaneously recording the conductivity of the water outside
the borehole as the probe is lowered and then raised through
the entire length of the well. The major hydrogeologic factors
that affect induction logs in sand and gravel aquifers are the
TDS concentration in the groundwater and the silt and clay
content of the aquifer (Williams and others, 1993). Lithologic
information from sediment-core descriptions and natural
gamma-ray logs were used in combination to determine
whether the increased conductivity of a given zone is related
to the TDS concentration or to the silt and clay content.

A vertical profile of the concentrations of TDS and the
induction logs for selected wells within the Magothy aquifer
and upper Patapsco aquifer shallow and deep water-bearing
zones was constructed along the line of section A-B (fig. 44).
Conductivity increases toward the right on the induction logs
with a scale ranging from 0 to 100 millisiemens per meter. The
induction logs clearly mark the extent of the poorest quality
water in relation to TDS content of groundwater. The largest
deflections to the right are noted on the section and generally
correspond to 100 millisiemens per meter on the log scale.
Also shown on section A-B are the location of the sampled
intervals of wells within each nested site and the concentra-
tion of TDS in mg/L obtained from those intervals. Zones of
highest conductivity marked by signatures on the induction
logs are consistent with high concentrations of TDS recorded
in sampled wells. Thus, section A-B shows that the extent
of poor quality water containing high TDS concentrations is
greatest in vertical thickness in the upper Patapsco aquifer
shallow water-bearing zone in the most upgradient well of the
section (CE Dd 152), namely near the DMCA beginning at an
elevation of approximately —30 ft NAVD 88. Induction-log
signatures show zones of highest conductivity downgradient
toward the Elk River and mainly are situated in the bottom
30 ft of this zone beginning at elevations of —70 to —80 ft



NAVD 88. Similar TDS-conductivity log relations constructed
for wells along the western side of the DMCA (line of sec-
tion B-C, figure 45, which includes wells CE Dd 130, 122,
and 152) show signatures which also confirm relatively thick
zones of high conductivity water occur at shallow depths, and
at the base of the Magothy aquifer where confined, inside the
DMCA.

The downward and downgradient movement of high-
conductivity water representative of high TDS concentration
is consistent with groundwater flow conditions that indicate
recharge to the unconfined system, strong downward gradi-
ents of flow, and movement of water downgradient to the Elk
River.

As shown in the above examples, TDS concentrations in
sand and gravel aquifers can differ by more than an order of
magnitude within a vertical distance of a 5 to 10 ft. At a single
location, the water quality sampled from monitoring wells
can markedly change, depending on the vertical placement
of screened intervals. However, in the case of this study, the
occurrence of highly elevated concentrations of TDS and high
log-conductance do frequently co-occur and reflect high TDS
and thick water-bearing zones. The induction logs also indi-
cate that the vertical extent of the aquifer with high TDS water
likely is greater in and near the western side of the DMCA
than indicated solely by groundwater sampling (figs. 44 and
45; circled high-conductance areas in log sections without
well locations). In addition, as the downgradient distance from
the DMCA through WVS increases, both the concentrations of
TDS and log-conductance patterns indicate the poorest quality
groundwater occurs at depth within the upper Patapsco aquifer
shallow water-bearing zone, which is consistent with the flow
of groundwater from the DMCA to beneath WVS.

Reduction-Oxidation Processes

Historical Influences on Reduction-Oxidation
Processes

The topographic map from 1900 indicates that the area
upon which the DMCA was built was a natural, inner-coastal,
tidal wetland, which drained into the EIk River directly, or
Pearce Creek, which, in turn, drained into the Elk River
(fig. 3; see Hydrology, this report). Prior to construction of
the DMCA, the 1900 topography combined with the hydro-
geologic framework for this area indicate that this wetland
likely was a discharge area for shallow groundwater, flowing
from topographic highs on the peninsula uplands towards the
topographically low wetlands, as well as discharge from parts
of the Magothy aquifer. Given the descriptions of groundwater
quality for wetlands overlying similar stratigraphy, ground-
water flow to this wetland likely would have been slow, and
the chemistry of groundwater would have been governed by
reducing conditions (Shedlock and others, 1993, 1999; Spei-
ran, 1996). Under such reducing conditions, and given natural
groundwater conditions in the area, groundwater associated
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with the original wetland likely would have contained little to
no dissolved oxygen or nitrate-nitrogen and possibly elevated
concentrations of metals such as iron. However, as ground-
water discharged into and from this wetland, redox-sensitive
metals, such as iron and manganese, and minerals, such as iron
sulfide, likely would have oxidized, precipitated, and accumu-
lated in wetland sediments.

Construction of the DMCA likely changed this wetland
area over time from a groundwater discharge area to a local
groundwater recharge area. Construction of the DMCA berms,
placement of dredge materials, and resulting increases in land
surface, Pearce Creek Lake levels, and groundwater levels
reversed the natural flow directions. The construction of the
DMCA would have also caused the native wetland sediments,
typically high in organic material, to be buried under the
dredge materials.

During the use of the DMCA, Elk River water was mixed
with sediments, and the slurry was pumped into the bermed
area of the DMCA. This process likely resulted in an appre-
ciable increase in recharge compared to recharge from normal
amounts of precipitation. Up to several feet of standing water
were drained from the DMCA , primarily through a sluice,
over the course of several days after each batch of sediment
slurry was deposited (D. Sirkis, USACE, written commun.,
2010). The effects on hydraulic head from adding Elk River
water are illustrated by the rise in water levels associated
with the recharge from Tropical Storm Nicole, which reflects
less than 0.5 ft of water being deposited over the DMCA (see
Hydrology, this report). The mixing of anoxic bay sediments
with oxic EIk River water also likely would result in the tem-
porary oxidation of shallow dredged sediments, which contain
minerals such as ferrous sulfide and pyrite. The oxidation of
these minerals could lead to acidic conditions and the mobili-
zation of metals during and initially following sediment depo-
sition concomitant with recharge. Similar oxidizing, acidic,
and mobilizing conditions could arise in surficial deposited
sediments during annual drying (summer) and wetting (winter)
cycles within the DMCA, which also could promote the mobi-
lization of metals; whereas deep sediments likely remained
under reduced conditions.

Repetition of the above dredged-sediment disposal
process over time has raised the level of deposited sediments
(fill) in the DMCA by 30 ft or more (see Hydrogeologic
Framework, this report). This is a substantial increase in
material enriched in carbon, nitrogen, sulfur, and metals (see
Northern Chesapeake Bay Sediments, this report). Also
because deposited dredged material contained an abundance of
fine-grained organic and silty sediments, drainage conditions
in the DMCA have remained poor.

Current (2010-11) groundwater levels in the DMCA and
vicinity and a seasonal dense Phragmites (species unknown)
cover indicate the containment area has become an elevated
recharging artificial wetland (fig. 5, see Hydrology, this
report). As such, the DMCA’s historical influence on ground-
water could not only be as a source of elevated concentrations
of TDS, but also as a geochemical driver of redox processes
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that enhance the mobilization and transport of redox-sensitive
metals and nutrients in the DMCA fill-Matawan sediments as
well as in the underlying aquifers.

Terminal Electron Acceptor Process Analysis

Redox processes can markedly affect the quality of
groundwater in an aquifer. These processes have been shown
to immaobilize or mobilize potentially toxic metals in natural
aquifers (Lovely and others, 1991; Smedley and Kinniburgh,
2002; McMahon and Chapelle, 2008); and generate undesir-
able byproducts, including ferrous iron, hydrogen sulfide, and
methane (Back and Barnes, 1965; Baedecker and Back, 1979;
Chapelle and Lovley, 1992).

McMahon and Chapelle (2008) developed a terminal
electron acceptor process (TEAP) methodology to help iden-
tify the dominant redox conditions and predominant redox
processes in groundwater for 15 principal aquifers in the
United States. This analytical and systematic framework was
developed on the basis of frequently observed ecological pat-
terns in the sequential reduction of dissolved oxygen, nitrate,
and sulfate in groundwater, and the threshold concentrations
of these substrates to support microbial populations, combined
with the utilization of manganese and iron as solid-phase elec-
tron acceptors to indicate the production of dissolved manga-
nese and iron.

The method of Jurgens and others (2009), which auto-
mated the TEAP analytical approach and framework devel-
oped by McMahon and Chapelle (2008), was used in this
report to help identify the dominant redox conditions and
processes for the study area. For the purposes of this report,
their automated method was used to compare the dominant
redox conditions and processes with the probable patterns in
groundwater flow, TDS, and other indicators of water qual-
ity to help determine the probable influence of the DMCA on
groundwater in the study area.

In the Jurgens and others (2009) method, it is assumed
that pH is moderate (6.8-8.6), that there is sufficient total dis-
solved carbon to meet microbial demands, and that the total
(recoverable) dissolved concentrations of iron and manganese
accurately reflect the concentrations of the bivalent metals
Fe?* and Mn?, respectively (McMahon and Chapelle, 2008;
Chapelle and others, 2008). However, if the system contains
an abundance of total dissolved carbon, it is possible have
multiple, simultaneous reduction processes occurring. If the
proper microorganisms are present, iron, manganese and sul-
fate reduction, as well as methanogenesis can occur simultane-
ously when there is no competition for an organic donor.

Measurement of the concentrations of dissolved oxygen,
nitrate, sulfate, sulfide, and dissolved methane gas are recom-
mended by Jurgens and others (2009) for the TEAP analyses.
All these constituents were directly measured for ground-
water in the DMCA and vicinity, except nitrate and meth-
ane. Because concentrations of nitrite occurred at no more
than trace levels in groundwater (appendix B, table B3), the
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concentration of nitrate plus nitrite was used to estimate nitrate
nitrogen.

The TEAP analysis reflects redox conditions generally
facilitated by microorganisms that obtain energy by trans-
ferring electrons from donors (usually organic carbon) to
acceptors (usually inorganic species). Because some electron
acceptors provide more energy than others, electron acceptors
are utilized by these microorganisms in the order of energy
provided by the acceptors, from most to least in energy gain.
With sufficient, but not excess, carbon sources, the order of
progression in the reduction of inorganic species usually is
as follows: dissolved oxygen (O,), nitrate (NO,"), manganese
(Mn(1V)), iron (Fe(I11)), sulfate (SO,*), and carbon dioxide
(CO,(g)). Hence, the concentrations of the soluble electron
acceptors—(0O,), nitrate (NO,"), and sulfate (SO,*)—and
of the TEAP end products—manganese (Mn?), iron (Fe?*),
ammonia, sulfide [H,S_  the sum of dihydrogen sulfide
(H,S), hydrogen sulfide (HS"), and sulfide (S*)], and methane
(CH,(g))—can be used to identify the dominant redox condi-
tions and processes in groundwater within, beneath, and in the
vicinity of the DMCA.

Dissolved CH,(g) was not measured, as it was not
sampled in past studies, nor were there any indications of its
occurrence base on interpretation in past studies (U.S. Army
Corps of Engineers, 1996; R.F. Weston, Inc., 1998). Because
groundwater in the DMCA and vicinity generally is more
acidic (appendix B, table B3, pH 4.0—6.6) than groundwater
considered by McMahon and Chapelle (2008, pH 6.5-8.5), the
use of the dissolved recoverable concentrations of iron for the
concentrations of Fe?* warrants explanation. At the low end
of the pH range for groundwater in the DMCA and its vicin-
ity, the concentration of dissolved recoverable metals such as
iron likely reflects ferric (Fe®") as well as ferrous (Fe?*) iron.
Except for groundwater with measurable dissolved oxygen,
the concentrations of dissolved recoverable metals in ground-
water are highly elevated, and in most cases, orders of mag-
nitude above the TEAP threshold concentration necessary to
support microbial-reducing conditions for these metals. Thus,
it was assumed that the actual concentrations of Fe?*, even if
not equal to the dissolved recoverable concentration of iron,
would still be in excess of that needed to support microbial
reduction requirements (table 14, Individual half-reaction,
concentration of Fe?* > 0.1 mg/L).

Chapelle and others (2008) note that anoxic groundwater
systems also can be dominated by sulfate-reducing conditions.
To distinguish between iron- and sulfate-reducing conditions,
they observed that concentrations of ferrous iron and hydrogen
sulfide in groundwater systems tend to be inversely (hyper-
bolically) related. The authors determined that measurements
of dissolved (ferrous) iron, sulfate, and hydrogen sulfide could
be used to distinguish which, if either, of these two reduction
processes likely is dominant. For iron reduction to be
the dominant process, the iron-to-hydrogen sulfide mass
ratio must exceed 10 (table 14, iron (Fe?*) > 0.1 mg/L; sulfate
> 0.5 mg/L; and iron-to-hydrogen sulfide mass ratio [(mg/L)/
(mg/L) > 10]. For sulfate reduction to be the dominant
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process, the iron-to-hydrogen sulfide ratio cannot exceed 3.
For ratios between 3 and 10, both processes could be occur-
ring simultaneously, and (or) in close proximity with reduced
waters mixing in the well borehole.

Dissolved Organic Carbon

DOC concentrations appeared more than adequate for
microbial reduction. Concentrations of dissolved (recoverable)
carbon generally were one to two orders of magnitude greater
than the dissolved carbon concentrations found in surficial
or confined natural groundwater on the Delmarva Peninsula
(Shedlock and others, 1993, 1999). Higher dissolved carbon
concentrations also occurred in conjunction with high TDS
concentrations.

Bay sediments contain abundant amounts of organic
carbon (table 8, carbon, 21,810 mg/kg). The DMCA fill also
likely contains abundant organic carbon from deposited bay
sediments. In addition, the original wetland sediment, buried
by DMCA fill, may have been a significant source of organic
carbon. Seasonal Phragmites vegetation within the DMCA
continues to provide an additional source of organic carbon to
the containment area.

Groundwater in both the perched water-bearing zone and
the Magothy aquifer within the DMCA property boundary
contained elevated concentrations of DOC (fig. 46). Concen-
trations of DOC range from approximately 3 to 13 mg/L. By
way of contrast, concentrations in shallow groundwater in
Magothy aquifer beneath WVS are no more than 2 mg/L and
are generally less than 1 mg/L. To the east beyond the DMCA
property boundary, the concentration of DOC in groundwater
not overly affected by anthropogenic activities is less than
0.3 mg/L (fig. 46; appendix B, table B3).

Groundwater in the upper Patapsco aquifer shallow
water-bearing zone and along the southwestern part of the
DMCA and property boundary contains elevated concentra-
tions of DOC—approximately 4-11 mg/L (fig. 47). Beneath
WVS, concentrations of carbon also are elevated and are
approximately 1-7 mg/L. The lowest concentrations of DOC
occur along the eastern property boundary of the DMCA and
are less than 0.6 mg/L. Similar low concentrations are found
in the upper Patapsco aquifer deep water-bearing zone (appen-
dix B, table B3).

Elevated concentrations of DOC may have been a
major cause of the reducing conditions found in groundwa-
ter associated with groundwater flow from the DMCA (for
example, figure 48). The occurrence of DOC at elevated
levels in groundwater flow from the DMCA into the Magothy
aquifer and ultimately into the upper Patapsco aquifer shal-
low water-bearing zone beneath WVS is significant. Elevated
concentrations of DOC from the DMCA provide an abundance
of carbon to support microbial reduction and mobilization of
metals in the upper Patapsco aquifer shallow water-bearing
zone beneath WVS.

Reduction-Oxidation Conditions and Processes

Summary results for the TEAP analysis identified five
general redox categories and corresponding reduction pro-
cesses characterizing groundwater in the DMCA and its
vicinity (table 14). Also included in this summary are the cor-
responding individual half-cell reactions and threshold condi-
tions for each individual reduction process. The TEAP results
can be characterized on the basis of the dominant condition
and predominant reduction process identified for each well
(table 15).

The five major redox categories and corresponding reduc-
tion reaction processes indicate groundwater in the DMCA
and vicinity include oxic (O, reducing condition), mixed oxic-
anoxic (O,~Mn(1V) or O_-Fe(lll) reducing condition), mixed
anoxic (NO,~Fe(Il1) reducing conditions), anoxic ((Fe(IIl)
reducing), and CH,(g) generating conditions (table 15). The
oxic or anoxic categories reflect a single species predominant
in the redox condition, whereas the mixed reducing conditions
(O,~Fe(lll), O,~Mn(IV), or NO,~Fe(lll)) warrant explanation.
Mixed categories reflect groundwater associated with different
reducing processes. Mixed conditions could reflect: (a) two
reduction processes occurring simultaneously in the sediment,
with neither process fully dominating, (b) borehole mixing
of groundwater undergoing different reduction processes at
different depths along, or different distances from, the well
screen (Jurgens and others, 2009; McMahon and Chapelle,
2008), or (c) simultaneous reactions occurring due to the abun-
dance of DOC found in the majority of the waters.

With the potential causes in mind, the TEAP analysis can
be used to describe redox conditions and processes in different
parts of the surface-water and groundwater system in the study
area. Redox conditions differed for surface waters. At the
Pearce Creek Lake outlet, lake discharge reflected a slightly
reduced, mixed oxic-anoxic condition (fig. 49, O,-Mn);
whereas Elk River water was found to be oxic (fig. 49, O,).
Groundwater in the perched zone and the Magothy aquifer
within the DMCA property boundary, and along Pond Neck
Road, are anoxic, and, except for well CE Dd 135, reflect
groundwater where ferric (Fe**) iron likely is being reduced
(fig. 49, Fe(l11)). Groundwater associated with well CE Dd
135 is classified as under anoxic conditions and potentially
generating methane (fig. 49, CH,(g), NC).

By way of contrast, except for groundwater associated
with well CE Dd 143, shallow groundwater in the Magothy
aquifer and surface waters in the vicinity, but beyond the prop-
erty boundary of the DMCA, exhibit a variety of different but
generally less severe reducing conditions—either oxic (O,) or
mixed oxic-anoxic conditions (fig. 49, O,~Mn(IV) or Fe(lll)),
indicating that oxygen and either Mn(1V) or Fe(l1l) are being
reduced. The chemistry of the groundwater from well CE Dd
143 reflects a mixed anoxic condition associated with nitrate
(NO,") and ferric iron reduction (fig. 49, NO,-Fe). The variety
of redox conditions and reducing processes associated with
groundwater in the Magothy aquifer beneath WVS could
reflect pumping-induced mixing of groundwater with different
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Table 15. Classification of redox categories and processes
assigned on the basis of water-quality data obtained from
groundwater and surface-water samples collected in the Pearce
Creek Dredge Material Containment Area and vicinity, 2010-11.

[USGS, U.S. Geological Survey; Redox process: O,, oxygen reduction; NO,,
nitrate reduction; Mn(1V), manganese reduction; Fe(lll), iron reduction;
SO,, sulfate reduction; CH, _, methanogenesis]

U_SGS _chal General redox Redox process
identifier category
Observation wells

CE Dd 81 Anoxic Fe(I11)
CE Dd 122 Anoxic Fe(l11)
CE Dd 124 Anoxic Fe(l1T)
CE Dd 125 Anoxic Fe(I1l)
CE Dd 126 Anoxic Fe(l1)
CE Dd 127 Anoxic Fe(lll)
CE Dd 128 Anoxic Fe(l11)
CE Dd 129 Anoxic Fe(l1)
CE Dd 133 Anoxic Fe(l1)
CE Dd 135 Anoxic CH,g,
CE Dd 136 Anoxic Fe(l1)
CE Dd 137 Anoxic Fe(l11)
CE Dd 138 Anoxic Fe(I11)
CE Dd 139 Anoxic Fe(l11)
CE Dd 140 Mixed (oxic-anoxic) O,-Fe(lIl)
CE Dd 141 Anoxic Fe(I11)
CE Dd 142 Anoxic Fe(l11)
CE Dd 143 Mixed (anoxic) NO,-Fe(l11)
CE Dd 144 Anoxic Fe(I11)
CE Dd 145 Anoxic Fe(l11)
CE Dd 146 Anoxic Fe(l11)
CE Dd 147 Anoxic Fe(I11)
CE Dd 149 Anoxic Fe(l11)
CE Dd 150 Anoxic Fe(l11)
CE Dd 151 Anoxic Fe(l11)
CE Dd 153 Anoxic Fe(l1)
CE Dd 154 Anoxic Fe(l1)
CE Dd 155 Mixed (oxic-anoxic) O,-Fe(lIl)
CE Dd 156 Anoxic CH,.,
CE Dd 157 Anoxic Fe(l11)
CE Dd 158 Anoxic Fe(I11)
CE Dd 160 Anoxic Fe(l1)
CE Dd 191 Anoxic Fe(l11)
CE Dd 192 Anoxic Fe(I11)
CE Dd 193 Mixed (oxic-anoxic) O,-Fe(lll)

Table 15. Classification of redox categories and processes
assigned on the basis of water-quality data obtained from
groundwater and surface-water samples collected in the
Pearce Creek Dredge Material Containment Area and vicinity,

2010-11.—Continued

[USGS, U.S. Geological Survey; Redox process: O,, oxygen reduction; NO,,
nitrate reduction; Mn(1V), manganese reduction; Fe(lll), iron reduction;

SO,, sulfate reduction; CH

4gen’

methanogenesis]

U_SGS _chal General redox Redox process
identifier category
Domestic wells
CE Dd 161 Anoxic Fe(I11)
CE Dd 163 Mixed (oxic-anoxic) O,-Mn(1V)
CE Dd 164 Mixed (oxic-anoxic) O,-Mn(1V)
CE Dd 165 Mixed (oxic-anoxic) O,-Fe(lll)
CE Dd 166 Mixed (anoxic) NO,-Fe(l11)
CE Dd 168 Oxic 0,
CE Dd 169 Anoxic Fe(I11)
CE Dd 170 Anoxic Fe(l1)
CE Dd 171 Mixed (oxic-anoxic) O,-Fe(lIl)
CE Dd 172 Mixed (oxic-anoxic) O,-Mn(1V)
CE Dd 174 Anoxic Fe(l11)
CE Dd 176 Anoxic Fe(l11)
CE Dd 177 Anoxic Fe(I11)
CE Dd 178 Mixed (oxic-anoxic) O,-Mn(1V)
CE Dd 179 Anoxic Fe(l11)
Surface waters
Elk River at mouth  Oxic 0,
near Crystal Beach,
Md.
Pearce Creek at Mixed (oxic-anoxic) O,-Mn(IV)

Crystal Beach, Md.

redox conditions and (or) simultaneous but different redox
conditions occurring in groundwater in close proximity to the

well screens.

Redox conditions and processes influence the occur-
rence and distribution of individual redox-sensitive species in
groundwater in the DMCA and vicinity. The affected redox-
sensitive species include dissolved oxygen, dissolved inor-
ganic nitrogen compounds (nitrate-plus-nitrite and ammonia-
nitrogen), total recoverable manganese and iron, and dissolved
sulfur compounds (sulfide or sulfate).

On the basis of concentrations of dissolved oxygen
above the TEAP threshold (table 14, O, > 0.50 mg/L), only
shallow groundwater in the Magothy aquifer beneath WVS

(fig. 50), and in the Magothy aquifer east of the DMCA prop-
erty boundary (fig. 50, well CE Dd 193) are considered to be
in an oxygen-bearing zone.
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Concentrations of nitrate-plus-nitrite nitrogen above the
TEAP threshold (table 14, NO,”> 0.5 mg/L) only occur in
shallow groundwater in the Magothy aquifer beneath part of
WVS and east of the DMCA property boundary (fig. 51). Else-
where nitrate-plus-nitrite nitrogen only occurs at low concen-
trations (approximately 0.15 mg/L or less). The pattern in the
occurrence of nitrate plus nitrite nitrogen at elevated concen-
trations is consistent with elevated concentrations of dissolved
oxygen described above. The occurrence of nitrate plus nitrite
nitrogen is also similar to other groundwater samples from
residential areas elsewhere on the Delmarva Peninsula, where
oxic shallow groundwater has higher concentrations of nitrate
plus nitrite nitrogen than anoxic groundwater (table 12).

The major dissolved inorganic form of nitrogen in
groundwater under reduced conditions is ammonia nitrogen
(fig. 52). The highest concentrations in ammonia nitrogen
in groundwater under reduced conditions occur beneath the
DMCA, or within or near the DMCA property boundary, in the
perched groundwater zone and Magothy aquifer (figs. 52 and
53). On the basis of patterns in groundwater flow, groundwater
in the Magothy aquifer with elevated concentrations of ammo-
nia nitrogen travels south at least to Pond Neck Road and west
from the DMCA (fig. 52) before flowing laterally and verti-
cally downward into the upper Patapsco shallow water-bearing
zone beneath WVS (fig. 54).

Concentrations of dissolved manganese are less than the
TEAP threshold (table 14, Mn?", 0.05 mg/L, or 50 pg/L) in
groundwater at one well in the Magothy aquifer beneath WVS
(fig. 55). The occurrence of moderately elevated manganese
concentrations just below the oxygen-bearing zone in WVS
could reflect solid-phase Mn(IV) reduction and mobilization
in conjunction with groundwater moving vertically downward
from this oxygen-bearing zone. Manganese was abundant and
well above the TEAP threshold throughout the remainder of
the Magothy aquifer (fig. 55). High manganese concentra-
tions in this aquifer occurred beneath the southern and western
parts of the DMCA. To the south, the highest concentrations
occurred along Pond Neck Road and reflected groundwater
flow from the DMCA to this aquifer. Given this flow path
occurs in entirely anoxic iron-reducing conditions, the high
manganese concentrations along Pond Neck Road could
reflect solid-phase Mn(IV) reduction and mobilization not
only in the DMCA, but throughout the anoxic aquifer (fig. 56).

Chapelle and others (2008) note that anoxic groundwater
systems can be dominated by iron- or sulfate-reducing condi-
tions, or both. Groundwater throughout most of the DMCA
and vicinity is under redox conditions where iron likely is
being reduced. Concentrations of iron below < 0.01 mg/L only
are approached in oxygen-bearing shallow groundwater in the
Magothy aquifer beneath WVS (fig. 57). Iron concentrations
are considerably above the TEAP threshold in the perched
water-bearing zone and the Magothy aquifer, as well as the
upper Patapsco aquifer shallow water-bearing zone (figs. 58
and 59). As in the case of manganese, high concentrations
of iron generally correspond to groundwater flow within and
from the DMCA. Concentrations of iron also tend to increase

Water Quality 89

with depth and distance along the groundwater flow paths
from the DMCA (for example, figure 57), in what are mainly
anoxic iron-reducing conditions. The highest concentrations
of iron correspond to areas where groundwater flow from the
DMCA potentially could be in contact with oxygen-bearing
or mixed oxic-anoxic groundwater from other source areas—
for example, to the west of the DMCA in the upper Patapsco
aquifer beneath WVS or to the east of the DMCA property
boundary (fig. 59). The high concentrations of iron also
correspond to elevated levels of DOC found in the samples.
These elevated concentrations of iron are also considerably
greater than concentrations of iron in groundwater elsewhere
in the vicinity of the study area that are considered not overly
affected by human activities (table 13).

Groundwater unaffected by flow from the DMCA has
concentrations of iron higher than the TEAP threshold of
0.01 mg/L. Native sediments throughout most of the area have
high iron concentrations, which likely reflect iron’s abundance
in native aquifer sediments as well as in the DMCA fill (see
Chemical Composition of Sediments, this report). Iron is
more abundant than manganese in DMCA fill-Matawan sedi-
ments and other sediments in the study area (table 9). The
relative abundance of iron and manganese in the sediments,
iron being greater than manganese, is likely related to the
relative abundance of those elements in the Earth’s outer crust:
this could explain why iron concentrations generally exceed
manganese concentrations in groundwater in the study area
and vicinity that are not overly affected by human activities
(table 13).

As noted in the previous section (see Total Dissolved
Solids and Major lons, this report) the proportion of sulfate
within a particular sample was an important factor for dis-
tinguishing groundwater flow patterns. Dredge material and
buried wetland sediments were likely the largest source of
sulfur within the study area. The addition of oxic EIk River
water may have oxidized the ferrous sulfide minerals to form
sulfate, which is mobile. The sulfate can then be reduced,
under the proper conditions, to hydrogen sulfide. However,
sulfate generally is not undergoing appreciable reduction in
this groundwater flow system. The iron-to-hydrogen sulfide
mass ratios all exceeded 10, indicating the flow system was
predominately iron-reducing. Except for groundwater associ-
ated with two wells within the DMCA property boundary,
concentrations of sulfate occurred at measurable (exceeding
approximately 0.2 mg/L) to extremely elevated (thousands of
milligrams per liter) concentrations throughout the Magothy
aquifer (fig. 60) and the upper Patapsco aquifer shallow water-
bearing zone (fig. 61).

Groundwater associated with two wells within the DMCA
property boundary (fig. 6, wells CE Dd 156 and CE Dd 135)
and screened in the Magothy aquifer had low levels of dis-
solved oxygen (less than 0.5 mg/L), low to moderate levels
of levels of ammonia-nitrogen (less than 4 mg/L), moderately
elevated levels of dissolved iron (up to hundreds of milligrams
per liter), low levels of sulfide (0.015 pg/L), and sulfate con-
centrations reported as less than the LRL (19 mg/L). On the
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basis of the TEAP threshold criteria (table 14), groundwater at
both wells was classified as anoxic and the predominant reduc-
tion process as methane generation (table 15). Since dissolved
methane (gas) was not determined, this classification could not
be confirmed. But both wells contain unusually low levels of
TDS—Iess than 250 mg/L (appendix B, table B3). Groundwa-
ter from both wells exhibit water-quality conditions that would
indicate conditions are anoxic and have reducing conditions
that indicate at least sulfate is being reduced.

Redox conditions in the upper Patapsco aquifer shal-
low water-bearing zone beneath the DMCA and within or
just beyond the DMCA property boundary are similar to the
conditions in the overlying Magothy aquifer. Except for well
CE Dd 156, groundwater conditions generally are anoxic, with
Fe(l11) reduction being the dominant process (fig. 62, Fe(l11)).
Groundwater associated with well CE Dd 156 also is anoxic,
but it is in a severely reduced state and possibly generating
methane (fig. 62, CH,(g), not confirmed). Beneath WVS,
water in the upper Patapsco shallow water-bearing zone exhib-
its reducing conditions, which generally are almost as severe
as conditions associated with this water-bearing zone within
and near the DMCA (fig. 62, Fe(l1) dominates), and more
severe than the redox conditions in the overlying Magothy
aquifer (fig. 49), with anoxic (Fe(l11)) or mixed anoxic
(NO_-Fe) conditions dominating (fig. 62).

In the upper Patapsco aquifer shallow water-bearing zone,
elevated manganese concentrations occurred above the TEAP
threshold in the southern and western parts of the DMCA and
its vicinity (fig. 63). In the south, elevated manganese concen-
trations occurred beneath the DMCA, and beyond along Pond
Neck Road. The elevated concentrations of manganese along
Pond Neck Road correspond to flow initially from the
DMCA and into the Magothy aquifer, which eventually
leaked through the confining layer into the upper Patapsco
aquifer shallow water-bearing zone (fig. 42). In the west,
the pattern and process is similar, but rather than leakage,
the confining layer between the aquifers is absent (fig. 42).
Groundwater in the Magothy aquifer beneath the DMCA
contained elevated manganese concentrations above the TEAP
threshold and the concentration of manganese increased along
the western flow path from the DMCA groundwater divide to
the base of the upper Patapsco aquifer shallow water-bearing
zone. This increase in manganese could reflect solid-phase
Mn(1V) reduction and mobilization not only in the DMCA,
but also along the groundwater flow path, and particularly at
the base of the upper Patapsco aquifer shallow water-bearing
zone.

In the upper Patapsco aquifer deep water-bearing zone,
groundwater reflects mixed oxic-anoxic conditions (fig. 64,
O,-Fe(ll1), wells CE Dd 155 and CE Dd 171) and anoxic
conditions (fig. 64, Fe(I11)). In this zone, however, the mixed
oxic-anoxic conditions reflect low concentrations of dissolved
oxygen, 0.55 and 0.53 mg/L at wells CE Dd 155 and CE Dd
171, respectively, which are just above the 0.50 mg/L TEAP
threshold that identifies oxic waters (table 14).

Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

In the upper Patapsco aquifer deep water-bearing zone,
and except for one well (CE Dd 170, Mn?*, 1.17 mg/L), con-
centrations of manganese range from approximately 0.07 to
0.13 mg/L (appendix B, table B3). There likely is little solid-
phase reduction and mobilization of Mn(IV) in this aquifer
despite the anoxic conditions. The low manganese concen-
trations could reflect the lack of availability of solid-phase
Mn(1V) in this aquifer (see below).

The upper Patapsco aquifer deep water-bearing zone
had low sulfate concentrations (appendix B, table B3, range
from 8 to 22 mg/L), when compared to other parts of the
study area. Elevated concentrations of sulfate, at levels of
hundreds to thousands of milligrams per liter, mainly occurred
in anoxic groundwater in the DMCA, or were associated with
groundwater flow from the DMCA (fig. 65). The elevated
concentrations of sulfate associated with groundwater flow
within and from the DMCA appreciably exceeded concentra-
tions of sulfate in groundwater associated with either aquifer
within (figs. 60, 61, and 65) or near the study area where that
groundwater does not appear to be overly affected by human
activities (table 13).

The different patterns observed in t he dominant redox
categories and predominant reduction processes can be related
to the quality of groundwater and, in particular, concentrations
of TDS in groundwater in the study area, as well as land use,
through patterns in groundwater flow. To illustrate, ground-
water flow and the redox conditions associated with that flow
from DMCA recharge into the Magothy aquifer to either the
east or west of the groundwater divide along A-A" are anoxic;
Fe(lI11) reduction is the dominant process (fig. 66). This anoxic
groundwater also contains highly elevated concentrations of
TDS (fig. 41). However, to the east and beyond the DMCA
property boundary, less-severe mixed oxic-anoxic condi-
tions occur (fig. 66, O,~Fe(lll), well CE Dd 193). Although
the sources of the water sampled in this area are not entirely
known, they are unlikely to include recharge from the DMCA,
as the concentration of TDS associated with this well more
aptly reflects groundwater that has not been overly affected by
any human activities or land use (fig. 41; table 12).

