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Conversion Factors and Datums

Multiply By To obtain
Length
inch (in.) 2.54 centimeter (cm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
square foot (ft?) 0.09290 square meter (m?)
square mile (mi*) 2.590 square kilometer (km?)
Volume
gallon (gal) 3.785 liter (L)
cubic foot (ft*) 0.02832 cubic meter (m?)
Flow rate
cubic foot per second (ft*/s) 0.02832 cubic meter per second (m*/s)
gallon per minute (gal/min) 0.06309 liter per second (L/s)
gallon per day (gal/d) 0.003785 cubic meter per day (m?/d)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=(1.8x°C)+32

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).

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (uS/cm at
25 °C).

Concentrations of chemical constituents in water are given in either milligrams per liter (mg/L)
or micrograms per liter (pg/L).

The term “water year” is defined as the 12-month period from October 1 of any given year
through September 30 of the following year. The water year is designated by the calendar year
in which it ends and which includes 9 of the 12 months. Thus, the year ending September 30,
2002, is called the “2002 water year.”









Geology, Hydrology, and Water Quality of
the Little Blackwater River Watershed,
Dorchester County, Maryland, 2006-09

By Brandon J. Fleming, Benjamin D. DeJong, and Daniel J. Phelan

Abstract

The Little Blackwater River watershed is a low-lying
tidal watershed in Dorchester County, Maryland. The poten-
tial exists for increased residential development in a mostly
agricultural watershed that drains into the Blackwater National
Wildlife Refuge. Groundwater and surface-water levels were
collected along with water-quality samples to document
hydrologic and geochemical conditions within the watershed
prior to potential land-use changes.

Lithologic logs were collected in the Little Blackwater
River watershed and interpreted with existing geophysical
logs to conceptualize the shallow groundwater-flow system. A
shallow water table exists in much of the watershed as shown
by sediment cores and surface geophysical surveys. Water-
table wells have seasonal variations of 6 feet, with the lowest
water levels occurring in September and October. Seasonally
low water-table levels are lower than the stage of the Little
Blackwater River, creating the potential for surface-water
infiltration into the water table.

Two stream gages, each equipped with stage, velocity,
specific conductance, and temperature sensors, were installed
at the approximate mid-point of the watershed and near the
mouth of the Little Blackwater River. The gages recorded
data continuously and also were equipped with telemetry.
Discharge calculated at the mouth of the Little Blackwater
River showed a seasonal pattern, with net positive discharge in
the winter and spring months and net negative discharge (flow
into the watershed from Blackwater National Wildlife Refuge
and Fishing Bay) in the summer and fall months. Continuous
water-quality records showed an increase in specific conduc-
tance during the summer and fall months.

Discrete water-quality samples were collected during
2007-08 from 13 of 15 monitoring wells and during 2006—09

from 9 surface-water sites to characterize pre-development
conditions and the seasonal variability of inorganic constitu-
ents and nutrients. The highest mean values of nitrogen are
found in the deep groundwater system, with relatively low
values in the water table. Surface-water-quality samples in the
lower half of the basin show a significant increase in inorganic
seawater constituents, especially in summer, corresponding
with net negative discharge from the Little Blackwater River.

Samples also were collected from nine wells and four
surface-water sites for pesticides in June 2008. The herbicides
atrazine, metolachlor, and simazine, and the insecticide fipro-
nil were detected at each of the four surface-water sites, with
concentrations less than 2 micrograms per liter. Concentrations
of pesticides found in groundwater were typically one to two
orders of magnitude lower than pesticide concentrations found
in surface water of the Little Blackwater River.

Seasonal hydraulic-gradient reversals between the shal-
low groundwater system and the Little Blackwater River,
coincident with the inflow of brackish water from Fishing Bay
and Blackwater National Wildlife Refuge, indicate a potential
for saltwater intrusion into the water table. The likelihood of
saltwater intrusion into the water table is further supported
by high chloride concentrations observed in water-table wells
near the Little Blackwater River.

Introduction

The U.S. Geological Survey (USGS), in cooperation with
the Maryland Department of the Environment, the Maryland
Department of Natural Resources, the Maryland Department
of Agriculture, the Dorchester Soil Conservation District,
and the U.S. Fish and Wildlife Service, began a study of
the hydrology of the Little Blackwater River watershed in
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Dorchester County, Maryland in September 2006. The study
was designed to document the local geologic setting, mea-
sure seasonal groundwater and surface-water conditions, and
analyze water quality in the drainage area of the Blackwater
National Wildlife Refuge (BNWR) planned for municipal
development.

The BNWR is located 12 mi (miles) south of Cambridge
in Dorchester County, Maryland, and consists of over 25,000
acres of freshwater impoundments, brackish tidal wetlands,
open fields, and mixed evergreen and deciduous forests
(fig. 1). The refuge was established in 1933 primarily as a
wildlife sanctuary for migratory birds but is the home of other
threatened species such as the Delmarva fox squirrel and bald
eagle. In the 20th century, wetland plants have disappeared
from the wetlands for a variety of reasons including the pres-
ence of nutria (Myocastor coypus)—non-native semi-aquatic
rodents that overgraze native wetland plants. Residential
development is planned in the Little Blackwater River
watershed between the refuge and the City of Cambridge
(fig. 2). County, State, and Federal regulators and agencies as
well as public civic groups are concerned that an increase in
development could have detrimental effects on the BNWR by
changing groundwater-flow patterns, increasing runoff from
areas treated with fertilizers, and increasing discharges from
on-site wastewater systems into the tidal Little Blackwater
River that flows into the Blackwater River and the BNWR.
In an effort to minimize the potential effects of development
on the BNWR, the State of Maryland purchased part of the
proposed development area that directly borders the Little
Blackwater River, and no development will be allowed on the
state-owned property (fig. 2).

Purpose and Scope

This report describes (1) the geology of the Little
Blackwater River watershed based on the drilling results from
concurrent regional geological investigations, (2) the ground-
water-flow system in areas adjacent to proposed development,
(3) streamflow characteristics, and (4) groundwater and
surface-water quality in the Little Blackwater River watershed
from 2006 through 2009. Data presented in this report will
provide a baseline of preexisting conditions for comparison
with future post-development conditions.

Description of Study Area

The Little Blackwater River watershed is in Dorchester
County, Maryland, on the Eastern Shore of the Chesapeake
Bay. The watershed extends from the south side of Cambridge
to the Blackwater River in the BNWR (fig. 2). The Little
Blackwater River watershed drains approximately 27,748
acres [43.3 mi?(square miles)] that are used primarily for
agriculture. Land use in the watershed in 2005 included
approximately 1,276 acres of residential, commercial, and
light industrial land, and 26,472 acres of cropland, woodland,

forested and marshy riparian areas, and tidal wetlands (James
Newcomb, Dorchester Soil Conservation District, oral com-
mun., 2007). The watershed is relatively flat, with an elevation
of 30 ft (feet) near Cambridge, to sea level at the confluence
with the Blackwater River. The Little Blackwater River is
tidally affected for much of its reach, and flows generally
southward to discharge to the Blackwater River (fig. 2).

Methods

Groundwater and surface-water levels were measured
over a multi-year period to describe the seasonal hydrologic
variation within the Little Blackwater River watershed.
Water-quality parameters including major ions, nutrients, and
pesticides were collected from groundwater and surface-water
sampling sites to characterize water quality prior to changes in
land use.

Groundwater and Surface-Water Monitoring
Methods

River conditions in the Little Blackwater River were
monitored using two USGS gaging stations, station number
1490120 (Little Blackwater River near Cambridge, Md.),
located at the approximate mid-point of the watershed with
a drainage area of 15.3 mi?, and station number 1490140
(Little Blackwater River at Seward, Md.), near the confluence
of the Little Blackwater River and the Blackwater River at
Key Wallace Drive, with a drainage area of 30.2 mi? (fig. 2)
as calculated from a 30-m (meter) digital elevation model.
These sites will hereafter be referred to as the Cambridge and
the Key Wallace Drive gages. Both gages measured specific
conductance, temperature, velocity, and river stage at 6-minute
intervals. Discharge was calculated at Key Wallace Drive with
an acoustic Doppler current profiler (ADCP), which measures
both the velocity and the direction of flow.

The USGS installed a transect of three monitoring well
nests (multiple wells screened at different depths at the loca-
tion) consisting of eight wells, DO Cd 56-63, on the east side
of Egypt Road in 2007, between the proposed development
area and the Little Blackwater River (fig. 2). Another monitor-
ing nest consisting of three wells, DO Cd 64-66, was installed
about 0.4 mi farther south on the west side of Egypt Road in
2008. The USGS also installed a pair of monitoring wells
(DO Dd 12 and DO Dd 13) in the Kentuck Swamp near the
BNWR in 2007 as part of a more regional assessment of the
hydrogeology of the basin (fig. 2). Two wells, DO Cd 67 and
DO Cd 68, were installed prior to the start of the study and
were only monitored for water levels. Continuous sediment
core was recovered from the deep well at each nest site and
was used in this study as the basis for the geologic inter-
pretation. Once the wells were installed, water levels were
measured monthly and selected wells were instrumented with
continuous pressure transducers.



Methods

77° 76° 75°
T s T T
(=Y -
&\ =
<
> o\
%\ i EXPLANATION
PENNSYLVANIA % _ AL LINES
- -3 \ &
I YLAND| peer A 2\ A 0“& | | DELMARVA PENINSULA
& > &S &
C 4 Fonsl | e KA\ Ikt \~‘ [C] LITTLE BLACKWATER RIVER
TR oo Pretyboy X2 < XOCEF! N WATERSHED STUDY AREA
& h . D CANA
S| . i BALLIM LMERG;M\BK e 3 CASTLE BLACKWATER NATIONAL
f EDERICKT g W Reekers, VARV I (R WILDLIFE REFUGE
4 5 d Liberty! Towson 0
§' Lake AL N(f) R fo) Sassafia RivY %
Naasy TY g
z H R =
- Ellicott Gity® e N
Triadelphia <
Reservqir estert
&, &
TGOMERYTY I DELAWARE
N Q)
a0 ot M ana ol BAY
L, 4,
%o, RILNCE
ORGE |
A ASTE) ]lk
o “ FTATB
& or 1 < E% en
1(5
% :
S i ) & s o
Woman_JCr o, ittle Blagkwater Rive “ -
i\ watershed e S
sdmbridgeyy DORGHES e Tee, Indjan River
BSs A& g Bay
v LCery T j —
S =
(O Ocean City
oW - f /
0 \//J
38 —
80° @ 4 %
) 75 Q)V'
| o QQ
Little Blackwater River 37
watershed study area O
o %5% S
Gl -
1 ¢
V
&
N
K
Location of Little Blackwater River \
watershed study area,
Delmarva Peninsula 0 10 20 30 MILES
0 10 20 30 KILOMETERS
37° ‘ I |

BASE FROM U.S. GEOLOGICAL SURVEY, 1:500,000

Figure 1.

Location of Little Blackwater River watershed study area, Dorchester County, Maryland.
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Groundwater and Surface-Water Sampling
Methods

Groundwater samples were generally collected using
standard USGS sampling protocols (U.S. Geological Survey,
variously dated) that were modified slightly because of the low
permeability of the materials in which many of the wells were
screened. Fultz groundwater sampling pumps were used and
pumped at low-flow rates to minimize the drawdown in the
wells so that well screens were not exposed to the atmosphere
during the purging and sampling. For water-table wells, which
had well screens that straddled the water table, the drawdown
was minimized as much as possible, but some aquifer materi-
als were exposed to the atmosphere. The intermediate-depth
wells sampled in October 2007 along the transect (wells DO
Cd 57, 60, and 62) had such low recovery rates that groundwa-
ter sampling pumps could not maintain flow rates high enough
to recover sufficient volume for sampling. These wells were
sampled with bailers during this sampling event, and were not
sampled in June 2008.

The sampling procedure involved lowering the pump
intake to the desired depth, and then pumping at a low-flow
rate. Water-quality parameters were collected for pH, tem-
perature, specific conductance, and dissolved oxygen during
purging as the water was pumped through a flow-through
cell. Parameter readings were taken every 5 minutes using
YSI 6920 water-quality sondes until the change in parameter
values between intervals reached stable values. Once stabi-
lization was attained, defined as parameter values with less
than a 5-percent change in six successive S-minute intervals,
sampling bottles for total (unfiltered) analyses were filled, then
bottles for dissolved (filtered) analyses, followed by those
requiring special sample-handling procedures, such as organic
compounds. In-line filtration capsules were used to prevent
atmospheric contact until the sample bottles were filled. All
bottles were preserved, iced and processed, and shipped to the
USGS National Water Quality Laboratory in Denver, Colorado
within 48 hours.

Number of
surface-water
samples in study
(including
replicates and
equipment blanks)

Number of ground-

water samples in
study (including
replicates and

equipment blanks)

Constituent group
sampled for in study

Inorganic constituents
including major

. . 20 71
ions, nutrients, and
field parameters
Organic constituents
including pesticides, 9 4

fungicides, and
insecticides

Geology 5

Surface-water-quality samples were collected using
vertically integrated samplers at the approximate mid-stream
location at each of the sampling points. Horizontal integration
was not used due to the narrowness of the sampling locations.
At two sampling locations (1490113 and 1490108) culverts
were present under the roadways at each location. The culvert
that had the most visual flow was sampled. Beginning on
March 16, 2006, samples were collected from three surface-
water sampling sites (1490112, 1490116, and 1490120) and
analyzed for nutrients, major ions, and field parameters
(fig. 2) in cooperation with the USGS Priority Ecosystems
Science (PES) Program.

Two additional sampling locations (1490113 and
1490140) were added for the next quarterly sampling effort
(June 22, 2006, fig. 2). Additional sampling locations
(1490108, 1490110, and 1490130) were added and quarterly
sampling was maintained until October 29, 2007. A final
sampling was conducted June 10, 2008 at eight of the surface-
water sites. Two storm-sampling events were also conducted
on October 6, 2006 and April 16, 2007 to evaluate the impacts
of major rain events when storm or wind surge was not bring-
ing higher saline water from the Blackwater River or Fishing
Bay into the Little Blackwater River watershed. The storm
samples were collected following evaluations of the real-time
discharge and specific conductance data in consultation with
visual observations from staff from the BNWR. Groundwater
and surface-water sampling sites, dates, and results of sam-
pling are listed in Appendix 1 and 2. Also presented in
Appendix | and 2 are the results of duplicate environmental
samples and ion balances, with equipment blank results pre-
sented in Appendix 3 and described later in this report.

Geology

The Little Blackwater River watershed on the central
Delmarva Peninsula is situated in the Atlantic Coastal Plain.
The Coastal Plain is underlain by a wedge of Cenozoic
and Mesozoic sediments that range in thickness from zero
at the Fall Line west of the Chesapeake Bay in Virginia
and Maryland to approximately 8,000 ft under the coast of
Maryland at Ocean City (fig. 1), and is approximately 3,300 ft
thick under the study area (Trapp and others, 1984). A study
by Ator and others (2005) divides the surficial hydrogeology
of the Mid-Atlantic Coastal Plain into seven sub-regions. The
study area lies entirely within the coastal lowlands sub-region
described by Ator and others (2005). The geological part
of the current study is focused on both Pleistocene marine
and non-marine deposits and Miocene substrates, which
the Pleistocene deposits unconformably overlie. The subtle
geomorphology of the area belies a complex stratigraphic
sequence of laterally variable lithologies. The Delmarva
Peninsula is highly sensitive to shifts in sea level because of
its low relief and close proximity to the Atlantic. The complex
sedimentology and stratigraphy of the region are evidence of
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constantly alternating processes of erosion and deposition.
Quaternary deposits lie unconformably on middle Miocene
sediments, a relation that reflects both deep erosion during

the Pleistocene and a potential long (approximately 10—12
million years) hiatus in deposition. The Miocene sediments
are commonly shallow marine shelf facies with interbedded
pro-delta deposits. The Miocene substrate is cut by numerous
paleochannels of the Proto Chesapeake Bay and its tributar-
ies. The channels are filled with the Pleistocene Kent Island
Formation, an assemblage of cut-and-fill fluvial-to-marine,
transgressive-regressive sequences locally overlain by a thin
blanket of cold-climate modified sediments. This thin assem-
blage of surficial deposits is an artifact of a former landscape
that was constructed, eroded, and modified by cold-climate
processes during the late Pleistocene. When climate warmed
at the beginning of the Holocene, the deeply incised drainages
began to fill with fluvial-to-estuarine sediments as sea levels
rebounded. Holocene sedimentation continues to fill the lower

topography.

Miocene Stratigraphy

A core drilled to basement approximately 2 mi north
of the study area placed the basal contact of the Miocene at
345 ft (Trapp and others, 1984; table 1). Miocene deposits in
this area include the fossiliferous sand, silt, and clay beds of
the Calvert and Choptank Formations. These units have low
permeability, and have even been referred to as the “upper
confining unit” of the Piney Point aquifer (see Klohe and
Feehley, 2001).

The Calvert Formation is the oldest unit in the
Chesapeake Group (table 1). The top of this unit was pen-
etrated in several of the cores in the study area at elevations
ranging from 48—87 ft bsl (below sea level) (table 2). In the
study area, the Calvert Formation is generally composed
of dark gray to olive gray very fine to medium sand with a
variable abundance of fossils, including Chesapectinnefrens,
barnacles, and small clams (fig. 3A). In a concurrent study,
a sediment sample collected from this unit and analyzed for
dinoflagellates in a core approximately 14 mi to the north of
the study area (South Dover Bridge; SDB-1) (fig. 1), places
this unit in the dinoflagellate cyst zone (DNZ) DNS of
deVerteuil and Norris (1996), and correlates this unit with
Shattuck beds 14—-16 (upper Calvert Formation; middle
Miocene) of Gernant (1970) (Lucy Edwards, U.S. Geological
Survey, oral commun., 2008).

The Choptank Formation unconformably overlies the
Calvert Formation as an onlap in this area and has a variable
thickness (253 ft) that is attributed to local scouring by
Pleistocene channels. A distinctive local facies in the upper
part of this unit (“red and green bed”) ranges from gray fine
sand to greenish, or reddish, gray silty clay or silty fine sand
with local concentrations of whitish silty concretions and bur-
rows; woody fragments and unoxidized iron sulfide growths
also occur (fig. 3B). The lower part of this unit is generally
a massive, dark gray clay with small (less than 1 inch) sand

lenses. Two dinoflagellate samples collected from SDB-1
bracket this unit. These well-preserved samples contain an
assemblage that fits in the DNZ DN6 of de Verteuil and
Norris (1996), which in turn correlates with Shattuck beds
17-18 (Drumcliff and St. Leonard Members of the Choptank
Formation; middle Miocene) of Gernant (1970) (Lucy
Edwards, U.S. Geological Survey, oral/written commun.,
2008).