Along the western end of the DMCA property boundary
and 4-A' (fig. 66), the pattern in redox conditions and pro-
cesses also appears related to the source of the groundwater
and previously described patterns in groundwater flow and
TDS (fig. 41). The most severe reducing condition—that of
Fe(lI11) reduction—corresponds to groundwater from DMCA
recharge to the Magothy aquifer that flows beneath the west-
ern half of the DMCA. The reducing conditions then occur
farther westward and vertically downward to the base of the
upper Patapsco aquifer shallow water-bearing zone. Finally,
the reducing conditions are found farther along the flow path,
to the west, or along the flow path that goes upwards or dis-
charges along the western end of WVS or the Elk River
(fig. 66). This flow also contains the highest concentrations of
TDS in either aquifer in this area (fig. 41). However, ground-
water at shallow depths beneath the WVS community is under
less severe and often mixed oxic-anoxic conditions (fig. 66,
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O,-Fe(lI1) or O,~Mn). In part, these redox conditions and
processes likely reflect local recharge—precipitation and resi-
dential use (irrigation and septic effluents), where human uses
reflect groundwater that generally has been treated to remove
TDS before use. Thus, local recharge and shallow ground-
water likely is a mixture of oxic (precipitation or surface
irrigation) and mixed oxic-anoxic (for example, septic system
effluent) (figs. 43, 49, and 66), with relatively low concentra-
tions of TDS (fig. 41).

A pattern similar to that described among redox condi-
tions and processes, TDS, and groundwater described above
for A-A’, also occurs along C—C' through the WVS community
(fig. 67). Groundwater in the Magothy aquifer beneath the
DMCA is under anoxic and Fe(l11)-reducing conditions and
associated with high concentrations of TDS (fig. 43). Both
these attributes persist as this water flows north into WVS
and then downward into the upper Patapsco aquifer shallow
water-bearing zone beneath the community. However, as in
the case of 4-4", groundwater at shallow depths beneath the
community along C—C" also is under mixed oxic-anoxic condi-
tions (fig. 67, O,~Mn) and likely reflects the relatively oxic to
mixed oxic-anoxic nature of local recharge that contains low
to intermediate concentrations of TDS (fig. 43).

It should be noted that anoxic iron-reducing ground-
water conditions are not solely the result of the DMCA. For
example, along B—B’, anoxic iron-reducing conditions occur
throughout the groundwater flow system, including the upper
Patapsco aquifer deep water-bearing zone. Despite the anoxic
iron-reducing conditions, concentrations of TDS and major
ion distributions indicated that the groundwater in the upper
Patapsco aquifer deep water-bearing zone has not been
impacted by the DMCA (fig. 68).

Given the dominant redox conditions and predominant
redox processes and their relation to patterns in groundwa-
ter flow and TDS, the effect of the DMCA appears to be the
recharging of groundwater under reduced conditions that is
elevated in TDS, which could be expected to contain elevated
concentrations of reduced forms of redox-sensitive species.
The primary areas affected by this DMCA recharge are the
perched water-bearing zone and the Magothy aquifer within
and at least along to the DMCA property boundary, and where
leakage occurs into the upper Patapsco aquifer shallow water-
bearing zone—along Pond Neck Road, and into WVS. This
conclusion is consistent with the concept that the DMCA is
an elevated and artificial groundwater-recharging wetland
that was created on a natural discharging wetland. However,
whether or not groundwater flow from the DMCA is the sole
source of poor quality water farther along groundwater flow
paths from the DMCA cannot be fully determined on the basis
of this analysis of groundwater flow, redox conditions, and
TDS.

Mixed Reduction-Oxidation Processes and pH

Groundwater in the DMCA and vicinity with the high-
est levels of TDS (fig. 41), and high or the highest levels of
sulfate (fig. 65), and reduced metals—manganese (fig. 63),
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and ferrous iron (fig. 57)—generally corresponds to parts

of the groundwater flow system where anoxic iron-reducing
groundwater from the DMCA potentially come into contact
with oxygen-bearing groundwater from other source areas.
Two such areas are the local Magothy aquifer-upper Patapsco
aquifer shallow water-bearing zone beneath WVS and the
local Magothy aquifer just east of the DMCA.

Whether groundwater in these two areas simply repre-
sents a downgradient plume of older contaminated ground-
water from the DMCA—for example, the migration of
groundwater recharge from the DMCA when it was in use—or
reflects another unique redox condition outside of the DMCA
is critical to understanding what factors influence the quality
of water in these areas. However, no information is available
on the ages of groundwater in the study area since its time of
recharge, or from hydrogeochemical modeling, which could
help determine the above. In the case of the local WVS flow
system, there are sufficient data and knowledge about the area
to indicate that the quality of the groundwater in this area
could reflect a localized interaction between oxygen-bearing
and anoxic groundwater that leads to a unique redox environ-
ment, which further affects the quality of groundwater beneath
the community.

Redox conditions in the groundwater beneath WVS
indicate groundwater at shallow depth is oxygen bearing, at
intermediate depths reflects mixed oxic-anoxic conditions, and
at even deeper depths is anoxic (figs. 66 and 67). Absent any
influence from the DMCA, this description could be consid-
ered a natural groundwater phenomenon; it generally could be
expected to result in groundwater whose quality with depth
would be expected to reflect that found in local aquifers in
the study area that are not overly affected by human activities
(tables 12 and 13).

Hamilton and others (1993) describe typical changes in
the pH associated with redox conditions for groundwater in
the surficial aquifer and updip confined aquifers of the Del-
marva Peninsula. Rainfall on the Peninsula typically is oxic
and acidic (pH 4-5 standard units), but low in TDS, and not
highly buffered. However, upon infiltration and with increas-
ing depth, the pH in most shallow groundwater increases
(pH 5-6) and is weakly buffered as a result of reactions with
silicate minerals. In updip aquifers such as the Magothy aqui-
fer, or possibly in areas such as in WV'S, where there no longer
is a confining layer, groundwater flow is not impeded and can
continue downward. Hamilton and others (1993) indicate the
pH could again increase (6—8) with depth of flow as a result of
iron and possibly sulfate reduction. The results of this process
absent considerable anthropogenic influence are reflected in
the pH of groundwater in the upper Patapsco aquifer shallow
water-bearing zone in the study area (table 13; wells CE Dd
146 and CE Dd 191). Overall, the general pattern of declines
in pH with depth and from shallow to deep aquifers also
appears in groundwater in the vicinity of the study area not
overly affected by human activities (table 13).

Differences in the pH of groundwater with depth beneath
WVS are not similar to the pattern with depth described above
for groundwater relatively unaffected by human activities
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Figure 68. Hydrogeologic section showing the predominant reduction-oxidation conditions and processes along line B-B’
associated with selected wells completed in the Magothy aquifer or in the upper Patapsco aquifer shallow or deep water-
bearing zone in the Pearce Creek Dredge Material Containment Area (DMCA) and vicinity, Cecil County, Maryland, 2010-11.
(Location of line of section B—B' is shown in figure 39.)

(figs. 69 and 70). Shallow oxygen-bearing groundwater suggested at least some but not all residents also treat their
beneath WVS is acidic (fig. 69; approximately pH 4.5 to water to increase the pH to approximately 6 standard units.
5.0 standard units). In part, this acidity likely reflects recharge ~ Thus, depending on the depth water is withdrawn (fig. 69), and
from precipitation. In part, it also reflects recharge from resi- the subsequent level of treatment, the pH of residential sup-
dential use. ply water, and, thus, initial recharge water associated with its
The pH of residential recharge in WVS could differ use, could range from approximately 4.2 to 6 standard units.
considerably. Historical surveys (Maryland Environmental This range in pH is considerably broader than the range in pH
Service, 1995) indicate that most WVS residents treat their in groundwater recharge typically associated with precipita-
water to remove most but not all metals. However, these tion. Ultimately, despite the possible range in the initial pH
historical surveys, as well as recent surveys conducted by of residential recharge, it likely is weakly buffered, as the pH
the USGS during the canvassing of this area to select wells in oxygen-bearing shallow groundwater beneath WVS ranges
and by the Cecil County Health Department (A. Scramlin, from of approximately 4.5 to 5 standard units and is typically

Cecil County Health Department, written commun., 2010), less than pH associated with groundwater in the Magothy
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aquifer in the vicinity of the study area which appear not
overly affected by human activities (table 13).

Beneath the oxygen-bearing zone in WVS, and under
natural conditions, as described above, it would be expected
that there would be an increase in pH downgradient. However,
the pH of groundwater beneath the oxygen-bearing zone in the
Magothy—-upper Patapsco aquifers slightly decreases, ranging
from 4.2 to 4.9 standard units (fig. 69). In addition, the low pH
at depth in the upper Patapsco aquifer shallow water-bearing
zone appears to be local in character, and is not evident either
upgradient or downgradient in this zone (fig. 70). Below the
shallow oxygen-bearing zone, groundwater at intermediate
depths also reflects mixed oxic and anoxic conditions, and, at
the base of the upper Patapsco aquifer shallow water-bearing
zone, anoxic (iron-reducing) conditions (figs. 66 and 67).

The overall trend in pH of progressively acidic conditions
with depth could be directly related to the progression from
oxygen-bearing to mixed oxic and anoxic and ultimately
anoxic conditions. Both progressive conditions could reflect
the effects of residential supply-well withdrawals, which
draw anoxic groundwater coming from the DMCA into what
initially is relatively oxygen-bearing groundwater associated
with local recharge. If anoxic groundwater is drawn into pre-
dominately oxygen-bearing groundwater, then the former will
undergo oxidation. One notable outcome of oxidation would
be the production of acidity (H*), and corresponding decline
in pH, through the oxidation of reduced iron, and the local
formation of ferric hydroxide precipitates, as follows:

Fe? +0.250, + H* = Fe** + 0.5 H,0 @)

Fe¥* + 3H,0 = Fe(OH), +3H" 3)

3(s)
The oxidation of iron sulfide minerals would also lead to the
production of acidity. The oxidation reaction of iron sulfide is
as follows:

2FeS + 450, + 2H,0 = Fe,0, + 4H' + 250>  (4)

The initial low pH of shallow groundwater in the Mago-

thy aquifer beneath WVS, and the resulting increase in pH
with depth in groundwater in the Magothy—upper Patapsco
aquifers beneath WVS, would provide acidic conditions

well suited for hydrolysis and mobilization of metals from
native sediments. The groundwater flow from the DMCA also
contains abundant levels of organic carbon (see Dissolved
Organic Carbon, this report), which are necessary to support
microbial reducing conditions (table 14, reduction reactions).
The return to relatively severe (iron-reducing) anoxic condi-
tions at depth in the upper Patapsco aquifer shallow water-
bearing zone beneath WVS, combined with the low pH and
elevated concentrations of organic carbon, imply groundwater
conditions at depth in the upper Patapsco aquifer beneath the
WV'S community are ideally suited for the increased microbial
reduction and mobilization of metals. The overall expected
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result would be a localized increase in the concentration of
TDS, which in combination with the major inflow of anoxic
groundwater of similar quality from the DMCA would account
for the local and highly elevated concentrations of TDS and
reduced metals at depth in the upper Patapsco aquifer shal-
low water-bearing zone directly beneath the WVS community
and described in earlier sections of this report. Similar redox
reactions could occur elsewhere in the vicinity of the DMCA
where local groundwater withdrawals for supplies draw highly
reduced anoxic groundwater from the DMCA into areas where
local groundwater generally is oxygen-bearing.

Extended Implications of Reduction-Oxidation
Processes on Groundwater Quality

Groundwater in the DMCA and vicinity that is not
affected by the DMCA include: (a) in the Magothy aquifer,
the shallow oxygen-bearing groundwater beneath WVS to
the west of the DMCA and to the east of the DMCA, (b) in
the anoxic upper Patapsco aquifer shallow water-bearing
zone, except where leakage has occurred through the confin-
ing layer from the Magothy aquifer beneath the DMCA, or
where the confining layer is absent to the west of the DMCA
beneath WVS, and (c) in the anoxic upper Patapsco aquifer
deep water-bearing zone. Despite differences in redox condi-
tions, groundwater in these areas has been shown to contain
relatively low concentrations of TDS and the forms of redox-
sensitive constituents reflecting the redox condition.

Groundwater affected by the DMCA is predominately
anoxic and mainly reflects iron-reducing conditions. These
redox conditions correspond to the virtual absence of dis-
solved oxygen but an abundance of the reduced forms of
nitrogen (ammonia) and metals (manganese and iron). Given
iron is reduced instead of sulfate, sulfate occurs at elevated
concentrations. The resultant anoxic groundwater occurs in
the Magothy aquifer beneath the DMCA, and bordering the
DMCA property boundary, as well as beyond its boundary.
The anoxic groundwater also occurs in the upper Patapsco
aquifer shallow water-bearing zone to the west of the DMCA
beneath WVS where the confining layer between the Magothy
aquifer and the upper Patapsco aquifer shallow water-bearing
zone is absent, and beneath the DMCA where leakage occurs
through the confining layer between these two aquifers.

The implications of the potential effects of the DMCA
on groundwater quality beyond its boundaries extend to other
trace elements and not just iron and manganese. McMahon
and Chapelle (2008) recently examined high concentra-
tions of naturally occurring arsenic in the principal aquifers
of the United States. They found that regardless of aquifer
sediment type, elevated concentrations of arsenic concentra-
tions were found in groundwater under reduced (Mn(IV)- or
Fe(I11)—S0O,*) compared to oxic conditions. In particular,
the occurrence and distribution of three additional trace ele-
ments—aluminum, beryllium, and arsenic—appear similarly
governed for groundwater in the DMCA and vicinity. Elevated
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concentrations of these trace elements mainly occur at high
concentrations in groundwater where reducing conditions
could be enhanced by the mixing of anoxic water from the
DMCA and oxygen-bearing water from another source. The
three areas where these conditions possibly occur are in the
Magothy aquifer just east of the DMCA property boundary,
in the Magothy aquifer west of the DMCA property bound-
ary and beneath WVS, and in the Magothy aquifer to the
north where it potentially co-discharges with groundwater
from the upper Patapsco aquifer shallow water-bearing zone
and possibly groundwater recharge from Pearce Creek Lake.
For brevity, the following discussion focuses on groundwater
flow along C—C’ with an emphasis on groundwater flow in the
Magothy aquifer to WVS.

After iron and manganese, the next most abundant trace
element in groundwater is aluminum (appendix B, table B3).
Concentrations of aluminum in groundwater in the DMCA and
vicinity range from less than 0.01 to 58 mg/L. Along section
line A—A4’ (fig. 71), the highest concentrations of aluminum
occur at depth in the upper Patapsco aquifer shallow water-
bearing zone west of the DMCA and beneath WVS, and in
the Magothy aquifer east of the DMCA property boundary. In
each case, anoxic groundwater from the DMCA is in proxim-
ity to oxic waters from another source. In WVS, the concentra-
tions of aluminum begin increasing with depth, acidity, and
severity in redox conditions below the oxygen-bearing zone,
and they are highest at the base of the upper Patapsco aquifer
shallow water-bearing zone. The solubility of aluminum can
increase with elevated concentrations of sulfate and DOC,
which were also observed at the base of the upper Patapsco
aquifer shallow water-bearing zone. Elsewhere, in the study
area (fig. 71), or near the study area (table 13), groundwater
has relatively low concentrations of dissolved aluminum.

Concentrations of dissolved beryllium in groundwater in
the DMCA and vicinity range from less than 0.4 to 18 pg/L
(appendix B, table B3). Elevated concentrations of beryllium
mainly are associated with groundwater at depth in the upper
Patapsco aquifer shallow water-bearing zone beneath the
western end of the DMCA and into WVS (fig. 72). As in the
case of aluminum, concentrations of beryllium increase with
depth below the oxygen-bearing zone beneath the community
and are highest under the extreme reducing conditions at the
base of the upper Patapsco aquifer shallow water-bearing zone
(fig. 73).

Concentrations of arsenic in groundwater in the
DMCA and vicinity range from less than 0.10 to 58.7 pg/L
(appendix B, table B3). The highest concentrations of arsenic
occurred in samples taken in 2010 and 2011 at well CE Dd
122, which is completed in the upper Patapsco aquifer shallow
water-bearing zone beneath perched water-bearing zone and
Magothy aquifer at the western end of the DMCA (fig. 74).
Lower but still elevated concentrations of arsenic occur in
water-supply wells completed in this same water-bearing zone
directly downgradient and west-northwest of well CE Dd 122.
All of these wells are completed at depth in this water-bearing
zone and under highly reducing conditions.

Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

Additional Water-Quality Indicators Illustrate
Effect of Dredge Material Containment Area on
Local Groundwater Quality

The influence of the DMCA on the quality of ground-
water is apparent in relation to water-quality conditions not
directly related to redox conditions and redox-sensitive water-
quality constituents. The DMCA’s influence also is apparent
in the occurrence and distribution of detectable pesticides and
wastewater compounds in groundwater in the DMCA and
vicinity.

Pesticides and Wastewater Compounds

Occurrence and distribution surveys for pesticides in
groundwater in the Mid-Atlantic Coastal Plain generally have
been conducted to determine their fate and transport follow-
ing their use in agricultural, residential, and (or) urban settings
(Koterba and others, 2010). Fewer surveys have been con-
ducted for wastewater compounds in groundwater in this set-
ting, but they too generally have been conducted to determine
the fate and transport of these compounds in groundwater.

Only within the last decade have surveys been done to
determine the fate and transport of these and other organic
compounds in bay sediments (see Chemical Composition of
Sediments, this report). Bay sediments contain pesticides and
wastewater compounds that generally are resistant to complete
degradation. The source of most of these compounds typically
is related to their use in terrestrial settings, but the occurrence
of these compounds in bay sediments implies they generally
have been exposed to both oxic and anoxic environments, and
still persist, albeit often in a metabolite, rather than parent,
compound form.

For the purposes of this report, occurrence and distribu-
tion surveys for these compounds mainly were conducted
to (a) determine if groundwater in WV'S used for water
supplies, and relatively shallow groundwater elsewhere in
the study area, contained residues of these compounds, and
(b) determine the source of local recharge or groundwater
flow such as agricultural areas, residential areas, and (or) the
DMCA. Because most pesticides and wastewater compounds
of anthropogenic origin are of relatively recent origin, the
surveys are limited in aerial and vertical extent in relation to
the shallow groundwater flow system in the DMCA and its
vicinity. Thus deeper groundwater in the study area (such as
from the upper Patapsco aquifer deep water-bearing zone and
some groundwater from the upper Patapsco aquifer shallow
water-bearing zone) was not analyzed for pesticides or waste-
water compounds. In this report, the term pesticide includes
both pesticides and their metabolites for which samples were
analyzed.
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Table 16. Summary of pesticides detected with low-level analytical methods in groundwater and surface-water samples collected in

the Pearce Creek Dredge Material Containment Area and vicinity, 2010-11.

[ng/L, micrograms per liter; <, less than; X, number of wells with detectable concentrations]

Laboratory Number of detections and range in detected concentrations (ng/L)
Analyte reportin i i Comments
yt Iev:I (ug/?.) Obser\;;tllzt:;; wells Domestic wells All wells (X/35)
Triazines and metabolites

2-chloro-4-isopropyl-amino- ~ <0.025  1/20, 0.050 0/15 1/35, 0.50

6-amino-s-triazine (DEA)
2-hydroxy-4-isopropyl- <0.025 1/20,0.050 0/15 1/35, 0.050 Also detected

amino-6-ethylamino-s- (0.070 pg/L) in

triazine (HA) Pearce Creek Lake

Acetanilides, acetanimides, and metabolites

Alachlor ethane sulfonic <0.020 9/20,0.020t0 0.160  2/15, 0.020 to 0.030  11/35, 0.020 to 0.160

acid (ESA)
Alachlor oxanilic acid <0.020  9/20,0.040t0 0.250  3/15, 0.030 t0 0.100  12/35, 0.030 to 0.250

(OXA)
Dechloroalachlor <0.020  1/20, 0.020 0/15 1/35, 0.020
Metolachlor ethane sulfonic 9/20,0.020t0 0.110  6/15,0.020t0 0.080  15/35, 0.020 to 0.110 Also detected

acid (ESA) (0.140 pg/L) in

Elk River

Metolachlor <0.020  1/20, 0.030 0/15 1/35, 0.030
Dechlorometolachlor <0.020 0/20 1/15, 0.020 1/35, 0.020
Metolachlor oxanilic acid <0.020  10/20, 0.030 to 0.100 3/15, 0.030 t0 0.090 13/35, 0.030 to 0.100 Also detected

(OXA) (0.090 pg/L) in

Pearce Creek Lake

Dimethenamid <0.020 0/20 0/15 0/35 Detected (0.040 ug/L)

only in Pearce Creek
Lake

Low Level of Detection Pesticide Survey

An occurrence and distribution survey to detect pesti-
cides at low levels was conducted with 20 observation and

15 domestic-supply wells (appendix A, table A1; appendix B,
table B1) in the DMCA and its vicinity to provide informa-

tion on the distribution of 54 pesticides or their metabolites

in the shallow groundwater in the study area (primarily the
Magothy aquifer and upper Patapsco aquifer shallow water-
bearing zone). These pesticides and metabolites commonly are
detected in shallow groundwater in Mid-Atlantic Coastal Plain
settings and associated with agricultural, residential, and (or)
urban land use (Koterba and others, 2010).

The purpose of this pesticide survey was to help deter-
mine the potential sources of groundwater used for domestic
water supplies in the vicinity of the DMCA. Most (44 of
54) pesticide or metabolite compounds were not detected
(concentrations reported as less than their respective LRLS)
in any groundwater samples from observation or domestic
wells (appendix B, table B3, LCEA and LCPD pesticides and

metabolites).

Ten of the 54 different pesticides were detected in obser-
vation and (or) domestic water-supply wells at generally low

(less than 0.50 pg/L) concentrations (table 16). Compounds
detected with the highest frequency were the metabolites of
metolachlor and alachlor, and included metolachlor ethane
sulfonic acid (ESA) (15 of 35 wells), metolachlor oxanilic
acid (OXA) (13 of 35 wells), alachlor oxanilic acid (OXA)
(12 of 35 wells), and alachlor ethane sulfonic acid (ESA)
(11 of 35 wells). Other than these four compounds, only six
other compounds were each detected once—dechloroalachlor,
dechlorometolachlor, metolachlor, the triazine metabolites
2-chloro-4-isopropyl-amino-6-amino-s-triazine (DEA) and
2-hydroxy-4-isopropyl-amino-6-ethylamino-s-triazine (HA),
and dimethenamid, with the latter only being detected at the
Pearce Creek Lake outlet (table 16).

The occurrence of mainly the ESA and OXA metabolites
of alachlor and metolachlor, compared to other pesticide resi-
dues in groundwater in the study area, is consistent with pat-
terns of pesticide occurrence observed in other nearby Coastal
Plain settings (Koterba and others, 2010) and likely relates
to their resistance to further degradation once in the soil and
no longer exposed to photochemical degradation (J. Barbash,
USGS, written commun., 2011).

Multiple pesticide detections occurred in groundwater
at two wells screened in the local perched water table
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(wells CE Dd 124, 2 pesticide detections; and CE Dd 144, 4
pesticide detections) and in 11 wells screened in the Magothy
aquifer primarily located along the southern part of the study
area along Pond Neck Road (fig. 75) in the central part of the
DMCA (wells CE Dd 137 and 144, 3 pesticides detected at
each well; well CE Dd 157, 2 detections), and in WVS just
beyond the DMCA property boundary (domestic well CE Dd
179, 5 pesticides detected). Only one pesticide, metolachlor
ethane sulfonic acid, was detected in one of the six other
wells (used in this survey) located in WVS and completed in
shallow oxic water in the Magothy aquifer (well CE Dd 172).
Thus, most pesticide detections occur in wells completed
beneath the DMCA, beneath its property boundary, or just
beyond its property boundary, and are associated with anoxic
groundwater flow within or from the DMCA (figs. 76 and 77).
Notably, five detections occurred in well CE Dd 193, which is
completed in the oxic water east of the DMCA. Despite hav-
ing 5 detections, other water quality parameters in CE Dd 193
did not appear to be overly affected by any land use.

The co-occurrence of similar pesticides (mainly ESA and
OXA metabolites of metolachlor and alachlor) in the wells
sampled along Pond Neck Road could indicate that shallow
oxic groundwater east of the DMCA is mixing with anoxic
groundwater flowing south from the DMCA along the south-
ern and southeastern border of the DMCA property boundary.
It also could be that the co-occurrence of similar pesticides
in both anoxic groundwater from the DMCA and oxic water
to the east of the DMCA simply reflect the ubiquitous and
long-term use of these compounds and their resistance to
degradation. During DMCA use, these compounds could have
been introduced into the DMCA in either dredged sediment
or Elk River water, and they simply have remained detectable
in older groundwater flowing from the DMCA; whereas their
occurrence in oxic groundwater from the east of the DMCA
simply reflects their long-term use in agricultural areas to the
east and (or) south of the DMCA. That the latter is most likely
supported by the fact that pesticide detections in the Magothy
aquifer beneath the DMCA or along its property boundary to
the north and northwest (figs. 75 and 76) also had detections of
these same compounds, and this groundwater is mainly associ-
ated with recharge and groundwater flow from the DMCA.

In only one sample, domestic-supply well CE Dd 172,
which involves a single pesticide detection, does the source
of Magothy groundwater possibly reflect solely local recharge
in WVS (figs. 75 and 76), as supported by other water-quality
data. The remainder of the pesticides detected in groundwater
beneath the WVS community reflect groundwater flowing
from the DMCA or mixed DMCA-anoxic and WVS-oxic
groundwater at depth (figs. 76 and 77).

The majority of wells screened in the upper Patapsco
aquifer shallow water-bearing zone from which samples were
analyzed for low-level pesticide detections were located in
WVS; two other wells were located in the southeastern part
of the study area. Most of the low-level pesticide detections
in the upper Patapsco aquifer shallow water-bearing zone are
associated with groundwater flow from the DMCA, or mixed

Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

DMCA anoxic and WVS oxic groundwater. With one excep-
tion, multiple metabolite detections in the upper Patapsco
aquifer shallow water-bearing zone are most prevalent beneath
the northwestern part of WVS, where wells are completed

in the deep part of this water-bearing zone (fig. 78). The one
exception is domestic well CE Dd 161, which is located on the
eastern edge of WVS and just west of the DMCA.. Four pesti-
cides were detected in this well (metolachlor and alachlor ESA
and OXA metabolites). Absent the confining layer between the
Magothy and upper Patapsco aquifers, the most likely source
of water for this well is groundwater flow from the DMCA.

Of the two wells in this pesticide survey that were
completed in the upper Patapsco aquifer outside of the WVS
community (fig. 78) only one pesticide (metolachlor-ESA)
was detected in one of these wells (CE Dd 192). The source of
this groundwater is flow from the DMCA.

Wastewater Compound Survey

An occurrence and distribution survey for wastewater
compounds was conducted for 14 selected observation wells,
mainly in the western half of the DMCA, and 15 domestic
water-supply wells in the vicinity of the DMCA (appendix A,
table Al; appendix B, table B1). Approximately 69 wastewater
compounds (table 17), classified according to common sources
or uses, were included and reflect selected fossil fuel and com-
bustion byproducts (11), biogenic sterols (4), detergent com-
ponents and their metabolites (8), solvents (4), pesticides (15),
fragrances and flavorants (9), pharmaceuticals (5), plasticizers
(7), flame retardants (3), anti-oxidants (2), and chlorination
byproducts (1). Data for five wastewater compounds appeared
unsuitable for source-water or spatial interpretation because
of issues related to the quality of data (table 17, DQI; and
appendix B, table B9), and included the pesticide 1,4-dichloro-
benzene, the plasticizers bisphenol A, and bis(2-ethylhexyl)
and diethyl phthalates, and the ubiquitous use and source com-
pound phenol. Of the remaining 64 wastewater compounds, 35
were not detected (reported as less than their respective LRLS)
in groundwater samples from observation or domestic wells
(appendix B, table B9).

Twenty-nine of the 64 wastewater compounds were
detected at low concentrations (less than 1 pg/L), which gen-
erally were below the LRLs, but above the long-term method
detection limit (table 17; appendix B, table B3). Therefore,
most concentrations are estimated values with higher than
normal uncertainty, and hereafter they are referred to as simply
detections in this report. Individual compounds detected with
the highest frequency were the biogenic sterols cholesterol
(11 of 29 wells) and B-sitosterol (9 of 29 wells), the detergent
isomers of 4-nonylphenol (8 of 29 wells), and the solvent
isophorone (10 of 29 wells).

The most frequently detected wastewater compounds
grouped according to potential source and (or) use and the
number of different compounds detected within each group
were fossil fuel components and combustion byproducts
(10 of 11 compounds), biogenic sterols (4 of 4 compounds),
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Table 17. Characteristics and summary of detections of organic wastewater compounds associated with groundwater samples
collected from selected wells in the Pearce Creek Dredge Material Containment Area and vicinity, 2010.

[NO, naturally occurring source; CMAR, commercial, manufacturing, agricultural, and (or) residential source(s); PAH, polycyclic aromatic hydrocarbon; pg/L,
micrograms per liter; E, estimated concentration with greater than normal uncertainty; <, less than; DQI, data-quality issues preclude interpretation of data, see
text for in-depth discussion; wastewater compound analytical method described in Zaugg and others (2002)]

Labora- Number of detections (X), and range in
tory concentrations
Analyte Major use(s) and (or) source(s)' report- . .
ing level Observation Domestic All wells
(ng/L) wells (X/14)  wells (X/15) (X/29)
Fossil fuel components and combustion byproducts (except for p-Creosal, all are PAH compounds)
Anthracene NO, plant compound, combustion; CMAR: wood <0.2 6/14, E 0.01 0/15 6/29, E 0.01
preservative, insecticide to E 0.027 to E 0.027
9,10-Anthraquinone NO, oxidative byproduct of anthracene; CMAR: <0.2 5/14, E 0.025 0/15 5/29, E 0.025
Bird (geese) repellent, noncrop areas, also dye in- t0 0.063 t0 0.063
gredient, digestive additive in paper-pulp process-
ing, and additive in laxatives and antimalarials
p-Cresol NO, combustion byproduct; CMAR: wood preser- <0.2 5/14, E 0.020 0/15 5/29, E 0.020
vative, combustion byproduct to E 0.102 to E 0.102
Fluoranthene NO, combustion byproduct; CMAR: combustion <0.2 4/14, E 0.008 0/15 4/29, E 0.008
byproduct in coal tar and asphalt to E 0.043 to E 0.043
Naphthalene NO, combustion byproduct; CMAR: combustion <02  2/14,E0.008 3/15,E0.009 5/29, E 0.008
byproduct wood or fossil fuel; also found in tar, to E 0.016 to E 0.017 to E 0.017
asphalt, and gasoline, and used in toilet bowl
deodorizers, or as fumigant for moth repellent
1-Methylnaphthalene NO, combustion byproduct, crude oil; CMAR: <0.2 2/14, E 0.008 0/15 2/29, E 0.008
gasoline or diesel fuel component, combustion to E 0.009 to E 0.009
byproduct of tar, asphalt, crude oil
2-Methylnaphthalene NO, combustion byproduct, crude oil; CMAR: <0.2 1/14, E 0.011 0/15 1/29, E 0.011
gasoline or diesel fuel component, combustion
byproduct of tar, asphalt, crude oil
2,6-Dimethylnaphthalene  NO, combustion byproduct; CMAR: diesel or kero- <0.2 1/14, E 0.009 0/15 1/29, E 0.009
sene fuel component, combustion byproduct
Phenanthrene NO, combustion byproduct; CMAR: combus- <0.2 5/14, E 0.013 0/15 5/29, E 0.013
tion product of tar, diesel fuel, crude oil, used in to E 0.083 to E 0.083
manufacture of selected dyes and pharmaceuticals
(opiates)
Pyrene NO, combustion byproduct; CMAR: combustion <0.2  4/14,E0.013 0/15 4/29, E 0.013
byproduct of asphalt to E 0.032 to E 0.032
Benzo[a]pyrene NO, combustion byproduct coal tar; CMAR: com- <0.2 0/14 0/15 0/29
bustion byproduct of coal tar, petroleum fuels, and
barbacued meats,
Biogenic sterols
Cholesterol NO, plant and animal (including human) sterol <0.16 7/14,E0.24  4/15,E0.12 11/29,E0.12
to E 0.51 to E 0.32 to E 0.51
3-B-Coprostanol NO, carnivore, including human, fecal sterol <0.16 4/14,E0.305 3/15,E0.181 7/29,E0.181
to E 0.422 to E 0.266 to 0.422
B-Sitosterol NO, phytosterol <0.16 7/14,E0.474 2/15,E0.243 9/29, E 0.243
to E 1.07 and to E 1.07
E 0.466
[-Stigmastanol NO, phytosterol <0.17 4/14,E0.170 0/15 4/29, E 0.170
to E 0.327 to E 0.327
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Table 17.

collected from selected wells in the Pearce Creek Dredge Material Containment Area and vicinity, 2010.—Continued

Characteristics and summary of detections of organic wastewater compounds associated with groundwater samples

[NO, naturally occurring source; CMAR, commercial, manufacturing, agricultural, and (or) residential source(s); PAH, polycyclic aromatic hydrocarbon; pg/L,
micrograms per liter; E, estimated concentration with greater than normal uncertainty; <, less than; DQI, data-quality issues preclude interpretation of data, see
text for in-depth discussion; wastewater compound analytical method described in Zaugg and others (2002)]

Labora- Number of detections (X), and range in con-
tory centrations
Analyte Major use(s) and (or) source(s)' report- ] .
ing level Observation Domestic All wells
gy wells (X/14)  wells (X/15) (X/29)
Detergent additives and their metabolites
4-Cumylphenol CMAR: Detergent metabolite <0.2 0/14 0/15 0/29
(4-(2-Phenylisopropyl)
phenol)
4-Nonylphenol (sum of CMAR: Detergent metabolite <1.6 7/14,E0.20  1/15,E0.09 8/29, E0.09
all isomers), 4-(2,4-di- to E0.34 to E 0.34
methylheptan-3-yl)
phenols
4-Nonylphenol diethoxyl- CMAR: Detergent metabolite <32 6/14, E 0.93to 0/15 6/29, E 0.93
ates (NP2EO) E211 to E2.11
4-Nonylphenol monoe- CMAR: Detergent metabolite <1.6 4/14,E 0.32 0/15 4/29, E 0.32
thoxylates (NP1EO) to E 0.44 to E 0.44
4-n-Octylphenol CMAR: Detergent metabolite <0.2 0/14 0/15 0/29
4-tert-Octylphenol CMAR: Detergent metabolite <04 0/14 0/15 0/29
4-tert-Octylphenol CMAR: Detergent metabolite <0.5 3/14, E 0.092 1/15,E 0.084 4/29, E 0.084
diethoxylates (OP2EO) to E 0.162 to E 0.162
4-tert-Octylphenol CMAR: Detergent metabolite <1.0 0/14 0/15 0/29
monoethoxylates
(OP1EO)
Solvents
Isophorone Solvent <0.2 8/14, E0.010 2/15,E 0.013 10/29,
to E 0.034 and E 0.010 to
E 0.014 E 0.034
Isopropylbenzene NO, crude oil; CMAR: solvent found or used in <02  1/14,E0.006 2/15,E0.008 3/29, E 0.006
(cumene) manufacture of herbicides, asphalt primer, ce- and E to E 0.010
ment, petroleum-based fuels (aviation and auto- 0.010
mobile), sealants, varnish, paint thinner, acetone,
and phenol
Tetrachloroethene (PCE)  Solvent, degreaser; also veterinary anthelmintic <0.4 0/14 0/15 0/29
Tributyl phosphate CMAR: solvent and plasticizer for cellulose esters <02 1/14,E0.013 0/15 1/29, E0.013
such as nitrocellulose and cellulose acetate,
solvent solvent in inks, synthetic resins, gums,
adhesives (namely for veneer plywood) and
herbicide and fungicide; anti-foaming agent in
detergent solutions, and in various emulsions,
paints, and adhesives.
Pesticides
Atrazine CMAR: herbicide, crop and noncrop areas <0.2 0/14 0/15 0/29
Bromacil CMAR: herbicide <0.2 0/14 0/15 0/29
Carbaryl CMAR: insecticide <0.2 0/14 0/15 0/29
Carbazole CMAR: insecticide, also dye manufacturing <0.2 0/14 0/15 0/29
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Characteristics and summary of detections of organic wastewater compounds associated with groundwater samples

[NO, naturally occurring source; CMAR, commercial, manufacturing, agricultural, and (or) residential source(s); PAH, polycyclic aromatic hydrocarbon; pg/L,
micrograms per liter; E, estimated concentration with greater than normal uncertainty; <, less than; DQI, data-quality issues preclude interpretation of data, see
text for in-depth discussion; wastewater compound analytical method described in Zaugg and others (2002)]

Labora- Number of detections (X), and range in
tory concentrations
Analyte Major use(s) and (or) source(s)' report- . .
ing level Observation Domestic All wells
(ng/L) wells (X/14)  wells (X/15) (X/29)
Chlorpyrifos CMAR: insecticide <0.2 0/14 0/15 0/29
Diazinon CMAR: Insecticide, restricted use, noncrop areas <0.2 0/14 0/15 0/29
as of 1998-2004
1,4-Dichlorobenzene CMAR: insecticide, fumigant, moth repellant, sani- <0.2 DQI DQI DQI
tation deodorizer, disinfectant
3,4-Dichlorophenyl iso- Metabolite of diuron herbicide, in selected cropand < 1.6 0/14 0/15 0/29
cyanate noncrop areas
d-Dichlorvos CMAR: insecticide in crop (grain/seed storage) and < 0.2 0/14 0/15 0/29
noncrop (plant/pet) uses
d-Limonene NO, citrus fruit terpene; CMAR: fungicide, manu- <0.2 0/14 0/15 0/29
facturing
Metalaxyl CMAR: fungicide <0.2 0/14 0/15 0/29
Metolachlor CMAR: herbicide, crop and noncrop areas <0.2 0/14 0/15 0/29
Pentachlorophenol CMAR: insecticide, fungicide, wood preservative <0.8 3/14, E 0.051 0/15 3/29, E 0.051
to E 0.064 to E 0.064
Prometon CMAR: herbicide, crop and noncrop areas <0.2 1/14, E 0.032 0/15 1/29, E 0.032
N,N-Diethyltoluamide CMAR: mosquito repellent, insecticide ingredient <0.2 0/14 2/15,E0.11 2/29,E0.11
(DEET) and 0.51 and 0.51
Fragrances and flavorants
Acetophenone (1-Phenyl-  Fragrance and or flavoring in detergent, tobacco, <0.4 0/14 0/15 0/29
ethanone) beverages, fruits, also a solvent
Benzophenone (Diphe- CMAR: Ultaviolet light damage inhibitor in film, <0.2 0/14 0/15 0/29
nylmethanone) perfume, and soap manufacturing
1,3,4,6,7,8-Hexa- CMAR: fragrance (musk), flavoring <0.2 0/14 0/15 0/29
hydro-4,6,6,7,8,8-
hexamethylcyclopenta-
y-2-benzopyran
(HHCB)
Indole NO, animal, coal tar byproduct; CMAR: fragrance <0.2 1/14,E0.013 1/15,E0.014 2/29,
E 0.013
and
E 0.014
3-Methyl-1H-indole NO, fecal indole; CMAR: fragrance, essential oil <0.2 1/14, E 0.006 0/15 1/29, E 0.006
(skatole)
Isoborneol NO, exoisomer of borneal (terpene) in plants and <0.2 0/14 0/15 0/29
insects; CMAR: fragrance, flavoring
Menthol NO, plant compound; CMAR: fragrance, flavoring,  <0.2 0/14 1/15, E 0.022 1/129,
also pharmaceuticals—antipruritics, deconges- E 0.022
tants, and analgesics
Methy| salicylate NO, plant ester; CMAR: fragrance, liniment, <0.2 0/14 0/15 0/29

flavoring, or as an odor-masking agent for some
organophosphate pesticides



124 Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

Table 17. Characteristics and summary of detections of organic wastewater compounds associated with groundwater samples
collected from selected wells in the Pearce Creek Dredge Material Containment Area and vicinity, 2010.—Continued

[NO, naturally occurring source; CMAR, commercial, manufacturing, agricultural, and (or) residential source(s); PAH, polycyclic aromatic hydrocarbon; pg/L,
micrograms per liter; E, estimated concentration with greater than normal uncertainty; <, less than; DQI, data-quality issues preclude interpretation of data, see
text for in-depth discussion; wastewater compound analytical method described in Zaugg and others (2002)]

Labora- Number of detections (X), and range in
tory concentrations
Analyte Major use(s) and (or) source(s)' report- . .
ing level Observation Domestic All wells
(ng/L) wells (X/14)  wells (X/15) (X/29)
7-Acetyl-1,1,3,4,4,6- CMAR: fragrance (musk) <0.2 0/14 0/15 0/29
hexamethyl-1,2,3,4-
tetrahydro-naphthalene
(AHTN)
Plasticizers
Bis(2-ethylhexyl) phthal- CMAR: plasticizer, antioxidant <0.2 DQI DQI DQI
ate
Bisphenol A CMAR: plasticizer, antioxidant <04 DQI DQI DQI
Diethyl phthalate CMAR: plasticizer for polymers and resins <0.2 DQI DQlI DQlI
Triethyl citrate (ethyl Plasticizer, cosmetics, food additive, food contact <0.2 0/14 0/15 0/29
citrate) material, medical, and pharmaceutical uses;
cigarette filters, cosmetics, lacquers
Triphenyl phosphate Platicizer, also used as antioxidant flame retardant <0.2 0/14 0/15 0/29
in resin, wax, and roofing paper
Tri(2-butoxyethyl) phos-  Plasticizer <0.320 0/14 1/15,E 0.145 1/29, E 0.145
phate
Pharmaceuticals
Camphor NO, plant terpenoid; CMAR: Pharmaceutical <0.2 2/14,E 0.018 0/15 2/29,
(ointments), also flavoring, fragrance, and moth and E 0.021 E 0.018
repellent and
E 0.021
Caffeine NO: plant insecticide; CMAR: psychoactive <0.8 0/14 0/15 0/29
stimulant
Cotinine NO, Nicotine metabolite and biomarker <0.2 0/9 0/15 0/24
Isoquinoline CMAR: used in manufacture of antifungals and <0.2 0/14 0/15 0/29

insectidies, as well as in dyes, paints, and rubber
products; also extraction solvent for resins and
terpenes, and corrosion inhibitor

Triclosan CMAR: antimicrobial disinfectant used in deodor- <0.2 0/14 0/15 0/29
ants, toothpastes, shaving creams, mouth washes,
and cleaning supplies

Flame retardants

2,2°,4,4 -tetrabromodi- CMAR: flame retardent <0.3 0/14 0/15 0/29
pheny! ether (BDE 47)

Tri(2-chloroethyl) phos- CMAR: flame retardant <0.2 0/14 0/15 0/29
phate (FYROL CEF)

Tri(dichloroisopropyl) CMAR: flame retardant <0.2 0/14 0/15 0/29
phosphate (FYROL

PCF)
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Characteristics and summary of detections of organic wastewater compounds associated with groundwater samples

collected from selected wells in the Pearce Creek Dredge Material Containment Area and vicinity, 2010.—Continued

[NO, naturally occurring source; CMAR, commercial, manufacturing, agricultural, and (or) residential source(s); PAH, polycyclic aromatic hydrocarbon; pg/L,
micrograms per liter; E, estimated concentration with greater than normal uncertainty; <, less than; DQI, data-quality issues preclude interpretation of data, see
text for in-depth discussion; wastewater compound analytical method described in Zaugg and others (2002)]

Labora-  Number of detections (X), and range in con-
tory centrations
Analyte Major use(s) and (or) source(s)' report- . .
ing level Observation Domestic All wells
(ng/L) wells (X/14)  wells (X/15) (X/29)
Antioxidants
3-t-Butyl-4-hydroxyani- CMAR: antioxidant, food preservative <0.2 0/14 0/15 0/29
sole (BHA)
5-Methyl-1H-benzotri- CMAR: antioxidant in antifreeze, anticorrosive <1.6 0/9 0/15 0/24
azole
Chlorination byproducts
Bromoform (tribromo- CMAR: water-chlorination byproduct <0.2 0/14 0/15 0/29
methane)
Ubiquitous (multiple) source and use
Phenol NO, plants and coal tar; CMAR: Used to create <0.2 DQlI DQl DQI

plastics, polycarbonates, resins, nylon, nonionic
detergents, drugs, most notably aspirin, as well
as many herbicides and pharmaceuticals, oral
anesthetics and analgesics, and antiseptics.

! Modified from similar source and use categorizations from Buxton and Kolpin (2002), Kolpin and others (2002), Focazio and others (2008), Ferrell

(2009), and Tertuliani and others (2008).

detergent additives and (or) their metabolites (4 of 8 com-
pounds), and solvents (3 of 4 compounds). Few pesticides and
fragrances or flavorants, plasticizers, or pharmaceuticals, and
no flame retardants or antioxidants were detected.

Most of the detected wastewater compounds have natural
as well as synthetic origins (table 17), and a number of these
compounds have been shown to occur in organic-rich silty-
clay sediments such as those found in the upper bay (Hartwell
and Hameedi, 2007). As such, they also reflect compounds
which generally are resistant to degradation, and thus, could
still be emanating from the sediment and Elk River water ini-
tially deposited in the DMCA during the time of operation.

Wastewater compounds were minimally detected in 5 of
the 7 surveyed wells in the Magothy aquifer in WVS. Two of
the 7 wells had zero compounds detected, 2 wells had 1 com-
pound detected, 2 wells had 3 compounds detected, and 1 well
had 4 compounds detected (fig. 79). Wastewater compounds
were detected in 7 of 8 wells screened in the Magothy aquifer
and surveyed within the property boundary of the DMCA.
Three to five compounds were detected in three wells. The
highest number of detections of wastewater compounds in the
Magothy aquifer occurred in the western and central part of
the DMCA at well 137 (7 compounds detected), well 139
(13 compounds detected), well 157 (14 compounds detected),
and well 144 (18 compounds detected) (fig. 79). Southeast of
the DMCA property boundary, three compounds were detected
in well CE Dd 153, which is screened in the Magothy aquifer.

In the upper Patapsco aquifer shallow water-bearing zone
(fig. 80), all but one surveyed well (CE Dd 154) was located in
WVS. Of the eleven surveyed wells, 5 had zero detections of
wastewater compounds; 5 wells had between 1 and 3 detec-
tions, and 1 well (CE Dd 160) had 12 detections. Wastewater
compounds detected in the Magothy aquifer in the western
half of the DMCA may have been transported within the
anoxic flow from the DMCA west beneath WVS and verti-
cally downward to the upper Patapsco aquifer shallow water-
bearing zone (fig. 81); this may account for the high number
of wastewater compounds detected in groundwater analyzed
from well CE Dd 160.

Groundwater contaminated by residential wastewater
treatment, landfill, or septic effluents in other shallow aqui-
fers, often includes measurable or detectable concentrations
of wastewater compounds associated with human consump-
tion and residential land-use activities—for example, phar-
maceuticals or residential pesticide use (Barnes and others,
2008; Focazio and others, 2008; Standley and others, 2008).
However, with the exception of N,N-diethyltoluamide (DEET)
and menthol found in the groundwater sample from domes-
tic well CE Dd 165, and a relatively high concentration of
DEET found in the groundwater sample from domestic well
CE Dd 172, few of these types of wastewater compounds
were detected in shallow domestic wells in WVS. The two
human-use wastewater compounds detected in groundwater
at well CE Dd 165 could reflect local use because the well
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Figure 77. Hydrogeologic section showing the number of pesticides detected with low-level methods in water-quality

samples along line B—B”and collected from survey wells completed in the Magothy aquifer in the Pearce Creek Dredge
Material Containment Area (DMCA) and vicnity, Cecil County, Maryland, 2010-11. (Location of line of section B—B' is shown

in figure 39.)

pit is located inside the house and was flooded by an internal
water-supply line break in 2008. The high concentration of
DEET found in domestic well CE Dd 172 also could reflect
local residential use. DEET was the only wastewater com-
pound detected in groundwater from this well. DEET was only
detected in wells CE Dd 165 and CE Dd 172; DEET was not
detected in any wells in the DMCA.

Other than DEET and menthol, all other wastewater
compounds detected in groundwater from domestic wells in
the WVS also were detected in groundwater from DMCA
observation wells. In addition, they were detected at a greater
frequency and (or) often-higher concentration in samples from

DMCA wells compared to samples from domestic-supply
wells (table 17).

In the upper Patapsco aquifer deep water-bearing zone
only one well (CE Dd 170) was included in the survey. Two
wastewater compounds were detected in well CE Dd 170.

In summary, the wastewater compound results indicate the
occurrence of a high number of similar compounds in and
beneath the DMCA and in the upper Patapsco aquifer shal-
low water-bearing zone along the groundwater flow path from
the DMCA to WVS, which is consistent with the patterns
observed for many other water-quality constituents in this
study. Thus, detections of wastewater compounds also support
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the conclusion that groundwater flow from the DMCA affects
the quality of groundwater at depths used for domestic sup-
plies beneath WVS.

Quality of Water for Drinking-Water Supplies

Single-residential domestic water supplies such as those
in WVS are not regulated under the Federal Safe Drinking
Water Act (SDWA).* However, local groundwater is the major
source of domestic-well water supplies in vicinity of the
DMCA. Thus, although the USEPA SDWA standards have no
regulatory bearing on the use of private residential wells for
drinking or other household purposes, they can be used as a
guide to indicate whether or not local groundwater supplies
are impaired.

The 2009 Edition of the U.S. Environmental Protection
Agency Drinking Water Standards and Health Advisories
(U.S. Environmental Protection Agency, 2009) was used to
evaluate the quality of the groundwater in drinking-water
supplies. All USEPA SDWA standards and advisories, includ-
ing Maximum Contaminant Levels (MCLs), Health Advisory
Levels (HALs), and Secondary Drinking Water Regulations
(SDWRs), were considered, provided the data were collected.
The MCL, HAL, or SDWR is included with the collected
water-quality data for every constituent that has a Federal
standard (appendix B, table B3). The term “standard” as used
hereafter in the report will be a generic reference to refer to
one or all three of the sets of standards above. For brevity,
results are provided in general terms for those constituents
that were less than the maximum allowable or recommended
levels, and only those water-quality constituents with con-
centrations that were greater than maximum allowable or
recommended levels (MCLs, HALs, or SDWR), are discussed
below.

Fifty-eight water-quality constituents measured as
part of this study have a 2009 SDWA standard (U.S. Environ-
mental Protection Agency, 2009), which was used to
evaluate the suitability of sampled water for potable use
(appendix B, table B3). Concentrations of forty-two of these
constituents were measured at concentrations below the
maximum allowable or recommended levels in all samples
collected for this study, thus they did not exceed the USEPA
SDWA standards. The majority of these 42 constituents were
either regulated pesticides or wastewater compounds, which
generally were detected at concentrations below their individ-
ual LRLs. Included in this group are five wastewater com-
pounds whose concentrations in groundwater samples pos-
sibly were positively biased by contamination during or after
sample collection (see Data Quality, this report). However,
as with the other 37 constituents in this group, their concentra-
tions were less than the maximum allowable or recommended
levels for their respective 2009 USEPA SDWA standards.

4 Serves fewer than 25 individuals and (or) has fewer than 15 service
connections (Federal Register, 1998).
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Sixteen constituents had concentrations in groundwa-
ter and (or) surface-water samples that were greater than
the maximum allowable or recommended levels for a 2009
USEPA SDWA standard (table 18). These constituents include
the general physical or chemical characteristics common to
groundwater—for example, TDS and pH-as well as selected
inorganic constituents that generally are less than the maxi-
mum allowable or recommended levels for the standards in
most groundwater—for example, the trace elements beryllium,
thallium, nickel, and arsenic. Measured concentrations greater
than the allowable or recommended levels established in stan-
dards, are hereafter termed exceedances, these include MCLs,
HALs, and SDWR criteria, and form an initial basis for the
following discussion.

Maximum Contaminant Levels

Groundwater concentrations for four trace elements—
arsenic, beryllium, cadmium, and thallium—uwere greater than
their respective MCLs at one or more observation or domestic
wells (table 18). A brief summary for each of these trace ele-
ments follows.

Arsenic (MCL 10 pg/L): Only one observation well, (CE
Dd 122) located in the DMCA, yielded a sample with a con-
centration of arsenic greater than the MCL. The concentration
of arsenic was 58.7 ug/L and was confirmed and replicated.
Concentrations of arsenic, ranging from approximately 4 to
9 ug/L, were measured in wells downgradient from this well
in the upper Patapsco aquifer shallow water-bearing zone
beyond the western side of the DMCA and in domestic-supply
wells in WVS (fig. 74). These concentrations (ranging from 4
to 9 pg/L) are below the MCL for arsenic, but they are greater
than concentrations found in natural groundwater for the
aquifer.

Beryllium (MCL 4 ug/L): Six observation wells (CE Dd
81, 122, 133, 145, 160 and 192) and two domestic-supply
wells (CE Dd 161 and CE Dd 164) had concentrations of
beryllium greater than the MCL. In addition, one observation
well (CE Dd 129) and one domestic-supply well (CE Dd 176)
had beryllium concentrations at or within 10 percent of the
MCL (appendix B, table B3). Beryllium concentrations also
appeared to be higher—than concentrations common in natu-
ral groundwater near the study area—in the upper Patapsco
aquifer shallow water-bearing zone beneath the DMCA and
downgradient in groundwater beneath WVS (fig. 72, beryllium
concentrations of approximately 4-18 pg/L).

Cadmium (MCL 5 pg/L) and thallium (MCL 2 pg/L):
One observation well (CE Dd 192) had concentrations of
cadmium (5.12 pg/L) and thallium (2.56 ug/L) (as well as
beryllium, 6.7 pg/L) above their respective MCLSs.

Exceedances of the MCLs for beryllium, cadmium, and
thallium and elevated concentrations of arsenic (compared to
natural groundwater) could reflect enhanced reduction and
their release from sediments within the DMCA. The occur-
rence of concentrations of beryllium and arsenic greater than
or near the MCLs in groundwater in the study area were
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shown to be highly localized (generally the western part of the
DMCA and WVS), and related to Fe(l11)-reducing conditions
associated with the mixing of anoxic DMCA-source waters
and oxic (other source) groundwater (see Extended Implica-
tions of Reduction-Oxidation Processes on Groundwater
Quality, this report). Cadmium and thallium concentrations
greater than the MCLs occurred simultaneously with beryl-
lium concentration greater than the MCL in one observation
well—CE Dd 122. This well is completed at the base of the
upper Patapsco aquifer shallow water-bearing zone, where
extreme reducing conditions occurred.

Health Advisory Levels

Six constituents, manganese, nickel, sodium, sulfate,
strontium, and zinc, exceeded (were greater than recom-
mended levels) USEPA SDWA HALSs (table 18) in some wells.
Strontium, zinc, and nickel exceeded their respective HALS in
2, 4, and 22 percent of the 50 wells sampled, respectively. In
contrast, sulfate, sodium, and manganese exceeded the HAL
in 44, 66, and 72 percent of the 50 wells sampled (table 18;
appendix B, table B3).

Secondary Drinking-Water Regulations

Eight constituents (or properties), aluminum, chloride,
iron, manganese, pH, sulfate, TDS, and turbidity, exceeded
SDWRs in some wells (table 18). Iron, manganese, and pH
values exceeded the SDWR in 90, 90, and 92 percent
of the sampled wells respectively (table 18; appendix B,
table B3). Aluminum, chloride, TDS, and sulfate concentra-
tions exceeded the SDWR in fewer wells (32, 32, 56, and
52 percent, respectively) than iron, manganese, and pH.
Samples from 10 percent of the sampled wells exceeded the
SWDR for turbidity; which likely is an artifact of sampling
rather than an in-situ condition of groundwater (table 18).

The evaluation of the quality of groundwater in the
DMCA and vicinity based on USEPA SDWA standards indi-
cates that the pH, metals (numerous, but notably iron and man-
ganese), and TDS are of concern (table 18). To improve the
understanding of the effect of reduced (chemically) groundwa-
ter on the quality of drinking water currently (2010-11) used
for WVS supplies, the exceedance data for domestic wells
(table 18) was combined with their TEAP classification
(table 15). In combination, the data indicate the effects of
reduced groundwater on domestic supplies depend upon the
degree of reduction (table 19). As the degree of reduction in
groundwater increased—from oxic to mixed to anoxic—the
number and type of impairments and number of chemical con-
stituents that exceeded the USEPA SDWA standards increased.
The concentration of TDS in water used for domestic supplies
was greater than the USEAP SDWA standard mainly when
that water is anoxic because there is then sufficient dissolved
manganese, iron, and (or) sulfate concentrations greater than
maximum allowable or recommended levels. Other metals,
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such as aluminum, beryllium, and nickel (table 19), also were
greater than their respective USEPA SDWA standards when
groundwater is withdrawn for supplies from wells completed
in a mixed anoxic-oxic zone (fig. 66, well CE Dd 164,
Mn-O,-Fe(lll), or downgradient of an anoxic zone (fig. 67,
well CE Dd 176, anoxic Fe(l11)). Data were not collected from
any supply well in the highest or most severe reduction zone
(anoxic-Fe) because most deep supply wells in WVS appear to
have been abandoned and no longer exist. However, ground-
water from observation wells completed in or downgradient
from the anoxic-Fe zone (fig. 66, wells CE Dd 81, and CE Dd
128, 142, and 160) contained elevated concentrations of other
metals, in addition to iron and manganese, at concentrations
that exceed their USEPA SDWA standards (appendix B,

table B3).

Acidity of Groundwater

Whereas the effect of the DMCA on groundwater quality
used for domestic supplies could be addressed, the effect of
the DMCA on EIk River is only partially addressed. Informa-
tion on the quality of groundwater that discharges into streams
before they enter Elk River, or that eventually directly dis-
charges through bed sediments into EIk River, is unavailable
as groundwater samples were not collected in stream or river-
bed. The quality of domestic supplies or Elk River water can
be defined and compared through an accurate determination
of the net acidity of groundwater, where the latter is derived
on the basis of the pH, the concentrations of total dissolved
redox-sensitive metals (iron—(Fe?" and Fe®"), manganese—
Mn2*, aluminum—AI**), and if the pH exceeds 4.3, alkalinity
(bicarbonate, HCO,, and carbonate CO_*) of groundwater and
surface water.

Influence on the Elk River

On the basis of data collected in this study, groundwa-
ter likely to either be discharging through bed sediments to
streams, which then discharge to EIk River, or that likely
discharges into bed sediments into EIk River, is anoxic. The
implications of the possible effects of DMCA groundwater
discharge on either local streams or the Elk River will differ
depending on the redox condition of the stream or river and
bed-sediment redox conditions. If the stream or river becomes
anoxic for an extended period of time, reduced metals that
have accumulated in underlying sediments likely will be
released into the river. However, if the stream or river main-
tains a generally oxic state throughout, then reduced metals
being transported in groundwater will oxidize upon exposure
to oxic sediments or river water, form insoluble precipitates,
and accumulate in the river bed sediments.

Whereas verifying either the oxic or anoxic scenario for
groundwater discharge into the local stream or Elk River as
described above was beyond the scope of this study, verifying
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Table 18. Summary of water-quality constituents with concentrations exceeding 2009 U.S. Environmental Protection Agency (USEPA)
Safe Drinking Water Act (SDWA) standards for at least one groundwater or surface-water site in the Pearce Creek Dredge Material

Containment Area and vicinity, 2010-11.

[NTRU, nephelometric turbidity ratio unit; mg/L, milligrams per liter; dissolved, sample filtered through an encapsulated and pleated 0.2-micron effective pore
size, polysulfonyl filter; pg/L, micrograms per liter; SDWR, Secondary Drinking Water Standard (aesthetic—generally color, odor, and (or) taste);
HAL, Health Advisory Level; MCL, Maximum Contaminant Level; LRL, laboratory reporting level; <, less than; E, estimated]

Number of
sites with
sample con- .
Water-quality USEPA SDWA Type of Groundwater centrations Range n Sampl_e s whose
. ] (by well type) or concentrations  concentrations exceeded
constituent standard standard that exceeded .
surface water for all sites standard
the standard/
total number of
sampling sites?
Arsenic (ug/L) 10 MCL Observation 1/35 <0.10t0 58.7  Well CE Dd 122, reanalysis
Domestic supply 0/15 <0.10t0 8.71 confirmed, with replica-
tion but about half the
Surface waters 0/2 0.25t00.35
value
Beryllium (ug/L) 4 MCL Observation 6/35 0.010 or<0.04 Wells CE Dd 81, 122, 133,
to 18 145, 160, and 192
Domestic supply 2/15 E 0.033 or Wells CE Dd 161 and 164
<0.04t0 5.8
Surface waters 0/2 <0.08t00.10
Cadmium (ug/L) 5 MCL Observation 1/35 <0.04t05.12 Well CE Dd 192
Domestic supply 0/15 <0.04 to 2.86
Surface waters 0/2 <0.10t0 0.19
Thallium (pg/L) 2 MCL Observation 1/35 <0.06 t0 2.56  Well CE Dd 192, reanalysis
or <720 confirmed exceedance of
standard
Domestic supply 0/15 <0.12 t0 0.42
or <1.20
Surface waters 0/2 <0.06 to
<0.12
Manganese (ug/L) 300 HAL, dietary Observation 26/35 69.3 t0 222,000 Too numerous to list®, also
24 of 36 wells exceeded
1,000 mg/L 1 day and 10
day child HAL
Domestic supply 10/15 46.5t0 81,200  Except for wells CE Dd
163, 168, 170, 171, and
172, all wells exceeded
standard, also 9 of 15
wells also exceeded
1,000 mg/L 1-day and
10-day child HAL
Surface waters 1/2 5.0 to 823 Pearce Creek Lake
50 SDWR Observation 35/35 69.3t0 222,000 All wells exceeded standard
Domestic supply 14/15 46.5t0 81,200  Except for well CE Dd
168, all wells exceeded
standard
Surface waters 1/2 5.0 to 823 Pearce Creek Lake
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Table 18. Summary of water-quality constituents with concentrations exceeding 2009 U.S. Environmental Protection Agency Safe
Drinking Water Act standards for at least one groundwater or surface-water site in the Pearce Creek Dredge Material Containment

Area and vicinity, 2010-11.—Continued

[NTRU, nephelometric turbidity ratio unit; mg/L, milligrams per liter; dissolved, sample filtered through an encapsulated and pleated 0.2-micron effective
pore size, polysulfonyl filter; pg/L, micrograms per liter; SDWR, Secondary Drinking Water Standard (aesthetic—generally color, odor, and (or) taste); HAL,
Health Advisory Level; MCL, Maximum Contaminant Level; LRL, laboratory reporting level; <, less than; E, estimated]

Number of
sites with
sample con- .
Water-quality USEPA SDWA Type of Groundwater centrations Range n Sampl_e s whose
. ] (by well type) or concentrations  concentrations exceeded
constituent standard standard that exceeded .
surface water for all sites standard
the standard/
total number of
sampling sites?
Nickel (pg/L) 100 HAL Observation 9/35 E020r<04  Wells CE Dd 81, 122, 125,
to 780 127,128, 129, 153, 160,
and 192
Domestic supply 2/15 < 0.4 to 400 Wells CE Dd 161 and 179
Surface waters 0/2 22t012
Sodium (mg/L) 20 HAL, dietary Observation 25/35 4.83 to 397 Too numerous to list®,
also 19/36 wells exceed
SDWR (60 mg/L)
Domestic supply 8/15 4.48 to 169 Wells CE Dd 161, 164, 166,
174, 176, 177, 178, and
179. Also wells CE Dd
161, 164, 177, and 179
exceed SDWR (60 mg/L)
Surface waters 1/2 8.06 to 516 Elk River, also exceeded
SDWR
Sulfate (mg/L) 500 HAL Observation 20/35 <0.09 to Too numerous to list®
E 3,730
Domestic supply 2/15 11t0 1,270 Wells CE Dd 161 and 179
Surface waters 0/2 2710 170
250 SDWR Observation 22/35 <0.09 to Too numerous to list®
E 3,730
Domestic supply 4/15 11t0 1,270 Wells CE Dd 161, 176, 177,
and 179
Surface waters 0/2 2710170
Strontium (ug/L) 4,000 HAL Observation 1/35 42 to 4,300 Well CE Dd 154
Domestic supply 0/15 37 to 730
Surface waters 0/2 45 to 550
Zinc (pg/L) 2,000 HAL Observation 2/35 El.lor <2to Wells CE Dd 122 and 160
2,400
Domestic supply 0/15 E 210 880
Surface waters 0/2 <5t048
pH (Standard 6.51t0 8.5 SDWR Observation 31/35 391t06.8 Too numerous to list?,
units), raw below lower limit of
water standard
Domestic supply 15/15 421t06.4 Too numerous to list?,
below lower limit of
standard
Surface waters 0/2 6.6 t0 8.2



Water Quality 137

Table 18. Summary of water-quality constituents with concentrations exceeding 2009 U.S. Environmental Protection Agency Safe
Drinking Water Act standards for at least one groundwater or surface-water site in the Pearce Creek Dredge Material Containment

Area and vicinity, 2010-11.—Continued

[NTRU, nephelometric turbidity ratio unit; mg/L, milligrams per liter; dissolved, sample filtered through an encapsulated and pleated 0.2-micron effective
pore size, polysulfonyl filter; pg/L, micrograms per liter; SDWR, Secondary Drinking Water Standard (aesthetic—generally color, odor, and (or) taste); HAL,
Health Advisory Level; MCL, Maximum Contaminant Level; LRL, laboratory reporting level; <, less than; E, estimated]

Number of
sites with
Water-quality ~ USEPASDWA  Type of Groundwater s:e".lfr':ﬁi‘;"s Range in Samples whose
. ] (by well type) or concentrations  concentrations exceeded
constituent standard standard surface water that exceeded for all sites standard
the standard/
total number of
sampling sites?
Turbidity (NTRU), 5 SDWR Observation 3/35 <0.1to 200 Wells CE Dd 81, 146, and
raw water 150
Domestic supply 2/15 0.2to0 16 Wells CE Dd 161 and 166
Surface waters 2/2 8.6 to 20 Elk River and Pearce Creek
Lake
Total dissolved 500 SDWR Observation 22/35 45 to 6,080 Too numerous to list®
solids (mg/L)
Domestic supply 6/15 69 to 2,270 Wells CE Dd 161, 164, 174,
176, 177, and 179
Surface waters 1/2 89 to 1,960 Elk River
Chloride (mg/L) 250 SDWR Observation 15/35 2.7t0 750 Too numerous to list®
Domestic supply 1/15 3.810330 Well CE Dd 161
Surface waters 1/2 18t0 1,100 Elk River
Aluminum (ug/L) 50 to 200 SDWR Observation 13/35 <3 to 58,000 Too numerous to list®
Domestic supply 3/15 <6to 1,990 Wells CE Dd 164, 176, 179
Surface waters 0/2 9to 34
Iron (ug/L) 300 SDWR Observation 35/35 1,170 to All wells exceeded standard
656,000
Domestic supply 10/15 19 or <28 to Except for wells CE Dd
71,800 163, 164, 168, 172, and
178, all wells exceeded
standard
Surface waters 0/2 27 t0 63

* Except for pH and turbidity, all other constituents reflect dissolved concentrations.