The upper Miocene St. Mary’s and Eastover Formations
conformably overlie the Choptank Formation on the western
side of the Bay (Gernant, 1970), but have not been observed in
the study area east of the Bay. The absence of these overlying
units indicates that they were stripped off the full extent of the
Little Blackwater River watershed during repeated episodes of
falling sea level in the Pleistocene.

Pleistocene-Holocene Stratigraphy

Climate variability during the Pleistocene was the
dominant controlling factor on the stratigraphy and sedi-
mentology in the Little Blackwater River watershed. The
sea level was lowered as much as about 400 ft during glacial
periods (Waelbroeck and others, 2002). These lower base
levels greatly increased the erosive power of streams on
the Delmarva Peninsula and caused deep incision of major
rivers and their tributaries. Cold-climate processes and eolian
sedimentation became extremely active while these cold, dry
climatic conditions prevailed. During subsequent interglacial
periods, climates warmed and sea level rose. River channels
aggraded in response and filled the previously incised topogra-
phy. The Pleistocene stratigraphy within the Little Blackwater
River watershed is therefore largely defined by a variably
thick package of transgressive-regressive sequences represent-
ing facies that range from cut-and-fill stream deposits to full
estuarine fill, and have been capped with cold-climate-modi-
fied sediments.

Complete transgressive sequences from low stand
(fluvial) to high stand (full estuarine) systems tracts can be
seen in cores drilled near the center of paleochannels in the
Little Blackwater River watershed (for example, DO Dd 12
core, 17-30 ft; Appendix 4). The fluvial facies are generally
characterized by open-water, very fine to coarse sand with silt,
pebbles, and sparse cobbles (fig. 4A). Bedforms range from
coarse lag deposits and braided channel cross-beds to silty,
laminated fining-upward sequences on tops of flood plains.
Intermediate, or rising stage, facies are predominantly silt and
clay with thin sand lenses throughout, and local burrows and
organic materials (fig. 4B). The fully estuarine facies is com-
monly characterized by burrowed-to-massive silty clay with
local concentrations of organic materials (fig. 4C). Although
these full, orderly fining-upward transgressive sequences are
present near the center of paleochannels in the Kent Island
Formation, small lenses of sand, silt, and clay facies are often
interfingered with one another on channel margins and are
not laterally continuous (for example, Maintenance Yard core,
26-35 ft; Appendix 5).
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Table 2. Thickness and depth of geologic units in the Little Blackwater River watershed, Cambridge, Maryland (from Trapp and

others, 1984).

. . Thickness Depth
System Series Group or Formation (feet) (feet to base)
Quaternary Pleistocene/Holocene 48 48
Miocene Chesapeake Group 297 345
(lower part)
E Piney Point Formation 192 537
i ocene
Tertiary Nanjemoy Formation 128 665
Aquia Formation 124 789
Paleocene : :
Brightseat Formation 30 819
Severn and Matawan
Formations, 46 865
Upper Cretaceous undifferentiated
Cretaceous Magothy Formation 132 997
Potomac Group,
Lower Cretaceous undifferentiated 2,302 3,299
Precambrian Basement complex

The lithologic contrast between two cores that were
drilled less than 0.5 mi from one another (DO Cd 58 and
DO Cd 66; Appendixes 6 and 7) clearly illustrates the high
subsurface variability in this area. DO Cd 58 is located about
one third of a mile from the Little Blackwater River and has
an approximately 60-ft-thick section of Kent Island sediments,
including a full transgressive sequence, a partial falling-stage
sequence, and some minor wind-blown sands on the surface.
These sediments rest unconformably over about 2 ft of the
shallow, open-water facies of the middle Miocene Choptank
Formation below. The Choptank Formation is conformable on
the Calvert Formation at about 48 ft bsl. By contrast, DO Cd
66 is about 0.5 mi from the Little Blackwater River channel
and only includes about 14 ft of Kent Island fill that includes
a partial rising-stage sequence capped by minor wind-blown
sands. This thin package rests unconformably on about 55 ft
of the shallow, open-water facies of the middle Miocene
Choptank Formation. The Choptank Formation at DO Cd 66
is conformable on the Calvert Formation at about 61 ft bsl.
There are two possible explanations for the obvious lithologic
contrast between these sediment records. The first explanation
is that there could be a paleo-valley wall separating these two
cores. In this scenario, the Kent Island sediments in DO Cd 58
filled a paleochannel that had previously eroded the missing
Miocene record in this location, but not the one located at DO
Cd 66. Alternatively, geologic structure may be interpreted
from the shallow geology between the two cores; a fault could
be offsetting these cores so that DO Cd 66 is on the headwall
and DO Cd 58 is on the footwall. If this were the case, the
thicker Kent Island package in DO Cd 58 indicates more

accommodation space (fig. 5). However, the elevation of dis-
tinctive shell beds within the Calvert Formation in these cores
indicates that if there were ever any structures offsetting these
cores, it would be opposite from the one that was described
above, as this datum is about 13.5 ft lower in DO Cd 66 than
in DO Cd 58 (fig. 5).

As stated above, the uppermost Pleistocene sediments
(the Parsonsburg Sand) were heavily impacted by cold-climate
processes during glacial maxima. Cold, dense winds originat-
ing at the terminus of the Laurentide ice sheet (less than 150
mi to the north) froze large parts of the emergent topography
and transformed the central Delmarva Peninsula into a perigla-
cial landscape that has been well documented by French and
others (2009). Thermal-contraction cracks filled with eolian
material have been observed in gravel pits about 15 mi to the
north of the study area in Easton, Maryland and about 25 mi
to the southeast near Salisbury, Maryland, for example. These
cracks are found in association with thermokarst structures
such as deformed and involuted near-surface soil horizons that
result from thermal subsidence of underlying frozen ground
(French and others, 2009; Smoot and others, 2009). The sur-
face materials in which these phenomena occur are generally
composed of silty sand containing scattered small pebbles
(figs. 6A and B), and have been interpreted as a cover-sand
unit and considered an analog to the cover sands found in
Europe. This suite of cold-climate-derived features is indica-
tive of permafrost and (or) deep seasonal frost (French, 2007).
Additionally, large, currently inactive dune fields have long
been recognized across the central Delmarva and attributed
to processes active during colder, drier climates (Denny and




(A) (B)

Figure 3. Miocene formations observed in cores collected
in the study area: (A)Calvert Formation (97.9-99-feet depth
in Kentuck core), and (B) Choptank Formation (approximately
69-70.25-feet depth in Kentuck core). [Photographs by

B.D. Dedong, USGS.]

others, 1979; Sirkin and others, 1977). Recent Light Detection
and Ranging (LIDAR)-based investigations carried out in both
the central Delmarva Peninsula and west of the Chesapeake
Bay confirm these observations and highlight the regional
impact of these climates during this period (Markewich and
others, 2009; Newell and Clark, 2008).

Sea level has continued to rise since the Wisconsinan gla-
ciation. As sea levels rose, the eroded Wisconsinan landscape
filled with organic-rich silty peat, which is thickest in major
river channels but also present in surficial wetlands.

Hydrology 9

Hydrology

The hydrology within the Little Blackwater River water-
shed is complex and variable, primarily due to lateral and ver-
tical lithologic variability in the subsurface. Repeated climate
oscillations during the Pleistocene caused both major stream
incision into the existing Miocene land surface and subsequent
backfilling of these channels with fluvial-to-estuarine sedi-
ments. Sediments that filled these stream channels represent a
full range of sandy fluvial deposits to clayey estuarine-marine
deposits that are interfingered throughout. The preferential
flowpaths for shallow groundwater flow in this stratigraphy
are extremely discontinuous. Although these sediments are
young and non-indurated, they provide avenues for ground-
water flow that are generally thin and lack significant lateral
continuity (fig. 7). In many locations, erosion and deposition
in the Pleistocene did not have an impact on the deeper strata.
These locations have a thicker and more complete section of
low permeability red and green beds of the upper Choptank
Formation and are likely to create confining conditions in the
Piney Point aquifer below.

Extensive ditching along agricultural fields can create
artificial flowpaths that circumvent the typical topographically
driven groundwater-flow system. The tidal nature of the Little
Blackwater River affects groundwater fluxes, and because of
the wide expanse of open water within the BNWR, southerly
winds can increase river stage well into the headwater areas
of the basin, creating temporary localized reversals in shallow
groundwater-flow directions close to the river. Combined with
the potential uptake of water during the growing season, all of
these factors create a complex and dynamic hydrologic setting
on the Delmarva Peninsula.

Groundwater-Flow System

The USGS installed a transect of three monitoring well
nests (multiple wells screened at different depths at the same
location) consisting of eight wells, DO Cd 56-63 on the east
side of Egypt Road in 2007, between the proposed develop-
ment area and the Little Blackwater River (fig. 2). Another
monitoring nest consisting of three wells, DO Cd 64-66 was
installed about 0.4 mi farther south on the west side of Egypt
Road in 2008 (table 3). The USGS installed a pair of moni-
toring wells (DO Dd 12 and 13) in the Kentuck Swamp near
the BNWR in 2007 as part of a more regional assessment of
the hydrogeology of the basin. The groundwater levels from
September 2007 through September 2009 in wells DO Dd
12-13, and from May 2008 through September 2009 in wells
DO Cd 64-66 have consistently shown downward vertical
gradients, indicating the potential for movement of shallow
groundwater towards the deeper flow system (figs. 8A and B).
Monitoring well DO Cd 1, located just west of the basin
(fig. 2) and screened at 320 ft bls (below land surface) in the
Piney Point aquifer, has water levels that are typically
45-55 ft bsl (fig. 8C). These lower water levels, caused by
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(A) (B) (c)

Figure 4. Examples of facies seen in Pleistocene sequences from the DO Dd 12 core: (A)fluvial (approximately
4-5.25-feet depth), (B)rising-stage (approximately 20-21.25-feet depth), and (C) estuarine-marine (41.75-43-feet
depth). [Photographs by B.D. DeJong, USGS.]
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(A) (B)

Figure 6. The Parsonsburg Sand as expressed in (A) 2.25-4-feet depth
inthe DO Dd 12 core, and (B) 8.5-9.5-feet depth in the Maintenence Yard
core. [Photographs by B.D. DeJong, USGS.]
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regionally extensive water withdrawals from the Piney Point
aquifer, indicate a large downward gradient between the shal-
low and deeper groundwater systems.

The water-table wells, screened in the Parsonsburg Sand,
generally have water levels slightly above sea level, with sea-
sonal variations of several feet (fig. 9A). In winter and spring
months, water-table well observations show groundwater
gradients driven by the subtle topography, indicating potential
flow towards the Little Blackwater River (fig. 9B). In summer
and fall months, water-table well observations show ground-
water levels that drop below the stage of the Little Blackwater
River. These lower groundwater levels create gradient rever-
sals with the potential for the Little Blackwater River to lose
water into the water-table system (fig. 9C). This in turn creates
the potential for infiltration of brackish river water into the
shallow groundwater system close to the river, as evidenced
by elevated chloride concentrations in monitoring wells DO
Cd 61 and DO Cd 68 (see Appendix 1).

The deeper wells, screened in the Miocene sediments (at
depths above the Piney Point aquifer, which is the primary
groundwater supply in the area), generally have water levels
that are several feet below sea level. Continuous water-level
records from the deeper wells show a muted but instantaneous
pressure response to tidal fluctuations observed at the
Cambridge gage (fig. 10). Well DO Cd 58 is approximately
2,500 ft from the Little Blackwater River and screened at
89-94 ft bls, whereas well DO Cd 63 is 500 ft from the Little
Blackwater River and screened at 47-52 ft bls.

MORE PERMEABLE

Generalized north-south hydrogeologic cross section through the Little Blackwater River watershed, Dorchester County,

The response of the deeper wells to changes in tides may
be caused by pressure loading as the high tides press down
on the system, forcing water levels to rise in confined-aquifer
wells. The same type of responses are typical in coastal areas
and are observed in monitoring wells along tidal areas under
both non-pumping and pumping conditions, such as in the
Ocean City and Manokin aquifers (about 250400 ft bls) near
Ocean City, Maryland (Phelan, 1987, fig. 26).

Geophysical (gamma) logs were collected in the deeper
wells, and a 2-dimensional electrical resistivity survey was
performed parallel to the well transect between Egypt Road
and the Little Blackwater River. These logs (Appendixes 6
and 7) and results from the survey (Appendix 8), combined
with geologic core descriptions, are the basis for the cross-
sectional conceptual flow model of the water-table system
for the Little Blackwater River (figs. 9B and C). In Appendix
8, red colors indicate higher electrical resistivity, typically
sands saturated with fresh water. Blue colors indicate values
of lower electrical resistivity, typically of silts and clays. This
interpretation is consistent with the sediment cores collected
from the drilling of the wells along this cross section, however,
the sands are poorly sorted and contain some silts and clays.
The interpretation using gamma logs, electrical resistivity
surveys, and lithologic logs confirms the presence of thin
sandy deposits (10-20 ft) of the Parsonsburg Sand, which has
a relatively higher permeability than the underlying silts and
clays in this part of the watershed.
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Surface-Water System

Over the period of record, specific conductance varies
seasonally at the Cambridge and Key Wallace Drive gages,
with maximum values in late October, and minimum values
in May (figs. 11A and B). Annual peaks in specific conduc-
tance are observed approximately 2 months after annual peaks
in surface-water temperature. These specific conductance
patterns reflect the same seasonal trends typically seen in the
Chesapeake Bay as the saltwater front moves up the Bay in
the summer and out of the Bay in the spring in response to
seasonal changes in freshwater inflow to the Bay.

Specific conductance at the Key Wallace Drive and
Cambridge gages ranged from 200 to 24,000 and 120 to
13,000 uS/cm (microsiemens per centimeter), respectively
(fig. 11A). For comparison, the specific conductance of
seawater is typically about 50,000 uS/cm (Hem, 1985), and
the range of specific conductance values in the freshwater
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Figure 8. Groundwater levels in (A)wells DO Cd 64 (screen
interval 3-13 feet below land surface [ft bls]), DO Cd 65
(screen interval 70-75 ft bls), DO Cd 66 (screen interval
124-129 ft bls), May 2008—August 2009, (B) wells DO Dd 12
(screen interval 95-100 ft bls) and DO Dd 13 (screen interval
2-12 ft bls), September 2007-September 2009, and (C) well DO
Cd 1, 19602010, Dorchester County, Maryland.

portion of the Choptank River on the Delmarva Peninsula in
685 samples between 1980 and 2009 ranged from 46 to 307
uS/cm, with a median of 133 uS/cm (U.S. Geological Survey,
2010).

Discharge calculated at Key Wallace Drive varies
seasonally, with net negative discharge (more water flowing
upstream than downstream) during the summer and fall
seasons, and net positive discharge from the Little Blackwater
River in the winter and spring (fig. 12). In water years 2008
and 2009 (October 1, 2007 through September 30, 2009),
annual net discharge was negative, meaning more water
flowed into the watershed from the Blackwater River than
flowed out to the Blackwater River. The annual net discharge
in water year 2007 was positive, however. Given the high
percentage of agricultural land use and significant amounts of
riparian wetland vegetation, evapotranspiration (ET) is likely a
major cause of groundwater flux out of the watershed.
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Figure 9. (A)Groundwater levels in water-table wells, and cross sections of (B) winter and (C) summer groundwater-flow
directions, October 2007—July 2009, Little Blackwater River watershed, Dorchester County, Maryland.
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Figure 12. Discharge to and from the Little Blackwater River
at Seward, Maryland on Key Wallace Drive, Dorchester County,
Maryland, November 2006—September 2009.

Water Quality

Water-quality samples were collected during 2007-08
from 13 monitoring wells and during 2006—09 from 9 surface-
water sites to characterize pre-development conditions and
seasonal variability. Continuous water-quality monitors were
installed at both gaging stations (Cambridge and Key Wallace
Drive) to measure temperature and specific conductance and
observe the seasonality of brackish-water conditions in the
Little Blackwater River between 2006 and 2009.

Data Quality Assurance

Quality-assurance samples were collected during this
study. Equipment blanks were collected to determine the
potential for contamination of samples during the sampling,
shipping, and laboratory handling procedures. Duplicate
samples were collected to determine reproducibility, and ion
balances were calculated to determine whether all appropriate
major ions had been analyzed, and whether the analytical
results were acceptable, and within generally accepted
guidelines.

Blanks

Three field equipment blanks were collected during
groundwater sampling, and one field equipment blank was col-
lected during surface-water sampling to determine if there was
a potential for contamination from the sampling equipment
and filters, or if there was carryover contamination from previ-
ous samples (Appendix 3). One of the three blanks collected at
the groundwater sites was analyzed for inorganic constituents



18 Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

only, and the other two blanks were analyzed for both organic
and inorganic constituents. The surface-water blank was ana-
lyzed for inorganic constituents only.

The inorganic blank groundwater samples had detectable
concentrations of dissolved calcium that ranged from 0.02
to 0.1 mg/L (milligrams per liter) (Appendix 3) whereas the
environmental calcium sample concentrations ranged from
1.1 to 95.5 mg/L. This indicates that up to about 10 percent
of only the lowest calcium concentration may have been
affected by sampling, handling, or laboratory procedures. Four
other inorganic compounds were detected in concentrations
near detection levels in at least one of the four blank samples
for potassium, alkalinity, silica, and ammonia plus organic
nitrogen. The potassium detection in the blank was less than
0.5 percent of the lowest environmental concentration. The
acid-neutralizing capacity (ANC) in two blanks was detected
at estimated concentrations (4 mg/L) below the minimum
reporting level of 5 mg/L, but was about half of the concentra-
tion of the lowest environmental sample at 9 mg/L, indicating
that very low ANC concentrations may be reported at almost
twice the actual value.

Dissolved organic carbon (DOC) was detected in one
surface-water blank at a concentration of 0.6 mg/L, whereas
environmental concentrations in surface water ranged from
7.4 to 47 mg/L, indicating the potential to add greater uncer-
tainty in samples with very low DOC concentrations. There
were no detections of any organic compounds from the two
groundwater equipment blanks. The lack of detections indi-
cated that there was no contamination, but the unexpected
analytical results of sulfometuron-methyl in a groundwater
sample from DO Dd 12 may suggest otherwise.

Duplicates

Two duplicate groundwater sample pairs were collected
to determine reproducibility of the inorganic analyses
(Appendix 1). Both duplicate pairs were sampled within 15
minutes after the original sample. Most constituents were
consistent between the duplicate samples, with the exception
of well DO Cd 63, when sulfate concentrations nearly doubled
(from 4.7 to 7.4 mg/L) between the first and second samples.
Relative percent differences (RPDs) were calculated between
duplicate pairs for each inorganic parameter that had measur-
able concentrations in both sample pairs to describe the repro-
ducibility of the values. The formula for calculating RPD is:

C] _Cz %
(Cl _Cz)
2

100

(M

where C, is the concentration of the parameter in the original
sample and C, is the concentration of the same parameter
from the duplicate sample. With the exception of the one
sulfate concentration mentioned above, RPDs from inorganic

constituents ranged from 0 to 16.4 percent, with an average of
5.1 percent, indicating good reproducibility even after 15
minutes of pumping. These results show good reproducibility
at the non-detect levels, but cannot address the reproducibility
of the detected concentrations as found in other samples.

lon Balances

The accuracy of major dissolved-constituent values in
a reasonably complete chemical analysis of a water sample
can be checked by calculating the cation-anion balance (Hem,
1985). If the analytical work has been performed accurately,
and if all major ions were analyzed, the difference between
the two sums will generally not exceed approximately plus or
minus 5 percent. The cation-anion balances, given in per-
cent differences between total cations and total anions when
converted to milliequivalents per liter (meq/L), are presented
for each groundwater and surface-water sample (inorganic
constituents) from the Little Blackwater River watershed in
Appendixes 1 and 2, respectively. lon balances for 69 surface-
water samples ranged from -15.4 to 10.9 percent, and averaged
1.7 percent. Nine surface-water samples had ion balances that
exceeded 5 percent. Ion balances for 20 groundwater samples
ranged from -6.9 to 3.8 percent, with an average of -2 percent.
Five of the 20 samples had ion balances between 5 and 6.9
percent.

Groundwater Quality

Groundwater-quality samples were collected from
nine monitoring wells in October 2007. Several wells were
installed in the winter and spring of 2008, and nine wells,
including the newest, were sampled during June 2008. The
sets of parameters analyzed varied between the groundwater
sampling rounds, but both included major ions and nutrients.
The samples collected during June 2008 also were analyzed
for concentrations of pesticides, pesticide degradates, and
other organic compounds. Concentrations of inorganic con-
stituents in the groundwater samples are shown in
Appendix 1. Concentrations of organic compounds detected
in groundwater and surface-water samples are shown in
table 4. A list of organic compounds that were analyzed for,
but not detected, is shown in table 5 along with detection
levels.

Inorganic Constituents

Results from all major ion analyses from both groundwa-
ter and surface-water samples are shown in trilinear diagrams
(fig. 13). Several patterns are apparent. Samples are grouped
into four categories: shallow groundwater, deep groundwa-
ter, surface water in the upper basin and surface water in the
lower basin. Deep groundwater samples (black squares) have
higher values of bicarbonate, whereas shallow groundwater
samples (red squares) have little to no bicarbonate. Boxplots
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Table 5. Dissolved organic compounds analyzed for, but not detected, in surface-water and groundwater samples, Little Blackwater
River watershed, Dorchester County, Maryland.

[<, less than; all concentrations in micrograms per liter, filtered through glass-fiber filter with 0.7-micron opening; see Appendixes 1 and 2 for detected
concentrations]

Mini- Mini- Mini- Mini-
Compound r::)l:)Tt- Compound re:)“ol:'tn;ng Compound r;l;n:t_ Compound r::)l:)Tt-
ing limit limit ing limit ing limit
2,4-D methyl ester <.04 cis-Permethrin <.01 Lindane <.006 | Parathion <.010
2,4-DB <.02 Cyanazine <.02 Linuron' <.04 Pebulate <.004
2,6-Diethylaniline <.002 | Cycloate <.02 Linuron? <.06 Pendimethalin ~ <.012
3-Hydroxy carbofuran <.04 Dacthal mono- <.02 Malathion <.016 | Phorate <.04
acid
Acifluorfen <.04 DCPA <.003 | MCPA <.06 Propyzamide <.004
Aldicarb sulfone <.08 Diazinon <.005 | MCPB <.06 Propachlor <.006
Aldicarb sulfoxide <.06 Dicamba <.04 Metalaxyl <.02 Propanil <.006
Aldicarb <.12 Dichlorprop <.02 Methiocarb <.04 Propargite <.04
alpha-HCH <.002 | Dieldrin <.009 | Methomyl <12 Propham <.04
Azinphos-methyl <.12 Dinoseb <.04 Methyl parathion <.008 | Propiconazole <.04
Bendiocarb <.04 Diphenamid <.04 Metribuzin <.012 | Propoxur <.04
Benfluralin <.004 |EPTC <.002 | Metsulfuron-methyl <14 Tebuthiuron <016
Benomyl <.04 Ethalfluralin <.009 | Molinate <.002 | Terbacil? <.018
Bensulfuron-methyl <.06 Ethoprop <.012 | N-(4-Chlorophenyl)-N’-methyl- <.12 Terbacil <.04
urea
Bentazon <.04 Fenuron <.04 Napropamide <.018 | Terbufos <.018
Bromacil <.02 Flumetsulam <.06 Neburon <.02 Thiobencarb <.010
Bromoxynil <12 Fluometuron <.04 Nicosulfuron <1 Triallate <.006
Butylate <.002 | Fonofos <.01 Norflurazon <.02 Trifluralin <.006
Chloramben methyl <1 Imazaquin <.04 Oryzalin <.04
ester

Chlorpyralid <.06 Imazethapyr <.04 Oxamyl <.12
Chlorpyrifos <.005 | Imidacloprid <.06 p.p -DDE <.003

! Concentration from high-performance liquid chromatography (HPLC).

2 Concentration from gas chromatography-mass spectrometry (GCMS).
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Figure 13. Trilinear diagrams showing chemical characteristics of inorganic constituents in surface water and
groundwater, Little Blackwater River watershed, Dorchester County, Maryland.

of samples grouped into the same categories in figure 13 are
shown in figure 14. Silica shows the highest mean and range
in both groundwater groups, as would be expected. Manganese
and iron are highest in shallow groundwater. Calcium has the
highest mean in deep groundwater, which is consistent with
the shell material found in the deep cores. Deep wells (greater
than 15 ft bls) have higher nitrogen concentrations (2.32—6.89
mg/L) than shallow (less than 15 ft bls) wells (0.26-0.95
mg/L). The exception is well DO Cd 66, screened from
124-129 ft bls with a nitrogen concentration of 0.66 mg/L.
The other inorganic constituents in figure 14 are relatively low
compared to the lower basin surface-water samples.

The pH in shallow groundwater is relatively low—around
4—and increases with depth to over 7 at 130 ft deep (fig. 15).
Several samples collected from water-table wells screened
in more silty sediments have pH values around 5 (fig. 15).

As noted in Ator and others (2005), shallow groundwater
quality in Coastal Plain lowlands can be acidic in areas with

weathered organic matter and higher quartz content in sedi-
ments. These characteristics, along with the low observed dis-
solved oxygen and reducing conditions contribute to the low
values of nitrate in the shallow groundwater.

Chloride concentrations in the shallow groundwater
increase with proximity to the Little Blackwater River. The
wells closest to the river, DO Cd 61 and DO Cd 68, located
500 and 250 ft from the Little Blackwater River, respectively,
have chloride concentrations over 381 mg/L and 219 mg/L.
For reference, the U.S. Environmental Protection Agency
Secondary Maximum Contaminant Level (SMCL) for chloride
based on taste is 250 mg/L (U.S. Environmental Protection
Agency, 2009). In observed monthly water-level measure-
ments, there are seasonal gradient reversals between the water
levels in wells DO Cd 61 and DO Cd 68 and the stage of the
Little Blackwater River. These higher chloride concentrations
are likely caused by infiltration of brackish river water into the
shallow groundwater-flow system close to the river.
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Organic Constituents

Groundwater samples were collected and analyzed for
pesticides from nine wells on June 911, 2008 (table 4). The
commonly used herbicides atrazine, metolachlor, simazine,
sulfometuron-methyl, and the atrazine degradate 2-chloro-4-
isopropylamino-6-amino-s-triazine (CIAT) were detected at
low concentrations (0.03 mg/L or less) in up to three of nine
shallow wells that ranged in depth from 12 to 15 ft (table 4).
One deeper well (DO Dd 12, 99.7 ft) had a single detection
(0.10 mg/L) of the herbicide sulfometuron-methyl. The
detection of sulfometuron-methyl in well DO Dd 12 may be
due to contamination during sampling or laboratory analysis,
and should be confirmed with subsequent sampling because
sulfometuron-methyl is used far less than the other herbicides
in Dorchester County (Maryland Department of Agriculture,
2002), and no other herbicides or insecticides were detected in
that well. The detection was probably not caused by drilling
because the shallow well at that location showed no concentra-
tions of that compound.

Surface-Water Quality

Surface-water-quality samples were collected during
storm events and also on a seasonal basis. Storm event
sampling occurred on October 6, 2006 and again on April 16,
2007. Quarterly samples were taken from March 2006 through
October 2007. A final sampling effort was conducted in June
2008.

Water Quality 25

Inorganic Constituents

Major ions were sampled in surface water at several
sites within the watershed (fig. 2). Results of surface-water
and groundwater inorganic analyses are plotted on a trilinear
diagram (fig. 13). The samples are separated into four groups:
shallow groundwater, deep groundwater, surface water from
the upper basin, and surface water from the lower basin.
Surface-water samples from the lower half of the Little
Blackwater River watershed have consistently higher chloride
concentrations than the upper part of the watershed, with a
maximum concentration of 5,870 mg/L at the southernmost
site, 01490140. The lower (southern) part of the watershed
is under a strong tidal influence, not only in stage but also in
terms of brackish-water mixing. Daily and seasonal varia-
tions in specific conductance at the mouth of the river (site
1490140) and near the middle of the watershed (site 1490120)
are shown in figure 11A. Both gage sites have strong seasonal
variations in specific conductance, but the magnitude of the
seasonal variation decreases further upstream in the water-
shed. Boxplots of selected inorganic constituents for surface-
water sampling sites are shown in figure 16. Sites 1490140,
1490130, and 1490120, in the lower basin, show the greatest
range of values for constituents associated with seawater.
Ranges of silica, iron, and manganese are greatest at the
surface-water sites in the upper basin where base flow from
shallow groundwater contributes more significantly to overall
streamflow.

Surface-water samples are further grouped into summer
(June through November) and winter (December through
May) samples in the upper and lower basin (fig. 17). During
the winter months, when the water table is higher, the Little
Blackwater River is discharging freshwater. As such, upper
and lower basin inorganic constituents do not vary signifi-
cantly. However, in summer months, the upper basin has
higher mean values for iron, manganese, and silica, likely
caused by a greater portion of total streamflow coming from
groundwater.

There is a significant change in water chemistry in the
lower basin from winter to summer. Constituents typically
found in seawater are observed in much greater concentra-
tions in the lower basin during summer (fig. 17). The source of
seawater in the Little Blackwater River is from Fishing Bay,
which flows through the BNWR.

Organic Constituents

Surface-water samples were collected and analyzed for
pesticides only once at four surface-water sites on June 10,
2008 (table 4). This single sampling effort cannot address
either variability or seasonality of the results, and is only rep-
resentative of conditions at that time. The herbicides atrazine,
metolachlor, and simazine, and the insecticide fipronil, were
detected at each of the four surface-water sites. Atrazine,
metolachlor, and simazine were 3 of 16 pesticides that were
commonly found in surface waters of the Mid-Atlantic region
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by Ferrari and others (1997), and were commonly used in
Dorchester County in 2000, the latest date for which county
pesticide usage data are available (Maryland Department of
Agriculture, 2002).

Atrazine is a commonly detected herbicide in surface
water and was detected at concentrations up to 1.1 mg/L.

In addition, three compounds that are atrazine degradates
(2-Chloro-4-isopropylamino-6-amino-s-triazine [CIAT],
2-Chloro-6-ethylamino-4-amino-s-triazine, and 2-Hydroxy-4-
isopropylamino-6-ethylamino-s-triazine) also were detected at
three of the four sites. For comparative purposes, the USEPA
Maximum Contaminant Level (MCL) for atrazine in drink-
ing water is 3 mg/L (U.S. Environmental Protection Agency,
2009). Commonly used pesticides in Dorchester County in
2000 that were also detected in surface water during this study
were alachlor, atrazine, metolachlor, and simazine (Maryland
Department of Agriculture, 2002). Metalachlor and simazine
are pre-emergent herbicides and are commonly used in much
of the Delmarva Peninsula (Ator and others, 2004; Maryland
Department of Agriculture, 1999, 2002). Fipronil is an insec-
ticide commonly used on termites and fleas, and was found at
estimated concentrations below the minimum reporting level.
Fipronil was not reported to have been used in the County in
2000, but was reported to have been used in adjacent counties
(Maryland Department of Agriculture, 2002). Usage patterns
may have changed between 2000, when the latest county-wide
data on pesticide usage are available, and 2008, when samples
were collected in the Little Blackwater River watershed.

Ator and others (2004) analyzed the seasonal variability
of atrazine and metalachlor in two streams on the Delmarva
Peninsula, and found that seasonal variability in pesticide
concentrations in surface water is related to application pat-
terns and that concentrations were generally highest in the
growing season but were detectable throughout the year.
Concentrations of pesticides found in the Little Blackwater
River during this study were similar to concentrations found
by Ator and others (2004) in the Pocomoke River between
Wicomico and Worcester Counties, and in Chesterville Branch
in Kent County, Maryland.

Summary and Conclusions

The goals of this study were to (1) document geochemi-
cal conditions in the shallow groundwater system and the
Little Blackwater River prior to potential land-use changes,
and (2) characterize the hydrology of the watershed, looking
at both the tidal and seasonal variability of surface water and
groundwater. The lithologic variability in the subsurface of the
Little Blackwater watershed suggests an inherently complex
hydrogeologic regime. Preferential pathways for groundwater
flow in the shallow sediments are generally quite thin and
lack significant lateral continuity. Areas where Pleistocene
erosion and deposition did not have an impact on the deeper

stratigraphy have a thicker and more complete section of the
low-permeability beds of the upper Choptank Formation.

Much of the complexity within the shallow groundwater
system is due to the heterogeneous nature of the surficial sedi-
ments. Extensive ditching along agricultural fields can create
artificial flowpaths that circumvent the typical topographically
driven groundwater-flow system. The tidal nature of the Little
Blackwater River also affects groundwater fluxes, and because
of the wide expanse of open water within the Blackwater
National Wildlife Refuge, southerly winds can increase river
stage well into the headwater areas of the basin, creating
temporary, localized reversals in shallow groundwater-flow
directions close to the river.

Water-table wells in the study area generally have water
levels slightly above sea level, with seasonal variations of
several feet. Horizontal hydraulic gradients are persistent
throughout all seasons and indicate groundwater flow towards
the Little Blackwater River. Lower seasonal groundwater
levels in shallow wells close to the river during late summer
and fall indicate a localized gradient reversal from the Little
Blackwater River.

Discharge calculated at the lower gage varies seasonally,
with net negative discharge (more water flowing upstream than
downstream) from June through November and net positive
discharge from the Little Blackwater River from December
through May. Given the high percentage of agricultural land
use and significant amounts of riparian wetland vegetation,
evapotranspiration is likely the major flux of freshwater out
of the watershed during the summer. In the summer months,
brackish water encroaches up the Little Blackwater River from
the Blackwater National Wildlife Refuge and Fishing Bay.

Water samples were collected during 2007-08 from 13
monitoring wells and during 200609 from 9 surface-water
sites to characterize pre-development conditions and seasonal
variability of inorganic constituents and nutrients. Pesticide
samples were collected from nine wells and four surface-
water sampling sites in June 2008. The herbicides atrazine,
metolachlor, and simazine, and the insecticide fipronil, were
detected at each of the four surface-water sampling sites.
With the exception of sulfometuron-methyl, concentrations of
pesticides found in the groundwater were typically one to two
orders of magnitude lower than pesticide concentrations found
in the Little Blackwater River during the same time period.
Concentrations and the type of compounds found in the Little
Blackwater River were similar to concentrations and com-
pound types found in other investigations in the Pocomoke
River between Wicomico and Worcester Counties, and in
Chesterville Branch in Kent County, Maryland. Nitrogen con-
centrations were higher in deep groundwater than in shallow
groundwater. Chloride concentrations in the water-table wells
increase with proximity to the Little Blackwater River.

It is unclear what implications land-use change from
agricultural to residential would have on the water quality in
the Little Blackwater River watershed. Changes in land use



will likely affect the applications of pesticides, road salts, and
nutrients within the watershed. These potential impacts are
subjects for future studies.

Seasonal hydraulic-gradient reversals between the Little
Blackwater River and the water table, coincident with a
seasonal increase in specific conductance and chloride in the
Little Blackwater River, along with elevated chloride in near-
river water-table wells indicate saltwater intrusion into the
shallow groundwater system during summer and fall months.
Sea level rise could exacerbate the impacts to saltwater
intrusion in the future. However, the mechanisms affecting
saltwater intrusion into the shallow groundwater system are
beyond the scope of this study and can be the subject of fur-
ther investigations.

Acknowledgments

The authors would like to thank the Edgar family for
allowing us to install and maintain a stream gage on their
property, and USGS employees Jessica Teunis, Deborah
Bringman, Michael Brownley, Anthony Tallman, and Douglas
Yeskis for their sampling and data-collection efforts, and
Wayne Newell for technical input for the geologic interpreta-
tion. The authors would also like to thank Michael Brayton
and Gary Lauben of the USGS for assistance with geophysical
surveys. The authors also thank the following personnel from
other agencies and organizations who assisted in field logisti-
cal support and provided technical input during the completion
of this project: Diane Cole and James Newcomb (Dorchester
Soil Conservation District); Rebecca Fox and Thomas Fisher
(University of Maryland, Horn Point Laboratory); William
Giese, Dixie Birch, and Suzanne Baird (U.S. Fish and Wildlife
Service, Chesapeake Marshlands Wildlife NWR Complex);
and Gary Setzer (Maryland Department of the Environment).

Selected References

Ator, S.W., Denver, J.M., and Brayton, M.J., 2004, Hydrologic
and geochemical controls on pesticide and nutrient transport
to two streams on the Delmarva Peninsula: U.S. Geological
Survey Scientific Investigations Report 20045051, 34 p.,
available online at Attp://pubs.usgs.gov/sir/2004/5051/.

Ator, S.W., Denver, J.M., Krantz, D.E., Newell, W.L., and
Martucci, S.K., 2005, A surficial hydrogeologic framework
for the Mid-Atlantic Coastal Plain: U.S. Geological Survey
Professional Paper 1680, 44 p., available online at
http://pubs.usgs.gov/pp/2005/pp1680/.