2Well CE Dd 152 not included in analysis. Additional details are provided in the Total Dissolved Solids and Major lons section of this report.

3 Additional information on wells that exceeded standard is provided in appendix B, table B3.

that the DMCA is a potential contributing element in either
scenario is within the scope of this study

Groundwater flow to the local unnamed stream near the
western DMCA property boundary from the perched water-
bearing zone in the western end of the DMCA is anoxic
(fig. 41), moderately elevated in TDS (fig. 34), moderately to
highly elevated in dissolved ammonia-nitrogen and sulfate,
and extremely elevated in the concentrations of dissolved
metals (Mn(I1), Fe(l1/111)). This local unnamed stream, in turn,
discharges to the EIk River (fig. 34).

Pearce Creek Lake discharges to the tidal part of Pearce
Creek (downstream of the lake outlet). However, during

seasonally high levels, the lake also provides groundwater
recharge along its lower third, which also could discharge to
the stream, and possibly directly to EIk River (see Hydrol-
ogy, this report). On the basis of data collected in February
2011; whereas Elk River water is highly oxic, the quality of
lake water was mixed oxic-anoxic and undergoing oxygen
and manganese reduction (table 15). Thus, at a time when lake
turnover in the region likely already had occurred, and the lake
water should have been well oxygenated, it was discharging
manganese downstream (appendix B, table B3, Pearce Creek
Lake, dissolved manganese, 823 pg/L).
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Pearce Creek Lake also was recharging groundwater
along the lower third of the lake in May 2010 (see Hydrology,
this report). Groundwater downstream of Pearce Creek Lake
also was discharging from the DMCA through the Magothy
aquifer to Pearce Creek downstream of the lake discharge and
likely farther along the shoreline and into the Elk River. This
groundwater north of the DMCA is moderately elevated in
TDS and, on the basis of the samples from the shallowest well
in the Magothy aquifer (appendix B, table B3, well CE Dd
145), is anoxic. However, the groundwater is low in ammonia-
nitrogen and sulfate and is only moderately elevated in metals.

Farther south and along the western edge of the DMCA,
groundwater from the DMCA flows west into WVS and trav-
els vertically downward into the upper Patapsco aquifer shal-
low water-bearing zone into what is a highly-reducing zone.
Then the groundwater moves upward and discharges along the
western WVS shoreline or into bed sediments beneath the Elk
River. In the area of upward flow, groundwater is anoxic
(figs. 66 and 67), contains moderate to low levels of ammonia-
nitrogen, and has high levels of manganese and iron.

At the time of this study, the Elk River was highly oxic
(dissolved oxygen, 14.2 mg/L). The composite sample from
the river (taken at 13 3-ft intervals) was collected soon after
high tide, and in the winter. Field measurements indicated
the concentration of dissolved oxygen was vertically uniform
throughout the river profile (L. Myers, USGS, written com-
mun., 2010). The USGS field crew also observed the river
from the shore of WVS at an unusually low tide, and they
noted an abrupt transition in river bed sediments, which went
from light brown near shore to extremely dark black color
offshore (J. Teunis, USGS, written commun., 2010). Both
observations support the concept that metals are accumulating
in the sediments offshore from WVS.

Furthermore, the effect of generally oxic river conditions
on the fate of elevated metal concentrations in groundwater
discharge in this area of Elk River could already be known.
The recent study by Hartwell and Hameedi (2007; also see
Chemical Composition of Sediments, this report) identi-
fied the lower Elk River Estuary as in the top tenth percentile
among all bay estuary sites for toxics accumulation, largely
on the basis of metals. DMCA use covers an extended period
from the 1930s to the 1990s (six decades) in this part of the
river.

Net Acidity

Groundwater and surface waters governed by redox con-
ditions in the DMCA and its vicinity can be compared on the
basis of acidity, provided the latter is not just the acidity asso-
ciated with the pH (free hydrogen ion, H*) of water. Accurate
measurement of the acidity of groundwater governed by redox
conditions requires including the additional acidity associated
with hydrolyzed dissolved metal species such as iron, man-
ganese, and aluminum, if they occur in groundwater that is
governed by redox conditions (Kirby and Cravotta, 2005a,b).
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Acidity calculations can provide a single value that reflects the
pH and all major redox-sensitive metal species to characterize
and compare water quality. Acidity also can be used to assess
potential changes in the quality of any surface water receiving
direct discharge of anoxic water.

Net acidity can be determined as follows (Kirby and
Cravotta, 2005b):

ACidityNet = ACidityCalcuIated - AlkalinitySththd (5)
where:

Each of the above terms is expressed in milligrams per liter as
calcium carbonate (CaCO,),

is determined by standard methods,

is 50(1000 x (10*H) +2(Fe?*)/56+3(Fe**)
/56 +2(Mn?")/55 +3(AI*)/27) (6)
is measured and expressed in standard
units, the total dissolved metal (Fe?*,

Fe®, Mn%, and AI**) concentrations are

in milligrams per liter, each converted

to milliequivalents per liter, using their
valences and formula weights, and the
entire expression then converted to
milligrams per liter as CaCO.,.

For groundwater in the DMCA and its vicinity, Acidi-
ty, ., was determined from equations (5) and (6) with selected
modifications (appendix B). In brief, Alkalinity ... (ALK,
hereafter) was estimated by Acid Neutralization Capacity
(ANC, hereafter; see appendix B, table B3), as it was simi-
lar in value to ALK, on the basis of duplicate titrations of
raw- and dissolved-groundwater samples. Concentrations of
aluminum (AI**), manganese (Mn?*), and iron (Fe?*) were esti-
mated with the dissolved recoverable concentrations of these
metals (appendix B, table B3, dissolved iron, manganese, and
aluminum). The assumption that all iron was present as ferrous
(Fe**) iron could underestimate Acidity ... (equation 6),
and thus Acidity, , (equation 5). Although this potential bias
was investigated, and this bias was not apparent (appendix B),
Acidity,  should be considered a conservative estimate. For
interpretation of Acidity, , calculation, large negative values
imply waters whose ALK exceeds Acidity_, . ... ahd thus
generally reflect oxic conditions with Acidity,, mainly gov-
erned by bicarbonate and carbonate alkalinity. Large positive
values generally imply anoxic waters with Acidity, , mainly
governed by dissolved metals. For either case, the measured
pH may be nearly identical, but Acidity, , values can differ
markedly and range from positive to highly negative. Thus,
the interpretive value in using Acidity, ., to describe and com-
pare the quality of groundwater governed by changes in redox
conditions is apparent.

The most oxic and ALK-governed water in the study area
is Elk River, whose Acidity, , equals -63 mg/L as CaCO,

(fig. 82). In the Magothy aquifer beneath and in the vicinity
of the DMCA (fig. 82), Acidity, , ranges from values of

Al kal ! nltySththd
Aci d ItyCaIcuIated

and where the pH
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approximately —10 mg/L as CaCO, to over 1,100 mg/L as
CaCO,, reflecting natural groundwater and DMCA discharge-
affected groundwaters, respectively. The most oxic and weakly
ALK-governed water in the Magothy aquifer occurs in the
recharge area in WVS (Acidity, , equals approximately -6 to
-3 mg/L as CaCO,) and in the Pearce Creek Lake discharge
area (Acidity, ., equals approximately -5 mg/L as CaCO,).
Acidity, ., values throughout the remainder of the DMCA and
WVS in the Magothy aquifer and perched-water zone are gov-
erned by moderate pH and moderate to high concentrations of
reduced metals.

In the upper Patapsco aquifer shallow water-bearing zone
(fig. 83), the general trend in Acidity, , is for low negative val-
ues to occur in the very eastern part of the study area. Moving
to the west, and south along the DMCA, Acidity, , values (227
and 656 mg/L as CaCO,) reflect leakage from the Magothy
aquifer through the confining layer. Farther west, the Acidi-
ty, . values (thousands of mg/L as CaCO,) increase, reflecting
downward flow from the Magothy aquifer of moderate-pH
waters with very high reduced metals and no ALK, except for
one deep well (Acidity, , of 1,130 as CaCO,), and, the Acidi-
ty,., values decrease in intermediate depth wells (Acidity, .,
values of approximately 5 to 90 mg/L as CaCQO,, respectively)
a short distance farther west into WVS, where mixing occurs
with recharging water from the Magothy aquifer. Toward the
northern part of the DMCA, Acidity, , values are all nega-
tive, reflecting the thick confining layer between the Magothy
aquifer and upper Patapsco aquifer, and again groundwater
that is ALK-governed with moderate pH and relatively low
redox-metals content.

The contrast between groundwater unaffected by human
activity and groundwater affected by the DMCA and WVS
is striking in cross-sectional views. Along line A-A" (fig. 84),
natural or relatively unaffected waters have Acidity, ., values
ranging from —10 to —30 mg/L as CaCO,. DMCA-affected
groundwater Acidity, . values range from approximately
89 to 1,250 mg/L as CaCQ, in the Magothy aquifer. Beneath
WVS, Acidity, , values in the shallow oxic zone are -3 to
3 mg/L as CaCO,, and it increases to approximately 30 mg/L
as CaCO, at intermediate depths. However, in the low pH
(highly acidic) and highly reducing upper Patapsco shallow
water-bearing zone, Acidity, , values range from 800 to 1,480
mg/L as CaCO,. Along line C-C" (fig. 85), the pattern in
Acidity,, values is similar to that observed in WVS along line
A-A'". However, the replication indicates this pattern occurs
beneath a major part of the community.

The influence of the DMCA on Acidity,, concentrations
in groundwater also is apparent along B-B’ (fig. 86). Concen-
trations in Acidity, . in the upper Patapsco aquifer shallow
water-bearing zone are approximately —40 mg/L as CaCO,,
where groundwater is relatively unaffected by human activi-
ties. In contrast, Acidity, . values range from approximately 90
to 400 mg/L as CaCO, beneath the DMCA, downgradient from
the DMCA along its borders, or where leakage of DMCA-
affected groundwater occurs between the Magothy aquifer and
upper Patapsco aquifer shallow water-bearing zone.

Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

Integration of Findings

The water-quality conditions currently (2010-11) present
in the study area are directly related to a number of contribut-
ing factors. These factors include: historical changes in land
use and landscape, the distribution and composition of perme-
able and relatively impermeable sediments, the groundwater
flow system, and the chemical reactions that occur as water
moves from areas of groundwater recharge to groundwater
discharge.

Development of the DMCA has significantly changed the
hydrology of the site. Once an area of low-lying swamp and
marsh deposits, with surface elevations only several feet above
sea level (fig. 3), repetition of the disposal process over time
has raised the level of deposited sediments (fill). The DMCA
now stands at an average elevation of between 35 to 40 ft
NAVD 88 (EA Engineering, Science, and Technology, Inc.,
2009). Berms and dikes surrounding the containment area are
substantially higher in elevation. The developed site functions
as a large retention basin, not only during former times of
dredge-material emplacement, but also during substantial pre-
cipitation events once placement of dredge materials ceased.
Formerly an area of groundwater discharge, the site is now an
area of groundwater mounding and recharge, allowing for the
slow percolation of water downward through the fill material.

Limited existing data are available on the chemical
composition of the fill material within the DMCA. Sediment
data collected in 1995-96 during the Phase |1 study (U.S.
Army Corps of Engineers, 1996) indicate elevated concentra-
tions of some metals—particularly manganese, zinc, lead, and
copper—as compared to deeper naturally deposited formation
sediments (table 9). Numerous studies of bay sediments from
the upper Chesapeake Bay (a source of dredged material) have
been made. These studies indicate that northern bay sedi-
ments—including sediments in the lower Elk River near the
DMCA—are enriched in trace elements such as iron, manga-
nese, zinc, and aluminum; have appreciable amounts of car-
bon, nitrogen, and sulfur; and include anthropogenic organic
compounds such as pesticides and wastewater compounds.

Although groundwater of poor quality in the DMCA and
vicinity has been documented in previous studies with samples
collected in 1991-96 (Maryland Environmental Service, 1995;
R.F. Weston, Inc., 1998), the results were inconclusive in iden-
tifying the source (or sources) of poor quality groundwater in
nearby domestic wells. On the basis of the recommendations
of these earlier studies, a more comprehensive monitoring-
well network (fig. 6) was designed for this 2010-11 USGS
study with the purpose of collecting the data necessary to
define the underlying hydrogeologic framework, groundwater-
flow system, the source(s) of water to supply wells, and the
impact, if any, the DMCA has on water quality underlying the
facility and in adjacent residential areas.

Synoptic groundwater-level measurements collected in
May and August 2010 in the study area show that groundwater
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Figure 86. Hydrogeologic section showing the net acidity in water-quality samples along line B—B"and from selected
wells completed in the Magothy aquifer or upper Patapsco aquifer shallow or deep watering-bearing zone in the Pearce
Creek Dredge Material Containment Area (DMCA) and vicinity, Cecil County, Maryland, 2010-11. (Location of line of

section B-B' is shown in figure 39.)

flow in the two primary aquifers used for local supplies—the
Magothy aquifer and upper Patapsco aquifer (shallow water-
bearing zone)—is radially outward from the DMCA toward
discharge areas, including WVS, EIk River and Pearce Creek
Lake (figs. 21-25). In addition to horizontal flow outward
from the DMCA, vertical gradients primarily are downward in
most of the study area, and upward near the Elk River on the
north side of the DMCA property, and the western part of West
View Shores. Vertical mixing of waters occurs between the
two aquifers particularly where the Magothy aquifer and upper
Patapsco aquifer shallow water-bearing zone are in hydraulic

connection in areas where confinement between the aquifers is
thin or missing (figs. 9, 11, 12, and 30).

Given this understanding of the groundwater flow system,
it is clear that water that falls on the DMCA as precipitation
or is deposited along with dredge-fill material will eventu-
ally seep into the underlying Magothy aquifer and flow from
that aquifer into parts of the upper Patapsco aquifer shallow
water-bearing zone. Potentiometric-contour maps and vertical
profiles of the groundwater flow system in cross section show
that the DMCA is the major upgradient source area of water
to wells completed in the Magothy aquifer and the upper Pata-
psco aquifer shallow water-bearing zone and located in WVS
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and along part of Long Neck Road. Other important sources of
groundwater recharge to the area and particularly to domestic
wells located at higher elevations in WVS and completed at
shallow depths in the Magothy aquifer are precipitation that
falls directly on this area and local residential recharge from
landscape irrigation and septic effluents (fig. 30).

Results of water-quality analyses and the occurrence and
distribution of specific water-quality constituents are consis-
tent with the hydrogeologic framework, directions of ground-
water flow, and identification of the DMCA as a source area
that has impacted local groundwater quality. The distribution
of TDS in groundwater is used as a measure of the general
quality of groundwater beneath the DMCA and its vicinity.
TDS content is a measure of the combined content of all dis-
solved inorganic and organic substances contained in the water
sample. It is not generally considered a primary pollutant asso-
ciated with health effects; rather it is used as an indication of
aesthetic characteristics of drinking water and as an aggregate
indicator of the presence of a broad array of chemical con-
stituents. The Federal SDWR for TDS is 500 mg/L or less in
public drinking-water supplies.

During the use of the DMCA, brackish EIk River water
was mixed with sediments, and the slurry would have been
pumped into the DMCA, adding an additional major source of
TDS, including chloride and sodium. Concentrations measured
in area wells in the Magothy and upper Patapsco aquifers not
influenced by the DMCA, or located just outside the study
area, have TDS concentrations of less than 100 mg/L, typical
of natural groundwater for the aquifers. In contrast, TDS con-
centrations in the Magothy aquifer directly under the DMCA
are an order of magnitude greater; several Magothy aquifer
and upper Patapsco aquifer shallow water-bearing zone
wells yielded groundwater samples with TDS in the 4,000 to
6,000 mg/L range (appendix B; and figs. 32, 34, and 35). Indi-
vidual constituents such as chloride, sodium, sulfate, manga-
nese, iron, and aluminum are also orders of magnitude higher
in aquifers underlying the DMCA and vicinity than in either
aquifer within or near the study area where human activities
have not overly influenced groundwater quality (table 13;
appendix B). The latter also reflect conditions consistent with
water-quality information and analysis provided by Otton
and others (1988) and Willey and others (1987) for Potomac
Group and Magothy aquifers throughout Cecil County, Md. In
fact, Otton and others (1988) make a point of not using ana-
lytical results from a 1983 sample of groundwater from well
CE Dd 81 located just outside the DMCA berm in the south-
western corner of the DMCA, owing to the fact that the water
does not represent natural water in the aquifer.

Given the groundwater flow system and groundwater
geochemistry of the study area, the influence of the DMCA is
not only as a source of TDS but also a geochemical driver of
redox processes that enhance the mobilization and transport of
redox-sensitive metals and nutrients. Groundwater affected by
the DMCA is predominately anoxic and mainly reflects iron-
reducing conditions. These redox conditions are characterized

Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

by the absence of dissolved oxygen, and an abundance of the
reduced forms of nitrogen (ammonia) and metals (manganese
and iron). Compounding factors that elevate the concentra-
tions of dissolved constituents include the presence of organic
carbon, the mixing of anoxic and oxic waters, and the acidity
of groundwater.

Creation of reduced groundwater conditions generally
is facilitated by microorganisms that depend on the presence
of organic carbon. Sources of organic carbon dissolved in
groundwater include fill composed of bay sediments that are
known to contain abundant amounts of carbon (table 8, car-
bon, 21.8 mg/kg). Other substantial sources of carbon to the
groundwater flow system are the seasonal Phragmites vegeta-
tion within the DMCA, the abundance of lignite in naturally
deposited sediments including the Matawan, Magothy, and
Patapsco Formations; and wetland sediments that were buried
during the construction of the DMCA. The elevated concentra-
tions of dissolved organic carbon support microbial activity
that leads to anoxic conditions in groundwater.

Groundwater in the study area with the highest lev-
els of TDS, manganese, ferrous iron, and sulfate generally
correspond to parts of the groundwater flow system under
highly anoxic iron-reducing conditions that possibly reflect
the mixing of anoxic groundwater from the DMCA with oxic
groundwater from other source areas. This occurs predomi-
nantly where the Magothy aquifer is unconfined, allowing
hydraulic connection with the underlying upper Patapsco
aquifer shallow water-bearing zone. Here, direct recharge from
precipitation provides oxygenated water to the groundwater
flow system, and groundwater pumping for water supplies aids
mixing (figs. 30 and 66).

As anoxic groundwater is drawn into or flows into areas
such as WVS, which contain predominately oxic water,
the anoxic water undergoes oxidation. The outcome of this
process is the production of acidity (H*) through the oxidation
of reduced iron, and the formation of ferric hydroxide precipi-
tates. The low pH of groundwater throughout the Magothy
aquifer and upper Patapsco aquifer shallow water-bearing
zone beneath WVS provides an abundance of acidity for
metal hydrolysis. This acidity is locally increased with depth
beneath oxic zones in WVS. The result is a localized increase
in the concentration of TDS (and likely reduced metals and
sulfate) which, in combination with the major inflow of anoxic
groundwater of similar quality from the DMCA, accounts for
the local and highly elevated concentrations of TDS and other
reduced species in the upper Patapsco aquifer shallow water-
bearing zone. The most severe reducing condition—that of
Fe(I11) reduction—corresponds to groundwater from DMCA
recharging the Magothy aquifer, flowing beneath the western
half of the DMCA, then moving farther westward and verti-
cally downward to the base of the upper Patapsco aquifer
shallow water-bearing zone, and ultimately either continuing
farther west in this zone, or moving vertically upward
to discharge along the western end of WVS or Elk River
(fig. 66). This flow also contains the highest concentrations of



TDS in either aquifer in this area (fig. 41). However, ground-
water at shallow depths beneath the community is under less
severe mixed oxic-anoxic conditions (fig. 66, O,—Fe(lll)).

Whereas groundwater at depth beneath WVS is poor in
quality, shallow groundwater in elevated areas of this commu-
nity is of relatively good quality. Shallow groundwater in the
Magothy aquifer initially reflects local recharge, precipitation,
and residential use, and contains relatively low concentra-
tions of TDS (fig. 41). The improved water quality is due in
part to recharge from precipitation (low in TDS) and in part to
residential use of groundwater that has been treated to reduce
TDS. Use of this limited zone of generally oxic water that is
low in TDS is consistent with the large percentage of wells
that have been installed within the shallow unconfined Mago-
thy aquifer in WVS since 1985, as opposed to deeper depths
where poor quality water is present.

In addition to water-quality analyses of discrete intervals
within aquifers, electromagnetic-induction logging provided
a continuous profile of the vertical extent of high conductiv-
ity water representative of high TDS concentration (figs. 44
and 45). The downward and downgradient movement of water
with high TDS concentrations emanating from the DMCA
is consistent with groundwater flow patterns, recharge to the
unconfined system, strong downward gradients of flow, and
movement of water downgradient to EIk River as described
above.

The influence of the DMCA on the quality of groundwa-
ter is apparent in relation to more than just TDS and redox-
sensitive species. This influence has also been demonstrated in
relation to the low-level detections of pesticides and in partic-
ular wastewater compounds. Multiple detections of pesticides
and wastewater compounds occur within the Magothy aquifer,
primarily within the DMCA, and are attributed to dredged
sediment and Elk River water pumped into the DMCA during
the active time period of the DMCA.

Other hydrogeologic and groundwater flow conditions
within the DMCA that have an impact on local water quality
are the integrity of confining units associated with the aquifers
and upward or horizontal flow to streams. The lack of confine-
ment and hydraulic connection of the Magothy aquifer and
upper Patapsco aquifer shallow water-bearing zone and its
implication to flow and quality of groundwater has already
been discussed. Also important is the structure of the upper
Patapsco confining unit as it spans the DMCA. This confining
unit thickens substantially in the northern half of the DMCA,
north of well 158. The confining unit thins to the south of
well 158, with local sandy zones interfingering with the clays
that decrease the effectiveness of the confining unit in restrict-
ing downward flow from the Magothy aquifer to the upper
Patapsco aquifer shallow water-bearing zone (figs. 9A and 14).
This is consistent with the elevated TDS concentrations found
in both aquifers south of well 158 (fig. 42). Upward flow of
groundwater at well nests near wells 126 and 145 effectively
keep water with high concentrations of TDS contained in the
Magothy aquifer in the northwestern part of the DMCA.
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Water-quality sampling and analysis of wells completed
in the upper Patapsco aquifer deep water-bearing zone indicate
that groundwater throughout this zone is under anoxic condi-
tions but is relatively low in TDS content. Based on minimal
data, the water quality in the upper Patapsco aquifer deep
water-bearing zone does not seem to have been impacted by
the DMCA.

The groundwater flow (as determined by this study)
combined with multiple aspects of the groundwater quality
data and analysis indicate that the high TDS and sulfate waters
beneath and beyond the DMCA, both vertically and laterally,
are the result of past use and recharge as a result of past opera-
tion of the DMCA. The groundwater-quality data and analysis
that support this conclusion include the redox distribution,
concentration distributions of TDS, sulfate, iron, chloride,
dissolved oxygen, pH, nitrogen, groundwater types (as shown
on trilinear diagrams), and the correlation of TDS to multiple
anions and cations. Specifically,

1. TDS concentrations in the Magothy aquifer under
the DMCA and vicinity range from 45 to more than
5,000 mg/L.

2. TDS concentrations toward the high end of this range
generally correspond to the westerly thinning of the
Matawan confining unit and eventual outcrop of the sedi-
ments of the Magothy aquifer in the western part of the
DMCA and in WVS. The high TDS values in the south-
eastern part of the study area likely reflect historical flows
outward from the DMCA during the site’s operation. Sub-
stantial overlying confinement and slow horizontal flow
in this area of the Magothy aquifer hinder the dilution of
high TDS water.

3. Concentrations of TDS in the Magothy aquifer beneath
the northern or northeastern part of the study area are
generally 500 mg/L or less and reflect the occurrence and
increased thickness of the Matawan confining unit above
the Magothy aquifer, which likely reduced recharge from
the DMCA. In addition, there is upward flow of low TDS
water from the upper Patapsco aquifer shallow water-
bearing zone, and (or) recharge from Pearce Creek Lake
(also low TDS water) into the Magothy aquifer.

4. Waters with concentrations of TDS less than 170 mg/L
occur in the shallow Magothy aquifer beneath WVS.
These moderately low concentrations of TDS reflect
recharge through the residential area from precipitation
combined with septic system recharge and (or) local resi-
dential irrigation.

5. In the upper Patapsco shallow water-bearing zone in the
northeastern part of the study area, TDS concentrations
are less than 170 mg/L and reflect concentrations found
in natural waters. In contrast, TDS concentrations exceed
6,000 mg/L under the southwestern part of the DMCA.
The latter likely reflects older groundwater recharge from
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the DMCA under past hydrologic conditions (that may not
be represented by current 2010-11 hydrogeologic data).

6. Under WVS, TDS concentrations in the deep part of the
upper Patapsco shallow water-bearing zone are 4,000 to
5,000 mg/L. These concentrations in part reflect ground-
water with high TDS concentrations that flowed from the
Magothy aquifer from the east and then downward into
this zone.

7. The distribution of major ions was very similar for wells
with TDS concentrations greater than 300 mg/L. Sulfate
accounted for the majority of the anions present in the
water. The ion distribution was similar regardless of geo-
graphic position or aquifer.

8. The distribution of major ions was heterogeneous for
wells with TDS concentrations less than 300 mg/L.
However, patterns in ion distribution varied depending on
aquifer or geographic position.

* In general, where water-bearing zones are well con-
fined, groundwater beneath the study area is anoxic
regardless of the aquifer or water-bearing zone. Anoxic
waters were also found in several wells that were not
affected by the DMCA.

« Conditions in the Magothy aquifer and upper Patapsco
shallow water-bearing zone beneath WVS are oxic at
the shallowest depths, oxic to anoxic or anoxic mix-
tures at intermediate depths, and anoxic in the deepest
part of the upper Patapsco shallow water-bearing
zone. The only other area where oxic groundwater con-
ditions occur is east of the DMCA property boundary
(well 193).

+ Within the DMCA, the reduced sediments and oxic Elk
River water deposition could have led to the initial oxi-
dation of sulfur, the formation of sulfate, a decrease in
pH, and hydrolyzation of trace elements such as iron,
manganese, and aluminum from the deposited and (or)
native sediments exposed to the recharged water from
the DMCA. As this water returns to reduced condi-
tions, elevated nitrogen (organic and (or) ammonia)
and carbon, as well as elevated calcium, magnesium,
sodium, and chloride would all have generally been
present in groundwater beneath the DMCA, in areas
where the confining layer is absent or thin (i.e., south-
central, southwest, and southeast of the boundary of
the DMCA).

There are very little data to support alternative hypoth-
eses for a different or additional source of high TDS, sulfate,
iron, and chloride and low pH groundwater. The overwhelm-
ing evidence is that the DMCA has affected the groundwater.
Human activities potentially upgradient of the DMCA to the
east, and (or) including extensive agriculture, or potential local
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point sources such as ponds or landfills are unlikely sources of
the high TDS groundwater observed beneath and in the south-
east part of the study area for several reasons.

First, TDS concentrations in the Magothy aquifer (which
one could hypothesize are possibly associated with regional
groundwater flow towards the DMCA) are low (less than
170 mg/L) and are similar to natural waters unaffected by
anthropogenic activities in the aquifer. The concentrations of
TDS in wells nearby, but outside the study area of this report,
are also less than 100 mg/L. These low concentrations of TDS
are consistent with this aquifer being overlain by the Matawan
confining unit (50 to 60 ft thick). Groundwater has distinctly
different major ion chemistry in areas with low TDS than in
areas with higher TDS (greater than 300 mg/L).

Second, one could hypothesize that human activities near
the land surface (agriculture, landfills) could be the source
of the high TDS and sulfate water. There are three problems
with this hypothesis: (a) concentrations of TDS, sulfate, and
iron beneath other agricultural areas of the Eastern Shore
of Maryland are orders of magnitude lower than measured
in samples beneath the DMCA and vicinity; (b) the source
necessary to generate the mass of TDS, sulfate, and iron as
measured in samples beneath the DMCA and vicinity would
need to be extremely large; and (c) the Magothy aquifer to
the east and south, where human activities predominate (for
example, agriculture, nurseries, local surface landfill), is
overlain by 50 to 60 ft of the Matawan confining unit, which
would retard the flow of high TDS and sulfate water from the
land surface to the Magothy aquifer. Potential loading from
point sources likely would not be able to generate the mass of
source necessary.

Third, there is no evidence that Elk River water intrusion
is directly responsible for the occurrence of high TDS and
sulfate waters. In contrast, several lines of evidence suggest
that it is not a direct source. General patterns in groundwa-
ter flow in both the Magothy aquifer and upper Patapsco
shallow water-bearing zone all are east to west, not west to
east; groundwater from both aquifers discharges into the Elk
River bed sediments. Trilinear (Piper) diagrams indicate that
Elk River water is a chemically unique type (predominately
sodium chloride and low sulfate). Previous (R.F. Weston,
Inc.,1998) and current (2010-11) analyses of the bromide
to chloride ratios collectively show that the ratios for EIk
River water appear similar to ratios in groundwater, but they
are not indicative of the EIk River being the source of the
groundwater.

There are selected limitations in the available data for
groundwater flow and quality at several locations throughout
the extent and thickness of the Magothy aquifer and upper
Patapsco shallow water-bearing zone within the perimeter dike
of the DMCA. Borehole geophysical logs indicate that high
conductance water occurs in several locations where wells
have not been screened and indicate that the low conductance
water occurs at other locations. Water level and geochemical



data at the following locations would address gaps in the cur-
rent data set regarding both groundwater flow and quality as
water flows through the DMCA sediments, and through the
Magothy aquifer beneath the DMCA: midway between

wells CE Dd 139 and CE Dd 157 at the base of the Magothy
aquifer, near well CE Dd 157 at the base of the Magothy aqui-
fer, near well CE Dd 139 screened at a depth midway between
the screened intervals of wells CE Dd 122 and 139, near

well CE Dd 193 in the top of the Magothy aquifer, near

well CE Dd 193 in the upper Patapsco shallow water-bearing
zone.

Data gaps also exist outside the DMCA perimeter dike.
Water level and geochemical data south and east of wells CE
Dd 125, 153, and 193 would be useful in further delineation
of the groundwater flow system and geochemistry of ground-
water south and east of the DMCA. These additional data
may provide information that further corroborate the conclu-
sions presented in this report—namely that the DMCA is the
major source of the high TDS type groundwater found beneath
and in the vicinity of the DMCA, or they could indicate that
groundwater east and (or) south of the DMCA contributes to
the high TDS type groundwater beneath and along the south-
ern and eastern parts of the DMCA and study area. However,
without the additional data, the latter is largely speculative;
whereas there are sufficient data and multiple lines of evidence
on the basis of the analyses of current (2010-11) and historical
data to suggest that the DMCA use led to the occurrence of the
high TDS type groundwater in the study area.

Conclusions

The integration of the hydrogeologic, hydrologic, and
water-quality information developed as part of this study
provides an improved understanding of the impact of the
U.S. Army Corps of Engineers Pearce Creek Dredge Material
Containment Area (DMCA) in Cecil County, Maryland on
the groundwater flow system in the DMCA and the immedi-
ate vicinity. Before the DMCA was constructed, the site was a
low-lying, natural wetland that freely drained to the tidal Elk
River, or freely drained to the adjacent Pearce Creek, which in
turn drained into the tidal Elk River. The bermed area of the
DMCA now rises more than 30 ft above pre-DMCA low-lying
topographic position on the Chesapeake Bay coast, making it
a recharge area for the underlying aquifers, as demonstrated
by potentiometric maps of the Magothy aquifer and upper
Patapsco shallow and deep water-bearing zones. Vertical gra-
dients have resulted in downward groundwater flow from the
DMCA sediments into the underlying Magothy aquifer, and
then downward into the upper Patapsco shallow water-bearing
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zone where the intervening confining unit is thin or missing.
The chemical composition of the dredged bay sediments that
were mixed with oxic, brackish Elk River water and emplaced
within the berms of the DMCA has influenced the quality

of groundwater recharging the underlying aquifers, creat-

ing a complex chemical matrix discernible in groundwater
throughout the local groundwater flow system. Water-quality
data of numerous types are consistent with the hydrogeologic
and hydrologic interpretation that the DMCA has degraded
local groundwater quality. The water is considered degraded
in part as a result of concentrations of some chemical con-
stituents at levels greater than maximum allowable or recom-
mended levels established in the U.S. Environmental Protec-
tion Agency Safe Drinking Water Act Secondary Drinking
Water Regulations, Health Advisory Levels, and Maximum
Contaminant Levels. Data for TDS concentrations, major ion
content, redox-sensitive species (dissolved oxygen, nitrogen,
manganese, iron, and sulfate), DOC, pesticides, wastewater
compounds, and acidity support the finding that the DMCA is
the primary source of the poor quality of water found in the
aquifers underlying it. The migration of groundwater impacted
by the DMCA into the upper Patapsco shallow water-bearing
zone where the overlying confining unit is absent is a source
of the poor quality groundwater that supplies some domestic
wells in the West View Shores residential community.
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Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

Appendix B: Water-Quality and Quality-Control Data and
Custom Methods Used in the Investigation of the Pearce
Creek Dredge Material Containment Area and Vicinity,
Cecil County, Maryland, 2010-11

Introduction

Water-quality field measurements and laboratory analy-
ses were conducted in 2010-11 to provide data on the physi-
cal and chemical characteristics of groundwater and surface
water in the Pearce Creek Dredge Material Containment Area
(DMCA) and vicinity, Cecil County, Maryland. The data
collected included quality-control (QC) samples and measure-
ments at selected groundwater and surface-water sites to help
determine the accuracy and comparability of the water-quality
data. Modified laboratory methods also were used to obtain
data for selected water-quality constituents because of sample-
matrix interferences likely associated with the high dissolved-
solids concentrations of groundwater in the study area. All
tables referenced in this appendix are linked to an Excel file.