Selected References 29

Cole, W.D., 2008, The Little Blackwater River watershed
management plan: From city headwaters to National
Wildlife Refuge: Cambridge, Maryland, Dorchester Soil
Conservation District, 58 p., accessed October 27, 2009, at
http://'www.ci.cambridge.md.us/uploads/images/Planning
Zoning/Draft Little Blackwater Mgmt Plan.pdf.

Cushing, E.M., Kantrowitz, I.H., and Taylor, K.R., 1973,
Water resources of the Delmarva Peninsula:
U.S. Geological Survey Professional Paper 822, 58 p.

deVerteuil, L., and Norris, G., 1996, Miocene dinoflagellate
stratigraphy and systematics of Maryland and Virginia:
Micropaleontology, v. 42, supplement, p. 1-172.

Denny, C.S., and Owens, J.P., 1978, Sand dunes on the central
Delmarva Peninsula, Maryland and Delaware:
U.S. Geological Survey Professional Paper 1067-C, 15 p.

Denny, C.S., Owens, J.P., Sirken, L.A., and Rubin, M., 1979,
The Parsonsburg Sand in the central Delmarva Peninsula,
Maryland and Delaware: U.S. Geological Survey
Professional Paper 1067-B, 16 p.

Ferrari, M.J., Ator, S.W., Blomquist, J.D., and Dysart, J.E.,
1997, Pesticides in surface water of the Mid-Atlantic
Region: U.S. Geological Survey Water-Resources
Investigations Report 97-4280, 12 p.

French, H.M., 2007, The periglacial environment (3d ed.):
Chichester, United Kingdom, John Wiley and Sons Ltd.,
458 p.

French, Hugh, Demitroff, Mark, and Newell, W.L., 2009,
Past permafrost on the Mid-Atlantic Coastal Plain, eastern
United States: Permafrost and Periglacial Processes v. 20,
no. 3, p. 285-294, DOI: 10.1002/ppp.659.

Gernant, R.E., 1970, Paleoecology of the Choptank Formation
(Miocene) of Maryland and Virginia: Maryland Geological
Survey Report of Investigations No. 12, 90 p.

Hem, 1985, Study and interpretation of the chemical charac-
teristics of natural water: U.S. Geological Survey Water-
Supply Paper 2254, 263 p.

Klohe, C.A., and Feehley, C.E., 2001, Hydrogeology and
ground-water quality of the Piney Point-Nanjemoy and
Aquia aquifers, Naval Air Station Patuxent River and
Webster Outlying Field, St. Mary’s County, Maryland: U.S.
Geological Survey Water-Resources Investigations Report
01-4029, 51 p., available online at http.://pubs.usgs.gov/wri/
wri01-4029/.

Larsen, Curt, Clark, Inga, Guntenspergen, Glenn, Cahoon,
Don, Caruso, Vincent, Hupp, Cliff, and Yanosky, Tom,
2004, The Blackwater NWR inundation model. Rising sea
level on a low-lying coast: Land use planning for wetlands:
U.S. Geological Survey Open-File Report 04—1302, online
only, available at http://pubs.usgs.gov/of/2004/1302/.



30 Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

Markewich, H.W., Litwin, R.J., Pavich, M.J., and Brook,
G.A., 2009, Late Pleistocene eolian features in southeastern
Maryland and Chesapeake Bay region indicate strong
WNW-NW winds accompanied growth of the Laurentide
Ice Sheet: Quaternary Research, v. 71, no. 3, p. 409-425,
doi: 10.1016/j.yqres.2009.09.003.

Maryland Department of Agriculture, 1999, Maryland
pesticide statistics for 1997: Maryland Department of
Agriculture Report MDA-265-99, 56 p.

Maryland Department of Agriculture, 2002, Maryland
pesticide statistics for 2000: Maryland Department of
Agriculture Report MDA-265-02, 45 p.

Milheim, L.E., Jones, J.W., and Barlow, R.A., 2007,
Development of an impervious-surface database for the
Little Blackwater River watershed, Dorchester County,
Maryland: U.S. Geological Survey Open-File Report
2007-1308, 6 p., available online at http://pubs.usgs.gov/
0f72007/1308/0fr2007-1308.pdyf.

Mixon, R.B., Berquist, C.R., Jr., Newell, W.L., Johnson,
G.H., Powars, D.S., Schindler, J.S., and Rader, E.K., 1989,
Geological map and generalized cross sections of the
Coastal Plain and adjacent parts of the Piedmont, Virginia,
IMAP: U.S. Geological Survey Numbered Series, 1 sheet.

Newell W.L., and Clark Inga, 2008, Geomorphic map of
Worcester County, Maryland, interpreted from a LIDAR-
based digital elevation model: U.S. Geological Survey
Open-File Report 2008—-1005, 34 p., 2 pls., available online
at http://pubs.usgs.gov/of/2008/1005/.

Owens, J.P., and Denny, C.S., 1979, Upper Cenozoic deposits
of the central Delmarva Peninsula, Maryland and Delaware:
U.S. Geological Survey Professional Paper 1067—-A, 28 p.

Owens, J.P., and Denny, C.S., 1986, Geologic map of
Dorchester County, Maryland: Baltimore, Maryland,
Maryland Geological Survey, 1 sheet, scale 1:62,500.

Phelan, D.J., 1987, Water levels, chloride concentrations, and
pumpage in the coastal aquifers of Delaware and Maryland:
U.S. Geological Survey Water-Resources Investigations
Report 874229, 106 p.

Sirkin, L.A., Denny, C.S., and Rubin, M., 1977, Late
Pleistocene environment of the central Delmarva
Peninsula, Delaware-Maryland: Geological Society
of America Bulletin, v. 88, no. 1, p. 139-142, doi:
10.1130/0016-7606(1977)88<139:LPEOTC>2.0.CO;2

Smoot, J.P., Newell, W.L., and DeJong, B.D., 2009,
Investigation into the origin and character of surficial
sedimentary deposits at the Midshore Regional Solid Waste
Facility near Easton, Maryland: U.S. Geological Survey
Open-File Report 2009—-1052, 64 p., available online only at
http://pubs.usgs.gov/of/2009/1052/.

Trapp, Henry, Jr., Knobel, L.L., Meisler, Harold, and Leahy,
P.P., 1984, Test Well DO-Ce 88 at Cambridge, Dorchester
County, Maryland: U.S. Geological Survey Water-Supply
Paper 2229, 48 p.

U.S. Environmental Protection Agency, 2009, 2009 Edition
of the drinking water standards and health advisories: U.S.
Environmental Protection Agency, EPA 822-R-09-011,
Office of Water, accessed February 02, 2011, at http://water.
epa.gov/action/advisories/drinking/drinking index.cfm.

U.S. Geological Survey, variously dated, National field man-
ual for the collection of water-quality data: U.S. Geological
Survey Techniques of Water-Resources Investigations, book
9, chaps. A1-A9, available online at http://pubs.water.usgs.
gov/twri9A.

U.S. Geological Survey, 2010, National Water Information
System data available on the World Wide Web (Water
Data for the Nation), accessed January 20, 2010, at http://
waterdata.usgs.gov/nwis/.

Waelbroeck, C., Labeyrie, L., Michel, E., Duplessy, J.C.,
McManus, J.F., Lambeck, K., Balbon, E., and Labracherie,
M., 2002, Sea-level and deep water temperature changes
derived from benthic foraminifera isotopic records:
Quaternary Science Reviews, v. 21, nos. 1-3, p. 295-305,
doi: 10.1016/S0277-3791(01)00101-9.



Appendixes 1-8 3

Appendixes 1-8




Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

32

9¢ TS ¥'0 L6 - ) - I'1 - 1€°S 911 0191  800T/60/90  €1PAOA  TO0T909LOBILTBE
€L I'L €0 ¥9 - 06 - 60 ¥0°S1 9T’s L'66 SYEl  800T/60/90  TIPAOA  100T909L081LT8E
YL €L - - - LY'S - ¥'0 1091 9T’§S L'66 SI60  L0O0T/IE/01  TIPAOA  100T909L081LTE
6'¢ 174 €0 - - - - - (439 00°S 0°SI 0S0T  800T/T1/90  89PDOA  10TFSO9LOISOEBE
SL YL 10 9F - - - L'y - r€01 S'6cl 00ST  800T/11/90  99PDOA  €011909L0001€8E
8¢S Y L0 144! - - - - - 81°01 0°¢l SSST 800T/I1/90  +9PDOA  1011909L0001€8€
€L 'L 00 - - SIS $9 1'0 - e Tes SY0T  800T/01/90  €9POOA  €0SESO9LOTITERE
€L 'L 0 S6 - SIS 0S 80 - cre Tes 0€0T  800T/01/90  €9PDOA  €0SESO9LOTITE]E
SL I'L - - 9 81°9% - I'1 10°8 e Tes STTI  LOOT/IE/0T  €9POOA  €0SESO9LOTITERE
$9 €9 - - 6 - - 19'% 18°¢ v'6l 6201  L0O0T/1E/01  T9PDOA  TOSESO9LOTITERE
0y 8¢ €C - - el S0 90 S0y 89°¢ el 00IT  800T/01/90  19PDOA  T10SESO9LOTITE]E
6'¢ - - - - - - - - 89°¢ el SIIT  LOOT/TE/OT  19PDOAd  T10SESO9LOTITE]E
6'¢ 0¥ - == - - - 0 - 89°¢ el OITT  LOOT/IE/OT  19PDOA  T10SESO9LOTITERE
9 79 60 - 8L - - SL'L 1L ol 8SIT  LOOT/IE/0T  09POOA  TO9¥S09LOBTTERE
'ty (4% ¥'0 - - I'el - L0 - 8T'L el 0CST  800T/01/90  6SPDOA  109¥S09L08TIE8E
L'¢ s 1o - - - - 1'0 €68 8T'L el ShPI  L00T/0E/01  6SPDOA  109%S09L0O8TIERE
L €L - - - - - €0 611 €6 0t6 SIST  L00T/0¢/01  8SPOOA  €0LSS09LOTTIERE
S9 €9 8T - - - - - v'8 686 0'Ce ovcl  LO0T/TE/0T  LSPDOA  TOLSSO9LOTTIE/E
6'¢ 'y 60 - - SII - €0 vv'9 056 Sel SIS0 800T/I1/90  9SPDOA  T0LSSO9LOTTIERE
8¢ (4% 4! - - - - - 81’8 0S°6 Sel SEIT  L00T/0E/01  9SPOOA  10LSS09LOTTIERE
(u)
b (wiw jurod Bui Aeo””:_m
(7/6w) (1/bw) () (senur)  /jeh) -inseaw ) puel
qe| pIay paajossip  (NN4) aoeyns Mojaq aweu [|]am laquinu [jam
md md uafilxo apop  Kupigan) ypdap pouad ajel mojaq pue| jo yo0y) awij ajeq <08 s0sM
H H panjossig T i Guidwes  dwng Mo} ypdap
uoqies , apmnjy l1am
dwng [ELE] o ydag
1218\ jou

‘puejAsely ‘Aunog 481sayoio( ‘paysialem Jaaly Jalemyae|g a1 ‘sajdwes Jayempunolb ul syuanyisuod sjueblioul Jo suoneuaIu0)

[A101810qRT AITeng) 103ep) TeuoneN “TOMN sojdures ajearjdnp ayesrpur s19[dnoo papeys ‘AoAIng [e0130[090) 'S ‘SOS( ‘d[qe[iear
10U BIBP ‘- Q] £q 9N[BA PAR[AP ‘N ‘paunuenb 10U 1nq 1uasaId A ‘parBWINSI 7 ‘e SSI] > ‘snioydsoyd | ‘eniu “ON omnm CON ‘eruowwe “HN ‘uagontu N ‘eorfis OIS 1euoqIed wnioed “ooe) Lo
10d swesororw /31 Guoorad ‘o D, G 1B 193oWNUd 13d SUSWAISOIOIW ‘WS {SNIS[O)) S9IZIP ), 1oy1] Jod sweIijiw “J/3w ‘syun drawolaydou urzewnoy ‘N, ‘dnurw 1od suofes ‘urwy[ed 9295 Y]

'L xipuaddy



33

Appendixes 1-8

S'e8 a3 €0 81 I'l - - 01 6'1¢C 191 0S1 0191  8007/60/90 €1 PA OA
LTS $e €Sl 1'ce 1'9t - - 90T 0’81 L06 L16 SPEL  800T/60/90  TIPA OA
TLY 6'S 6l €81 8'LE - - 0L1 8°Sl €90°1 0L0°T  SI160  LOOT/IE/HO1  TIPAOA
Y9 9'¢ 6C 891 901 - - 96 T6l 9L S6L 0S0T  800T/11/90 89 PO O
9L 8L 9Tl 691 L'8T - - Il 961 680°1 OII'T  00ST  800T/11/90 99 PO O
9Ly €1 9T 0L LS (443 - € T 1€C 1€C SSST 800T/TI/90  +9 PO O
- - 061 8'8C L'LE - - - 961 74! 0€T'T  SYOI  800T/01/90  €9PD OA
7’59 09 L8l L'LT $9¢ - - S0T 9'61 S7al 0TT'T  0€0T  800T/01/90 €9 PD O
199 19 vL1 '9C 1'9¢ - - 661 49! LITT S0T'T STl LOOT/IE/OT €9 PO OA
T8 I'6 89 701 9°€l - - LL S8l 80°1 €10°T 6201  LOOT/IE/O1  T9PD O
I'vL 69 LYy 8°TC 9! - - 431 v'IC 0TET 0LE'T  00TT  800T/01/90 19 PD OA
- - vy 891 Sel - - - - - 090°T  SIIT  LOOT/IE/HO1  19PD Od
9L 19 vy 191 811 - - 96 6'81 650°T T90°T  OITT  LOOT/TE/OT  19PD O
1'8¢ €1 1’9 vl 6'81 - - €01 0’81 6£ 9LE 8SIT  LOOT/IE/NOT 09 PO OA
6’1 91 v'T €81 961 - - S11 e ws 8IS 0TST  800T/01/90  6S PO O
T6¢ Al 6'¢ 091 1’61 - 1'66 il L91 9%s 979 Shvl  LOOT/OE/01 65 PO O
€92 91 97T Tss $'S6 - Tss 99% 'Sl T61°1 vOT'T  SIST  LO0T/OE/01  8SPD O
L'vE €1 €8 991 661 - - 811 (WA 344 00% ovTl  LOOT/IE/01 LS PD O
L'vS LT 6T 00T 671 - - 0zl 861 LL9 L S180  800T/I1/90  9SPD OA
6'9C 01 0¥ '0€ 1’61 - - €L1 Lyl 909 LS9 SEIT  L00T/OE/01  9SPD O
(suoped (fooegse  (‘pgegse
Jolew jo 1/6w) qe;  1/6w)pray  (‘p9en (9) (wosti (wa/gH)
X uone: (1/Bus) (1/Bu) (1/bw) . : PRy .
juajeainba panjossip  ‘panjossip  se /6u) 1ajem qej ‘aosue) aweu [j]am
uondiospe  panjossip panjossip panjossip ‘ague) awi ajeq
%) suones | , i X ‘ssaupiey  ‘ssaupiey ssau ‘ainje -anpuo?d S9SN
wnipos wnissejod ‘wnisaufey  ‘wnioje) -onpuo?d
Jo uonoesy ajeuoqied  ajeuoqied -paey -19dwaj] omoad apoadg
wnipos -uopN -uop yoads

[A101010qRT A1jEN() JoteA) [euOnEN “TOMN sojdwes arearjdnp a1earpur s)o[dnod papeys (AoAIng [82130[090) *S') ‘SDS d[qe[IeAR JoU
vIRp ‘-~ ‘qe[ AQ ON[BA PAIS[AP ‘N ‘poynuenb jou 1nq 1udsaId ‘P pArRWINS? ‘g cuRy $s9] > ‘snuoydsoyd ‘g ‘oreniu QN nnmu CON eruowe TN (usSontu ‘N oIS OIS ‘918U0qIBd WNIO[RD OB LI
1od swrerSoxorw /31 Quosrad ‘o (D, ¢z 1B 1jowNUD 12d sudwAIsOIdIW ‘Wo/SH {SNIS[A)) SAAIZIP D), 10y 1od sweaSiyiw “ /8w fsyun dmmawolaydau urzewo) ‘NN ‘nurw 12d suofes ‘urwy[ed 999) Y]

panunuo)—puejAiey ‘AJunod Je1sayalo( ‘paysialem JaAly Jalemyoe|g a[ni ‘sejdwes Jajempunolf ul syuanyisuod djuehioul Jo suoleIUBIUOY)

*1 xipuaddy



Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

34

SCl ¢LE 99 SI°0 L6 - - - ¢l 8 S 0191 800¢/60/90 ¢ pd Od
IvSH LTH 9°6¢C 0C0 L'L9 - - - 6¢ L6E 911 SPEl 800¢7/60/90 ¢l P Od
Y€9d 11 0°'6¢C 670 ¢'89 9104 T°LLS vyLy - - 9L1 S160 L00T/TE/01 ¢l P Od

- S'LI LI 0 9°61¢C - - - - - 0°C8 0S01 800¢/11/90 89 PO Od
91Ld S0 8°6S 0 0°0¢C - - - €09 S09 [4¥4 00S1 800¢/11/90 99 PO Od
1914 '8Y 1Y 61°0 9°¢T - - - 6 1T 76l GCCl 800¢/11/90 9 PO Od

- YL 9°LS g0 0'6¥ - - - 19 129 00¢C SYOI 800¢2/01/90 €9 PO Od
LLLA LY £'8¢ €0 9'6¥ - - - 909 S09 661 0€01 800¢2/01/90 €9 PO Od
YSLd 'l ¥'9¢ ce0 0'1¢S 0> 9°CIL 9°68¢ - - 861 Y44 L00T/1€/01 €9 PO Od
899 8¢TC 9Ly LT0 0’19 1€0 Y'v6l S6S1 - - 81 6201 L00T/1€/01 29 PD 0Od

- 8'6¥ L' 6¥ 60 1'18¢€ - - - - - 18T 0011 800¢2/01/90 19 PD Od

- 0°'6€ L' 6Y LLO L6C SO’ - - - - 8¢CI SIII L00T/1€/01 19 PO Od

- V'LE s IL°0 8¢ 01T - - - - LET OTTT L00T/1€/01 19 PO O
98¢ 6’ vy 1°0S 91°0 ¥IC 11°0 L°LST €6Cl - - le SCI1 L00T/1€/01 09 PO Od

- YL 0°6S 61°0 'Ly - - - - - 0°6¢ 0¢SI1 800¢/01/90 6S PO Od
LSE 8¢I 1°8¢ ST°0 1°8¢ 80°0 9L (a4l - - 1°6¢ [S7%4! L00T/0€/01 6S PO O
cc8d 1444 °0S 0€0 891 900 9°00¢ Iy - - 018 SISI L00T/0€/01 8S PO Od
8¢ (34! ¥'LS LT0 T8I 600 60¢C LI - - [SHES ovcl L00T/TE/01 LS PD O