Extent and Types of Data Collected

Water-quality measurements and samples were collected
at 36 observation wells, 15 domestic water-supply wells,
and two surface-water sites during 2010-11. A broad variety
of data were collected at each site on general water-quality
characteristics, major ions, trace elements, pesticides, and
wastewater compounds. However, survey (occurrence and
distribution) data for pesticides and wastewater compounds
in groundwater and surface waters were obtained from only
shallow observation wells, in addition to all domestic supply
wells, and both surface-water sites. The types of water-quality
data collected have been summarized by category or type for
each groundwater or surface-water site (table B1, link to Excel
file).

Quality-control samples and measurements were obtained
at selected groundwater and surface-water sites to help deter-
mine the accuracy and comparability of the water-quality data.
At selected monitoring and observation wells, field blanks
were collected on site to assess potential sample contamina-
tion, and duplicate sequential groundwater samples were
obtained to assess measurement precision. At selected sites,
additional replicate sequential groundwater samples were
collected for selected laboratory-analyzed samples, including
pesticide or wastewater compounds, for laboratory spikes.
Laboratory spikes were performed to assess whether any
chemical precipitation from sample oxidation during shipping
or handling of samples in the laboratory reduced the recovery
of these compounds. In addition, standard reference samples,
obtained from the U.S. Geological Survey (USGS) Branch

of Quality Systems (BQS), Denver, Colorado, were submit-
ted from the field to the National Water Quality Laboratory
(NWQL) to assess the accuracy of analysis for selected trace
elements. Table B2 (link to Excel file) summarizes the differ-
ent types of field QC samples collected, their site of collec-
tion, and the types and categories of water-quality constituents
assessed in relation to that QC sample.

Water-Quality and Quality-Control Data

Water-quality data from most observation wells (30 of
36) and all domestic supply wells (15) were obtained dur-
ing April through mid-June, 2010. Data for five additional
monitoring wells installed late in 2010, and from two nearby
surface-water sites—the Elk River and Pearce Creek Lake—
were obtained February 9-10, 2011. The data for both periods
of data collection are summarized by general water-quality
category or type (table B3, link to Excel file). The associated
QC data have been summarized in a manner consistent with
their use to address the objectives of this report (table B4, link
to Excel file).

In relation to both the water-quality and QC data, the
nomenclature regarding the types of data warrants discussion.
References to constituent results for raw water, for example,
“pH, raw water,” imply a measurement [analysis] made on
unaltered groundwater discharge from the well. References
to results for constituents dissolved in water, for example,
“Chloride, dissolved water,” a measurement made on a sample
of groundwater being discharged from the well, was filtered
in the field when collected, and may have been filtered again
in the laboratory before analysis. Major anions fall into this
category, including bromide, chloride, and fluoride, as well as
sulfate, and ammonia-, nitrite, and nitrate-plus-nitrite nitrogen.

The majority of the inorganic water-quality data are
expressed as “dissolved recoverable,” which implies a
measurement obtained from a sample of groundwater being
discharged from the well that was filtered in the field when
collected, then if inorganic in nature, also preserved with
acid in the field, but ultimately analyzed by a USGS labora-
tory after an initial in-bottle digestion with nitric acid—as
if it were a whole-water recoverable sample. The digestion
procedure was essential to ensure any colloidal precipitates,
which formed after collection and because of oxidation of the
sample, were dissolved and incorporated into the original dis-
solved sample. In the case of other dissolved recoverable con-
stituents, including organic carbon, and ammonia-plus-organic
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nitrogen, which also initially were chemically preserved with
acids, other and more rigorous digestion procedures were used
to ensure results reflected the original dissolved samples. In
the case of pesticides and wastewater compounds, which were
preserved by chilling, rather than acidification, representative
samples of water and any suspended material were extracted
rather than digested to ensure the results reflected the original
dissolved samples. Details of the specific digestion or extrac-
tion procedure used, which were conducted in accordance
with standard reference methods, are provided in the labora-
tory reference for each inorganic constituent (table B5, link to
Excel file).

Overall, whole-water recoverable methods reflect the
constituents in solution after a representative water-suspended-
sediment sample is digested or extracted. In the case of this
study, complete dissolution of any colloidal material likely
was achieved, as field-acidified samples did not appear to
form visible colloidal precipitates after samples were oxidized
and the digested samples for inorganics, organic carbon, and
ammonia-plus-organic nitrogen, have remained clear for
months following their initial oxidation (D. Damrau, USGS,
written commun., 2011). Suspensions did form in selected
pesticide and wastewater samples after their oxidation in the
laboratory. However, the efficiency of the extractions for pes-
ticide and wastewater compounds was assessed to determine if
the suspensions biased the recovery of these compounds (see
below).

For selected constituents—nitrate-plus-nitrite nitrogen,
beryllium, arsenic, and sulfate—data reference the use of a
“modified method.” Historical or preliminary QC data for each
of these constituents indicated that the standard method for
these constituents was inadequate to obtain accurate measure-
ments, mainly because of sample-matrix interferences that
could not be addressed without some modification to the stan-
dard method. These water-quality constituents were analyzed
with modified standard methods, which are described later in
this appendix.

Quality-Control Data Tables for
Interpretation

Tables used to create summary QC data and determine
the quality of groundwater and surface-water data as described
in the main body of this report are as follows:

To assess the potential contamination of water-quality
samples during or after their collection from field blanks
(table B6, link to Excel file); a summary table of these data
are discussed in the main report (table 2);

To assess the precision of measurement of commonly
measureable water-quality constituents from sequential repli-
cate groundwater samples (table B7, link to Excel file); a sum-
mary table of these data are discussed in main report (table 3);

To assess the potential influence of sample matrix bias
on the recovery of pesticide compounds from low-level (0.2
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to 0.8 pg/L, micrograms per liter) analytical methods used by
the USGS Organic Geochemistry Research Laboratory, from
spiked groundwater samples and surrogate constituents in all
samples (table B8, link to Excel file); a summary table of these
data is discussed in the main report (table 4);

To assess the potential influence of sample matrix bias
on the recovery of wastewater compounds from analytical
methods used by the USGS NWQL from spiked groundwater
samples and surrogate constituents in all samples (table B9,
link to Excel file); a summary table of these data is discussed
in the main report (table 5); and

To assess measurement accuracy, standard reference
samples, from USGS BQS, for trace elements were sent as
blind water-quality samples from the field (table B10, link to
Excel file); these data are discussed in the main report.

In addition, mass equivalent balances were computed
for major ionic constituents in milliequivalents per liter
(table B11, link to Excel file); a summary table of these data is
discussed in the main report (table 6).

In addition, all pesticides detected in groundwater
samples with low-level detection methods are summarized
(table B12, link to Excel file) to facilitate their interpreta-
tion and discussion in the main report. Within the context of
each of the above tables, QC as well as water-quality data for
selected constituents were obtained with modified standard
methods for four water-quality constituents—nitrate-plus-
nitrite nitrogen, arsenic, beryllium, and sulfate. The modified
standard method for each of these constituents is described
below.

Modified Standard Laboratory Methods
for the Analysis of Selected Water-
Quality Constituents

Modified laboratory methods were employed by the
USGS laboratories to obtain accurate measurements of four
water-quality constituents—nitrate-plus-nitrite nitrogen,
arsenic, beryllium, and sulfate. A description of the modified
method and the associated field and laboratory control data to
support the validation of the resultant water-quality data for
interpretive use in this report are provided below.

Nitrate-plus-Nitrite Nitrogen

Historical data indicated there was little to no measure-
able nitrate and nitrite but highly elevated concentrations of
dissolved iron in groundwater in the DMCA and vicinity (U.S.
Army Corps of Engineers, 1996; Weston, Inc., 1998). Given
elevated concentrations of dissolved iron in the form of ferrous
iron, the latter can be preferentially reduced instead of nitrate
using the standard cadmium-reduction method for nitrate
analysis, and lead to low-biased or immeasurable concentra-
tions of nitrate-plus-nitrite nitrogen (Patton and Kryskalla,
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2011). To avoid this potential bias, the USGS NWQL recently
developed a nitrate reductase method, which reduces nitrate
to nitrite (Patton and Kryskalla, 2011). The nitrite concentra-
tion is then determined using the standard spectrophotometric
(colorimetric) phosphomolybdenum-blue complex analytical
method.

With few exceptions, all laboratory QC data were within
acceptable limits (table B13, link to Excel file). Laboratory
blanks contained trace (0.01-0.05 mg/L) to undetectable
(or less than the laboratory reporting level of < 0.04 mg/L)
concentrations of nitrate-plus-nitrite nitrogen. Except for three
water-quality samples, recoveries on spiked samples of all
types—Ilaboratory blanks, field blanks, duplicate sequential
samples, and water-quality samples—were similar, and gener-
ally within the acceptable control range for standard NWQL
methods—=85-115 percent. High recoveries (124, 147, and
162 percent) occurred on the water-quality sample for wells
CE Dd 163, CE Dd 168 duplicate sequential sample, and CE
Dd 172, respectively. CE Dd 172, which required dilution,
and thus concentrations of nitrate-plus-nitrite nitrogen would
be expected to have a higher or lower than normal variability
in recovery.

Beryllium

Concentrations of beryllium were determined by the
USGS NWQL using a modified standard inductively coupled
plasma-mass spectrometry (ICP-MS) method. Whole-water
recoverable beryllium is routinely determined along with other
trace elements simultaneously on a single sample by using
ICP-MS (Garbarino and Struzeski, 1998)*. An aerosol of the
sample solution is produced by using a high-dissolved-solids
tolerant nebulizer. The aerosol is introduced into the argon
plasma where it undergoes desolvation, atomization, and
ionization. lons are sampled through multiple orifices into the
quadrupole mass spectrometer where they are separated on
the basis of their mass-to-charge ratios. An electron multi-
plier detects the ions by generating a current that is directly
proportional to the concentration of the element present in the
sample. The effects of sample transport, instrumental drift,
and matrix-induced fluctuations in plasma characteristics are
reduced by using the ratio of elemental ion intensity to the
internal standard element ion intensity for calibration. The
described method is for the determination of multiple elements
in a sample. The standard optimization procedure consists of
maximizing the signal for three elements spanning the entire
mass spectrum ("Li, #Y, and 2®TI) while maintaining ion
doubly-charged and oxide levels below pre-determined values.
Optimization is achieved through the adjustment of argon gas
flows, electrical lenses, quadrupole electrical settings, and
electron multiplier settings.

Preliminary QC information for beryllium determina-
tions conducted with the standard method described above
indicated that concentrations of beryllium could be biased

See table B5.

Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

and underestimated (Mark R. Hill, USGS, written commun.,
2011). Minimal modifications were made to the standard
method optimization procedures to enhance the ICP-MS deter-
minations of beryllium. Also, an alternate internal standard
was used for beryllium, which is permissible under the NWQL
ICP-MS methodology. In routine analyses at the NWQL,
concentrations of beryllium generally are determined by ratios
to germanium-72, ?Ge. However, for water-quality samples
analyzed in this study, the most accurate determination of
beryllium was obtained with beryllium ratios to rhodium-103,
103Rh. The latter was determined on the basis of recoveries
of beryllium from laboratory spikes of reagent blanks, field
blanks, and groundwater samples, as well as internal beryl-
lium standard-reference samples, whose spiked or reference
concentrations were similar to the range in beryllium concen-
trations found in groundwater samples from the study area.
All laboratory control data indicated that the beryllium
water-quality data are suitable for interpretation. Laboratory
QC data for beryllium were within acceptable limits (table
B14, link to Excel file). All laboratory (and field) blanks con-
tained immeasurable (< 0.04 pg/L) concentrations of beryl-
lium. The beryllium concentrations in the spiked and reference
samples were similar to the range of arsenic values found in
groundwater and surface-water samples from the study area.
Despite considerable differences in the range of dilution rates
among samples, recoveries (beryllium) on spiked samples of
all types—Tlaboratory blanks, field blanks, duplicate sequen-
tial samples, and water-quality samples—were similar, and
all within the generally acceptable control range for standard
NWQL ICP-MS methods for trace elements—80-120 percent.
A high recovery (146 percent) occurred on the water-quality
sample for well CE Dd 146, which was the only sample that
required dilution, and thus concentrations of beryllium would
be expected to have a higher or lower than normal variabil-
ity in recovery. Concentrations for three standard reference
samples, each analyzed multiple times, all fell within plus or
minus (£) 30 percent, and, in most cases were within £ 2 SD
(standard deviations) of the most probable value (MPV), and
within the acceptable QC range.

Arsenic

Preliminary QC information indicated that the analysis
of arsenic with standard ICP-MS methods used by the NWQL
failed to pass laboratory quality controls due to sample-matrix
interferences. An alternative standard method for the analysis
of arsenic is through conversion of arsenic to arsenic hydride
(arsine) and analysis of arsenic hydride by atomic fluorescence
spectrometry (Hageman and others, 2002).

The determination of total arsenic requires that all the
arsenic be in the inorganic As(l11) state. Organic and inorganic
forms of arsenic are first oxidized to As(V) by digestion with
a mixture of saturated potassium persulfate and concentrated
hydrochloric acid in open polychlorofluorocarbon vessels. The
As(V) is then quantitatively reduced to As(l11) by adding a
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potassium iodide/ascorbic acid reagent. Sodium borohydride
is added to the solution, which results in rapid formation of the
arsenic hydride as illustrated by:

3 NaBH, + 4H,AsO, — 4 AsH,(g) + 3 H,BO,+ 3 NaOH (B1)

The gaseous arsine is phase separated from the analytical
solution stream and transported with argon gas to the atomizer
(a hydrogen flame) of the atomic fluorescence spectrometer.
The sodium borohydride reducing agent, by rapid generation
of the elemental hydride in the reaction cell, minimizes dilu-
tion of the arsine by the carrier gas and provides rapid, sensi-
tive determinations of arsenic.

Concentrations of arsenic in the samples are quantified
using calibration standards in solutions of a similar matrix. QC
information for arsenic determinations was obtained by digest-
ing, and subsequently analyzing, water reference samples pur-
chased from the National Research Council, Canada (NASS-5
seawater and SLEW-3 estuarine water) that have certified
values for their arsenic concentrations in highly saline media.
QC data were also obtained by digesting and determining the
total arsenic content of four different aqueous standard refer-
ence samples (“T” standards) produced by the USGS’s BQS,
and on the basis of recoveries obtained from laboratory spikes
of reagent blanks, field blanks, and groundwater samples.

All laboratory control data indicated that the arsenic
water-quality data are suitable for interpretation. Laboratory
QC data for arsenic were within acceptable limits (table B15,
link to Excel file). All laboratory (and field) blanks contained
trace (0.10-0.15 pg/L), or immeasurable (< 0.10 pg/L), con-
centrations of arsenic. Thus, trace levels of arsenic in ground-
water and surface-water samples could reflect a very low level
contamination bias. Despite considerable differences in the
range of dilution rates among samples, recoveries on spiked
samples of all types—Ilaboratory blanks, field blanks, duplicate
sequential samples, and water-quality samples—were similar,
and all were within the generally acceptable control range
for standard NWQL ICP-MS methods for trace elements
(80-120 percent). In addition, all standard reference sample
concentrations fell within the acceptable range of being within
+ 3 SD of the MPV, and in most cases were within = 2 SD of
the MPV. The arsenic concentrations in the spiked and refer-
ence samples were similar to the range of arsenic values found
in groundwater and surface-water samples from the study area.

Sulfate

The analysis of sulfate in water is routinely conducted
by the USGS NWQL with a standard ICP method (Garbarino
and Struzeski, 1998). Preliminary QC information for selected
samples repeatedly failed to pass laboratory quality controls
due to sample-matrix interferences—generally related to
samples with elevated concentrations of dissolved recover-
able solids. An alternative standard method for the analysis
of sulfate is to convert sulfate (ion) to barium sulfate (solid)
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Figure B1. Relation between sulfate concentration in
milligrams per liter (mg/L) determined with the barium-sulfate
method and the inductively coupled plasma (ICP) method

for samples collected in the Pearce Creek Dredge Material
Containment Area and vicinity, Cecil County, Maryland,
2010-11.

and measure a colloidal dispersion of the barium sulfate with
a nephelometric turbidimeter (U.S. Environmental Protection
Agency, 2005, Method 375.4). The concentration of sulfate in
the sample is determined as a ratio against similarly prepared
and analyzed barium-sulfate standards. General comparisons
between these two methods have shown that they provide
similar results given low dilution rates are maintained for the
barium-sulfate analyses (Reisman and others, 2007).

For the purposes of this report—and the analysis and
interpretation of sulfate data—we employed a nephelomet-
ric turbidity ratio unit spectrophotometer and the Hach, Inc.
(2008a,b) methods for barium-sulfate analyses. Limitations
in this method are twofold. First, the method reporting level
for the barium-sulfate method (40 mg/L) is higher than the
method reporting level for the ICP method (10 mg/L). Sec-
ond, the dilution rate for the barium-sulfate method had to be
generally less than 5:1 to avoid bias in measurements related
to the use of high dilution rates (Reisman and others, 2007).

Because of limitations in dilution rates and a high method
reporting level, data from the barium-sulfate method were
correlated to data from the ICP method on the basis of samples
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analyzed with both methods. The established linear relation
between sulfate concentrations then was used to estimate the
concentration of sulfate relative to the ICP method on the basis
of the concentration of sulfate determined with the barium-
sulfate method for those groundwater samples with sulfate
concentrations that could not be determined with the ICP
method.

The relation between sulfate concentrations on the basis
of samples analyzed with both methods was linear, posi-
tive, and highly significant (fig. B1, correlation coefficient
(R-squared) equal to 0.995, and power of test, p, less than
0.00001). In addition, results were consistent between the
two methods in relation to field blanks — the barium-sulfate
method reporting as < 40 mg/L and the ICP method reporting
as < 0.18 mg/L (table B16, link to Excel file).

Validation of Net Acidity with Hot
Acidity Titrations

Kirby and Cravotta (2005b) recommended that net acid-
ity be determined as follows:

Acidity, . = Acidity ... —Alkalinity . (B2)

Where each of the above terms is expressed in milligrams
per liter as calcium carbonate (CaCO,), Alkalinity .. is
determined by standard methods, and Acidity_, ..., IS given

by:

ACidityCaIcuIated:SO{l'OOO(lO-pH) + [2(F62+) + 3(Fe3+)]/56 +
2(Mn?)/55 +3(Al)/27} (B3)

Where the pH is measured and expressed in standard
units, the total dissolved metal (Fe?*, Fe**, Mn?* and AI**) con-
centrations are in milligrams per liter, each converted to milli-
equivalents per liter, using their valences and formula weights,
and the entire expression then converted to mg/L as CaCO.,.

Kirby and Cravotta (2005b) also recommend validation
of Acidity, ., be conducted by direct measurements obtained
through hot acidity titrations. These titrations were performed
in accordance with Kirby and Cravotta (2005b), and equiva-
lent on selected groundwater samples reflecting the range
in Acidity, ., as determined above. In brief, titrations were
performed on groundwater samples after initially reducing
their pH to 4 within 24 hours to preserve samples (Kirby and
Cravotta, 2005b). Preserved samples were digested with
30 percent hydrogen peroxide with heating to drive off carbon
dioxide, and then titrated to a pH of approximately 8.2. The
acidity of the sample in milligrams per liter as CaCO, was
determined in accordance with procedures described by Kirby
and Cravotta (2005b), which hereafter, is referred to as Acidi-
ty, . in this appendix.
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On the basis of theoretical considerations and empirical
studies, Kirby and Cravotta (2005b) have shown that Acidi-
ty,.. IS equal to Acidty, . Therefore, the two measurements
should be linearly and positively correlated. Comparisons
of Acidity, , with Acidity, —a direct measure of Acid-
1Y cocuaea - Alkalinity, . were conducted using standard
methods (Kirby and Cravotta, 2005b). The two measures were
highly, positively, and linearly related (fig. B2, correlation
coefficient (R-squared) equal to 0.997, and power of test, p,
less than 0.00001). Acidity, , values were biased low at high
acidity concentrations. The values for CE Dd 127 and 160
are considered outliers, with potential low bias in Acidity, .
The cause of this bias was investigated but remains unknown
(C. Cravotta, 111, USGS, written commun., 2010). It possi-
bly could be related to the slow hydrolization of manganese,
which has been found to occur in acid-mine drainage waters
with elevated concentrations of manganese and dissolved
organic carbon (Tewalt, 2004). Most groundwater samples in
the DMCA and vicinity with elevated dissolved solids also
contain elevated concentrations of dissolved recoverable
organic carbon (see Dissolved Recoverable Organic Carbon,
main report). Thus, Acidity, , values as determined by equa-
tions (B2) and (B3) likely are accurate with Acidity, likely
being underestimated.

1,400 T T T
Acidity, = 1.1246 Acidity, , -2.2537
R-squared = 0.997, p < 0.00001
1,200 )
A /
CE Dd 160 / S/
1,000 /
Sm //
S /
« 800 //
k3 CEDd 127 /
5 600 : % §
[«b] VA
> /<&
£ / N
g 72
= 400 //
£
< /
z 200
h=}
e EXPLANATION
0 |
< Hot and net acidity with trendline
M 1:1 Trendline
200 #————— 4 Outliers 8
-400 1 1 |
-500 0 500 1,000 1,500

Acidity, , in milligrams per liter as CaCO0,

Figure B2. Relation between Acidity, , and Acidity,  (both in
milligrams per liter (mg/L) as CaCO,) for selected groundwater
samples collected in the Pearce Creek Dredge Material
Containment Area and vicinity, 2010.
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Appendix C: Descriptive Logs of Boreholes in the Pearce
Creek Dredge Material Containment Area and Vicinity,
Cecil County, Maryland, 2010-11

List of boreholes

CE Dd 136 CE Dd 150
CE Dd 137 CE Dd 151
CE Dd 138 CE Dd 152
CE Dd 139 CE Dd 153
CE Dd 140 CE Dd 154
CE Dd 141 CE Dd 155
CE Dd 142 CE Dd 156
CE Dd 143 CE Dd 157
CE Dd 144 CE Dd 158
CE Dd 145 CE Dd 159
CE Dd 146 CE Dd 160
CE Dd 147 CE Dd 191
CE Dd 148 CE Dd 192
CE Dd 149 CE Dd 193

Conversion factors

Inch/Pound to SI
Multiply By To obtain
Length
inch (in.) 2.54 centimeter (cm)
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Vertical coordinate information is referenced to the North American Vertical Datum of 1988
(NAVD 88).

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Altitude, as used in this report, refers to distance above the vertical datum.

Apparent conductivity (AP-COND) is given in millimhos per meter, which is equivalent to
milliSiemens per meter.

Gamma logs are given in units of American Petroleum Institute gamma ray units (API-GR).
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Abbreviations and acronyms

AP-COND apparent conductivity (from borehole geophysical log)
API-GR American Petroleum Institute gamma ray units

DMCA dredge material containment area

GAMMA natural gamma radiation (from borehole geophysical log)
NAVD 88 North American Vertical Datum of 1988

NGVD29 National Geodetic Vertical Datum of 1929

UPA, deep upper Patapsco aquifer, deep water-bearing zone
UPA, shallow  upper Patapsco aquifer, shallow water-bearing zone
USACE U.S. Army Corps of Engineers

USGS U.S. Geological Survey

WSC Water Science Center of the U.S. Geological Survey

WVS West View Shores residential community
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EXPLANATION
Lithology Aquifer
o Silty clay Magothy
Silt UPA, shallow
i Clayey silt UPA, deep
Sand . Matawan confining unit
—=! Silty sand . Confining unit

Clay

Silty sandy clay

Sandy clay

.21 Clayey sand

7t Sandy gravel

—— Sandy silt

Well construction

Cement with grout

Bentonite

Sand #00

Sand #01

Casing

Screen
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. Latitude oot "
Station ID: 392556075590002 Boring Depth (Feet): 59 (NAD 83): 39°2585.7'N CEDd 136
Date Began: 3/31/2010 Well Depth (Feet): 55 Longitude Pearce Creek
Date Completed: 3/31/2010 Screen Size (Inches): 0.02 (NAD 83): 5°5900.2"W Dredge Material Containment Area
Logged By: J. Sorenson Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 38.45
e |
Scale Lithologic . . - .
(Feet) Log Lithologic Description Aquifer Well
0 _
5 |
10 —
15 —
20 B No observations. Aquifer designation based on adjacent wells.
25 —
30 —
35 —
A Silty Clay; Dark Gray, yellow and reddish brown mottling, organics detritus present, soft.
________________ Sandy Silt; Tan, soft.
. Silty Clay; Dark Gray, tan and light gray layers present.
7//////////////////////
R O P P P P P e
A Silty Clay; Dark Gray, very hard, organic detritus present.
R L Ll d L A L L A L L kL
i Sand; Light Gray to White, medium to coarse-grained, organic detritus and gravel present. pasd pasd
50 — oo -
] Sand; Light Gray and White, angular, gravel present. —
5 ... Q000
B A Silty Clay; Dark Gray, very hard, lignite present. v '7'
N /
60 e e e Silty Sand; Gray, medium-grained.

Aquifer

U

U.S Geological

SGS

science for a changing world

U.S Department of the  Interior

Survey

Well Construction

@ Cement with Grout Sand #00 Casing

a Bentonite

Sand #01

Screen

D Magothy . Matawan Confining Unit

D UPA, shallow . Confining Unit
UPA, deep

Page 1 of 1
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Station ID: 392527075590802 Boring Depth (Feet): 70 (Lﬁi'\t;dsz): 39°2527.2'N CE Dd 137

Date Began: 4/6/2010 Well Depth (Feet): 63 Longitude Pearce Creek

Date Completed: 4/7/2010 Screen Size (Inches): 0.015 (NAD 83): 75°59'08.1"W Dredge Material Containment Area

Logged By: A. Massey Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 36.82

e |
Scale Lithologic

(Feet) Log Lithologic Description Aquifer Well
0 _
5 —
10 —
15 —
20 —
B No observations. Aquifer designation based on adjacent wells. P
(R
» &
B s
_ 0¥
— o
30 —
35 —
40 —
45 —
! III NN Clayey Silt; Gray, gravel present.
50 — - ST Sand; Light Tan to Black, medium-grained.
- - -_: SR Sand; Gray, coarse-grained, poorly-sorted, silt lenses present.
EERRN £ | =
55 — | - % =
_ 2 =
1 | E =
60 el - Sand; Tan to Gray, fine to coarse-grained, poorly-sorted, gravel present. =
65 — /
_I- : : . Sand; Light Gray to Tan, very fine-grained, well-sorted.
70 =
Well Construction '
” D Magothy . Matawan Confining Unit
< @ Cement with Grout Sand #00 Casing
science for a changing world ?, ) — D UPA, shallow . Confining Unit
U.S. Department of the Interior A Bentonite Ej Sand #01 — Screen
U.S. Geological Survey UPA, deep Page 1 of 1
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] . Latitude oo "
Station ID: 392527075590801 Boring Depth (Feet): 148 (NAD 83); 39°2527.2'N CEDd 138
Date Began: 4/1/2010 Well Depth (Feet): 120 Longitude Pearce Creek
Date Completed: 4/1/2010 Screen Size (Inches): 0.02 (NAD 83): /275908.1"W Dredge Material Containment Area
Logged By: J. Sorenson Drilling Method: Sonic Land Surface Elevation 4¢ oc Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): .
Depth ~ AP-COND  GAMMA Lithologic i i ioti i
(Feet) o 8 § .2 § § Log Lithologic Description Aquifer Well
| | | | | | |
0 -1 Silt; Tan to Brown, mottling and sand present.
] Clay; Gray, fine-grained, hard.
— Clay; Dark Gray, lignite and organic detritus present, soft.
10—
20—
] Clay; Dark Gray, lignite and organic detritus present, soft.
30—
40—
Clay; Dark Gray to Black, organic detritus present.
50; Silty Sand; Tan, fine to medium-grained.
— Sand; Light Tan, medium to coarse-grained, trace angular gravel present.
{ Silty Sand; Tan to Brown, fine-grained, mottling present.
] Sand; Yellow to Tan, gravel and organics present.
60—
Sand; Yellow to Tan, medium to coarse-grained, gravel present.
70—
] S Sandy Silt;
| S0 - ) Sand; White to Light Gray, fine-grained, yellow mottling present,
80— S Sand; Light Tan, fine to medium-grained, well-sorted, reddish brown mottling
— RPN e present.
N / Clay; Reddish Brown, light gray mottling, hard.
90— / Clay; Reddish Brown, light gray mottling present, hard.
: ///////’/’/’/’/‘f’//////////
| G Lt Ll Lk Ld
| Gl il iddddiddddddddd
100— AT Silty Clay; Gray, mottling present.
| AL L LS LT
: PP PP
1 f’/{//////j_/’//{//_//‘f’:/ _ _ =1
110— PRI Sand; Tan, medium to coarse-grained. _
— AR Clay; Gray, hard. —
— i UL Clay; Red to Reddish Brown, silt, sand, and gravel present. o
] S0 . Sand; Light Gray, mottling present. —
120— o S Sand; Tan, medium to coarse-grained, silt lenses present. = L
| s o
] W Clay; Red, hard. T /
- Xz
130— reoreneeren e rses <
| S S dd ittt dstistid: Silty Clay; Reddish-Brown, light gray mottling. o
ARSI LIALIS LSS D
- G L it Ll Ld
140 | | Silty Sand; Gray.
— e e Silty Sand; Light Gray, reddish brown mottling present.
— i Silty Sand; Gray, clay lenses present.
] — — Silty Sand; Gray.
150 Sand; Light Gray.
Well Construction '
w D Magothy . Matawan Confining Unit
< @ Cement with Grout Sand #00 Casing
science for a changing world ? m — D UPA, shallow . Confining Unit
N Bentonite Sand#01 |—| Screen
U.S. Department of the Interior . ‘i‘
us Geglonical Survey A — UPA, deep Page 1 of 1
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. Latitude oot "
Station ID: 392536075592003 Boring Depth (Feet): 59 (NAD 83): 3972535.7'N CE Dd 139
Date Began: 3/30/2010 Well Depth (Feet): 58 Longitude Pearce Creek
Date Completed: 3/30/2010 Screen Size (Inches): 0.02 (NAD 83): 5°59'19.8"W Dredge Material Containment Area
Logged By: A. Massey Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 34.86
e |
Depth Lithologic ) ) - .
(Feet) Log Lithologic Description Aquifer Well
0 _
5 |
10 —
15 —
20 ; No observations. Aquifer designation based on adjacent wells.
25 —
30 —
35 —
40 — Sand; Dark to Light Gray, fine-grained.
0 - Sand; White and Black.
L. L Sand; Tan, interbedded thin clayey zones.
7
45 . —-; W - ; ~ Clayey Sand; Light Tan, coarse-grained, angular gravel present.
—r _ _ _ =
I PR Sand; Light Tan, fine to coarse-grained, poorly-sorted, well-rounded gravel present. < —
I IR 3 —
[ © =
50 = f—
- "_ P — Silty Sand; Gray, very fine-grained. =
- Sand; Light Tan, fine to coarse-grained, poorly-sorted, well-rounded gravel present. —
55 —. —
—e -_; I Sand; White, coarse-grained. =
IS SIS IS Clay; White and Gray.
60
Well Construction '
M D Magothy . Matawan Confining Unit
"’4 @ Cement with Grout Sand #00 Casing
science for a changing world ?, ‘:‘ D UPA, shallow . Confining Unit
N Bentonite Sand#01 |—| Screen
USS. Department of the Int o
us. nglégnri?;rSSrve; nierer A s UPA, deep Page 1 of 1




Appendix C 179

. Latitude oot "
Station ID: 392548075593801 Boring Depth (Feet): 28 (NAD 83): 39°25'48.4"N CE Dd 140
Date Began: 4/10/2010 Well Depth (Feet): 16 f Pearce Creek
; Longitude __,__, " A °
Date Completed: 4/10/2010 Screen Size (Inches): 0.02 (NAD 83); 7>75939.1'W Dredge Material Containment Area
Logged By: A. Massey Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 11.47
B
Depth Lithologic ) ) - .
(Feet) Log Lithologic Description Aquifer Well
0
No observations. Aquifer designation based on adjacent wells.
5
Sand; Red and Brown, poorly-sorted, gravel and cobbles present.
_ )
— S I e Sand; Brown, fine to medium-grained, gravel present. 1
10 — £
: o
D
| o] _
= =
- EHREE Sand; Brown, fine-grained. =
15 — Sl ‘ _'-: i Sand; Brown, medium to coarse-grained, gravel present. —
Sand; Brown, medium to coarse-grained, gravel and organics present.
Sand; Gray, fine-grained.
Silt; Gray, very fine-grained sand lenses present.
HHHHEHHHNH] o
L] Clayey Silt; Dark Gray.
LLLLLLLLLL
20 e ,
Sand; Gray, fine-grained.
25 —
Silt; Dark Gray, angular coarse-grained sand and gravel present.
Well Construction
w D Magothy Matawan Confining Unit
‘5 @ Cement with Grout Sand #00 Casing
science for a changing world ? m — D UPA, shallow Confining Unit
N Bentonite Sand#01 |—| Screen
US.D t t of the Int . ‘7‘
us G:gfgnrizzrsgrve; nierer A s UPA, deep Page 1 of 1
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80

Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

CEDd 141
Pearce Creek
Dredge Material Containment Area
Cecil County, Maryland

Aquifer

. Latitude oot "

Station ID: 392548075593802 Boring Depth (Feet): 228 (NAD 83): 39°25'48.4"N

Date Began: 4/8/2010 Well Depth (Feet): 222 Longitude

Date Completed: 4/9/2010 Sc.rgen Size (Inches); 0.02 (NAD 83): 75°59'38.1"W

Logged By: A. Massey Drilling Method: Sonic Land Surface Elevation 1, 5,

Driller: Boart Longyear (NAVD 88): .

|

Depth ~ AP-COND  GAMMA Lithologic ) ) -

(Feet) o 8 §o ) § Log Lithologic Description

o

/\AMWW

|

A/\NJWW ‘V |

A

A

|

No Observations.