- 661 £9¢ 170 L08 - - - - - <89 SI180 800¢/11/90 9¢ PO Od

- 4! 0L 09°0 6°¢6 LO°0 - - - - 0°0¢ eIl L00T/0€/01 9¢ PO Od

(fooed (ooe)
suioms (v/bu) (ois (Vbw)  (yBw)  (1/Bw) __h“”“us se /ou) hhwm_w_, seV) )
-U0D joWwNS  PanjossIp _w%>.__ﬂ\_ M_m___“. PSAjOSSIP  PAAjOSSID  PAAJOSSIp ‘ploy _.H__Mm panjossip _N u_Mw“_M_u panjossip  awil ajeq uEMm_u_m_ME
.wozomm% ‘ajeyng eolis ‘spuony  ‘epuojy)  ‘apiwoig ‘aje prow hy ‘qe; ‘A buzien MPOS
anpisay wogiealg [ O ey

[A101810qRT ANjENn() 197eAN TRUOLIEN “TOMN Sojdwes jeorjdnp ayeorpur s39[dnod papeys (AAING [BI130[02D) ‘SN ‘SHS() d[qe[IeAR JoU
BIRp ‘- Qe[ AQ aN[RA PAIAAP ‘() paynuenb jou Inq Juasad ‘I ‘pajewnss g ‘ury) ss9] > ‘snuoydsoyd ‘g apeniu QN emniu QN ‘eruowwe YN usSoniu ‘N eorfis OIS oreuoqied wnioed <o) L]
10d swresSoxorw /31 Quoorad ‘o (D, Gz 1B 10)oWNUD 19d SUSWAISOIdIW ‘Wo/SH {SNIS[A)) SAAIZIP D), 1031] 1od sweaSiiw /8w fsyun dmawoldydou urzewo) ‘NN ‘onurwr 1ad suofes ‘urwy/[es 999} Y]

panunuog—puejAie}) ‘Alunos 181sayoioQ ‘paysialem Jaaly Jaremyae|g ajui ‘sa|dwes JalempunolB ui sjuanisuod alueblioul jo suoneUSIUOY

‘1 xipuaddy



35

Appendixes 1-8

£€€0 200> - - - 10 910 120 90°1 - 170 0191 800¢7/60/90 €1 pd Od
- 100'd 7004 - - 70> 0S'C e 60°¢ - yLd Svel 800¢/60/90 ¢ paod
- 87100d S00'd - - 70> 87T 0C'¢ - 8L9 60 S160 L00T/1€/01 ¢l pdod
0ro 004 9004 cird 88+'d [0 cro 91°0 170 - - 0501 800¢7/11/90 89 PD Od
- 1004 €00d - - 0> 870 290 §9°0 - L6'd 0051 800¢C/11/90 99 PD O
- 004 9004 - - 70> S1°0 610 0€0 - ccd GSS1 800¢/11/90 79 PO Od
- 2004 - - - 0> 9¢9 - 069 - - S0l 800¢/01/90 €9 PO 0Od
- 004 S00d - - 70> LT9 80°8 G889 - I'1d 0€0l 800¢/01/90 €9 PO Od
- 871004 700d - - 0> 09 66'L - 9L 70°1 Y44 L0O0T/1€/01 €9 PO Od
- 000 10°0 - - 0> 8¢'C LO'E - 6L9 60 6C01 L0O0T/1€/01 29 PO 0d
- 200> - - - 70> g0 70 €70 - - 0011 800¢7/01/90 19PD Od
- 2004 - - - €0d 8C°0 - - SLS - SIIIT L00T/1E/01 19 PO O
(A N0 cc1o0d 700 d Iv0d 9LTH 70°0 ¥C0 €0 - s - OLTT L00T/TE/01 19 PD Od
- 000 10°0 - - 0> LO'C 99°C - 69¢C LEO 8CI11 L00T/1€/01 09 PO Od
11°0 100'd €00d €r0d 981'd 00 6C0 LEO LEO - - 0¢S1 8002/01/90 65 PD Od
- 200> - - - 70> Lo £€6°0 - L6€ 750 Syl L00T/0€/01 65 PD Od
- L6100d 900°'d - - 70> Se'e LSV - €68 9I'l SISI L00T/0€/01 8¢ PD Od
- 000 100 - - 70> SL'T [S93 - L8T 6£°0 ovel L00T/1€/01 LS PD Od
0C0 000 10°0 (AN LSO €10 o 8T0 6£0 - - S180 800¢C/11/90 9¢ PD Od
ST°0 000 10°0 cro S0 cro LYV'0 19°0 - (484 - Sell L00T/0€/01 9¢ PD Od
Buw)
B se /6w Y (N se (1 100}-a19€
/o) N (1/6w) (N se7/bw)  (1/6w) (N e 1/0w) (N se 7/6w) (HN 7/6w) [ejo}  panjossip ooy
panjossip  se 7/bw) paajossip se 7/Bw) ; : 1ad suoy) aweu Jjam
POAjOSSIp  PAAJOSSIP  PAAjoSSIp paajossip uabonu uones awiy aeq
‘uafoniu  paajossip ‘ayuyu snyd paajossip panjossip S9SN
AN ‘ajeIN ‘RN ‘luOWIWY aebio snid  -odena uo
aebig ‘NN ajenIN ‘eluOWIWY ‘anpisay
eluowwy  anpisay

[A101810qRT A1ENQ) 193RAN TRUOLIEN “TOMN ‘Sojdwes ojeorjdnp dyeorpur s39[dnoo papeys (AJAING [BIIS0[03D) 'S’ ‘SDHS( 9[qe[IeAR JoU
BIRp - ‘qe] AQ AN[BA PAIB[AP ‘) ‘paynuenb jou Inq Jussaid ‘| parewnss g ‘uey) ssa| > ‘snioydsoyd g ereniu “ON @mniu CON ‘eruowwe “HN usSoniu N ‘eorfis €I 91eU0qIRd WNId[ED QDR L9l
1od swerSoromu /31 uoorad ‘o D, G7 1B 10JoWNUD J1od SUSWISOIOI ‘WI/SM {SNIS[9) SAAITIP ‘D), IOy Jod swresdiiu /3w syun oroworoydou urzewof ‘NN ‘omnurw 19d suofes ‘urwy/[es 909) Y]

panuiuog—puejAiel) ‘Alunos 181sayoioQ ‘paysialem JaAlY Ja1emyae|g 8T ‘sa|dwes JalempunolB ui suanisuod aluebiour jo SUCNReIUSIUOY

' xipuaddy



Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

36

8¢ L'LT 06Ty A 144! 10°0 1€°0 S0°0 14NV 0Tl ¥9°0 06°0 0191  800T/60/90 €1 PA O
€0- 979 020y - 40! 000 - L9°0 S0'C - S0¢ 6S°0 Svel 8007/60/90  C1PA Od
1°0- 9’6t 091°¢ - - 000 - 61°0 09°0 - 88'C - S160 LO0T/TE/01  TIPAOd
6°6- 068 098°S - I'1 90°0 800> 10°0 <00 (40 €0 60°0 0501  800¢/T1/90 89 PD O
8°0- S8l 089°C - 'L 000 90°0 90°0 81°0 - 99°0 LT°0 00ST  800T/11/90 99 PO Od
S0- €CC ove'y - ST 10°0 00 10°0 €00 - 970 ST°0 SSST  800T/T1/90  ¥9PD Od
L0~ LLS 060°S N 86 - 144 0T'C - - - - S¥0I  8002/01/90  €9PD Od
L0- %S 066 W €8 00°0 861 L8'T s - 689 LSO 0€0T  800C/01/90 €9 PD O
0" 6L¢ L19C - - 0 - 16°1 L8'S - €59 - ¢Tel  LO0T/TE/0T  €9PD Od
S0 909 0999 - - 000 - €10 340) - 08°C - 6201 L00T/1€/01  29PD Od
Le- 1S 0L8Y n €T ST°0 LS00H 10°0 ¥0°0 - Sv'0 cro 00IT 800T/01/90  19PD Od
€6 1494 0SSC - - - - 10°0 - - LY'0 - SITL  L0O0T/1€/0T 19 PD OA
6'¢- 91y L1TT - - 01°0 - 10°0 200 - [540) - OTTT  L0O0Z/TE/0T 19 PD OA
¥l CLL 061°81 - - 000 - I7°0 €€0 - (434 - 8SIT  L0O0T/TE/0T 09 PD Od
6'9- 69¢ 001°S n 0¢ L00 1,003 00 S00 o 70 80°0 0ZST  800T/01/90 65 PD Od
4 ¥S6 069°81 - - 10°0 - 10°0 700 - S6°0 - Svvl  LO0T/0€/01  6SPD Od
L0- (44! 180°S - - 0 - 10 €70 - €6°¢ - SIST  L00T/0€/01  8SPDOd
S'1- 6CL LLY'L - - 000 - 96°0 S6'C - 81°¢ - 0¥l L00T/1€/0T  LSPD O
L9 €ee 006°C - ye 600 10°0 10°0 ¥0°0 (40 ¢so 81°0 SI180 800T/T1/90  9SPD OA
$9- 14014 96%°C - - 90°0 - 10°0 €00 - SL0 - SEIT  L00T/0€/01  9SPD Od
(1/6w)
(s0ue paulwiajap
dogpyy VBN ey (VBW) o (yBw) o (y/Buw) (d  (dseybw)  (1/6w) - (ybw)  Ajjeophjeue - (1/6w)
saue|eq _..u>_cmm_= poAjossIp |e10) . |e10) _H.Sc_:“.__mu se ._\m:: ._5>_cmm_= ._8>_omm__g . |ej0) _wa>_mmm_= . |ej0) ouny a1eg aweu |jam
uojue asaueh ol apyins  ‘uogues  ‘|ejo}‘uol  |ejo}‘sni  ‘ajeydsoyd ‘sjeydsoyd ‘uaboniu m=,_+ w_z uaboniu S9SN
-uepy uaboipAy owebig uaboipAy -oydsoyd -oyuQ -oyuQ |elop +ON+ON) 9tuebig
[uoney uaboniu
|ejol

[A103810qRT ANTen() 10jepN TeuoneN “TOMN sojduwes ojearjdnp aresrpur s)o[dnoo papeys ‘AoAIng [e0130[090) 'S N ‘SHS d[qe[IeA. J0U
vIRp ‘- ‘qR[ AQ ON[BA PAIO[AP ‘M ‘paynuenb jou 1nq 1osaId ‘P pAIRWINSS “F uRy $SI > ‘snioydsoyd ‘g orenu QN nnmu CoN eruowe TN usSontu N oIS OIS ‘918U0qIRd WNIO[ED OB LIN]
10d swrerSoxorw /31 Quosrad ‘o (D, §7 I8 1jownud 12d sudwAISOIdIW ‘Wo/SH (SNIS[A)) $AIZIP D), 10y 1od sweaSiiw “ /8w syun dmmawoldydou urzewo) ‘NN ‘nurw 13d suofes ‘urwy[ed 999) Y]

panunuo)—puejAie|y ‘Alunog 181saydio( ‘paysialem JaAlY Jayemyoe|g ajni ‘sajdwes Jazempunolb ul syuanyisuod djuehioul Jo suoleIU8IU0)

'1 xipuaddy



37

Appendixes 1-8

(34! LET L 19 € 0 0'cs 6SL €8 - - S d 0€TT  800T/01/90 TIT06¥10
1399 S9¢ 89 €9 8¢ (44 96l 69L €8 - - S d STI0T  L00T/6T/01  CIT06¥10
€6¢ 69¢ 'L 9 0¢ €T 0°0¢ oL €8 - - S 1 S¥60 LO0T/01/LO0  CTI106¥10
94! PEl I'L €9 19 99 - IvL €8 - - S d SITI  LOOT/91/¥0  CITO6¥10
ITI eel LL L9 Y01 911 L CLL €8 - - S d 9¢Cl  L0O0T/CI/€0  TIT06¥10
wl ol L 99 €S $9 0°CI LSL €8 - - S d SO0l 900¢/90/C1  CI106¥10
S9 801 'L §9 YL L Lot - €8 - - S d OTE€T  9007/90/01  TIT106¥10
691 €LT e L9 01 60 8¢l L9L €8 - - S d 0€0T  900T/€1/60  CTIT06¥10
LES 4% 69 19 L1 ¥l - L9L €8 - - S 1 0S0T  9002/CT/90  TI1106¥10
20¢ 10¢ oL S9 - S8 L91 - €8 - - S 1 SIZTI  900T/91/€0  CITO6¥10
"PIN Y20Y SISHYQD Jeau JaAlYy Jajeajoe|g s
8¢l vl oL 19 - €0 9° Sy - - - - L 1 S180 800¢/01/90 TI106¥10
‘PIN ‘abpuque) Jeau ‘py we( ajdey 1e Janly Jayeamyoe|g aui
€6¢ se oL S9 [ 81 0°SS 6SL (4 - 4! 1 0TLO 800T/0T/90 O0TT06%10
o€l 6Cl 69 ¢9 <9 89 [ 69L 40 9L0°0 - 14! 1 0€€l  L00T/6T/01  01106%10
9L 8L 'L 99 6L I'6 L IvL 4 ¥l - 14! H 0€0T  L00T/91/¥0  OT106%10
- S6¢ I'L 89 - L'zl Sel 89L 4 80°0 - 14! T 000T LOOT/E€1/€0  OTT06%10
- 0ce €L - - - - - - - - 14! H SOET  900¢/90/C1  OI106¥10
60¢€ 0ce 69 $9 SL €6 S0y 0LL 4 801°0 - 14! H 00€T  9002/90/C1  01106%10
‘PIN ‘abpuquie) Jeau "py Atepunog auo0ig e Aleingu Ja3emyoe|g ajiI
691 ¥91 'L +v9 4! 60 8'9C 6SL Le - - 4! d 0160 800T/01/90 80T106%10
ILT ILT 0L 69 9 L'y I 69L Le 90 - Cl 1 00€T  L00T/62/01  80106%10
0€€ 91¢ LS9 6 L0 1'o¢ 9L L'e 12¢€°0 - 4 T S¥0T  LO0T/0T/LO  80TO6¥T0
€S LS €9 €9 6L €6 o1 L /3 LLT - Cl H S160 L00T/91/70  80106¥10
- €le 'L §9 - I1 6'6C 89L Le 9¢'1 - 4 1 0060 L00T/€1/€0  80106%10
981 761 L9 99 SL S'6 6'CI 0LL L'e - - Tl H 00T 9007/90/CT  80T06%10
‘PIN ‘@Bpuquie) Jeau "py Alepunog auolg 1e JaAlY Jajemyoe|g s
(wo/st) (wo/st) (uoneimes  (7/6w) (1/6w) (A ww) (1) (in () Jaquinu
P12y qe| qel Py panjossip (s/s4) adepns  ajako
‘souelonpuos ‘sousonpuos  ‘pd  ‘nd %) uabAxo  uabAxo apIXOIp ainssaid eale ob.1eYsIg wbiay pueijo  epiL awny ajeq uonels
oyioadg oyioadsg panjossiq  paAjossiq uogues oijawoleg abeulesq afiep — S9SN

[eyep ou ‘N <Surpre;y  Sursw 9 ‘mof “T ySiy ‘H ‘sordwes ajeorjdnp ojedrpur s3o[dnod papeys yiep (AoAing
801301090 *S'M ‘SDS PArRWINSd g ‘ury) $SI[ > ‘snuoydsoyd g dreniu QN nnmu CON eruowwe TN ‘uegonmu N 1eaIfIs OIS 91Bu0qIed WnIed OO O[qRIBAR JOU BIBD ‘-- ‘AINOIOUL SIOJOWI[[IW
‘BH wiw <soqrw arenbs ¢ 1w 1991] 1od sweidororw “7/8M Guoorad ‘o (9, G 1B 19)oWNUID 1od SUSWAISOIIIW ‘WI/SH (SNIS[9)) $321Fp ), ‘1N 1od swreIij[rw “J/3w puosas 12d 109) 21qNo ‘s/J 109) Y]

‘puejAiepy ‘Awuno? 181s8Y010( ‘PaYSISIRM JBAIY 181BMY IR |1 ‘Sa|dwes 181eM-80.LINS Ul SJUBNMISUOD dlueBioul Jo suoneusouoy g xipuaddy



- €51 Th - - - - - - - - 9 A 0SCI  800Z/01/90 9110610
L91 0S1 SL €9 L S0 1'9¢ 6SL (4% - - 9 d S¥Cl  800T/01/90 9I1106¥10
0Ty 0€0°C 89 9 0¢ [ ¢'LT 69L (44 - - 9 d 0001 L00Z/62/01 91106%10
447 Sot SL v9 33 LT 8'8C oL (4% - - 9 1 0€60 L00T/OT/LO  91106%10
8L 18 89 99 €L 6L 1’6 1L (44 - - 9 d §TCl  LOOT/91/¥0  91106¥10
60¢ 1€T 8L 0L 801 €Cl €S TLL (4% - - 9 d TrCl  L00T/TT/€0  9T106%10
01¢ S1T I'L 89 LS I'L o1 LSL (4% - - 9 A 00IT 900¢/90/C1  91106¥10
9¢1 IS1 'L 99 89 89 SIT - (4% - - 9 d 0ZET  9007/90/01  91106%10
081 981 0L L9 Ll Sl el L9L (44 - - 9 k| 0001 900T/€1/60  91106%10
161 ¥0¢ I'L 19 L1 ¥l - L9L (4% - - 9 d OITT 9002/CT/90  91106%10
81 081 oL L9 - - ¥0I1 - (44 - - 9 1 0STI  900T/91/€0  91106¥10

‘PIA ‘8bplquien Jeau Areinquy Jaaly Jalemyoe|g s
60¢ €0C I'L 99 8 90 ¥'9C 6SL Sl - - 6T 1 0¥L0 800T/01/90 €1106¥710
881 L81 €L 69 ¥9 L9 ¥0I1 69L Sl - - 6'C 1 0071  L00T/6T/01  €1106¥10
gee 61¢ V'L 0L @l 9°¢ 961 9L Sl SLY0 - 6'C d SEIT  LOOT/OL/LO  €TT06¥10

16 06 SL L9 8L 6 9L IvL Sl (A - 6T H 001T L00T/91/¥0  €1106+10
60¢ 61¢ 8L T'L - - I's 89L Sl 9Tl - 6'C d 0€0T  LOOT/E1/€0  €T106¥10
1274 9T L 89 89 88 9¢l 0LL Sl - - 6'C | 0ICI 9002/90/C1  €1106¥10
001 Ol I'L 0L €8 4] 0°¢S - Sl - - 6T A 0€¥l  9002/90/01  €1106%10
0cc 81¢ L 0L 01 86°0 ¥0I1 L9L Sl - - 6'C H 00€T  900T/€1/60  €1106¥10
8¥¢ ¢ Lk 9 8¢ €T - LOL S1 - - 6'C aN SI91T 900¢/TT/90 €1106¥10