Sand; Red-Brown, poorly-sorted, contains gravel.

Sand; Red and Brown, fine to medium-grained, poorly-sorted, angular, contains
gravel. Transition to well-sorted at 14'.

; L Sand; Medium to coarse-grained, poorly-sorted, contains gravel.

. Sand; Medium to coarse-grained, poorly-sorted, contains gravel and organics.
 — T ——— I R

= Silty Sand; Red with red, oxidizing residue, trace gravel present.

IS SEELSEELSELELS, Silty Sand; Gray, fine-grained, well-sorted.

AL LTI
P

zones of silt and clay.

Silty Clay; Gray to Dark Gray, micaceous, contains rounded gravel, contains banded

Sand; Gray, medium to coarse-grained.

Silty Clay; Dark Brown and Gray, contains lignite and fine-organics.

Clay; Dark Brown, contains fine-organics and rounded gravel.

_

Clay; Dark Gray to Black, contains fine organics and gravel.

Clay; Dark Gray to Black, contains trace amounts of fine organics and gravel.

Clay; Dark Gray to Black, contains black and white organics and trace amounts of
gravel.

Clay; Dark Gray and Brown, contains brown and white organics and trace amounts
of gravel.

&

Sand; Light Tan grading to Dark Gray, fine-grained, well-sorted.

e e p oy —— s

Silty Sand; Dark Gray, medium-grained, poorly-sorted, contains gravel.

\\

A N et

(o2}
T
—

_

Clay; Gray, contains lignite and rounded-gravel.

Clay; Gray, contains sand and rounded-gravel.

M

-

o

[ S—

Silty Sand; Gray, intermittent zones of Gray Clay and Gray Silty Sand.

Sand; Tan and red transition zone containing Red Clay irregular inclusions, medium
to coarse-grained, rounded gravel present.

Sand; Gray, medium-grained, contains gravel.

Sand; Gray, fine to medium-grained, contains gravel.

Sand; Gray to Brown, fine to medium-grained, contains gravel.

Sand; Brown to Red, fine to medium-grained, contains gravel.

Sand; Red to Light Orange, fine to medium-grained, well-sorted.

Sand; Orange grading to Dark Orange at bottom, fine to medium-grained,
well-sorted.

Sand; Brown and Red, fine to medium-grained, well-sorted.

Clay; Gray, red mottling present.

100 /

. Sand; Orange, fine to medium-grained, well-sorted.

Sand; Orange, medium-grained, well-sorted, well-rounded.

UPA, shallow

-

—

us.
us.

2USGS

science for a changing world

Department of the Interior
Geological Survey

Well Construction

D Magothy

@ Cement with Grout Sand #00 Casing
[
% Bentonite Sand #01

D UPA, shallow
UPA, deep

Screen

. Matawan Confining Unit
. Confining Unit

Page 1 of 3




Appendix C 181
] . Latitude oo "
Station ID: 392548075593802 Boring Depth (Feet): 228 (NAD g3): 39°2548.4'N CE Dd 141
Date Began: 4/8/2010 Well Depth (Feet): 222 Longitude Pearce Creek
Date Completed: 4/9/2010 Screen Size (Inches): 0.02 (NAD 83): /2759'38.1"W Dredge Material Containment Area
Logged By: A. Massey Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 11.21
Depth ~ AP-COND  GAMMA Lithologic . ) - .
(Feet) o 8 §o 3 § Log Lithologic Description Aquifer Well
| | I | |
100 ; . Sand: Orange, mndillm_grninod’ well-sorted -well-rounded-
-t R Sand; Brown, clay and silt lenses present, fine to coarse-grained, poorly-sorted.
] / = AL L L LT
<( ERELEEEELELLESEELEL L, Silty Clay; Gray, firm.
| LS L LIS ETL LTS
\ _//{/:////{/z_’{'/////(///_/
| ,E AR
% ‘-‘_ [ = _: S Sand; Gray, very fine-grained.
120— : 7
G T ) Silty Clay; Gray and Dark Gray.
? bbb i bbbt
— % '7/ Clay; Dark Gray, contains lignite.
{ / Clay; Dark Gray to Brown, contains lignite.
| >/ LS EEEESELLEELEELSSL, . . .
r T AR A, Silty Clay; Gray and Brown, hard, contains lignite.
( - i il ddddd bt il d bl ddd
[
( Silt; Gray to Dark Gray and Brown, very hard.
}
!
140 % :l:l (MM 11 Clayey Silt; Dark Gray, dense, contains lignite.
N } Silt; Light Gray, hard, dense, contains trace amounts of lignite and clays.
(
B \‘\ R Silty Sand; Gray to Dark Gray, very fine-grained.
(\ LITITITTIT] Silt; Light Gray, hard, dense, contains trace amounts of lignite and clays.
\ / e L Sand; Dark Gray, intermittent silt and clay layers present, iron nodule present.
] ;‘ // Clay; Dark Gray, bands of very fine-grained Sand present.
] ;( / Clay; Dark Gray to Black, lenses of very fine-grained sand and silt.
160 f o Sand; Dark Gray, intermittent silt and clay layers present.
\& ., } Sand; Gray, very fine-grained, well-sorted.
\ ///‘/p:/.//I//-//'/////.//-/// R R R
\ B ) Silty Clay; Light Gray, dark gray, red, and brown mottling present.
- } P AL LIS A LS LALL LT AL LA LA
fi / Clay; Light Gray, dark gray, red, and brown mottling present.
] (
| Clay; Light Gray, dark gray, red, and brown mottling present, medium-grained sand
| / / present.
{ / Clay; Light Gray, dark gray, red, and brown mottling present, lignite present.
180 g‘ I, Silty Clay; Gray, Brown, and Yellow, hard, red mottling present.
f AL EEE LTSI
S ALIEEESEEESIESESS, Silty Clay; Brown and Gray, reddish brown mottling present.
w) CR Pl PP P PR Sl Cl N B d G dd h b | d N n d d
- A ST EI LI IS ELEESEL LIS, ilty Clay; Brown an ray, reddish brown mottling present, medium-grained san
5\ LT LI LILTATAN| present.
\ Clayey Silt; Brown and Gray, reddish brown mottling present, medium-grained sand
- 5 present.
f Clay; Dark Brown.
— | -
T Clay; Dark Brown, contains gray silt mottling.
* 7
— % AT Silty Clay; Brown and Gray, reddish brown mottling present.
( FFAAF o Sand; Gray, very fine-grained.
200 | = ////////// Clay; Dark Brown.
Well Construction '
M D Magothy . Matawan Confining Unit
"’4 @ Cement with Grout Sand #00 Casing
science for a changing world ? m — D UPA, shallow . Confining Unit
N Bentonite Sand#01 |—| Screen
U.S. Department of the Interior . ‘i‘
us Geglonical Survey A s UPA, deep Page 2 of 3




Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

182
] . Latitude - "
Station ID: 392548075593802 Boring Depth (Feet): 228 (NAD g3): 39°2548.4'N CE Dd 141
Date Began: 4/8/2010 Well Depth (Feet): 222 Longitude Pearce Creek
Date Completed: 4/9/2010 Screen Size (Inches): 0.02 (NAD 83): 72759'38.1"W Dredge Material Containment Area
Logged By: A. Massey Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 11.21
Depth ~ AP-COND  GAMMA Lithologic . ) - )
(Fee) o 8 §o 3 § Log Lithologic Description Aquifer Well
| | I
200 ; _ ,7
<
e = / Clay; Dark Brown, lenses of gray silty clay.
)
{ < /
? ? el Silty Sand; Gray, very fine-grained, contains lignite.
Ny = -
j > : | :|;|;|; |/: |/:£ :J :| : [ Clayey Silt; Dark Gray, hard.
3 5 PR S— Clay; Dark Brown.
— ya e e ] 8_
/ ﬁ/ M S S Silty Sand; Gray to Light Gray and Brown, very fine-grained, contains lignite. o) .4 .4
—{ < e T Sand; Gray, very fine-grained, well-sorted. < -
:‘ { _"_ "" T Silty Sand; Gray, very fine-grained, contains lignite and clay inclusions. % —
220— 3\ . L °.-| Sand; Tan to Light Brown, medium-grained, well-sorted, contains sand concretions. —
{ o T Sand; Orange Brown and Gray, contains rounded gravel, lignite, and sand CRCRCNCNT
—] RN concretions. 1 e
///////// Silty Clay; Gray and Brown, contains poorly-sorted sand, rounded gravel, sand
O concretions, and lignite.
Clay; Red and Gray, hard, light purple mottling present.
240—

Well Construction
,4 D Magothy . Matawan Confining Unit
“ @ Cement with Grout Sand #00 Casing
science for a changing world ? — D UPA, shallow . Confining Unit
U.S. Department of the Interior A Bentonite Sand #01 ‘ E‘ Screen
U.S. Geological Survey UPA, deep Page 3 of 3




Appendix C 183
] . Latitude - "
Station ID: 392540075594501 Boring Depth (Feet): 98 (NAD 83): 39°25'40.4"N CEDd 142
Date Began: 4/11/2010 Well Depth (Feet): 89 Longitude Pearce Creek
Date Completed: 4/11/2010 Screen Size (Inches): 0.02 (NAD 83); 7>75945.0W Dredge Material Containment Area
Logged By: A. Massey Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 23.55
Depth ~ AP-COND  gamma Lithologic . . - .
(Feet) Se 8822 38 g Log Lithologic Description Aquifer Well
L1 |- | | |
0 —
= ‘ >
=\ pa
10— 1 \? No observations. Aquifer designation based on adjacent wells.
1 -
] \/r f
15—\ d
I st
1> 7 |
20— % b T T Sand; Brown to Gray, medium to coarse-grained.
— i INEEEE |_ LLT] Silt; Gray, poorly-sorted, trace gravel present.
:gg 2,
s ||
= z
= g . .
N Sand; Gray, poorly-sorted, trace gravel present. Intermittent lenses of silt, clay, and
— /‘ = gravel.
s |
| | {
00 s
40— L |,
| N R
: K G ittt Ld
—] S Gl il iddididddddddddd . .
45— / } ARSI EEESEEE RIS EE LSS, Silty Clay; Gray, mottling present.
1 A
| { < .
— } = /
—] ¢ > -
50— ¢ == /////// Clay; Light Tan.
| /( — _ ]
- - E\ g Bt Sandy Silt; Reddish Brown, very fine-grained.
=4 i | = e
1 S = R fee e
] ; 3 PR S S
60— i i T Silty Sand; Light Tan, very fine-grained. Intermittent Silty Clay lenses.
1 ) = PR
O T TRt
65— |- et
— A & T T Silty Sand; Gray and orange, fine to very fine-grained.
] // } § e & b 5 e & &
70 / ~ _.J_J_
— = : - =
i =3 =
75—/ ) _ <
] | Sand; Gray and Orange, medium-grained. - i
=5 s | |
80— | S =
E ; Sand; Tan. Intermittent Silty Clay lenses. g
85 ] Sand; Brown, medium-grained. -
90—
] Sand; Orange to Brown, fine-grained.
95 — Sand; Reddish Brown to Dark Reddish Brown, fine-grained. Irregularly shaped gray
] clay inclusions present.
100 —
Well Construction '
. 74 D Magothy . Matawan Confining Unit
g USGS @ Cement with Grout Sand #00 Casing
science for a changing world ? m — D UPA, shallow . Confining Unit
N Bentonite Sand#01 |—| Screen
U.S. Department of the Interior . ‘i‘
us Geglonical Survey A s UPA, deep Page 1 of 1




184 Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

. Latitude oot "
Station ID: 392540075594502 Boring Depth (Feet): 48 (NAD 83); 3972540-4'N CEDd 143
Date Began: 4/12/2010 Well Depth (Feet): 44 Longitude Pearce Creek
Date Completed: 4/12/2010 Screen Size (Inches): 0.02 (NAD 83); 9759'45.0W Dredge Material Containment Area
Logged By: A. Massey Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 23.72
B
Depth Lithologic ) ) - .
(Feet) Log Lithologic Description Aquifer Well
0 —
4
m %
— &
> R
— -
ol
_ 4
P
]
m ]
10 —
_ b
b
_ b
i
— ::.
15 — No observations. Aquifer designation based on adjacent wells. :
— b
b
— b
b
— b
20 —
>
- c
=
: 5
| ©
=
25 —
— o
%
LT Silty Sand; Orange, fine to coarse-grained, poorly-sorted, with gravel. 0;1
J— 8 — ' J—
R Sand; Orange, very fine-grained to fine-grained. ,‘.ﬁ
e g
I P J;’ aaa J;I.
35 Silty Sand; Orange to Reddish Orange, very fine to medium-grained, containing intermittent lenses of
T gray clay.
40 — T =
o TR Sand; Light Orange, fine-grained, very well-sorted. =
45 — : : ) i
H Silt; Gray, reddish orange mottling, contains clay.
N ' Sand; Tan, fine to medium-grained, clay nodules present.
Aquifer
Well Construction
v D Magothy . Matawan Confining Unit
‘5 @ Cement with Grout Sand #00 Casing
science for a changing world 7 m — D UPA, shallow . Confining Unit
y Bentonite Sand #01 — Screen
U.S. Department of the Interior . ‘ — ‘
U.S. Geological Survey A - UPA, deep Page 1 of 1




Appendix C 185

. Latitude oot "
Station ID: 392547075591702 Boring Depth (Feet): 34 (NAD 83): 39°25'47.1"N CEDd 144
Date Began: 3/29/2010 Well Depth (Feet): 27 Longitude Pearce Creek
Date Completed: 3/29/2010 Screen Size (Inches): 0.02 (NAD 83): 5°59'17.2'W Dredge Material Containment Area
Logged By: C. Dieter Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 28.12
Depth Lithologic ) ) - .
(Feet) Log Lithologic Description Aquifer Well
0 Fill Material; Clay with sand lenses, organic detritus present.
¥ '.
//////// Clay; Gray, Yellow, and Orange-Brown, mottling present. :::.
Lo - o
(TSN
':‘_ ‘.\ N Clayey Sand; Fine to coarse-grained, poorly-sorted, angular, red clay clasts present. :.:
R %
5 | . Sand; Medium Gray, fine to coarse-grained, poorly-sorted, trace gravel present. Clayey lenses up to :.:

1-inch present.

o
(R

058

%

Sand; Gray with multi-colored fines, fine to coarse-grained, poorly-sorted, sub-angular. Quartz cobbles
present at 7 feet.

e

525

5

Pe

Clay; Medium to Dark Gray, soft. 6-inch zone of organic detritus present.

X

5

'.;f;.'

15 —F = " A

20 — [Nl
/

-

W

Clayey Sand; Gray-Brown, fine to medium-grained, poorly-sorted, angular.

r

Clayey Sand; Gray-Brown, fine to fine-grained, angular.

25 — o

Magothy

Sand; Gray with multi-colored fines, fine to medium-grained, poorly-sorted.

P S -

30 —

Silty Sand; Medium Blue-Gray, very fine-grained, gravel present.

b — v b
[ SEREE U S
I e S|
B I

Silty Sand; Medium Gray, very fine-grained, well-sorted, wet.

Aquifer
Well Construction
!5 D Magothy . Matawan Confining Unit
= @ Cement with Grout Sand #00 Casing
science for a changing world ? — D UPA, shallow . Confining Unit
U.S. Department of the Interior A Bentonite Sand #01 — Screen
U.S. Geological Survey UPA, deep Page 1 of 1




186 Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

Station ID: 392603075585602
Date Began: 3/28/2010

Date Completed: 3/28/2010
Logged By: A. Massey

Boring Depth (Feet: 20 (NAD fe); 39°26034'N CE Dd 145

Well Depth (Feet): Longitude Pearce Creek

Screen Size (Inches): 0.02 (NAgD 83): 75°58'56.3"W Dredge Material Containment Area
Dr!lllng Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 21.00

Depth Lithologic
(Feet) Log

Lithologic Description

Aquifer Well

0

15 —

No observations. Aquifer designation based on adjacent wells.

Sand; Tan, medium to coarse-grained, poorly-sorted, rounded gravel present.

Magothy

Sand; Gray, fine-grained, clay inclusions present.

Sand; Tan, medium to coarse-grained, poorly-sorted, rounded gravel present.

Sand; Black, fine to medium-grained, contains organics, detritus, and gravel.

25—

Sand; Light Gray, medium to coarse-grained, poorly-sorted, fine gravel present.

Sand; Gray, fine-grained, well-sorted.

Sand; Medium Gray, medium to coarse-grained, poorly-sorted, fine gravel present.

Sand; Gray, medium-grained, well-sorted.

Sand; Medium Gray, medium to coarse-grained, poorly-sorted, gravel present.

Unit

35 77777,

Clay; Red, gray mottling present.

Conf]

Well Construction
g D Magothy . Matawan Confining Unit
“ @ Cement with Grout Sand #00 Casing
science for a changing world ? — D UPA, shallow . Confining Unit
U.S. Department of the Interior A Bentonite Sand #01 — Screen
U.S. Geological Survey UPA, deep Page 1 of 1




Appendix C 187

. Latitude ongt "
Station ID: 392603075585604 Boring Depth (Feet): 129.5 (NAD 83): 39°26'03.5"N CE Dd 146
Date Began: 3/28/2010 Well Dep’_[h (Feet): 128.5 Longitude Pearce Creek
Date Completed: 3/28/2010 Screen Size (Inches): 0.02 (NAD 83): 5°5856.4"W Dredge Material Containment Area
Logged By: A. Massey Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 21.00
|
Depth Lithologic ) . - .
(Feet) Log Lithologic Description Aquifer Well
0
10 —
20 —
30 —
40 —
50 —
No observations. Aquifer designation based on adjacent wells.
60 —
70 —
80
Well Construction '
’ Magothy Matawan Confining Unit
> u
“ @ Cement with Grout Sand #00 Casing
science for a changing world v ) — D UPA, shallow . Confining Unit
U.S. Department of the Interior z Bentonite Sand #01 ‘E‘ Screen
U.S. Geological Survey UPA, deep Page 1 of 2




188 Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

Station ID: 392603075585604
Date Began: 3/28/2010

Date Completed: 3/28/2010
Logged By: A. Massey

Boring Der;])tFF(Fe)et)i 1295 (L,\,a}ltgdges): 39°26'03.5"N CEDd 146

ell Depth (Feet): . Longitude Pearce Creek

Screen Size (Inches): 0.02 (NA% 83): 75°58'56.4"W Dredge Material Containment Area
Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 21.00

Depth Lithologic

(Feet) Log Lithologic Description Aquifer Well
80
90 —
100 —
_ 3
c
<
- 2]
— <
o
| D
110 Sand; Tan to Orange Tan, very fine-grained.
B Sand; Tan ,very fine-grained.
] Sand; Gray, very fine-grained, clay nodules present.
I EEER Sand; Gray, fine-grained, sand cementations present. o
120 — 7 =
] Sand; Tan, fine to very fine-grained. 6-inch zone of Sand cementations and coarse-grain sizes present =
at 121 and 123 feet. f—
_ Sand; Gray, fine to medium-grained, angular. ;
— UL Sand; Tan, fine to medium-grained. =
P Sandy Clay; Grayish Red. PLPeeH
130 Sand; Light Tan, fine to medium-grained, angular.
140

Aquifer
Well Construction
v& D Magothy . Matawan Confining Unit
“ @ Cement with Grout Sand #00 Casing
science for @ changing world V — D UPA, shallow . Confining Unit
U.S. Department of the Interior A Bentonite Sand #01 ‘ E ‘ Screen
U.S. Geological Survey UPA, deep Page 2 of 2




Appendix C 189
] ) Latitude onp "
Station ID: 392603075585603 Boring Depth (Feet): 198 (NAD 83): 39°26'03.5"N CE Dd 147
Date Began: 3/27/2010 Well Depth (Feet): 198 Longitude Pearce Creek
Date Completed: 3/27/2010 Screen Size (Inches): 0.02 (NAD 83): 75758'56.4'W Dredge Material Containment Area
Logged By: A. Massey Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 21.10
Depth ~ AP-COND  GAMMA Lithologic i i ipti i
(Feet) =% 8832 g § Log Lithologic Description Aquifer Well
| | | | | | | |
b e § b b —
0 _ L e Silty Sand; Light Brown, trace gravel present.
I N R
— T E - ’ il Silty Clay; Brown, gravel present.
! { R Sand; Brown, fine to medium-grained, well-sorted with trace poorly-sorted gravel.
) S Sand; Brown, poorly-sorted, gravel present.
% Sand; Orange-Brown, fine to very fine-grained, poorly-sorted.
10— P Sand; Brown, fine to medium-grained, poorly-sorted, organic matter present.
,?/ }
B N Sand; Light Tan, fine to coarse-grained, angular, organic matter present,
A cobble-sized clay and sand concretions present.
“ \\4 Sand; Light Tan, fine to coarse-grained, angular, organic matter present,
20— { cobble-sized clay concretions present.
— ,*‘ Sand; Dark Gray, fine to medium-grained, organic matter and black clay nodules
| l\ present
1§ Sand; Dark Gray, poorly-sorted, gravel present.
30— 31 ST Sand; Gray, poorly-sorted.
N % TR Sand; Gray, fine to very fine-grained.
— /2' i R Sand; Gray, fine to medium-grained, poorly-sorted. Gravel present at 35'.
| {f( 5 B W Clay; Light Blue-Gray, mottling present.
! - N e .
40— by R ..’|  Sand; Orange-Brown, medium to coarse-grained, poorly-sorted, gray nodules, clay,
— ! L e - and gravel present.
A R S
- A ; .
N I ﬁ Clay; Very Light Gray, red mottling present, fine silts and sand present.
| = 77
50— I
N / Dol Sand; Very Light Gray to White, transition zone towards sand, very fine-grained,
\ R ER well sorted.
“ { ML Sand; Brown, dark red cobble-sized sand concretions present.
| } Clay; Gray, high plasticity, mottling present.
60— J Clay; Dark Red, high plasticity, mottling present.
(f Clay; Gray, dark red mottling present.
| § Qé Clay; Gray, gray and brown mottling present.
] ; =
s A
B \\ <§ Clay; Gray and Dark Gray, mottling and organics/lignite present
) =
+4 U] = /
- = /
i e = /
j = V
80— i = / Sandy Clay; Very fine-grained, black nodules present.
ny 7%
o } '_ B Sand; Light Gray, fine-grained.
] § z Sand; Gray and Tan to Brown, very fine-grained, well-sorted.
90— E % f:// Sandy Clay; Dark Gray, very fine-grained, lignite present.
- I
_ } Clay; Dark Gray, stiff to very stiff, silt present, sand concretions present, 3-inch zone
N { of gray sand at 93 feet. Transition to sandy clay to 99 feet.
Y Sand; Dark Gray to Dark Red, very fine-grained, well-sorted, cobble-sized gravel
100 ! present.
Well Construction '
Magothy Matawan Confining Unit
@ Cement with Grout Sand #00 Casing .
science for a changing world V — D UPA, shallow . Confining Unit
N Bentonite Sand#01 |—| Screen
U.S. Departi t of the Int —
US.GeologicalSurvey Z — UPA, deep Page 1 of 2




190 Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area
] ) Latitude onp "
Station ID: 392603075585603 Boring Depth (Feet): 198 (NAD g3); 39°26'03.5"N CE Dd 147
Date Began: 3/27/2010 Well Depth (Feet): 198 Longitude Pearce Creek
Date Completed: 3/27/2010 Screen Size (Inches): 0.02 (NAD 83): 75758'56.4'W Dredge Material Containment Area
Logged By: A. Massey Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 21.10
Depth ~ AP-COND  GAMMA Lithologic i i ipti i
(Feet) =% 8§32 g § Log Lithologic Description Aquifer Well
| | | | | | | |
100 []
| ?‘\ e ." _' N " - Sand; Light Tan, fine-grained, well-sorted, angular. 5
- <
N (f /////M Clay; Gray, silt and sand present, very fine-grained. [
110 \ g PP S——— — Sand; Light Brown. E
] } DA Silty Sand; Light Gray, very fine-grained. S
) LT
— _'f__‘ i "__,_ Silty Sand; Gray transition zone with sand, silts, and clay. Dark Red mottling present.
i PR S
N < el T Sand; Gray, very fine-grained, well-sorted, clay nodules present. One-foot
§ coarser-grained sand at 117 feet.
120— ;
-2 2 Sand; Brown and Light Tan, well-sorted. Clay nodules present at 122 feet.
N
: \; % i . Sand; Tan, well-sorted, angular sand concretions present.
] ?> { ClL B Sand; Light Brown, fine-grained, trace gravel present.
130— j : _f . __ o Sand; Gray, coarse-grained, poorly-sorted.
— ¢ "_
B S\ A o . Sand; Gray to Tan, medium-grained, poorly-sorted, angular to subangular.
] T 72 / Clay; Gray to Dark Red, brown clay nodules present.
<
140— 3 % : : :
= Clay; Gray, very firm, mottling present.
1 N 4 4
Y N Silty Clay; Gray, dark red mottling present.
\ A
— ? SERELITIELITIEII LY, Silty Clay; Dark Gray and Gray, very hard.
AT LTI TSI I IS SIS
— \\ = AL LTSS EEE AT
y L FEEEEEE LS EATEIELEY
150— b % SRYYY VY IIIIIPYY Yy . . .
¢ é Silty Clay; Gray, dark red mottling present, very stiff.
- { —_— G A PP F P
/ B CR PP P PP P PP
1 / ; CRr PP P PP R P PP . K
) = SIS EL IS EELISLELS, Silty Clay; Gray, dark gray mottling present.
)\ z f////.f////.f/////f//////
-1 = VWA Sandy Clay; Gray.
160 \> SRS R A Silty Cl ay; Gray.
16 - A Silty Sand; Gray, very fine-grained.
,é 3 PR S i Silty Clay; Light Brown.
] | e b Silty Sand; Gray, very fine-grained.
- Soro i Sand; Gray, very fine-grained.
170 f e e e ] Silty Sand; Gray, very fine-grained.
iR /f il
] \S Z o Silty Sand; Gray, very fine-grained, well-sorted.
¢ = [ s
- /\\ E C R P Sllty Clay Dark Gray
1 ’(‘ = = ’
180— >> e
_ ? o
R 22 Sand; Gray, very fine-grained. Clay inclusions present at 183 feet and silt content o
{ < Ce increases at 197 feet. -
190— | . =
200 |
Well Construction '
D Magothy . Matawan Confining Unit
@ Cement with Grout Sand #00 Casing
science for a changing world V m — D UPA, shallow . Confining Unit
N Bentonite Sand#01 |—| Screen
U5 Dspartmentofth L =
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Appendix C 191

Station ID: 392520075590401
Date Began: 3/31/2010

Date Completed: 3/31/2010
Logged By: J. Sorenson

Boring Depth (Fect 48 (NAD 53): 39°25203'N CE Dd 148

ell Depth (Feet): Longitude Pearce Creek

Screen Size (Inches): 0.02 (NAgD g3) /°75904.3'W Dredge Material Containment Area
Dr!II|ng Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 37.06

Depth Lithologic
(Feet) Log

Lithologic Description

Aquifer Well

0

10 —

15 —

20 —

No observations. Aquifer designation based on adjacent wells.

S

Clay; Dark Gray, lignite present, soft.

AT

TSI ARSI I IS,

Silty Clay; Tan, gray and dark gray mottling present, very hard.

Silty Sand; Tan, medium to coarse-grained. Black, yellow, and light gray mottling present.

Sandy Silt; Tan, yellow and light gray mottling present, hard, becomes soft and saturated at 30 feet. 4

inch clayey sand lens present at 31 feet.

e
r

P
I R SO SR

[ S

Silty Sand; Tan, fine-grained.

35 7.-.-1_...J_7.-.

Sand; Light Tan, fine to medium-grained, black and yellow mottling present.

Sand; Light Tan to White, fine to medium-grained.

e
e

e

X

e

X

oo

o
>,

55

*

525

*

525

A
L

-

0;0;0;0

5

X

5

(L

&%

't;t;.;:;'

S5

e
Fe

S5

T

()
-
:.0

0;.

Fe

Q;Q.t;t;.;:'

U.S. Geological Survey

’—‘ UPA, deep

40 /.//-////);///////////////
BN Silty Clay; Tan, very hard, lignite present from 41 to 42 feet.
(e L Lt s
)
2
Sandy Silt; Brown, yellow and light gray mottling present. 3
g
45 s
Sand; Tan grading to White, fine to coarse-grained, gray, yellow, and black mottling present. /
Aquifer
Well Construction
!_4 D Magothy . Matawan Confining Unit
‘ @ Cement with Grout Sand #00 Casing
science for a changing world 7 — D UPA, shallow . Confining Unit
U.S. Department of the Interior A Bentonite Sand #01 ‘E‘ Screen
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Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

192
] . Latitude . "
Station ID: 392520075590402 Boring Depth (Feet): 118 (NAD 83); 39°2520.3'N CE Dd 149
Date Began: 3/29/2010 Well Depth (Feet): 118 Longitude Pearce Creek
Date Completed: 3/30/2010 Screen Size (Inches): 0.02 (NAD 83); /5759'04.4"W Dredge Material Containment Area
Logged By: J. Sorenson Drilling Method: Sonic Land Surface Elevation 45 g Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): .
AP-COND . .
(DFeepe}tr)] .2 88 O(;AMgAE L|th|f)(|)(;g|c Lithologic Description Aquifer Well
| || | | |
0 \\ ________________ Sandy Silt; Gray Brown, rounded to angular, bands of poorly-sorted sands and
m D P S S— gravel.
o E A RS Silty Sand; Yellow Brown, poorly-sorted, sand and gravel present.
| \ Clay; Dark Gray, reddish brown mottling present, black organics present. Bands of
\ yellow medium-grained sands present from 3.5 to 4.5 feet.
| \| =
-
10— | =
/
/ Clay; Dark Gray, dark organics present in bands throughout observed interval.
[ |7
| (g %
20— | | —
— i \z Clay; Dark Gray, sand and gravels present at 18 feet.
4/ s /
10|z 7 -
) g i — Silty Sand; Yellow to Gray. Angular gravel and fine-grained sand present.
— (T T T T r ey n T A
— / < ] Silty Clay; Brownish Gray, yellow mottling present, very hard.
30 ‘/ < Sandy Silt; Brownish Gray, red and yellow mottling present.
B R Sandy Silt; Bluish Gray to Tan, fine to medium-grained, well-graded.
| s - === = = —
| 15 S I
— | A Silty Sand; Tan to White, medium to coarse-grained, gray and yellow mottling
B {(1 3 ‘J_‘ e present.
PR I B
( > . Sand; Light Tan to White, medium and coarse-grained, yellow mottling present,
-1 s in e organics present. 6-inch Silty Sand lens present at 44 feet.
IR o
N / ///////////f/;;;;;//// - - Sandysllt; Yellow n n
| O, Silty Clay; Brownish Tan, vertical linear organic deposits present.
‘ R R Sand; Light Tan, medium to coarse-grained.
S0 J — silty Clay; Dark Tan, yellow and light tan mottling present, organics present, soft.
| 7 S
| I
] S , , , )
| .- Sand; Light Tan to White, coarse-grained, brown and black mottling present.
| } < o
- z T Sandy Silt; Tan, yellow and light gray mottling present.
60— X E P Sand; Light Tan to Tan, coarse-grained. 3-inch Dark Tan Clay lens present at 60
[ feet.
— | e
N e e .
ml o=+ F—— Silty Sand; Yellow, Tan, and White banded coloring, fine to coarse-grained. Angular
| ‘( P gravel present.
N S L Sand; Yellow, coarse-grained, angular to sub-rounded gravel present
70— | -
] { s Sand; White, coarse-grained, well-sorted, clayey nodules present.
| ‘ Sand; Tan to Yellow, gravel present, angular to sub-rounded.
] { Sand; White, coarse-grained, yellow and black mottling present.
80 E Sand; White to Yellow, coarse-grained, angular gravel present.
Well Construction
w D Magothy . Matawan Confining Unit
"’J @ Cement with Grout Sand #00 Casing
science for a changing veorfd — D UPA, shallow . Confining Unit
U.S. Department of the Interior % Bentonite Sand#01 | —| Screen
U.S. Geological Survey — UPA, deep Page 1 of 2




Appendix C

193

Station ID: 392520075590402 Boring Depth (Feet): 118 (L,\?thdsz)_ 39°25'20.3'N
Date Began: 3/29/2010 Well Depth (Feet): 118 Longitudé
Date Completed: 3/30/2010 Screen Size (Inches): 0.02 (NAD 83): 75°59'04.4"W
Logged By: J. Sorenson Drilling Method: Sonic Land Surf.ace Elevation
Driller: Boart Longyear (NAVD 88): 36.98

AP-COND

CE Dd 149
Pearce Creek
Dredge Material Containment Area
Cecil County, Maryland

Depth GAMMA Lithologic : ; o .
(Feet) o8 § § = Log Lithologic Description Aquifer Well
80 ) %< Sand; White to Yellow, coarse-grained, angular gravel present.
-/ " 5

AL L LT L LA

Silty Clay; Tan, very hard, friable.