‘PIN ‘abpuqued e g1 ‘1Y 1e youeig weq ajdely
(wo/grl) (wo/grl) (uoneames  (7/6w) (1/6uw) (FH ww) (c1u) M) W) laqunu
P12y qe| qe|  pisy panjossip (s/c4) asepns  ajako
‘squmonpuos ‘soumonpuos  ‘gd  ‘nd o) uabAxo  uabixo apIxOIp ainssaid eale eBIpyosIq wbiay T — awnj ajeq uonejs
auioedg auioedg panjossiq  panjossiqg uogeey aujawoseg abeurelq afien spmnIy sSosn

Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

38

[e1ep ou ‘gN Surqrey ¢ Surswx 9y ‘mof “T Y3y ‘Y ‘sojdwes oyesrjdnp ayesrpur s1o[dnoo papeys yrep (Aoaing
801301090 S’ ‘SDS PATRWNSI g ‘ury) sSI[ > snxoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N BoIfIs OIS (91BU0qIRd WNIoRD OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘SH wwu <soqrur arenbs 1w (1091] 10d sweaSorotw “ /31 quootad oy O, ¢7 1B 19)oWNUdd 19d SUSWAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



39

Appendixes 1-8

01671 006714 L L'L 06 6'8 LT 69L (14 - - S d 00IT L00T/6T/01 0€I106¥10
- 0Z0°L 68 - - - - - - - - S H SIST L0OOT/01/L0  0€106%10
000°L 020°L 98 €6 8¢€1 96 00 9L (14 - - S H OIST LOOT/OT/LO  OET06¥10
Lyl (44! L 0L 68 0I ¥'C IvL (14 - - S d 00€1  L00T/91/¥0  0€106¥10
YLS (445 L 8L 89 8L S0 €LL 8T - - S A 8EIT L00T/C1/€0  0€106¥10
SOL 9¢L 0L TL 6 €1l 't LSL (14 - -- S d 0¥60 9007/90/C1  0€106¥10
0%6°C 0¥6°C SL 138 101 86 60 8T - - S d 0€TT  9007/90/01 0€T106¥10
0129 0€1°9 €L €6 €6 4] 00 L9L 8T - - S A S¥80  900¢/€1/60 0E106¥10
‘PIN ‘PJEMBS Jeau JBAIY Jalemyde|g anl]
SLI 691 V'L 99 187 3 91 6GL £Gl - - ST1- k| 0€IT 800T/01/90 0CI06V10
(7 (147 69 99 9 ¥'9 (| 69L €SI - - STl d 0€0T  L00T/6T/01  0TI06¥10
09%°1 SS1 6L TL 08 8¢ Se oL €Sl - - ST1- d 0€TT  L0OOT/01/LO  0TI06¥10
69 €L L9 €9 6L 6'8 L8 IvL €Sl - 90°¢C ST1- qd 0vcl  L00T/91/%0 0T106%10
IL1 981 YL 69 L8 66 Sy TLL €SI 8L~ IL°0 STI- A 0TI L00T/T1/€0  0T106¥10
€T 9T¢ I'L 69 S8 S0l 6'L LSL €¢I - Pl ST1- d 0001  9002/90/C1  0TI06¥10
61¢C Tl I'L 0L 88 ¢'8 6'S £Gl - - ST1- | S¥Cl  9002/90/01  0CI06V10
60S 61S L SL LA 89 €T L9L €SI - €T STl A S160 900¢/€1/60 0TI06¥10
091°C ov1e €L 8¢S €L L's - L9L €SI - - ST1- d 0201  9007/TZ/90  0T106¥10
86¢C L6T L9 89 - 6 69 - €Sl - LEO0 ST1- 1 0€IT  900C/91/€0 0TI06¥10
uoneis Buibeh “p\ ‘abpluquwen Jeau Jaaly Jazemyoe|g 3]
(wo/grl) (wo/grl) (uoneames  (7/6w) (1/6uw) (FH ww) (c1u) M) W) laqunu
P12y qe| qe|  pisy panjossip (s/c4) asepns  ajako
‘squmonpuos ‘soumonpuos  ‘gd  ‘nd o) uabAxo  uabixo apIxOIp ainssaid eale eBIpyosIq wbiay T — awnj ajeq uonejs
auioedg auioedg panjossiq  panjossiqg uogeey aujawoseg abeurelq afien spmnIy sSosn

[e1ep ou ‘gN Surqrey ¢ Surswr 9 ‘mof “T Y3y ‘Y <sojdwes oyesrjdnp ayesrpur s)o[dnoo papeys yrep (Loaing
801301090 S’ ‘SDS PATRWNSI A ‘ury) sSI[ > snoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N 1BoIfIs OIS (91BU0qIRd WNIoRI OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘BH ww <sofrur arenbs 1w <1091] 10d sweaSorotw “ /31 quoorad ‘o ¢, ¢7 1B 19JoWNUdd 19d SUSWIAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



0L8°1 ¥8L°1 9L S8 vl 0I €0 6GL 0¢ €8¢ - S k| 0S0T 8002/01/90 0¥106¥10
00S°L1 0bSL1d YL - 78 6L - 69L z0¢ - - S d SIIT L00T/6T/01 O¥106¥10
006°C1 0L6C1d 8L 9L €6 $9 €C oL 0¢ 9¢ e S d 0€LT  LOOT/OT/LO  O¥106%10
ST L8T V'L 'L 88 6'6 61 IvL c0¢ 0y 89°C S qd 0vel  L00T/91/¥0 010610
0S¥°C €09°C €L SL 86 ! Sl TLL o¢ S61- [4! S A SY0T  L00T/T1/€0  0F106+10
oSy 088 L T 16 I'11 ¥'S LSL T0¢ 81 81'C S A 1060 9002/90/C1  0¥106%¥10
STT'S 0€TS 'L SL 68 £'8 e - 0¢ - - S | SIZI  9002/90/01  0Ov106¥10
000°€1 006719 €L 98 66 S8 €0 L9L T0¢ - - S A 00CT  900T/€1/60 0¥106¥10
099°G1 00€°S14 08 LL 94! 01 - L9L 0¢ - - S aN 0ZST  9007/TT/90  0¥106%¥10
0L¥'ST 00€°S1d CL €S 18 1'9 - L9L c0¢ - - S | 0060 900T/TC/90 0¥106%10
(anuQq aoe|jep) Aay| 1e) uonels Buibeh "piy ‘plemag 1e Janly Jajemyoe|g ajiH
uojsd) - wo/sl wonenmes  (yow) VO Gy g W soquiny
P12y qe| qe|  pisy panjossip (s/c4) asepns  ajako
s s ) i %) uabAxo  uabhxo ainssaid eale wbiay awnj ajeq uonejs
aouejonpuod ‘asuejonpuod  ‘yd  ‘Hd OAOSS] OMOSS] apIxolp o osed obeures afueyasiq obe puejjo |epip
ayoadg ayroadg panjossiq  paAjossiq uoguey H q leig 9 apmny s$osn

Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

40

[e1ep ou ‘gN Surqrey ¢ Surswx 9y ‘mof “T Y3y ‘Y ‘sojdwes oyesrjdnp ayesrpur s1o[dnoo papeys yrep (Aoaing
801301090 S’ ‘SDS PATRWNSI g ‘ury) sSI[ > snxoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N BoIfIs OIS (91BU0qIRd WNIoRD OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘SH wwu <soqrur arenbs 1w (1091] 10d sweaSorotw “ /31 quootad oy O, ¢7 1B 19)oWNUdd 19d SUSWAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



M

Appendixes 1-8

6L $'9¢ 9¢°0 L'L 8¢ 68 €T - L'LE S'LT - 800¢/01/90  CI106¥10

vEL ¥’ 19 8¢'¢ S 86 961 - - £68 1 - L00T/6T/01  T1106%10
vey 8'8¢ 1454 S8 €9 L'T1 - I'ST £'s¢ 0¢ - LO0T/0T/LO  TITO6Y10
0L 86T 0S°0 I'S 9°¢ 38 0°sT - 0°LE S0l 11 L00T/91/%0  T1106%10
S0l 9'LE 08°0 L'¢ v'e 9L 0°SI 091 Tee 11 - L00T/T1/€0  C1106t10
66 8'¢¢ €L0 LS 8¢ L ¥'oT1 40! 0°S¢ 9 S8 9002/90/C1  T1106%10
08 8'LE 6L°0 I'L 1'C a4 ¥'C - 961 4! - 9002/90/01  CI106¥10
LTl L9¢ 06°0 08 I't '8 90 LT TLE 0¢ 1C 900T/€1/60  CTI106%¥10
099 L'€9 er'e 76 88 Sel - - 0°0L §'9T - 900T/TT/90  T1106¥10
€81 (44 ST €Y 9 L8 - - 801 - Zll 9002/91/€0  CTI106¥10
"PIN 90Y SISHYY Jeau Janly Jalemyae|g anui]
9 §'Te 70 €L S'e 68 Sy - §9¢ ¢St - 8002/01/90  T1T06+10
‘PIN ‘@bplLqueq Jeau 'py we(q a|de|y e 1aAlY J81eMYIB|g |1
0°0¢ 6'8¢ (4! 8¢ 98 0T 6 - 8°L6 144 [£3 800¢/01/90 01106%10
[\t VLE 8L°0 6'¢ 8T £'8 - 781 £Ce 14! 14! L002/62/01  01106%10
6t §0¢ LY'0 6C 81 €S 09 - §0T 8 S'6 L00T/91/%0  01106%10
96T L9 ¥S1 0¢ 99 0Ll A% 09¢ $'69 S'L 6 L00T/€1/€0  01106%10
6'8C - - vy 69 == - == - - - 9002/90/C1  OT106%¥10
L'8C ey €'l Sy 69 €6l €0l (44! 99L 9 01 9002/90/C1  0T106%¥10
‘PIN ‘@bBpuquen Jeau 'py Alepunog au0ig 1e Aleinquy Jajemyoe|g aj
901 €8¢ 90 Sy LY vel 6°¢l - 9°CS G'8¢C SgIe 8002/01/90  80106%10
€8 TET €50 L6 6'¢ 8°CI - 991 8Ly ST - L00T/6T/01  80106%10
v (443 0’1 (A I'L 61T - 9'6C L'€s 6¢ - L0O0T/01/L0  80106%10
I'e L'ST €0 ¥'C ¥l A% 99 - 991 L 0I LO0T/91/¥0  80106%10
6'1¢ 0Ly 19'1 43 69 81 443 LSt I'vL 6 Sel L00T/€1/€0 80106110
9°¢l 9t¢ €8°0 9¢ 6 gl §Sc 09¢ SIS S 6 9002/90/C1  80106%10
‘PN ‘@bpuquweq Jeau ‘py Alepunog auolg 1e JaAlY Jajemy|oe|g a|ni
(suonea
(1/6w) 1ofew jo ones (1/6w) (1/6w) (/6 Amou.wu se 7/6uw) Amo%.u sey/bu) oo () (20) -
panjossip wajennba uondiospe  panjossip panjossip  PaAjossIp am._ Panjossip Em.__ PONOSSIP g 7/6w) ‘._255 , e ajeq uonejs
‘wniposg %) suonea ‘winipog ‘wnissejod ‘wnisaufiely  ‘wniojes ssoupley ssoupieq ssaupiey oIme oIme sSosn
Jo uonaeyy 9Jeu0qiBIUC]  3)EuoqIeduUo| -13dwa]  -1adwap

wnipog

[e1ep ou ‘gN Surqrey ¢ Surswr 9 ‘mof “T Y3y ‘Y <sojdwes oyesrjdnp ayesrpur s)o[dnoo papeys yrep (Loaing
801301090 S’ ‘SDS PATRWNSI A ‘ury) sSI[ > snoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N 1BoIfIs OIS (91BU0qIRd WNIoRI OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘BH ww <sofrur arenbs 1w <1091] 10d sweaSorotw “ /31 quoorad ‘o ¢, ¢7 1B 19JoWNUdd 19d SUSWIAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



I'6 - - 6L (187 - - - - - - 8002/01/90 91106%10
06 ¢'8¢C €9°0 8L 6'¢ €6 I'c - S'6¢ 0¢ - 8002/01/90  91106%10
8'66¢ 6'CL IL'8 91 43 6'¢¢ - - ¥'81C 01 - L00T/6T/01  91106%10
L9S g9 vIe 08 €L 9Tl - "z S19 S'6C - LO0T/OT/LO 91106110
[ £YC 9¢0 7T 61 I'L S'L - A4 S0l - L00T/91/¥0  9T106¥%10
¢8Il 6'8¢ SO'T L€ ¢¢ A 8'I¢ '€ L'8S 01 - L00T/T1/€0  91106%10
R4l 433 ¥8°0 0°¢ S I'vl 8'¢T 61T 6'9¢ 9 6 9002/90/C1  91106¥10
I'6 So¢ 69°0 1’6 €€ 6L 40! - 9°¢e ST - 9002/90/01  91106¥10
€yl 9'6¢ [N 08 9% 8L 90 L't I'LE 1T 0C  900T/€1/60 9T106¥10
991 0°0Y 90°1 €9 S8% 01T - - '9% T - 900T/TT/90  91106%10
I'vi 6'LE 60 LY LYy ol - - [ Cl 9002/91/€0  91106¥10
‘PIN ‘@Bpuquie) Jeau Aseingul Janly Jayemyoe|g aui
el 0°0¢ €L0 9tY L'¢ 81 I'L - 609 ¢9T ¢¢  800T/01/90 €1106%10
9°¢l e 780 'S 0¢ 0°¢I - 88 86 i4! i4! L00T/6T/01  €1106%10
¥ 0v 6'SS e ¥'S (187 €81 - - 79 8¢ - LO0T/OT/LO  €1T06%10
S €T SN0 (4 0¢C I'6 0CI - I'1¢ 8 S0l LOOT/91/H0  €I106¥10
9°'LT L'ty LE'T LT 99 661 'ty V' ey 0°LL S8 6 L00T/€1/€0  €1106%710
0°0¢ 9°9¢ €0'l €¢ ¥ g6l §'LT 6'6C 6'0L S S8 9002/90/C1  €1106¥10
8¢ 91 8C°0 €9 Tt o1 8 - (943 91 - 9002/90/01  €1106%10
a4l 0'¢Ce 18°0 LY L'e 1'81 [ S8 09 ¢8I 1T 900T/€1/60  €1106¥10
Lel L9¢ ¥0'1 0°¢ 8¢ 8'0C - - 9°L9 9¢ - 900T/22/90  €1106¥10
‘PN ‘@bpuqueq 1e g| 1y 1e youesg weq ajdep
(suonea ¢ ¢
(1/6w) tolew jo onel (1/6w) (1/6w) (1/6w) A 88._”.” v S_ww_,.M.,,w_d\_w:_v (0229 (.) (o) laquinu
panjossip wajeanba uondiospe  panjossip panjossip  paajossip ‘panjossip ‘panjossip m..w /) “2_25 , e ajeq uones
‘wnipos %) suonea ‘wnipos ‘wnissejod  ‘wnisaubeyy  ‘wnigjen ‘ssaupiey ‘ssaupiey ssau aime ame sosn
Jo uonoeyy -prey  -19dway  -1adwa)]

mnipos ajeuogIeauo)  ajeuoqieaucy

Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

42

[e1ep ou ‘gN Surqrey ¢ Surswx 9y ‘mof “T Y3y ‘Y ‘sojdwes oyesrjdnp ayesrpur s1o[dnoo papeys yrep (Aoaing
801301090 S’ ‘SDS PATRWNSI g ‘ury) sSI[ > snxoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N BoIfIs OIS (91BU0qIRd WNIoRD OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘SH wwu <soqrur arenbs 1w (1091] 10d sweaSorotw “ /31 quootad oy O, ¢7 1B 19)oWNUdd 19d SUSWAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



43

Appendixes 1-8

769°C L9L 78'8¢C 966 (4143 ¢ITt - S665°1 AZH! 4! €1 L00T/6T/0T  0€T06¢10
001°T 0°¢s L€l - - - - - L00T/0T/LO  0E106%10
L80°1 8°GL 2081 £'Cs €€l 8'9¢ - L8S9 1'689 gee - L00T/01/L0  0E106%10
81 8'LY 61°1 9t 6'¢ €S 6°SI1 -- €'6C 6 - L00T/91/¥0  0€T06¥10
0cL S'L9 (433 €9 I'IT L8 S'ov '8y €L9 0l 6 L00T/C1/€0  0€106¥10
096 €89 140 % L6 4! 8'8 6'8% LTS L8 9 S8 900¢7/90/C1  0€106¥10
8Ty SYL €6°01 §'Te ¥'9¢ I'€C 8'LET - 6°68¢C LT - 9002/90/01  0€106¥10
1L6 8'9L 9'L1 'ty 911 9°¢y 9'1vS 144%3 798¢ ¥4 0T 900T7/€1/60  0€T06¥T0
‘PIN ‘PleMag Jeau Janly Jajemyae|g ani
el L9¢ 60 6L 9t 8 09 - vo¢ S'1¢ 143 800T/01/90  0TI06¥10
29 €SL el 6'8C 0L 6Ly - 0'¥8¢ S'60% 4! zll L00T/62/0T  0TT06¥10
LIT vSL 4R 8vl 9'1¢ L'81 - 6'SI1 9°¢¢el Y43 - L00T/01/L0  0T106¥10
Sy S0¢ 9%°0 0°¢ 61 (47 (40! - ¥'81 6 (0 L00T/91/¥0  0TI06¥10
L'LT (4% Tl (17 1A% 98 v'1C I'vC L'6€ 0T - L00T/TT/€0  0TT06¢10
0°0¢ A 4% 8C'1 €9 S'S S'6 (a4t 0LL Sov 9 6 900¢/90/C1  0CI06%10
9°CC ¥'0S €9'1 I'6 L'y 0L 6 - L'9¢ LT - 900¢7/90/01  0TI06¥10
019 019 LEE 66 L6 8'8 (974 S'LT 619 S'1C 0T 900¢/€1/60  0CI06¥TO0
61¢ S'SL IL'6 991 6°¢e 8'GC - -- 1'¥0T 8¢ - 900¢/CT/90 0TI06%¥10
Clg 0°¢s 181 s L9 VIT - - 6°SS S1T zll 900¢2/91/€0  0TI06¥10
uonels Buibeb “p\ ‘abplque) Jeau Janly Jazemyoe|g s
o_AM__c_wmua f0geg se /b (0929
ow) ey ol (VBw)  ybu e O, sevBwl  (ogeg e ) soquinu
Sl pelorn o P Vo POTE SUO g ame Ot
'pos Jo uonoei} 'Pos : d : W e ajeuoqieauop Sm:ofﬂo:__oz PIEH -19dwa] -1adwa] S9sn
wnipos

[e1ep ou ‘gN Surqrey ¢ Surswr 9 ‘mof “T Y3y ‘Y <sojdwes oyesrjdnp ayesrpur s)o[dnoo papeys yrep (Loaing
801301090 S’ ‘SDS PATRWNSI A ‘ury) sSI[ > snoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N 1BoIfIs OIS (91BU0qIRd WNIoRI OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘BH ww <sofrur arenbs 1w <1091] 10d sweaSorotw “ /31 quoorad ‘o ¢, ¢7 1B 19JoWNUdd 19d SUSWIAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

44

CLT €9L ce6 €8I ¢le 8Tl 0CIl - L091 €€ LE 8002/01/90  0¥106¥10
6v1°€¢ 0°LL 6€°1¢ ['STT €08¢ 6'S¢El - €Tr8’l $'S06°1 Syl €l L00T/6T/01  0¥106%10
951°C 6'SL 8¢°ST L'86 0'CLT 9'86 - 6'L1E] €99¢°1 43 - L00T/0T/LO  OFT06Y10
6'1¢ 0°¢9 Ly'C (Y 9 0°¢ 0°¢C - 8'LE 6 - L00T/91/¥0  O0¥106%10
86¢ L'SL €801 9Ll 1’6t 9'1¢ 6'6CC 6'¢eT 09S¢ 6 S'6 L00T/C1/€0  0F106¥10
yeL 6°SL 6971 0°ce 6 Ice 091y 81 6'6SY 8¢ S8 9002/90/C1  0¥106%¥10
8L S'SL IR 0°6¢ 00l 6'LE 14334 - €'L0S L1 - 9002/90/01  0¥7106%10
T60°C 9L ¥0°SC 7’8 099¢ L06 89Tl €69C°1 81Tl 1T 1T 900T/€1/60  07106%10
665°T 9L I8°LT 9'86 6'0€€ L9T1 - - I'7S9°1 €€ - 900T/22/90  0¥106¥10
SSH'T 6°SL 88'9¢ [0 L'SIE 6111 - - S6LS'T 8¢ - 9002/2T/90  0¥106%10
(anu1q aoe|jepp Aay 1e) uonels Buibeb "pi ‘piemas 1e JaAly Jalemyoe|g ajiu
(suonea Amoumu
10lew jo jua £09e se /6w R o
(bw) TSRO e, (v/bu) (bw)  (ybw)  (OIRISEVRW) g (fggeg D) (o) soquinu
! %) qe| ‘panjossip lajem e
panjossip uondiospe panjossip ‘PpanjossIp  PaAnjossIp . piay ‘panjossip  se/bw) , ajeq uonejs
‘wnipog suohes ‘winiposg ‘winissejod  ‘winisaubepy  ‘wniojes ssoupieq ‘ssaupiey ssaupiey oIme ome sSosn
: Jo uonoesy : : : : ajeuoqieauop -1adwa)  -1adwa)
wnipog ajeuoqeauop

[e1ep ou ‘gN Surqrey ¢ Surswx 9y ‘mof “T Y3y ‘Y ‘sojdwes oyesrjdnp ayesrpur s1o[dnoo papeys yrep (Aoaing
801301090 S’ ‘SDS PATRWNSI g ‘ury) sSI[ > snxoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N BoIfIs OIS (91BU0qIRd WNIoRD OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘SH wwu <soqrur arenbs 1w (1091] 10d sweaSorotw “ /31 quootad oy O, ¢7 1B 19)oWNUdd 19d SUSWAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



45

Appendixes 1-8

60T 0> L'18 I'S I8 ¥1°0 L€l - - - 1433 8'¢e 800CT/01/90 CI106%10
€60 01> 98¢H T6S 859 10r'd S61 8650 - - - 0T L00T/6T/01  T1106%10
L8'C 9¢ 814 L's 9r’¢ 61°0 99L - 6y (014 - 6'8¢ LO0T/0T/LO  TITO6Y10
99T 811 09L 91 881 11°0 6CI - - - 0TI - L00T/91/%0  T1106%10
660 01> 999 6’11 $9°0 (450 9'LT - 1T 81 81 ¢8I L00T/T1/€0  C1106t10
[Nt 0> 8T8 T8 I¥'CI (N0 €81 - 0¢ ST LvT L'vT 9002/90/C1  T1106%10
08°0 L91> ¥'eed 43 6T 801 661 - - - TLI SLI 9002/90/01  CI106¥10
L9T 0> 8'C6 89 L99 (450 ¥'Te - (47 143 9'9¢ L'S¢ 900T/€1/60  CTI106%¥10

- - - 99 e 31°0 [43! - - - - - 900T/TC/90  TI106¥10

- - L96 €L 91’1 S1°0 Se - - - - Thi 9002/91/€0  CTI106¥10

"PIN 90y SISLYY Jeau JaAly Jaremyae|g ajni]
91'C 9¢ €YL 09 I¢'8 1o [ - - - 0Ce 81¢ 800¢/01/90  T1106%10
‘PIN ‘@Bpuqueq Jeau ‘py weq a|de| 1e J8AlY JaleMIR|g 3|1
LL'T 144 ¥0Td 1'¥C SLLI §To (443 - - - 8'C6 8'68 800¢/01/90 01106%10
SLO 0c> ceLd 9'1¢C 6LV 9L0'H STl 6v10d L1 14! - [ L002/62/01  01106%10
S 0> 0°¢vd 69 S6'C S90'd 08 - - - Syl 49! L00T/91/%0  01106%10
900° 19 [43 191 43 IL°L S1°0 9'6¢ - €¢ (94 1’9t 'ty L00T/€1/€0  01106%10
¥6°0 ST - LLT 691 o - - L €9 - 0°L9 9002/90/C1  0T106%¥10
€60 Il 6L1 L'LT 0°LT 170 €e¢ - 9L €9 799 799 9002/90/C1  0T106%¥10
‘PN ‘@bBpLqueq Jeau "py Alepunog auoig 1e Alenglil Jazemyoe|g ajui
€T [44 Sord 70l [ 91°0 6°Sl - - - 98¢ Lye 8002/01/90  80106%10
€'l 49 €0Td 1'9¢ LO8 orrd 811 0> 3¢ I¢ - SIe L00T/6T/01  80106%10
¢ 14 L914d 8'LE ¥0'C [4X0) 1'0€ - 99 ¥S - 1’6y L0O0T/01/L0  80106%10
611 14 gee ¢S 9TY 0r> LY - - - 00T 70l LO0T/91/¥0  80106%10
¥8°0 8¢ CLI 6°6¢ oL’L 81°0 '8¢ - 6S (74 L1y 8'8Y L00T/€1/€0  80106%10
LO'T 01> 911 8'CC 961 81°0 €1e - [£3 §T 0'9C §9¢ 9002/90/C1  80106%10
‘PIN ‘8bpliquie) Jeau "py Alepunog auolg 1e JaAlY Jalemyae|g aul]
: : (‘o989
W m___”h_\,_w___v (1/bu) s__m_,\”mw_s wow  OS by ey ey VW hhwmm; hhwm_w_, se /o) soquinu
‘uafioniu _M”_ou. jo wins panjossip .MM>.“.\U M_“__v__ pOAjOSSIP  P3AJOSSIP PaAA|oSSIp uaﬁ”.&u panjossip  panjossip _M_ u_““n.__.” ajeq uonejs
owuebio snid -1s3y ._.8>_8m__9 ‘ajey|ng .mu___w. ‘apuonjy  ‘spuojy) ‘spiwolg .ugm—_cimu_m ‘P1ay Ay ‘qe| Ay m___N.__E:_a: sosn
eluowwy anpisay -ureyy -uieyy -p1oy

[e1ep ou ‘gN Surqrey ¢ Surswr 9 ‘mof “T Y3y ‘Y <sojdwes oyesrjdnp ayesrpur s)o[dnoo papeys yrep (Loaing
801301090 S’ ‘SDS PATRWNSI A ‘ury) sSI[ > snoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N 1BoIfIs OIS (91BU0qIRd WNIoRI OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘BH ww <sofrur arenbs 1w <1091] 10d sweaSorotw “ /31 quoorad ‘o ¢, ¢7 1B 19JoWNUdd 19d SUSWIAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



00°C 0¢ - I'L 0S’L 91°0 - - - - - 0°LE 800¢/01/90 91106%10
S0'T 0T TL8 89 L LT°0 (91 - - - SLE TLE 800¢/01/90 91106%10
LT 11 €014 199 €8°S €10 9LS 8781 - - - §Te L00T/6T/01  91106%10
00°¢ 0¢ Lted 98 6€°C o SOT1 - 8t (04 - €LE LOOT/01/LO  91106%10
960 ¥ £9rd 7’6 gGe €L0H 9°¢ - - - 6'LT L8l L00Z/91/¥0  91106%10
¥L°0 or> 611d 61¢ 681 ¥1°0 ¥'LT - 0¢ ST 69T Tl L00T/T1/€0  91106%10
L80 01> d 449 16v1 450 €¢eT - 6¢ 43 [ %3 (%3 9002/90/C1  91106%¥10
68°0 0> S'8LH 79 o'y LLOH §ce - - - ¥'ee €T 9002/90/01  9T106%10
S8l 0¢ I'L6 89 St'9 1o 6'ST - (44 143 §9¢ 843 900T/€1/60 9110610
- - - 66 ¥S'S 120 0T - - - - - 9002/T2/90 91106%¥10
- - L'88 601 €50 1o 6'SC - - - - 0°LC 900¢/91/€0  91106¥10
‘PIN ‘abpuque) Jeau Areinquiy Janly Jalemyoe|g s
08’1 9F 1214 §¢ee 6501 S1°0 a4 - - - 8¢S €S 800¢/01/90 €1106%10
660 [43 901 o¢ 90t 91°0 €8 6200 0¢ It - 8 L002/62/01  €1106%¥10
€51 3S1 YLI ¥'6T 31°¢ €€0 791 - €1l €6 - 1'101 LOOT/0T/LO  €1106%10
¥6°0 99 L'csH S1l 9¢t rL0H 1'9 - - - 16l L61 L00T/91/%0  €1106+10
79°0 €l 161 L'8S LS 61°0 0LE - I 143 6'CE vee LO0T/ET/€0  €1106¥10
LO'T 0¢ Ss1 9'6¢ 6L°81 81°0 ¥'1T - 0S |87 34 €y 9002/90/C1  €1106¥10
9T'1 9F (L) L'T1 LYy vLOH €S - - - 1'9C 09C 9002/90/01  €1106%¥10
9L°0 0¢ cl 09T 9001 91°0 yel - €9 49 0SS SR 39 900¢7/€1/60  €1106¥10
- - - ¥'6T 8LT 970 91 - - - - - 900T/TC/90  €1106¥10
"PIN ‘8bprLiqued 1e g| 1Y 1e youelg weq ajdey
€
(N se 1/Bu) (/) (ors qpw (0% (ogey (000
|e10} (1/6w)  suampsuod  (7/Bw) se 7/Bu) (1/6w) (1/6w) (1/6w) poAjosSIp se7/bw)  seq/bu) 12101 ‘e Jaquinu
‘uafioniu . |el0} . jo wins __.u>_omm_u peAjossip _.5>_8m__u _.5>_8m=. _.5>_8m__u ‘oj6y _wo>_ov”m=. u.@>_owm=. Myioedes ajeq uonejs
owebio snid ‘anpisay _.8>_8m_c ajejng ‘oIS apuonij  ‘apuojyy ‘splwoig ‘ajeuogiealg p1ay Ay qe| ‘An Buizijennau sosn
eluowwy anpisay -uteyy -uteyy -pioy

Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

46

[e1ep ou ‘gN Surqrey ¢ Surswx 9y ‘mof “T Y3y ‘Y ‘sojdwes oyesrjdnp ayesrpur s1o[dnoo papeys yrep (Aoaing
801301090 S’ ‘SDS PATRWNSI g ‘ury) sSI[ > snxoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N BoIfIs OIS (91BU0qIRd WNIoRD OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘SH wwu <soqrur arenbs 1w (1091] 10d sweaSorotw “ /31 quootad oy O, ¢7 1B 19)oWNUdd 19d SUSWAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



47

Appendixes 1-8

LT ¥T 01884 119 970 €0 906t S6£91 L9 99 - €IL L00T/6T/01  0€106¥10
0r'c 6 - 0°'19¢ 09°S 0€0 - - - - - 0cy L00T/0T/LO  0€106¥10
8S°¢ 001 ocL'ed §'19¢ 6%'S 1€°0 101°C - LE 0€ - Sy L00T/01/LO0  0€106%10
0L'C 00¢ 8'LL 8¢l yTT 01°0 8'¢€T - - - gel [ L00T/91/¥0  0€T06¥10
LY'1 9% €LTH 6°0¢ S8l cro 1€l - €C 61 8°LI VLI L00T/C1/€0  0€106¥10
S9°C L9¢d 86¢ 9°¢C 88°6 10 VLI - 6¢ [43 8'¢G¢ €ee 900¢7/90/C1  0€106¥10
06'C 78 0Ly 1d (43 780 ST°0 128 - - - 1'zs €'6¢ 9002/90/01  0€106¥10
¥9°¢ [43 09zed S61C 86'¢ ST0 LEST - IS [474 L'vy z0s 900T/€1/60  0€106¥10
‘PIN ‘pleMaS Jeau JaAlY Jajemyae|g ani
SL'T 0> 6'c6d YL 6'S S1°0 (e - - - yee L€ 800T/01/90  0TI06¥10
SeT (0l% 091°cd 7' €01 9T’¢ 4N0) 96Tl 9L0'Y Ie 9T - 83 L00T/6T/0T  0TI06¥10
9TV (4% 1sL4 1'0¢ SOy €0 834 - ¥C 0C -- ¥'8¢ L00T/01/L0  0T106¥10
9¢'1 86 'y 9°/ 98y €904 S'L - - - 8 06 L00T/91/¥0  0TI06¥10
€11 ST €16 9Ll 16'C 170 6'8C -- 61 91 €81 9'81 L00T/TT/€0  0TT06¥10
7'l gecd 0c1d €6 LTEL €10 ¥'9¢ - 9¢ 0¢ 43 9°¢Ce 900¢/90/C1  0CI06%¥10
19°1 0> €Il 1A% 0S¥y ro 'y - - - 8'0¢ ¥'0¢ 9007/90/01  0TI106¥10
P’ zT 15T 8'TI 6L'Y €10 TCl - (4% 93 9°LE S'LE 900T/€1/60  0T106¥10
- - - 09¢ ¥9°C 170 629 - - - -- - 900¢/CT/90 0TI06%¥10
- - 871 0°€T LLO LT0 9°¢¢ - - - - ¥'Te 9002/91/€0  0TI06¥10
uonels Buibeb “p\ ‘abpruquen Jeau Janly Jazemyoe|g s
€
(N se 1/B) (/) (ors w0020 Cogen (O
|10} (1/6w)  sjuampsuod  (7/6w) se 7/Bu) (1/6w) (7/6w) (1/6w) peAjossip se 7/bw) se 7/buw) €301 ‘ge] Jaquinu
‘uafioniu . |e10} . Jo wns __.u>_omm_u poAjossIp _._m>_omm__u _.5>_omm=. _._m>_omm__u ploy _wo>_owm=. _..m>_o“£_u knoedes ajeq uonels
owebio snid ‘anpisay _.8>_omm_c alejng ‘eoIg apuonjy  ‘sapuojyy ‘apiwoig ‘ajeuoqIealg piay ‘Au qe “Ay Buizijennau sasn
eluowwy anpisay -uljeyly -uljeyy -p1oy

[e1ep ou ‘gN Surqrey ¢ Surswr 9 ‘mof “T Y3y ‘Y <sojdwes oyesrjdnp ayesrpur s)o[dnoo papeys yrep (Loaing
801301090 S’ ‘SDS PATRWNSI A ‘ury) sSI[ > snoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N 1BoIfIs OIS (91BU0qIRd WNIoRI OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘BH ww <sofrur arenbs 1w <1091] 10d sweaSorotw “ /31 quoorad ‘o ¢, ¢7 1B 19JoWNUdd 19d SUSWIAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

48

80°¢ 9 1064 098 €9°0 €C0 6LY - - 9'8% I'1s 800¢/01/90 0t106+10
L8'1 Te 00s‘014d 1'8€L 0> S€0 vLS'S STs6l L €9 - €L L00T/6T/01 0106110
Iv'C 14 0gg’La 9°¢8¢ SI'1 or°0 760t - 6S €8y - 69 L00Z/01/L0  0¥106%10
LTE (1139 or1d €81 66'1 6604 9'LS - - - 611 €Cl L00T/91/%0  0t106+10
86’1 €1 09¢°1d 7601 0Ll S1°0 0SL - LT €C 192 SYe L00T/T1/€0 0106110
€6'1 0'9%4d 06%°cd 7°691 SEY 170 %1 - 5Y (47 6'¢y vy 900¢/90/C1  0¥106%¥10
S6'C 8Y 089°cd S'L91 8¢'1 61°0 TTsl - - - 61§ L'9s 9002/90/01  0¥106%¥10
we 9t 081°Ld 0v1S 10'C S€0 6607 - ¥9 €S 6'9¢ SHS 9002/€1/60  0¥106¥10
- - - 0269 0t°0 8¢°0 850°S - - - - - 900¢/T2/90  0¥106¥10
- - - 9089 [40) LEO VL6 - - - - - 9002/T2/90 0¥106¥10
(an11q aoejep) Ad) 1e) uonels Buibeb “pi ‘piemas 1e JaAly Jaiemyoe|g 8|
€
(N s© 1/Bu) (1/6u) (ors qpw (002 (ooen (OO0
|e10} (1/6w)  suanmpsuod  (7/6w) se 7/6u) (1/6w) (1/6w) (1/6w) peAjossIp se 7/buw) se 7/bw) 12101 ‘e Jaquinu
‘uafoniu . |e103 . jo wins _..c>_omm_= peAjossip _..o>_omm_= _.5>_omm__u _._u>_omm_u ‘jey _wm>_omm__u _..o>_o.mm_= Hyioedes ajeq uonejs
aiuefiso snjd ‘anpisay _.6>_8m_= ajej|ng ‘eoIS apuonj{ ‘apuojy) ‘spiwoig ajeu0qIEaIg p1ay ‘An qe| ‘An Buizieanau sSosn
eluowwy anpisay -uteyy -ureyy -pioy