(P T AP PP P PP
AAREL LIS LTI LEE G LSS,
SRR E RS ERr A
R P T R PPy
CR PP PP P PP
CRr P PP P PP

Silty Clay; Dark Gray, lignite present, hard, friable.

RS,
B R R Y
R R Rt

Silty Clay; Tan, very hard, friable.

[ S S

fre e =
B e |
A A A

Silty Sand; Gray, well-graded from coarse-grained sand to fine-grained silty sand,
very hard.

Sand; Light Gray, fine to medium-grained, well-sorted.

Sand; Light Gray, fine to medium-grained, well-sorted. 6-inch silty sand layer at 99
feet.

Sand; Light Gray, coarse-grained, well-sorted.

UPA, shallow

120

a USGS

science for a changing world

U.S. Department of the Interior
U.S. Geological Survey

NS

Well Construction
D Magothy .
Cement with Grout Sand #00 m Casing
_ D UPA, shallow .
Bentonite Sand#01 |—| Screen
I ’—‘ UPA, deep

Matawan Confining Unit

Confining Unit
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Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

Station ID: 392546075581902
Date Began: 3/25/2010

Date Completed: 3/27/2010
Logged By: J. Sorenson

Boring Dept (Feey; 248 (NAD be): 39°2546.6'N CE Dd 150

Well Depth (Feet): 145 Lonaitude Pearce Creek

Screen Size (Inches): 0.015 (NAgD 83): 75°58'18.7"W Dredge Material Containment Area
Dr!lllng Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 16.45

AP-COND

Depth GAMMA Lithologic : ; o .
(Feet) 2 2 8 o3 § § § Log Lithologic Description Aquifer Well
| | 1 Y
0 :{ E Clay; Tan, hard, organic detritus present.
] ? = Clay; Dark Blue, high organic content, detritus present.
] // / L ) e )
10— é Sandy Clay; Light Blue, organics and red brown oxidization present in sands.
E ) /// Clay; Light Blue.
— > FW Sandy Clay; Light Blue, organics and red brown oxidization present in sands.
R ///////// Clay; Medium Brown, trac_e sand and qrganics present, soft.
B T T e = Silty Clay; Medium to Reddish Brown.
20— = P S s— Sandy Silt; Light Blue, contains fine-grained, oxidized sand lenses.
_ % P -_'TJ_- Silty Sand; Gray to Brownish Gray, very fine-grained sand, oxidized striations in
] e e ] sand, grading coarser to 24 feet.
—] Q 2ee L e s L Silty Sand; Gray to Brown, fine to medium-grained sand.
| ) G AL L LA dlr PPy PPy
] / A, Silty Clay; Light Blue.
30— |
9 No Recovery. Saturated.
|
] ,% Sandy Silt; Light Bluish Gray, brown oxidation present.
1 § Silty Sand; Dark Gray.
40— { Silty Sand; Light Gray to Gray.
1 E
] ! i Sandy Silt; Dark Gray, high organic content increasing to 47 feet.
:,/ . Sand; Light Gray, medium to coarse-grained, intermittent white sand lenses present.
SOi 4\ Sandy Gravel; Light Yellow, poorly-sorted, grain size ranging from sand to cobbles.
— S T Sand; White, medium to fine-grained, purple and yellow mottling present, sandy silt
- T lenses present.
— { S A Silty Clay; Red to Purple Red, very hard.
_ 2 = g Silty Clay; Light Gray, yellow mottling present.
: | AL IS
60 % G AL AL L AL PPy PPl
—] Gl Ll d i sl Ll dddd
1 = RS
— § LIS EEEESELEEELE S, Silty Clay; Red to Gray.
— é AL LT E LIS
: § RS EE LAY
— | AL E ST IAEETIEAI IS
70 — }/S {7 ///(4{//// Clay; Light Gray, reddish brown and yellow mottling present.
1 CRr P PP P PP
] 1 B Silty Clay; Light Gray, reddish brown and yellow mottling present.
S T RS AP EE S ! !
: 7 A
— (\‘ NI Silty Clay; Light Gray, reddish brown and yellow mottling increased from above
19 < RIS EESEE RIS IS5 observation.
S Ceietas st orsss Silty Clay; Brownish Red.
80 1 o A Silty Clay; Reddish Brown, white silt lenses present, black and yellow mottling
— 3 RIS EEE G P REES IS, present, very hard.
— \ CRr PP P P PP P PP
- é }é EL PP PP PR PR
iy = el Silty Clay; Brownish Red, silt lenses present, black and yellow mottling present, very
- } SRS RS, hard.
-
90 | A%
] ; ey Silty Clay; Light Purple, red and yellow mottling present, friable, very hard.
A
: & ; A AL AL
_ ’ i / Clay; Red Brown, lignite and white and yellow mottling present and increasing to 98
- _ / feet, very hard.
=R 7
100 — | I IS IS EE LIS IS LS LS,
Well Construction '
’_v_/ D Magothy . Matawan Confining Unit
"’4 @ Cement with Grout Sand #00 Casing
science for a changing world - — D UPA, shallow . Confining Unit
U.S. Department of the Interior z Bentonite Sand #01 ‘:‘ Screen
U.S. Geological Survey — UPA, deep Page 1 of 3




Appendix C 195
] ) Latitude oo "
Station ID: 392546075581902 Boring Depth (Feet): 248 (NAD 83): 39°25'46.6"N CE Dd 150
Date Began: 3/25/2010 Well Depth (Feet): 145 Longitude __. .. _. Pearce Creek
Date Completed: 3/27/2010 Screen Size (Inches): 0.015 (NAD 83): 75°58'18.7"W Dredge Material Containment Area
Logged By: J. Sorenson Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 16.45

Depth ~ AP-COND  gamma  Lithologic . . - .
(Feet) 2 2 8 o3 § § § Log Lithologic Description Aquifer Well
| | 1 Y
100 — \\ ///////////;;:;;////// . . X . .
) - L L Silty Clay; Red color increasing to 108 feet, light gray mottling present, very hard,
: (} A b”ttle
] ){ (:2; AL L LT L LA N
: s\( % FEEEEEE LA EEE Y
1 ‘\ é AL LIS ELEE LIS
[ =
[ =
1103 ?j % /// Clay; Red, light gray mottling present, very hard, brittle.
— =
4/ =
— FEEREELECEEEERELEELELS, ) . .
— § SEELLEL SIS IESIESSELS, Silty Clay; Light Gray, red and yellow mottling present.
iy X [eritveverveviresverens
120 — {/ i) ARSI EEEL RIS IS S5, Silty Clay; Light Gray, red mottling present, very hard and brittle.
1 2 —
I
_ % % Sandy Silt; Light Gray, yellow mottling present.
15 5 .
1 i < & A Silty Clay; Light Gray, red and yellow mottling present, very hard, brittle. o
130— ! s S e — Silty Sand; Light Gray, fine to medium-grained sand, yellow mottling and lignite <
-4 present. =
:if Sandy Silt; Light Gray, hard with black, yellow, and red mottling present. a(: ==
0 > . e . o
— = I - Silty Sand; Light Gray, fine to medium-grained, mottling present, gravel present. > =
1 —ee .t ...t =
140 7%\ ) B sl Sand; Gray, medium to coarse-grained, red and yellow mottling present. =
=\ T Y IR IV P I SFTIEIFIF - — - - - o
— % SIS Silty Clay; Light Gray with yellow and red mottling, very hard, brittle. =
] = / Clay; Reddish Brown, light gray and bluish black mottling present, very hard, brittle.
150i Clay; Reddish Brown, sand lenses present, lignite and yellow and gray mottling
— / present, very hard.
— A
E [= = = = = = =4 Sandy Silt; Dark Brownish Gray, lignite and yellow mottling present, hard, brittle.
] /g> LS FLEIEL I EELES S,
160—| T%  [emerorsevinevevinen
1 = peeseenreeesrsssescssey Silty Clay; Reddish Gray, nodes of very fine-grained sand and silt present, mottling
— B ,,’; FEESEEEEEL PP IIIEAE LY resent
— % AL LT LI LA p "
: é FEEEEEE LAY
— % iddddddiddiididdidid Silty Clay; Reddish Gray, nodes of very fine-grained sand and silt present, mottling
170— }5 - — present, angular cobbles present.
— % Fz—— . =2z——.) Sandy Silt; Gray, coarse sand to gravel;sized grains present and increasing to 171
- A oAbl eet
> |
- T [T : . . o 4
] > R S Silty Sand; Gray, contains black organic and white fine-grained lenses.
— E ;;;;;;;;;jxxxxxx Silty Clay; Gray to Dark Gray, lignite banding and fine-grained lenses present.
- = . . )
180— \{ e, Silty Clay; Light and Dark Gray varved layering.
E )/3 '_ ) ) L Sand; Light Gray to Tan, medium to coarse-grained, well-sorted.
] < S Silty Clay; Light and Dark Gray varved layering.
] ; R Sand; Light Gray to Tan, medium to coarse-grained, well-sorted.
= A
] ; LIS IAEEL SIS
190i — I AL LI EIEE A,
— e Silty Clay; Light and Dark Gray varved layering.
| AL L LT LI
1 j Sand; Light Tan, medium to coarse-grained, well-sorted.
_ Silty Clay; Light and Dark Gray varved layering.
— 3 and; Light Tan, medium to coarse-grained, well-sorted, dark black organic banding
‘j Sand; Light T d ¢ d ll-sorted, dark black band
200 — = present.

science for a changing world

U.S. Department of the Interior
U.S. Geological Survey
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196 Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

. Latitude oot "
Station ID: 392546075581902 Boring Depth (Feet): 248 (NAD 83): 39°25'46.6"N CE Dd 150
Date Began: 3/25/2010 Well Depth (Feet): 145 Longitude Pearce Creek
Date Completed: 3/27/2010 Screen Size (Inches): 0.015 (NAD 83): /°798'18.7"W Dredge Material Containment Area
Logged By: J. Sorenson Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 16.45
Depth ~ APCOND  gamma  Lithologic . . - .
(Feet) 2 2 8 o3 § § § Log Lithologic Description Aquifer Well
| | I O |
200 — ~ [ PR Silty Clay; Light and Dark Gray varved layering. /
— Sand; Light Tan, medium to coarse-grained, well-sorted, dark black organic banding
] and detritus present.
— Sand; Gray to Tan, coarse-grained, yellow mottling present.
Zloi Sand; Light Gray, coarse-grained, medium to coarse-grained, nodes of gray clay
— and lignitic debris present.
] Sand; Light Tan, medium to coarse-grained, well-sorted, trace gravel present.
= g
220— Sand; Light Tan, medium to coarse-grained, well-sorted. %
] Sand; Gray, medium to coarse-grained, well-sorted, lignitic debris present. E
— )
] Clay; Dark Gray, reddish brown mottling and lignite present.
— Clay; Dark Gray, very hard.
230 y y y
_ Clay; Brown to Reddish Brown, light gray and yellow mottling present.
1 Clay; Dark Gray, reddish brown mottling present.
—] Sand; Gray, medium to coarse-grained, lignite present.
— R D Sand; Tan, medium to coarse-grained, black and red mottling present.
240— - _: - o | Sand; Brown, red clay lenses present.
- e RS .-' Sand; Light Gray and Tan, coarse-grained.
E //////// Clay; Dark Gray, white silt lenses and gray mottling present, very hard. //
250—

Well Construction

g D Magothy . Matawan Confining Unit

“ @ Cement with Grout Sand #00 Casing

science for a changing world ? — D UPA, shallow . Confining Unit

U.S. Department of the Interior l Bentonite Sand #01 ‘ E‘ Screen

U.S. Geological Survey UPA, deep Page 3 of 3




Appendix C 197

. Latitude oot "
Station ID: 392537075593001 Boring Depth (Feet): 40 (NAD 83): 39°25'36.8"N CEDd 151
Date Began: 3/30/2010 Well Depth (Feet): 40 Longitude Pearce Creek
Date Completed: 4/1/2010 Screen Size (Inches): 0.02 (NAD 83): 75759'29.9'W Dredge Material Containment Area
Logged By: A. Massey Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 21.83
Depth Lithologic ) . - .
(Feet) Log Lithologic Description Aquifer Well
0 e RTEoe Fill. yo
o e 2
. LT ) . {0
R Sand; Tan, fine-grained sand, well-sorted. ozo
— - e -
L K %
- ne-arained. 3-i o
I Sand; Gray, fine to very fine-grained. 3-inch layer of dark Gray Clay at 3 feet. .:.
R —— 2
A Sand; Brown, medium-grained, trace gravel present.
T Sandy Clay; Dark Gray to Black, fine-grained. Red Sand and Gravel at 6 feet. 6-inches of Brown Silty 0:0
_ / Clay at 7.5 feet. oy
/ ols
+— J—jj o3
A Silty Sand; Brown, poorly-sorted. oy
R E Sand; Brown, very fine-grained, gray mottling present. :f
10 — - e
— Sand; Gray, very fine-grained, well-sorted. :
*
15 Sand; Reddish Brown, very fine-grained, well-sorted. Grades finer to 17 feet.
Sand; Tan, very fine-grained, well-sorted, Clay nodules present, grades coarser to 20 feet. .
ol 5
20—+ S
I A Sand; Tan, very fine-grained, well-sorted, Gray Clay present. >
L T T ] Silty Sand; White, fine-grained.
— Sand; Tan, medium to coarse-grained, gravel present.
25 i /
_ [+ Silty Sand; Gray, trace gravel present, 6-inch band of coarser sands and 3-inches of Gray Silty Clay at
— e e a 26 and 26.5 feet respectively. A
Sand; Reddish Brown, fine to coarsely-grained, 2-inch band of Gray Clayey Sand at 28 feet, trace o
30 —
gravel from 28-29 feet. =
R Sand; Reddish Brown, fine to coarsely-grained, trace gravel present. ;
— .-' . -7 .7 sand; Reddish Brown, fine to medium-grained, angular, 2-inch micaceous Gray Silty Sand present at 33 =
35 e Lo feet. —
Ll L Sand; Dark Reddish Brown, fine to medium-grained, angular, grades coarser to 36 feet. —
— Sand; Dark Reddish Brown, fine to medium-grained, angular, trace gravel present. —
40 B ‘.- o . . Sand; Dark Reddish Brown, fine-grained, angular, increasing gravel content. —
Aquifer
Well Construction o
s USGS D Magothy . Matawan Confining Unit
. @ Cement with Grout Sand #00 Casing
science for a changing world ? ﬂ — D UPA, shallow . Confining Unit
N Bentonite Sand#01 |—| Screen
USS. Department of the Int . f—
us. (3:'r;‘laor1ri1rc‘zjilnsL?rveye ieror A * UPA, deep Page 1 of 1




198

Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

. Latitude oot "
Station ID: 392537075593002 Boring Depth (Feet): 217 (NAD 83): 3972536.8'N CE Dd 152
Date Began: 3/30/2010 Well Depth (Feet): 177 Longitude Pearce Creek
Date Completed: 3/31/2010 Screen Size (Inches): 0.02 (NAD 83): /275929.9'W Dredge Material Containment Area
Logged By: A. Massey Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 21.99
Depth y GAMMA Lithologic . : o .
(Feet) Ai CgNa S g g Log Lithologic Description Aquifer Well
oN ™~
| | | | | |
0 = AR Fill.
< R Sand; Tan, fine-grained sand, well-sorted.
s P Sand; Gray, fine to very fine-grained. 3-inch layer of dark Gray Clay at 3 feet.
*s ’-,' LTSI Sand; Brown, medium-grained, trace gravel present.
-7 5—:1 y Sandy Clay; Dark Gray to Black, fine-grained. Red Sand and Gravel at 6 feet.
] S~ A 6-inches of Brown Silty Clay at 7.5 feet.
| i A= Silty Sand; Brown, poorly-sorted.
10— <? . Lo Sand; Brown, very fine-grained, gray mottling present.
] P I i Sand; Gray, very fine-grained, well-sorted.
- i
] E’ Sand; Reddish Brown, very fine-grained, well-sorted. Grades finer to 17 feet.
_ > Sand; Tan, very fine-grained, well-sorted. Clay nodules present, grades coarser to
—] 20 feet.
20— | "
— { L ; Sand; Tan, very fine-grained, well-sorted, Gray Clay present.
-1 5 e — Silty Sand; White, fine-grained.
N < i S " Sand; Tan, medium to coarse-grained, gravel present. -
- { |"+=— - “— 1 Silty Sand; Gray, trace gravel present, 6-inch band of coarser sands and 3-inches of <
_ i 1 — — Gray Silty Clay at 26 and 26.5 feet respectively. 8,
_ . <
30; é i Sand; Reddish Brown, fine to coarsely-grained. 2-inch band of Gray Clayey Sand =
BES g at 28 feet, trace gravel from 28-29 feet.
-
1= ( Sand; Reddish Brown, fine to coarsely-grained, trace gravel present.
— Sand; Reddish Brown, fine to medium-grained, angular, 2-inch micaceous Gray Silty
- Sand present at 33 feet.
:2/ Sand; Dark Reddish Brown, fine to medium-grained, angular, grades coarser to 36
| feet.
40— \ Sand; Dark Reddish Brown, fine to medium-grained, angular, trace gravel present.
— Sand; Dark Reddish Brown, fine-grained, angular, increasing gravel content.
] Sand; Reddish Brown, medium-grained, well-graded to coarser Sand and angular
_ _ gravel up to one-inch in size.
-] ) z Ce T Sand; Light Gray to White, very fine-grained, well-sorted.
_] é TN Clayey Silt; Light Gray.
] ¢ AR
] é\ E Sand; Light Gray to White, very fine-grained, well-sorted.
50—
— > Sand; Light Gray to White, very fine to fine-grained, tan mottling present.
1 Sand; Light Gray to White, very fine to fine-grained, tan mottling present, silt present
— \kjl ST in matrix. 6-inch Brown, medium-grained Sand at 53.5 feet.
] “Z Coee T T Sand; Gray, very fine-grained, well-sorted,.
N 3 i ///////// Clay; Gray, reddish brown mottling present.
o | R S
— f Sand; Light Gray, fine-grained, intermittent reddish brown color increasing to 62 feet.
- y
1 ]z
— >\> > Sand; Tan, irregularly-shaped gray silty clay nodes present.
B 5
] 3 Sand; Light Tan to White, fine to medium-grained, well-sorted.
70
— ? ; Sand; Gray, fine to medium-grained, well-sorted.
_] é < Sand; Gray, fine to medium-grained, well-sorted, well-graded finer.
— j é Silty Clay; Gray.
] Sand; Gray, fine to medium-grained, well-sorted, well-graded finer.
80 / Sand: Fine to verv-fine-arained
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Appendix C

199

. Latitude oot "
Station ID: 392537075593002 Boring Depth (Feet): 217 (NAD 83): 39°2536.8'N CE Dd 152
Date Began: 3/30/2010 Well Depth (Feet): 177 Longitude Pearce Creek
Date Completed: 3/31/2010 Screen Size (Inches): 0.02 (NAD 83): 75759'29.9'W Dredge Material Containment Area
Logged By: A. Massey Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 21.99
Depth g GAMMA Lithologic . : . .
(Feet) DA; CgNg S g g Log Lithologic Description Aquifer Well
| | | | | |
80 . . — Silty Sand; Gray, -fine-grained, reddish b li .
— L - - ilty San ray, very-fine-grained, reddish brown mottling present
—] I 2 Sand; Brown, medium-grained, well-sorted, rounded.
n } Sand; Tan, medium-grained, well-sorted, rounded, clay nodules present, trace clay
] ) in matrix increasing to 85 feet. g
] é Sand; Tan, medium-grained, well-sorted, rounded.. E
— 2 7]
90; \ £ Sand; Brown to Reddish Brown, fine to medium-grained, well-sorted, rounded. <
| o
| g Sand; Reddish Brown, medium to coarse-grained, poorly-sorted, rounded, -]
— = o — Sand; Tan to Light Reddish Brown, medium-grained,
: ; ///////////;;///////// SI CI Sl(léy Sazd! kGrag’ Coalrse_gralnedY angggulsarf h d
] N ilty Clay; Gray, dark red mottling present at 93.5 feet, hard.
_ ay; Gray, hard.
S ///////// Clay; Gray, hard
— é ARSI EEEELEFREES IS, . ) . ) .
1 ELELI IS I ELIIEEELS, Silty Clay; Dark Gray, hard, light gray silty inclusions.
1007 § — LTI
— 1 Clay; Dark Gray, hard.
0 Z SIS SIS TSI Clay; Dark Gray, with light gray mottling.
— \ = T Silt; Dark Gray, hard.
— = II'I'I'I'I'I'I'IIIII Clayey Silt; Gray and Dark Red.
] \ é) LLLLLELL ] Clayey Silt; Dark Red and Gray, mottling present.
| ) N -, R Sand; Tan, medium-grained.
— T{ f [TTTTTTTITTI Silt; Gray, dark red sand present.
110— = Sand Clay; Gray, very fine=grained.
§ [TTTTITIIT] -
] <\ R Silt; Gray, hard.
] J . S ' Sand; Gray, very fine-grained. 4-inch hard, gray silt present at 114 feet.
] { ‘-'_ - o -'_ ": : e : Sand; Light Tan, medium-grained, well-rounded.
7 \
| / AR _-', R Sand; Light Tan, medium-grained.
120i / e Y ’ Sand; Light Tan, medium-grained, angular sandstone cobbles present.
— # 1\ . Sand; Brown, medium to coarse-grained, angular gravel present.
0 ) =
_ ——
1/ | = | |
] { Clay; Gray and Dark Red, hard, mottling present.
_ = /
130 | = 7
Bl é/ 5 NI, Silty Clay; Gray, dark red mottling present, hard.
1 FEEEEEE LAY A . A H R
] \ ~ h i I'I'I'I'l 1] Silty Clay; Gray, dark red mottling presehnatl,rénedlum to coarse-grained sand present,
_ \\ § IIllllI IIIIIIIII II II Clayey Silt; Gray, brown and red mottling present, hard.
] \ = Clay; Dark Red, gray mottling present.
| < A S LSS E s Clay; Dark Brown, hard.
140 | & IEUTTELRETT Clavey Silt: Light G
] N = LLLLLLLL L ayey Silt; Light Gray.
— 2) &( Tr A — Silty Sand;l Gray, very fine-grained.
N J < I|I 'll'll'lll'll' II'H I|I I|I Silt; Gray, dense.
] /J éi L LG Clayey Silt; Dark Brown.
— i | | | | | | | | Silt; Very Dark Gray, trace lignite present.
_ | B Ty Sand; Gray, very fine-grained.
150— { = PRl Clayey Silt; Dark Gray.
— | < [T Silty Sand; Dark Gray, very fine-grained sand.
_ L& N A Silt; Gray and Tan banded coloring.
] <>> e Sand; Gray and Black banded coloring, very fine-grained.
— \ } P Sandy Silt; Gray and Black banded coloring, very fine-grained.
] ? > ENEE _| TIITT] Silt; Gray, lignite present.
160 — % [ e Sand; Light Gray, very fine-grained, 4-inch zone containing black streaking present
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200 Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

. Latitude oot "
Station ID: 392537075593002 Boring Depth (Feet): 217 (NAD 83); 39°2536.8'N CE Dd 152
Date Began: 3/30/2010 Well Depth (Feet): 177 Longitude Pearce Creek
Date Completed: 3/31/2010 Screen Size (Inches): 0.02 (NAD 83): /275929.9'W Dredge Material Containment Area
Logged By: A. Massey priting Method: Sonic Land Surface Elevation o, g Cecil County, Maryland
riller: Boart Longyear (NAVD 88): .
Depth y GAMMA Lithologic . ; - .
(Feet) Ai CgNa S g g Log Lithologic Description Aquifer Well
oN ™~
| | | | | |
160 —| 13 at 161 feet. %2
- 2
— S o ) . :
] 7 Sand; Light Gray, very fine-grained, organics present at 164-feet. v
0 S Silty Clay; Light Gray, high organic content. _
] g Sand; Gray, fine-grained, increased lignite content to 169 feet. =
170— ¢ =
_] % Sand; Light to Dark Gray, very fine-grained. —
— é‘ p—
- - =
_ Z Ll Sand; Dark Gray, organic detritus present at 177.5 feet, bands of Dark Gray sand, | = [os—er
180— Q | | | | | | | | | silt and organics.
] % T Te Silt; Dark Gray, organic detritus present.
_ > S Sand; Light Gray, very fine to medium-grained.
— = LTI LI IIIT IS
= < el Silty Clay; Light to Dark Gray banded coloring present, fine-grained sand present in
: g) S R veins.
— = Silt; Gray to Dark Gray banded coloring, Gray Clay and Light Gray fine-grained o
—] = Sand lenses present. @
190— g 3
] > Silt; Gray to Dark Gray, gray very fine-grained sand lenses present, lignite present. <
_ 7>1> e T Sand; Gray and Black, fine -grained. %
< b e n b — : - A
- S e — e Silty Sand; Gray, very fine-grained.
] <> A Silty Sand; Fine-grained, well-graded to coarse-grained, very hard.
| ; rrde— s Silty Sand; Gray, very fine-grained.
200 ] > J--o 70777 sand; Gray, very fine-grained, Dark Gray Silty Clay lenses present from 201 to 204
— = feet.
] g Sand; Light Gray, very fine-grained.
_ e "— »++ “— 1 Silty Sand; Gray, medium to coarse-grained, poorly sorted, organic detritus present.
—] |+ £—-++-—« Silty Sand; Gray, organics and lignite present, gray Silty Clay lenses up to 2 inches
21Oi [ present.
— Silty Clay; Gray, light gray mottling present, lignite present.
— oL 2] Silty Sand; Gray, organics and lignite present, gray Silty Clay lenses up to 2 inches
| s R l present.
] Ce Sand; Gray, fine to medium-grained, well-sorted.
220
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Appendix C 201
] ) Latitude oo "
Station ID: 392521075583301 Boring Depth (Feet): 88 (NAD 83): 39°25'20.7"N CEDd 153
Date Began: 4/13/2010 Well Depth (Feet): 88 i Pearce Creek
; Longitude ocor . . g
Date Completed: 4/14/2010 Screen Size (Inches): 0.015 (NAD 83); /575833.2'W Dredge Material Containment Area
Logged By: C. Dieter Drilling Method: Sonic Land Surface Elevation g 5, Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): .
|
Depth Lithologic ) . - .
(Feet) Log Lithologic Description Aquifer Well
0o 4
5 —] No observations. Aquifer designation based on adjacent wells.
10 B PR PR P P
ARSI RS
I ey
B s
LS Silty Clay; Green, mottling and sand present.
RS SIS,
B PR R P p
B G |
B R R R
20 —]
25 —
30 —
- Sandy Silt; Aqua Blue, organics present.
35 —|
40 — e
] e
1 e,
45 — - — | ey
S HHHHRRHENY R
AR 3
50 ] |I| IIIIIIIIIIIII |I|I Clayey Silt; Dark Gray, organics present, very micaceous, <1 inch-thick gravel lenses present at 49 feet.
T
— L] L1
_] | | | | | | | | | Silt; Very fine-grained, lignite and organics present, micaceous.
55 — T
— LT Sand; Gray, very fine-grained, light and silver mica present.
60 - ' Sand; White to Light Gray, fine-grained.
| Sandy Silt; Light to Medium Gray, lignite and organics present. E‘
=
— o
65 — ) ) . ) o3
—] Sand; Light to Medium Gray, lignite and organics present. ‘EU
| Silt; Dark Gray, micaceous, lignite present.
70 — Sand; Medium Gray, fine-grained.
. Silty Clay; Dark Gray, organics present.
1 Silty Sand; Dark Gray, fine to coarse-grained, organics present.
75 Sandy Clay; Organics present.
- Sand; Light Orange to Tan, medium to coarse-grained, poorly-sorted. -
80 — =
— Sand; Poorly-sorted, angular gravel present, organics and clay nodules present. =
85 — =
— Sand; White to Light Tan, fine to coarse-grained, poorly-sorted, well-rounded. -
90
Aquifer
Well Construction
D Magothy . Matawan Confining Unit
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202 Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

Station ID: 392521075583302
Date Began: 4/11/2010
Date Completed: 4/12/2010
Logged By: A. Massey

Boring Depth (Feet): 167 (L,\Ia}ltgdgé): 39°2520.7'N

Well Depth (Feet): 162 f
Screen Size (Inches): 0.015 '(‘,Sg%'tgg; 75°58'33.2"W

Driller: Boart Longyear (NAVD 88): 47.61

(Feet)

Depth Lithologic

Log

Lithologic Description

CE Dd 154

Pearce Creek

Te : Dredge Material Containment Area
Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland

Aquifer Well

o

10

20

30

40

50

60

70

80

90

100

110

120

No observations. Aquifer designation based on adjacent wells.

130

Sand; Gray, fine-grained, lenses of gray silty clay and lignite present.

Silt; Gray, clay present in matrix.

140

150

160

Sand; Gray, fine-grained, clay nodules and lignite present.

Sand; Tan and Gray, lignite present. Lenses of silt and clay present from 150 to 152 feet.

Sand; Gray to Tan, fine-grained.

UPA, shallow

Sand; Light to Dark Gray, dark gray clay lens present at 158 feet.
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Clay; Gray, brown and red mottling present, hard.
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Appendix C 203

. Latitude oot "
Station ID: 392521075583303 Boring Depth (Feet): 287 (NAD 83): 39°2520.7'N CE Dd 155
Date Began: 4/8/2010 Well Depth (Feet): 223 Longitude Pearce Creek
Date Completed: 4/10/2010 Screen Size (Inches): 0.02 (NAD 83): 75758'33.2'W Dredge Material Containment Area
Logged By: J. Sorenson Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 46.99
Depth ~ AP-COND  GAMMA Lithologic i i ioti i
(Feet) § 8 § .3 § §§, Log Lithologic Description Aquifer Well
| | I I R |
0 E Sandy Silt; Brown, soft, gravel present.
] 7
] r) Sandy Clay; Tan, interbedded Reddish-Brown and Gray coloring, hard.
10—: 1\ Sandy Clay; Dark Green, tan mottling present, iron nodules present,
= medium-hardness.
_ Sandy Clay; Dark Green to Blue, dark gray mottling present, medium-hardness
— j: grading to hard.
—1
_ 1
20— |
ll
|
1|
30— i Sandy Silt; Dark Gray, soft. Pyrite nodules present at 17, 22, and 40 feet.
=
=i
40— |
0\
E 2 P Sandy Silt; Light Gray, gray mottling present.
4N | EFEm===--- Sandy Silt; Dark Gray to Black, coarse-grained, gravel present.
50— A T A Silty Sand; Dark Gray to Black, lignite and organic detritus present.
= T T
: / e e |
— e Silty Sand; Light Gray, gray and tan mottling present. Thin lenses of high-organic
60— P content and detritus present at 60, 64, and 66 feet.
] ;‘ e S|
— ) 0 e 8 b e
3) BRUEREIPE
70— % -+ 77| Sand; Light Gray to White, medium to coarse-grained. 3-inch clay lens at 67.75 feet.
— — — - - - - -
— \ - "—‘ ‘— y Silty Sand; Dark Gray, light gray mottling present, organic detritus present.
= \ . Sl Sand; Yellowish Tan, medium to coarse-grained. Gravel lens at 77.5 feet.
1 { - N - -
80— ( vy — L ‘— y Silty Sand; Tan, yellowish-tan mottling present, gravel present.
— ( - T *
- . ,
= | i Sand; Yellowish-Tan to White, coarse-grained, angular gravel present. 4-inch clay
] \Z e lens at 86 feet.
90— :
=1t
— | B T D Silty Sand; Yellow to Tan, fine-grained sand, gravel present.
] | FEEEEEE LA EELE Y
— L AL L L L L LGS
: g e Ll i C
100—) | SN
- L\ G AL L L LA PSPl PPy PPl
1 | Gl AL L dd
1 % C P PP R PP
— | = e Silty Clay; Light Brown, dark-brown and yellow mottling present, hard, white nodes
| TERPEFRRPRI PRy IRy of silt present from 100 to 102 feet.
110— { RIS I LIS L IRELIELELS
— r AL L LT LI
1
- E OO
— { EEEEEEE IS LAY
] { ORISR
| ] TSI E TSI AL IEAI IS
120 4 Fiprinan—-
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204 Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area
] ) Latitude oo "
Station ID: 392521075583303 Boring Depth (Feet): 287 (NAD g3); 39°2520.7'N CEDd 155
Date Began: 4/8/2010 Well Depth (Feet): 223 Longitude Pearce Creek
Date Completed: 4/10/2010 Screen Size (Inches): 0.02 (NAD 83): 75758'33.2'W Dredge Material Containment Area
Logged By: J. Sorenson Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 46.99
|
Depth ~ AP-COND  GAMMA Lithologic i i ioti i
(Feet) § 8 § .3 § §§ Log Lithologic Description Aquifer Well
| | I |
120 |
) Sandy Silt; Gray, brown mottling present at 125 feet.
|
1t
130— g
E r‘ Sand; Light Gray to Gray, organic detritus present.
| £ Silty Clay; Dark Gray, organic detritus present.
= i; Sandy Silt; Gray, black mottling present.
:{ I Sand; Gray, fine to medium-grained, organic detritus present.
140—| 3
) <
- é Interval of an approximate sample recovery of 40%. Tan Sand in upper 3 feet and =
] —_ Gray Sandy Silt in lower foot. o
= . =
— < P P — Silty Clay; Light Gray and Gray interbedded coloring. Thin lens of organic detritus at E
150 { ‘\{ ) ) 147.2 feet. [Z2]
— §/> it J_ il Silty Sand; Gray, black mottling present. <
- < o
= by Sand; Yellowish Tan to Tan, fine to medium-grained.
=\ i
160— J
| / HEEEEE TSI ) )
.y L g e Y Silty Clay; Gray, dark green and dark red mottling present.
1 ;‘ ORI
— / "> TSI ST I AL
— ‘H = e e— s — s
170 7? % ﬁ.».T..-d_
E) é T Silty Sand; Gray, tan mottling present.
! Z R -
— \’ = R S S
! RIS ES I IPELI I PSS,
— FEEEEEEEEL PP TIIEE Y
180— | e, Silty Clay; Gray, dark green and dark red mottling present.
: \( G A PP PP
= A
=/ P P Silty Clay; Dark Gray, lignite and organic detritus present, very hard.
i b ek . Silty Sand; Gray, coarse-grained, gravel present, lignite present.
190—|
)
— [ Sandy Silt; Gray, gray clay and tan mottling present.
=
200— | Clayey Silt; Dark Gray and interbedded light gray lenses, medium-grained sand
=) present in matrix, hard.
=
| o Sand; Yellowish Tan, medium to coarse-grained.
210j§ N
- o
] o Sand; Tan, medium-grained, well-sorted. —
—_ - o p—
— - [} p—
. Y 8 e
220—] o ) =
—] . Sand; Brown to Light Tan, medium to coarse-grained, dark gray mottling. < f—
: . : % & 4 4 & 4
] — . Sandy Silt; Tan, brown and yellow mottling present, medium-hardness.
230—] e
— Lt Silty Sand; Dark Gray, black mottling, organic detritus, and lignite present.
] - R S B
. = AN Silty Clay; Dark Gray interbedded with Light Gray, lignite present.
] f)\ e — . — .
240 — = ot Cilhs Cancl: Navl ta | inkht Licumit +
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Appendix C 205

. Latitude oot "
Station ID: 392521075583303 Boring Depth (Feet): 287 (NAD 83): 39°2520.7'N CE Dd 155
Date Began: 4/8/2010 Well Depth (Feet): 223 Longitude __. ... .. Pearce Creek
Date Completed: 4/10/2010 Screen Size (Inches): 0.02 (NAD 83); /575833.2'W Dredge Material Containment Area
Logged By: J. Sorenson Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 46.99
AP-COND i i
(?:223 S § o;A’\éM%(% L|th|i)(ic£)]g|c Lithologic Description Aquifer Well
| | I I R |
240 : ? : . r-r T .. J_— Ollly oarnu, ark to nglll \Jlay, Ilgllllc lJIUDCIII,. 7
] T ARSI, ) .
g
— = PP S S LSS Silty Clay; Dark Gray, lignite present, very hard.
—_ =
250—| ? /
- =
— *;g Clay; Dark Gray, light tan silt lenses and lignite present.
- =
260—| =
- = /
— HHHHHHHHHH] Clayey Silt; Light Gray, green and red mottling present.
— ? |||||||||||||||| || || Clayey Silt; Olive Green, light gray and red mottling, very hard.
270— = :I:I:I:I:I:I:I:I:I:I
— IIllllllllllllll || I| Clayey Silt; Light Gray, mottling present, friable.
= = L LLLLLL
_ = HHHHHHHHHEN Silt; Gray, hard, silt concretions and sand present, saturated.
280— HHHRHHHEH
- LT Clayey Silt; Reddish Brown, gray mottling, hard.
—] I e e B e Clayey Silt; Dark Gray, light gray and black mottling, very hard.
—] Sandy Silt; Light Gray.
290— Clayey Silt; Dark Gray, light gray and black mottling, very hard.
300—

Magothy

]
D UPA, shallow
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206 Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

. Latitude oot "
Station ID: 392552075591601 Boring Depth (Feet): 127 (NAD g3); 39°25'52.2'N CE Dd 156
Date Began: 3/29/2010 Well Depth (Feet): 87 Longitude Pearce Creek
Date Completed: 3/29/2010 Screen Size (Inches): 0.02 (NAD 83): 75759'16.4'W Dredge Material Containment Area
Logged By: A. Massey Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 27.19
Depth  AP-COND  GAMMA Lithologic : ; o .
(Feet) << 8 8 e g Log Lithologic Description Aquifer Well
L1 1 1 | |
0 — E s Sand; Reddish Brown, gravel present.
=, = e Clay; Red and Gray.
19 R Silty Clay; Sand, poorly-sorted, gravel present.
_ \ - S T : Sand; Brown, medium-grained, well-sorted, angular.
10— 1= / Clay; Dark Gray. Organics present, very-fine sandy silt lenses present.
_ 2 Clay; Gray, stiff.
— { i % Clay; Gray and Tan, very soft, silt present.
1 i
2 ] ; ////.f/f’////;//////////
00— e OSSO Silty Clay; Gray, dark oxidized bands present, angular gravel present.
)’ AL LL L L L LS EL LA
: \§ — Pttt et e ot
— 3 5 f[}W‘ Sandy Clay; Red to Dark Gray, mottled.
] { = | R Sand; Brown, very fine-grained.
— /( i ] Silty Sand; Gray and Brown.
30— ¢ I g Silty Clay; Gray, medium-stiff.
— g ; TIPS IPT I
— — A
— f g AL L LT LIS
] f(‘ I HEEEEE TSI
] / ? EEEEEEE LAY
: = HEEELEPEE LR
— = jﬁjﬁjﬁﬁjﬁjﬁzﬁﬁ;ﬁﬁ Silty Clay; Gray, organics present, medium-stiff, trace gravel present.
40i = PRSI EFEELE LSS
1 i LTI I SIS
—] ] _ G L LA LSO AL PPy PP
1 T [
1 g Z)S’ ////.f/f'////i.j/////////
_ é g b v e . 2] Silty Sand; Gray, very fine-grained, organic detritus present.
50— f TN ARSI RIS,
- (\ % G A PP F P
] 3 CR PP P PP P PP
_ i = NS Silty Clay; Gray, organics present, medium-stiff, trace gravel present.
: ¢ Cl it TP AP LA AP P PR
_ )‘ C P PP P P
1 / AL IS
60 ( '//{/‘//,//\/‘/{/{:///‘////'/
1y S
] /) oo Sand; Medium-grained, poorly-sorted, gravel and cobbles present.
1 < 3
-\ 2; ol Sand; Gray, fine-grained, well-sorted.
70 — { - Sand; Light Gray, coarse-grained, poorly-sorted.
— ; § " Sand; Gray, fine-grained.
¢ - -
—/ } .
—( .
—¢ B
:é g : -
80— Sand; Light Tan, very fine-grained, very well-sorted. =
¢ = j—
fi 5;, o —_
= : < =
: % S < G
— SRS <
— 3 v T . o
907 [ —— e e )
- ? iAo
— g e ]
] % . .—':’T
100 — — [ TTT T Silty Sand; Gray, very fine-grained, brown and gray mottling, trace gray clay lenses.
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Appendix C 207

. Latitude oot "
Station ID: 392552075591601 Boring Depth (Feet): 127 (NAD g3); 39°25'52.2'N CE Dd 156
Date Began: 3/29/2010 Well Depth (Feet): 87 Longitude Pearce Creek
Date Completed: 3/29/2010 Screen Size (Inches): 0.02 (NAD 83): 75759'16.4'W Dredge Material Containment Area
Logged By: A. Massey prifing Methodl: Sanic Land Surface Elevation -, ;g Cecil County, Maryland
riller: Boart Longyear (NAVD 88): .
(?:2‘23 vA;'CgON‘g G’;MMAg L'thl?cl)%glc Lithologic Description Aquifer Well
L1 1 1 | |

| < Y P A
100 - = AR

. = LT T

| 2 | A S|

3 £ 7 e
110— = R Silty Clay; Dark Gray.

] i Sand; Gray, very fine-grained, gray clay lenses present.

] »/j> ‘ | | | | | | Silt; Gray, hard.

] 3} Sand; Gray, very fine-grained.

E ﬂ%; Clay; Gray, reddish-brown mottling present, hard.
120— ——= - -

] Clay; Reddish-Brown. Mottling present, hard

— Silty Sand; Light Gray, very fine-grained.

] l T I I LI I I I

_ |I|I|I| I|:|:|:|I |I |I Clayey Silt; Light Gray, dark reddish brown mottling present.
130—

2
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a
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208 Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area
] . Latitude oo "
Station ID: 392537075590101 Boring Depth (Feet): 58 (NAD 83): 39°25'36.8"N CE Dd 157
Date Began: 4/7/2010 Well Depth (Feet): 56 Longitude Pearce Creek
Date Completed: 4/7/2010 Screen Size (Inches): 0.02 (NAD 83); 7>75900.9'W Dredge Material Containment Area
Logged By: J. Sorenson Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 38.22
e |
Depth Lithologic ) ) - .
(Feet) Log Lithologic Description Aquifer Well
0 _
5 |
10 —
15 —
20 —
— No observations. Aquifer designation based on adjacent wells.
25 —
30 —
35 —
40 —
45 —
| | | | | | | | | | | Silt; Gray, yellow-tan mottling present.
50 t ‘_ Pl — " Silty Sand; Gray to Tan, fine-grained.
B ’ Sand; Light Tan, fine to coarse-grained, well-graded to coarse-grained, trace gravel present.
— — - Gravelly Sand; Dark Brown sand, grain sizes up to cobbles present.
— e Sand; Light Tan to White, medium to coarse-grained. 2-inch sandy silt lenses present at 55 and 56 feet.
e Silty Sand; Light Gray, fine to medium-grained, nodes of silty clay present.
60 |
Aquifer
Well Construction
Magothy Matawan Confining Unit
@ Cement with Grout Sand #00 Casing D .
science for a changing world ?, ‘:‘ D UPA, shallow . Confining Unit
N Bentonite Sand#01 |—| Screen
USS. Department of the Int o
us G:glaornri?:zrsgrveye nierer A s UPA, deep Page 1 of 1




Appendix C 209

Station ID: 392537075590102

Date Began: 4/6/2010

Date Completed: 4/7/2010
Logged By: A. Massey

Boring Depth (Feet): 148
Well Depth (Feet): 112
Screen Size (Inches): 0.02
Drilling Method: Sonic
Driller: Boart Longyear

Latitude
(NAD 83):
Longitude ocar .
(NAD 83): 75°59'00.9"W
Land Surface Elevation
(NAVD 88):

39°25'36.8"N

38.36

Depth AP-COND

(Feet) o 8 & o8

GAMMA

Lithologic
Log

Lithologic Description

CEDd 158
Pearce Creek
Dredge Material Containment Area
Cecil County, Maryland

Aquifer Well

—

- ig”
W’Vﬁ MWMWWM%MW AN iy

Silty Clay; Brown, gravel present.

Silty Sand; Dark Brown.

Clay; Dark Gray to Black, contains brown silty sand, organics present, soft.

Clay; Dark Gray to Black, organic detritus present, soft. Fine to medium-grained
Silty Sand lens present at 12.5 feet.

Clay; Gray, light gray mottling present.

Clay; Dark Gray to Black, organic detritus present, soft.

Clay; Dark Gray to Black, soft.

Sandy Silt; Gray to Tan, light gray mottling present, trace gravel present, grades
from soft to hard in observed interval.

Clay; Light Gray, tan and yellow mottling present, moderately hard.

Sand; Tan to Light Tan, fine to medium-grained, mottling present.

Silty Sand; Light Tan, fine-grained.

Sand; Tan to Dark Brown, medium to coarse-grained, silty lenses and nodes
present, angular gravel present.

L L L P |
P e R L. |

Silty Sand; Light Gray to Blue-Gray, fine-grained, yellow and tan mottling present.

I S

Sand; Light Gray, fine to medium-grained, well-sorted, yellow mottling present from
77 to 81 feet.

Clay; Light Gray, yellow mottling present, hard.

PR AR
p— b b e b 4 4

Silty Sand; Yellow-Tan, medium-grained, yellow-red mottling present, well-graded
to sandy silt. 6-inch Light Gray Sandy Silt lens at 85.5 feet.

Sand; Yellow-Tan, medium to coarse-grained, black and light tan mottling present.

e e e .
—— o e 4 s e =

Silty Clay; Light Gray to Blue-Gray, very hard.
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Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

Date Began: 4/6/2010
Date Completed: 4/7/2010
Logged By: A. Massey

Station ID: 392537075590102

Boring Depth (Feet): 148
Well Depth (Feet): 112
Screen Size (Inches): 0.02
Drilling Method: Sonic
Driller: Boart Longyear

Latitude
(NAD 83):
Longitude ocar "
(NAD 83): 75°59'00.9"W
Land Surface Elevation
(NAVD 88):

39°25'36.8"N

38.36

AP-COND

CEDd 158
Pearce Creek
Dredge Material Containment Area
Cecil County, Maryland

GAMMA ; ;
(DFZpettl; S 8 o828 L'thl?cl)%glc Lithologic Description Aquifer Well
o — N own « -
| | | | | | |
100 / = A Silty Sand; Light Gray, reddish brown mottling present. %
1/ el PP S SR
f <
—| e / Clay; Dark Gray with bands of Light Gray, very hard.
1/ < / =
110— % =
: % B R v e s
= Sand; Yellow, medium to coarse-grained, dark gray mottled lens at 109 to 110 feet.
| 7
| g
120— e
B & NYPARgopkag 3
i N - —l—- - - E
7 RN iy ey @
— = e e s e e ] -
130 ~ A E /
= [P . S
] ; T T Silty Sand; Light Gray, medium to coarse-grained, reddish gray mottling present. /
B - N -
<
1|z
140— 3
: Silty Sand; Red, coarse-grained, nodes and streaks of silty clay. %
150—

.

USGS

a
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Appendix C 21
. Latitude - .
Station ID: 392545075594601 Boring Depth (Feet): 121 (NAD 83): 39°25'44.7"N CE Dd 159
Date Began: 4/6/2010 Well Depth (Feet): 35 Longitude Pearce Creek
Date Completed: 4/6/2010 Screen Size (Inches): 0.02 (NAD 83): 75°59'46.0"W Dredge Material Containment Area
Logged By: M. Leipert (USACE) Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 28.20

Silty Sand; Tan.

Depth GAMMA Lithologic
(Feet) o3 8 § Log Lithologic Description Aquifer Well
| | | |
0 Fill; Dark Brown, contains gravel.
= [ eee— ] Silty Sand; Brown.
— ; . — Silty Sand; Orange Brown, contains rounded gravel.
|7 RER -
| % SR 2 Sand; Tan, trace gravel present.
10 = S =
5 R Clay; Gray, high plasticity.
— é st s s Silty Sand; Iron oxide staining present.
R S S A -
= i Silty Sand; Tan, trace gravel present.
L "t Silty Sand; Tan to Gray, trace gravel present.
o~ AN
ROV ) >
V=1 : [P Clayey Sand; Gray, cobble-sized gravel present. %
ARV TRPE
- - _\- I, \ %
P S Silty Sand; Orange Brown, with poorly-sorted gravel. = PP
PP
R Sandy Gravel; Gray and Tan, medium to coarse-grained sand, poorly-sorted gravel.
AP -y
- !?'. ; 1:,' . : > Sandy Gravel; Gray to White, poorly-sorted, orange staining.
P e g w— Clay; White, gravel present.

Sand; Coarse-grained.

PN

Sand; Orange to Tan, gravel present.

Silty Clay; Orange, contains gray clay lenses.

Sandy Clay; Fine to medium-grained.

Silty Sand; Tan, fine-grained sand.

Clay; White, high plasticity, trace amounts of silt present.

Silty Sand; Tan to Dark Gray.

Clay; Yellow to Tan, red and white mottling present.

Clay; Dark Red, yellow mottling present.

Clay; Dark Gray, lignite present.

Clay; Dark Gray to Black, high plasticity, lignite present.

Clay; Gray, high plasticity, tan and red clay inclusions present.

Clay; Dark Red, high plasticity, tan clay inclusions present.

LT Silty Sand; Brown, Gray, and White, well-graded, clay present.

Clay; Dark Red, high plasticity.

— ? . Sand; Tan and Orange, fine to medium-grained, poorly-sorted.
7
70—§
—<
Sand; Tan and Orange, fine to medium-grained, poorly-sorted, trace iron concretions present.
80
Aquifer
Well Construction
’ D Magothy . Matawan Confining Unit
. @ Cement with Grout Sand #00 Casing
science for a changing world ? — D UPA, shallow . Confining Unit
U.S. Department of the Interior A Bentonite E} Sand#01 | ——| Screen
- UPA, deep Page 1 of 2
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Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

. Latitude oot "
Station ID: 392545075594601 Boring Depth (Feet): 121 (NAD 83): 39°25'44.7"N CE Dd 159
Date Began: 4/6/2010 Well Depth (Feet): 35 Longitude Pearce Creek
Date Completed: 4/6/2010 Screen Size (Inches): 0.02 (NAD 83): /2759'46.0'W Dredge Material Containment Area
Logged By: M. Leipert (USACE) Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 28.20
GAMMA . .
Depth Lithologic . ; - .
(Feet) o8 § % Log Lithologic Description Aquifer Well
| | | |
80 . ) .
| Sand; Tan, very fine-grained, well-sorted.
o Sand; Gray, medium to coarse-grained. %
s 2
©
— Sand; Tan, very fine to medium-grained, well-sorted. ﬁ
. <
90 % a /
,5 )
=
% Sand; Tan to Orange, medium to coarse-grained, well sorted, trace iron concretions present. /
100— <g W//I//f/ft Sandy Clay; White and Red, high plasticity.
g T Sand; Orange Brown, fine to medium-grained, iron concretions present.
-1 = o y Sand; Orange Brown, white and gray clay lenses present.
| Qé) / M Clay; Tan, high plasticity, red clay inclusions present.
= Gy, Silty Clay; Gray.
I, Silty Clay; Gray, white and red clay inclusions present.
- OO ISP E
VA b L LRSS LI EF IS, Silty Clay; Dark Red.
110— ce /
i Sand; Tan, fine to medium-grained, well-sorted, concretions present.
120— /7/ ////// Clay; Tan and Gray, mottling present. ‘
| o
130—

Aquifer

U.S. Geological Survey

= USGS
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Appendix C 213
Station ID: 392545075594602 Boring Depth (Feet): 120 (Lsxtgdses)_ 39°25'44.7'N CE Dd 160
Date Began: 4/9/2010 Well Depth (Feet): 116 Longitudé Pearce Creek
Date Completed: 4/9/2010 Screen Size (Inches): 0.02 (NAD 83): 75759'46.0'W Dredge Material Containment Area
Logged By: J. Sorenson Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 27.64
Depth ~ AP-COND  GAMMA Lithologic : ; o .
(Feet) S v e.g § § Log Lithologic Description Aquifer Well
| | | 1 | | |
0 f{ <
| =
— 7< .
| =
/ =
10— ¢ —-—
-
¢
— )
.
|
20 m) 3
_k
1
g
30— -
—
N
|
44
40— ¢
) _
i =
q; =
50— = No observations. Aquifer designation based on adjacent wells.
- =
n <
= =
1 =
60— =
10
| \
70—
-1\
i
] 4
1
80— ¢
1 | 8
0 f g
90— i <
% 5
| } by
100— Y. e
— \% = P Sand; Medium to coarse-grained.
= é I/ III I Clay.
110— 7% e IS Sand; Medium to coarse-grained. =
120— Z =
o
O
Well Construction '
w Magothy Matawan Confining Unit
"’4 @ Cement with Grout Sand #00 Casing D .
science for a changing world = — D UPA, shallow . Confining Unit
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214 Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

. Latitude oot "
Station ID: 392530075582001 Boring Depth (Feet): 197 (NAD 83): 39°25'30.3"N CEDd 191
Date Began: 11/30/2010 Well Depth (Feet): 150 Longitude Pearce Creek
Date Completed: 12/3/2010 Screen Size (Inches): 0.015 (NAD 83): /575820.5"W Dredge Material Containment Area
Logged By: C. Dieter Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 21.49
Scale  AP-COND  GAMMA Lithologic : ; o .
(Feet) » & 8359 g § Log Lithologic Description Aquifer Wwell
| | | | | | |
% J Qi Silty Clay; Brown.
)
— C
] ‘f Z Silt; Light Brown, dry, friable.
{ 5
— | SR HHHNEHHHNN
! BN HHHHHHAHH
10— SRR
— 4 5 |I|I|I|]|I|I|I|I || || Clayey Silt; Medium gray-brown, with trace gravel and nodules.
— LR
7? < IIIIIIIIIIIIIIIIIIII
{ L L L
— é { b T Sand; Brown, very fine-grained, micaceous.
20— /E '_"_ Vi "__,_ Silty Sand; Medium orange-brown very fine-grained, iron nodules present.
— ( IR Sand; Light orange-gray, very fine-grained, micaceous, trace amounts of organics
1 ( B el present.
*{ g N LI Sand; Light gray, very fine-grained.
-
30—\ S
— h: E : . .. . L _' N Sand; Light gray, very fine-grained, micaceous, trace amounts of organics present.
— E S Lt Sand; Light Gray, fine-grained, iron nodules present, red pore-water present.
40 ? ; LI Sand; Light gray, fine to medium-grained, iron staining present.
¢ Lt Lor T
— f PR Sand; Light brown-gray, fine-grained, micaceous, heavier, darker minerals present.
1 é Je LT Sand,; Light gray, fine-grained, orange staining present.
50— x\‘\ £ . -,- I . : Sand; White, coarse-grained, poorly-sorted, coarse, angular gravel present.
— E — .._ -. I’ -_-: .". 'k. I_
- 3, ) . ) i e Sand; Medium to coarse-grained, poorly-sorted, trace gravel.
— i ; f e Do Sand; Medium-grained, poorly-sorted, trace gravel.
60 2 ? . - . T Sand; Coarse-grained, poorly-sorted, trace gravel.
— ¢ L ' e - -
e e B Sand; Medium-grained, poorly-sorted, trace gravel.
L Sand; Coarse-grained, poorly-sorted, trace gravel.
R I I IR HHRA .y - < -
| 4 ; Illllll Illllllll |I |I Clayey Silt; Light gray, light orange iron banding present.
’'s
70— / = T
1¢ 1 & Pyl
y | — e 3w b e
¢ % [ S S . o . )
B ; = A Silty Sand; Light gray, very fine-grained.
R ; — b
| ﬁ s .-
80— ¢ I et
N § § PR Silty Sand; Light gray, very fine-grained, very firm.
] =
¢ e .. ]
B ; g ’ Sand; Light gray, very fine-grained, well-sorted, light orange iron bands present,
- friable.
90— % b Sand; Gray, fine-grained.
1
- § Sand; Gray, fine to very fine-grained, orange bands present.
Y
100 | g ? Sand; Gray, fine-grained, orange bands present.
I b
Well Construction ' B )
- USGS D Magothy . Matawan Confining Unit
. @ Cement with Grout Sand #00 Casing
science for a changing world ? ) — D UPA, shallow . Confining Unit
U.S. Department of the Interior A Bentonite Sand #01 ‘:‘ Screen
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Appendix C 215
] . Latitude s "
Station ID: 392530075582001 Boring Depth (Feet): 197 (NAD g3); 39°2530.3'N CEDd 191
Date Began: 11/30/2010 Well Depth (Feet): 150 Longitude Pearce Creek
Date Completed: 12/3/2010 Screen Size (Inches): 0.015 (NAD 83): /579820.5"W Dredge Material Containment Area
Logged By: C. Dieter Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 21.49
Scale  AP-COND  GAMMA Lithologic . . - :
(Feet) = 992 g § Log Lithologic Description Aquifer Well
L | | | |
100 2 R Sand; Gray and orange, fine to very fine-grained.
- \ Lt e Sand; Orange, fine to very fine-grained.
- 3
] \é // Clay; Dark gray, firm.
a4 4 £LLA
} Lo L Sand; Medium gray, very fine-grained, contains clayey silt.
1107 \> ////.f/f'/./.:’////////.///;
— } = AL Silty Clay; Dark gray, contains very fine-grained sand and trace lignite.
> AL E TSI LISS
— < > I SIS LI EFEESSSZ, - - —
Y = Silty Clay; Gray, contains gravel and lignite. =
] ( = Silty Clay; 4" of solid rock present. =
— { ] Clay; Dark gray, contains very fine-grained sand and lignite. _‘C“
120 3 = Clay; Medium gray, lenses of tan silt present. UJ_
Q <
Y o
] b -]
| i» / Clay; Dark gray, contains lignite.
130— “ e —
B B Silty Sand; Gray
R I I A —
] Z T ‘|/|/|/I|,‘|/}| J,J, Silt; Gray, contains silty sand.
] { Clay; Dark gray.
//////// Silty Sand; Grayish white.
] } Clay; Gray, with white silty sand.
140— 3 te '_ sy Silty Sand; White, clay lenses present.
- ]
— f Sand; White, medium-grained. o
1 =
% Sand; White and Gray, fine-grained. =
150— -
g OO Sllty Clay’ Gray'
o ; / Clay; Light Gray, very firm.
N s / Clay; Red and Gray.
J Clay; Gray.
1607 i S A Clay' Red’ Saturated
| J Silty Clay; Gray.
B f Silty Sandy Clay; Gray.
\3 L A Clay; Red to brown, intermediate very fine-grained, gray silty sand present.
— /( — ////.f///////////////// S”ty C| ay‘ Gray.
170 _ }‘ 1
B } ‘% Clay; Gray, hard.
B { %> AT E T E TSI TSI B H ey
— g NS Silty Clay; Light gray, transition to gray sandy clay.
B /}/ A Sandy Clay; Gray.
180— !
] % Sand; Gray, alternating very fine to medium-grained. o
2 P E————— — °
¢ A Silty Sand; Dark gray to black, very fine to fine-grained. -
190— AT s E
T - ianite i i
l T Sand; Coarse sand zone, large lignite inclusion. )
1 S G A A PP P L P Y
] i Silty Clay; Contains sand.
200 |
Well Construction '
D Magothy . Matawan Confining Unit
@ Cement with Grout Sand #00 Casing
science for a changing world ? ) — D UPA, shallow . Confining Unit
U.S. Department of the Interior A Bentonite @ Sand #01 ‘:‘ Screen
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216 Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

. Latitude oot "
Station ID: 392530075582002 Boring Depth (Feet): 67 (NAD 83): 39°25'30.3"N CEDd 192
Date Began: 12/4/2010 Well Depth (Feet): 67 Longitude Pearce Creek
Date Completed: 12/4/2010 Screen Size (Inches): 0.015 (NAD 83): 7>75820.5'W Dredge Material Containment Area
Logged By: P. Lapa-Lilly Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 21.60
B
Depth Lithologic ) ) - .
(Feet) Log Lithologic Description Aquifer Well
0o _
5 |
10 —
15 —
20 —
B No observations. Aquifer designation based on adjacent wells.
25 —
30 —
35 —
40 —
45 —
— = K LIRS Sand; Light orange, medium-grained.
50 — - S Sand; Medium to coarse-grained.
T e . Sand; Light orange, coarse-grained, trace gravel present.
R — Pl — Silty Sand; Light orange, medium-grained.
55 — - S N j- Sand; Coarse-grained, poorly-sorted, contains gravel.
1 . Sand; Light orange, coarse-grained, very fine-grained sand lenses present.. =
60 — ;- o > :. ~ Sand; Light orange, coarse-grained, poorly-sorted, gravel present. —
B ; : s Sand; Orange, coarse-grained, poorly-sorted, gravel present. —
65 —1° P Sand; Light gray and orange, coarse-grained, poorly-sorted, gravel present. =
Well Construction '
w D Magothy . Matawan Confining Unit
< @ Cement with Grout Sand #00 Casing
science for a changing world ?, m — D UPA, shallow . Confining Unit
N Bentonite Sand#01 |—| Screen
US.D t t of the Int . ‘7‘
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Appendix C 217

. Latitude oo "
Station ID: 392525075581401 Boring Depth (Feet): 197 (NAD g3): 39°2524.6'N CEDd 193
Date Began: 12/6/2010 Well Depth (Feet): 8_8 Longitude _ . ... . Pearce Creek
Date Completed: 12/7/2010 Screen Size (Inches): 0.015 (NAD 83): 75°58'14.5"W Dredge Material Containment Area
Logged By: C. Dieter Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 43.28
Depth ~ AP-COND  GAMMA Lithologic . . - )
(Feet) v9 8§ 808 S 3 Log Lithologic Description Aquifer Well
L | | 1
0

Topsoils, roots and gravel present.

Sandy Silt; Light Grayish Brown, friable.

Clayey Silt; Brown, organic detritus present.
Clayey Silt; Light Grayish Brown, dry, iron staining present.
Sandy Silt; Light Gray, gravels and organics present.

Sand; Medium to coarse-grained, medium to coarse gravel and cobbles present.

15 T

IRHENREEET,

20— HENHNAHRHN

HEREHEHEH

| HERHNHRRN

) HHRRRRERRE

7% THHHHHHHHH

B HRREKKNKEK

! :I:I:I:I:I:I:I:I:I:I

13 [HHHNHH NN

30— ( L
. |I | I| | llllllllll |I | | Clayey Silt; Dark Gray, soft, micaceous. Contains Silt clasts at 17 and 37 feet.

7] TN HRRERRY

| HERHNHRRN

HRRENRNRN

. SRRRRRHNRN

HERHHHERN

| LU

IRNRRRHHRE

40— HHHRHHRHH!

HERERRNRN

HEHHHHERN

HERERRNKK

HHHHAAHHE

Silt; Light Gray, trace fine-grained sand, micaceous.

Sand; Light Gray, very fine-grained, micaceous.

Silt; Light Gray, micaceous.

|
g
|

Silt; Dark Gray, lenses of very-fine-grained sand present, micaceous.

Sand; Medium Gray, very fine-grained, micaceous.
Sandy Silt; Dark gray, micaceous.
Sand; Gray, fine-grained.

Sand; Gray, fine to medium-grained, iron staining and nodules present.

Sand; Orange Gray, transition from Sand to Silts.

Sand; Orange, medium-grained.
Sand; Medium to coarse-grained, iron staining present.
Clayey Silt; Tan.
Sand; Fine-grained.
Silty Sand; Fine-grained.

. ] Sand; Very fine-grained, silty sand lenses present.

’/W Sandy Clay; Tan, lignite present.

e T Silty Sand; Fine-grained, micaceous.

(o2}
o
|
Y e e e I AV APUEE VSRSV

80

Well Construction
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218 Hydrogeologic Framework, Hydrology, and Water Quality in the Pearce Creek Dredge Material Containment Area

. Latitude - N
Station ID: 392525075581401 Boring Depth (Feet): 197 (NAD 83): 39°25'24.6"N CEDd 193
Date Began: 12/6/2010 Well Depth (Feet): 88 Longitude __. .. . Pearce Creek
Date Completed: 12/7/2010 Screen Size (Inches): 0.015 (NAD 83): 75°58'14.5"W Dredge Material Containment Area
Logged By: C. Dieter Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 43.28
Depth ~ AP-COND  GAMMA Lithologic . . o .
(Feet) ¥9 8 803 § § Log Lithologic Description Aquifer Wwell
L | | 1
80 ’

Sand; Fine to medium-grained, micaceous.

T Sand; Coarse-grained, poorly-sorted, sub-angular, gravel present.

— % Silt; Light Gray, zones of very fine-grained sand present, orange staining present.

Clay; Light Gray, zones of increased silt content present.

Clay; Light Gray, very firm, hard, red mottling present, oxidized zones of iron
/ present.

Crad
FEESLE IR LR LA, Silty Clay; Light Gray, Light red and yellow brown mottling present.
LIS IIEET LTSS
TIPS IPT I . . . .
PSS RS EELS, Silty Clay; Light Pink and Gray, yellow brown mottling present.
AL L LT LIS

Silty Clay; Light Gray.
] Sandy Silt; Light Gray, very fine-grained.
| | | | | | | | | | | Silt; Light Pink and Gray, yellow brown mottling present.

// / Clay; Light Pink and Gray, purple mottling present.
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] Silty Clay; Light Gray, zones of maroon and yellow mottling present from 119 to 122
T E LR RE G LLE, feet.
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/ Clay; Medium Gray, gray, brown, and pink mottling present.
/ Clay; Light Gray, mottling present.

bbbt Silty Clay; Yellow Brown and Light Gray, mottling present.
Cl S PP b AP AP A P PR
A . . .
ST PRSI rh Silty Clay; Medium Gray, gray and brown mottling present.

HHHHHHHHHH] Clayey Silt; Medium Gray, lignite and zones of light tan sand present.
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AT, Silty Clay; Medium Gray, lignite and zones of light tan sand present.
C P R P R P
A
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A
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— Gl s H . . . B
A A At At Silty Clay; Medium Gray, lignite present.
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Appendix C 219
. Latitude - N
Station ID: 392525075581401 Boring Depth (Feet): 197 (NAD 83): 39°25'24.6"N CEDd 193
Date Began: 12/6/2010 Well Depth (Feet): 88 Longitude __. .. . Pearce Creek
Date Completed: 12/7/2010 Screen Size (Inches): 0.015 (NAD 83): 75°58'14.5"W Dredge Material Containment Area
Logged By: C. Dieter Drilling Method: Sonic Land Surface Elevation Cecil County, Maryland
Driller: Boart Longyear (NAVD 88): 43.28
Depth ~ AP-COND  GAMMA Lithologic . . o .
(Feet) ¥9 8 803 § § Log Lithologic Description Aquifer Wwell
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Silty Clay; Medium Gray, thinly interbedded clays, silts, and tan sands.

Clay; Medium Gray.

Sand; Medium Gray, very fine-grained, well sorted.
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Silty Clay; Medium Gray, thinly interbedded clays, silts, and tan sands.
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Sand; Light to Medium Gray, Fine-grained, zones of clay at 178 and 182 feet.

UPA, shallow

A\

Clayey Sand; Medium to Dark Gray, fine to medium-grained, lignite present.

Clayey Sand; Medium Gray, fine to medium-grained.
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