[e1ep ou ‘gN Surqrey ¢ Surswx 9y ‘mof “T Y3y ‘Y ‘sojdwes oyesrjdnp ayesrpur s1o[dnoo papeys yrep (Aoaing
801301090 S’ ‘SDS PATRWNSI g ‘ury) sSI[ > snxoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N BoIfIs OIS (91BU0qIRd WNIoRD OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘SH wwu <soqrur arenbs 1w (1091] 10d sweaSorotw “ /31 quootad oy O, ¢7 1B 19)oWNUdd 19d SUSWAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



49

Appendixes 1-8

- 86’1 €Ll S00°0 S10°0 - - 0> §9¢°0 LY'0 8002/01/90  TIT106%10
€L6°0 00'1 788°0 ¥00°0 C100 8€0°0 LT°0 w00 CLO0 60°0 L00T/62/01  TIT106%10
- 90°¢ - 8100°H 9004 - 090> 0> - L0O0T/01/LO0  TIT106¥10
€8 ¥8'Y L0C ¥90°0 6020 L0E'T YIT0l1 ILET €0t°0 S0 L00T/91/¥0  TIT06%10
- $0°1 - 200°0 L00°0 - - 090> 0> - L00T/T1/€0  TIT106%10
- 96°0 LY6°0 £00°0 ¥10°0 - - 090> 690°0 60°0 9002/90/C1  T1106¥10
¥L8°0 L6°0 - ¥00°0 €100 890°0 10€°0 L00 0> -- 9002/90/01  T1106¥10
- 0L'T S0S’T £00°0 600°0 - - 090> €91°0 1T0 900T/€1/60  TI106¥10
- £€9°C - 01070 7€0°0 - - 090> 861°0 970 9002/C2/90  T1106¥10
- 0r'1 - 800> - - - 090> 70> - 9002/91/€0  TI106¥10
"PIAl Y20y SISHYD Jeau JaAly Jajemyoe|g aju
- 80°C 6181 €00°0 1[10°0 - - 70> 8€€°0 7v0 8002/01/90 T1106%¥10
‘PIN ‘@bpuqueq Jeau ‘py we( ajdey 1e JaAlYy Jareamyoe|g s
08°1d 691 6¢°1d 900°0 120°0 se0d 601°d 1€0°H 10€°0 6£°0 8002/01/90 01106%10
89Ld 080 £08d £€00°0 110°0 L10d ¥L0d 0cod L10d cc0d L00T/6T/01  01106%10
€Sl €51 CIrt L00°0 7200 891°0 YL 0 SLT'0 LYT0 €0 L00T/91/¥0 01106110
ortd S0l 106°0 €00°0 110°0 980°0 6LE°0 6800 ¥90°0 80°0 L00T/€1/€0  01106%10
- IT1 - - - - 8C°0 101°0 900T/90/CT  0T1106%10
ITT1 STl L98°0 900°0 6100 SLTO 8ICTT 18T°0 €01°0 €10 9002/90/C1 0110610
‘PIN ‘8Bplqueq seau "py Arepunog auoig 1e Azeinguy Jeremyae|g ann
9std 0¥’ 90°td 900°0 00 €20'd ord 6201 LEEO €0 8002/01/90  80106%10
6L'T 6L'T STel 020°0 L90°0 €0 80S'T 19€°0 201°0 €10 L00T/6T/0T 80106110
ored €8¢ 8'td 100 6£0°0 0v0d 8LT'H s0d 600°1 0¢'1 LO0T/01/LO 80106110
9¢'1 8C'1 LSO'T S00°0 9100 S91°0 EeL’0 LT°0 870°0 90°0 L00Z/91/%0 80106110
1€6°0 86°0 €780 €00°0 1100 £60°0 170 960°0 190°0 80°0 L00T/€1/€0 80106110
YLTT 14! €501 S00°0 810°0 €020 L68°0 80C°0 £€80°0 110 9002/90/Z1  80106%10
‘PIN ‘8bplque) Jeau "py Alepunog auolg 1e JaAlY Jalemyae|g aul]
(/b _L_d_m__“.a_. VW) seybu) () seyBw) (b (VYR gy CHN soquinu
|ejo) >__uu=,>_m=.w .coo_omm_c .Lmﬂ_ﬂ_: PAAjOSSIP  PAAjOSSIp  PAAJOSSIP  PaAjOSSIp .H.m_-h__._._mmm_____. g Penossip MM>.___“ mw___“u ajeq uones
‘uafioniu jejo) ‘(N+ HN+ ON+'ON) a1ueb ‘_o ‘apIN 'spIN ‘ajeniN ‘ajenIN m.m 1IN ‘eluowwy .m___oEE.< sasn

uafoniu jejop

[e1ep ou ‘gN Surqrey ¢ Surswr 9 ‘mof “T Y3y ‘Y <sojdwes oyesrjdnp ayesrpur s)o[dnoo papeys yrep (Loaing
801301090 S’ ‘SDS PATRWNSI A ‘ury) sSI[ > snoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N 1BoIfIs OIS (91BU0qIRd WNIoRI OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘BH ww <sofrur arenbs 1w <1091] 10d sweaSorotw “ /31 quoorad ‘o ¢, ¢7 1B 19JoWNUdd 19d SUSWIAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

50

- LOT - 8000 - - 70> 6v€°0 - 800¢/01/90 91106%10
- 681 €LT 800°0 9200 - - 70> 0T€0 1¥°0 800¢/01/90 91106%10
0¢'1d (X vsT1d €000 100 (430! g Se0d 9L0°0 01’0 L00T/6T/01  91106%10
- 99T - 61009 9004 - - 090> 0> - LO0T/01/LO  91106%10
Il Il ¥26°0 S00°0 L10°0 910 9%9°0 110 €€0°0 ¥0°0 L0O0T/91/¥0  91106¥10
- ¥L0 - €100d 700'd - - 090> 0> - L00T/T1/€0  91106%10
L06'd 1870 €994 S00°0 L1070 se0d rS1rd 0v0'd 9r1°0 61°0 9002/90/C1  91106%¥10
c6'd SO'l - €000 800°0 9¢0'd 91d 6£0°H 0> - 9002/90/01  9T106%10
- w'T L99°1 €000 6000 - - 090> 8LT10 €T0 900T/€1/60 9110610
- 191 - $00°0 L1070 - - 090> 99¢%°0 09°0 9002/T2/90 9110610
- €el - 800> - - - 090> 0> - 9002/91/€0  91106%10
‘PIN ‘abplquie) seau Areinquiy Janly Jalemyoe|g s
€814 zie 9L'Td 900> - - - v€0'd ¥S€0 9%°0 800C/01/90 €1106+10
[ or'1 €80 0100 £€0°0 80C°0 126°0 81C0 611°0 S1°0 L00T/6T/01  €1106+10
- 0L'T PSP'1 2000 L00°0 - - 090> €L0°0 (N0 LOOT/OT/LO  €1106%10
149 9I'1 6v6°0 $00°0 71070 L3810 9780 161°0 120°0 €00 L00T/91/%0  €1106+10
€€6°0 L80 8550 ¥00°0 71070 9870 S9T'1 620 120°0 €00 LOOT/ET1/€0  €1106%10
TLEl sl €10°1 L000 700 S6T0 LOET 0¢°0 €00 ¥0°0 9002/90/C1  €1106¥10
651 81 - 8000 §20°0 LTE0 6vt1 SEE0 70> - 9002/90/01  €I106¥10
6180 49! 1€0°1 €000 8000 LS00 §sT0 90°0 LY0°0 90°0 900T/€1/60  €1106¥10
- LOE - ¥00°0 2100 - - 090> 6£0°0 SO0 900T/T2/90  €1106¥10
‘PIN ‘8Bplqueq 1e g 1y 1e youesg weq a|dey
B

(vBu) poutuolop V) yseybu)  (ybw)  useybw)  (ymw)  NSEVRM g ppy  CHN oquinu

|ei0} AjjeanAjeue ‘panjossip .__m__meu:: POAjOSSIP  PAAJOSSIP  PAAJOSSIP  PIA|OSSIP .H.E__: m____. g Penossip ca>.__n\. wm_“g ajeq uonejs

‘uaboniu jejo). ‘(N+/HN+EON+ZON) a1ueb ‘_w ‘a)IN ‘8)LIN ‘ajeniN ‘ajeIlN m.zm 1IN ‘eluowiuy .m_._o:_:? $asn

uafoniu jejop

[e1ep ou ‘gN Surqrey ¢ Surswx 9y ‘mof “T Y3y ‘Y ‘sojdwes oyesrjdnp ayesrpur s1o[dnoo papeys yrep (Aoaing
801301090 S’ ‘SDS PATRWNSI g ‘ury) sSI[ > snxoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N BoIfIs OIS (91BU0qIRd WNIoRD OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘SH wwu <soqrur arenbs 1w (1091] 10d sweaSorotw “ /31 quootad oy O, ¢7 1B 19)oWNUdd 19d SUSWAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



51

Appendixes 1-8

LLecd 18°C se0cd 800°0 9200 ¥20d 90149 ce0d YLL'O 00°1 L00T/6T/01  0€106¥10
18°C 6S'Y 96T’ 800°0 9200 €01°0 9S+°0 I11°0 081°0 €20 L00T/91/¥0  0€106¥10
- 00T - 9100'd S00d - -- 090> 0> -- L00T/TT/€0  0ET06VT0
YL'C €e'e S69°1 ¥710°0 L¥0°0 €L0°0 1ceo L80°0 3490 0L0 900¢7/90/C1  0€106¥10
- yr'e 106'CH €100d 700'd - - 090> 820'd 9¢0'd 9002/90/01  0€106¥10
- 9¢°¢ S19°¢ 200> - - - 090> ¥20°0 €0°0 900T/€1/60  0€T06¥TO0
‘PIN ‘PleMag Jeau JaAly Jajemyae|g ani
- IL°1 SL1d £00°0 10°0 - -- ¥0> €109 w04 800C/01/90  0T106¥10
8¢'cd I1$C 611'cd ¥00°0 10’0 S04 ¢€ITd 620'd 8800 170 L00T/6T/0T  0TI06¥10
- oSy 8CTY L1009 9009 - -- 090> 1€0°0 700 L00T/01/L0  0TI06¥10
vL'1 0°'C YLS'T ¥710°0 9%0°0 S9¢°0 SI9°1 6LE0 890°0 600 L00T/91/¥0  0TI06¥10
- el 8L0°T €000 1100 - -- 090> L¥0'0 900 L00T/TT/€0  0TT06¥10
Sy 1d 7'l 181°19 L00°0 0’0 9¢0'd 914 er0d 19T°0 €0 900¢/90/C1  0TI06¥10
89°1 0Ll - ¥00°0 €100 6900 90€0 €L0°0 0> -- 900¢2/90/01  0CI106¥10
- 8C'C 6€Y'C 2000 L000 - - 090> 210’0 200 900¢Z/€1/60  0TI06¥10
- (24 - 71009 S00d - - 090> 0100 100 900¢/CT/90  0TI06¥10
- 881 - 800> - - - 090> 0> - 900¢7/91/€0  0CI06¥10
uonels Buibeh “p\ ‘abpluque) Jeau 1aaly Jazemyoe|g aj
Buw
(1/bw) poutuioiap O wsewbw)  (vbw)  usevpuw  (uow NV seypu) Lq_“ué soquinu
|e10) >__cu=w_m=m .coo_omm_c .__m_aoz_: PAAjOSSIP  PaA|joSSIp  paAjosSIp paajossip .%::.E m____. g Penossip _8>.__cmm__g ajeq uonels
‘uaboniu jejo) ‘(N+ HN+ ON+'ON) a1ueh ‘_w ‘sjIN 'spIN ‘sjellIN ‘ajeniN m«m BN ‘eluowwy .m___oE:? sasn

uabouyu |ejo)

[e1ep ou ‘gN Surqrey ¢ Surswr 9 ‘mof “T Y3y ‘Y <sojdwes oyesrjdnp ayesrpur s)o[dnoo papeys yrep (Loaing
801301090 S’ ‘SDS PATRWNSI A ‘ury) sSI[ > snoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N 1BoIfIs OIS (91BU0qIRd WNIoRI OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘BH ww <sofrur arenbs 1w <1091] 10d sweaSorotw “ /31 quoorad ‘o ¢, ¢7 1B 19JoWNUdd 19d SUSWIAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

52

- Ice LLO€d €000 6000 - - 0> S10d 020d 800¢/01/90  0¥106¥10
6814 144 9CL1d S00°0 910°0 610d ¢804 y20d 484 €5°0 L00T/6T/01  0¥106¥10
- 9¢'C 6¥¢€T 1009 00'd - - 090> 2900 80°0 L00T/01/L0  0¥106¥10
IS¢ IL9 81T9 €100 [+0°0 8CCTO [10°[ ¥C0 8VC0 0 L00T/91/¥0  0v106¥710
- [ SL6'TH S100d S00d - - 090> 1109 S04 L00T/C1/€0  0v106¥10
86'1d 96°1 9cL'1d L000 €200 9r0'd y0Td €509 €20 0€0 900¢/90/C1  0¥106%¥10
10°¢ 143 - 000 L00°0 £€90°0 8LTO §90°0 v0°> - 900¢/90/01  O¥106¥10
- 68l LITCH 00> - - - 090> 820 9¢0d 900¢/€1/60  0¥106%¥10
- LOC - €100'd 00'd - - 090> 00 €00 900¢7/CT/90  0¥106¥10
- 90°C - 7100°H S00d - - 090> 120°0 €00 900¢/C¢/90 0v106¥10

(anuq aoejjepn Aa)y 1) uonels Buibeb “pi ‘pJemas 1e JaAlY Jalemyoe|g 8|1

(1/6w)

fw se /6w '
(/b poulIajep e (Nsevbu)  (yow)  (useybw)  (yow)  (NSRUC (e ysu) mh\___m,_é soquinu
[e10) AjeanAjeue ‘panjossip woomu  POMOSSIP  POMOSSIp  panjossip  penjossp o onyd  POMOSSI L ip ajeq uonels
1 1 1 £ 4 . 1 ] 1 1, Han 1 H
:0&95_: |ejop AZ+ HN+ ON+ OZV Q_:mm‘_o 9JL)IN 9JL)IN 9Jel)IN 9JelIN aenIN eluowwny .—w_—_c—:—:< SoSN

uaboniu |ejop

[e1ep ou ‘gN Surqrey ¢ Surswx 9y ‘mof “T Y3y ‘Y ‘sojdwes oyesrjdnp ayesrpur s1o[dnoo papeys yrep (Aoaing
801301090 S’ ‘SDS PATRWNSI g ‘ury) sSI[ > snxoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N BoIfIs OIS (91BU0qIRd WNIoRD OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘SH wwu <soqrur arenbs 1w (1091] 10d sweaSorotw “ /31 quootad oy O, ¢7 1B 19)oWNUdd 19d SUSWAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



53

Appendixes 1-8

L 0°00S 0vET 8Y¢E €LT 000 6660 0€S°0 [t 8002/01/90  CI1106%10
1495 eLIE elL €6l 6°¢l 100°0 I2C0 LLOO GeT0 L002/62/01  CI1106%10
¥'C ¢'STe LOL 9v¢ 8'CC 0 9680 Ire0 901 L00T/01/L0  TI1106%10
9 6ty 1343 71T €Ll 100°0 6650 7E1°0 170 L00Z/91/¥0  CI1106¥10
'S 8'1¢ SIS ¥'CC 681 0 0S1°0 190°0 L81°0 L00T/C1/€0  C1106%10
(Y £9¢C 690°T 0°ST 1'ce 0 70€°0 981°0 [LS0 900¢7/90/C1  CTI106¥10
9'¢ Iee [44i% ¢Sl 1l 0 SLTO ¥S1°0 LY 0 900¢/90/01  CTI106¥10
e 61S1 YLV 1 € L1 0 9L0 870 871 900¢/€1/60  CI106¥10
8L 'eve 76¢€ - - 100°0 6180 91T0 2990 900¢7/TT/90  TI106¥10
¢ 708 S8L - - 0 29¢€°0 9¢1°0 8LY0 900¢/91/€0  CTI106¥10
"PIN 90y SISLIYT Jeau JaAly Jaiemyae|g sl
'L Y'yLE SI8°T £0¢ L'8C 100°0 L6’ Gse0 60°[ 8002/01/90  T1106%10
‘PN ‘8bpuqueq Jeau "py weq ajde 16 JaAly Jaremyoe|g a1
I'e 6986 098°C LEE 0°CC 0 L8S0 0€T0 S0L0 8002/01/90 0I106%10
IS 1ol LOY 6 1l 0 991°0 190°0 981°0 L002/62/01  01106%10
¥'C Cad! [483 8¥Id 0l 0 20€0 780°0 LSTO L00Z/91/¥0  01106%10
7'e [a94! 145 TLI el 0 9TT0 6100 LS00 L00T/€1/€0  01106%10
o I'LL 0LE 91 6’11 - S6C°0 120°0 - 900¢/90/C1  01106%10
80 TLL % €91 0CI 0 86C°0 120°0 990°0 9002/90/C1 0110610
‘PN ‘ebpuiqueq Jeau ‘py Alepunog auolg 1e Aleingl} Jalemyae|g 8]
601 €Sy 'y 6’71 '8¢ 0 §98°0 L1€0 1L6°0 8002/01/90  80106%10
L'l S'69 c6¢C 29! SCl 0 LY9°0 89¢€°0 ell L00T/6T/01  80106%10
7'e 9'19¢ 16S L'8C 0'1¢ 0 L6171 910 96¥°0 L00Z/01/L0  80106%10
L8 8'LE 1329 LTE 0'CC 100°0 ceCo 101°0 €0 L00Z/91/¥0  80106%10
LT 6’671 €8¢ ¥'CC 991 0 61C0 100 L£00 L00T/€1/€0  80106¥%10
0°¢ €76 %1 ¥'9C €1C 0 YLTO L9070 90T°0 900¢/90/C1  80106%10
‘PN ‘8Bpuiqueq Jeau ‘py Alepunog auolg 1e JaAly Jajemyoe|g o

(souosogpo,)  (1/6M) (/6r) (owy - (v/bw) (1w (d e 7/bw) (d se 1/bu) (/6 soquinu

aauejeq panjossip panjossip .:ﬂﬂ“e _..”wﬁ_wmu._s _.o—.._mh.._w._mu |ei0} panjossip panjossip ajeq uonejs

uoiue/uonen  ‘asauefuely ‘uos| awefiag owebig w01 uaboiphy ‘snioydsoyq ‘ajeydsoydoyug  ‘sjeydsoydoyug sosn

[e1ep ou ‘gN Surqrey ¢ Surswr 9 ‘mof “T Y3y ‘Y <sojdwes oyesrjdnp ayesrpur s)o[dnoo papeys yrep (Loaing
801301090 S’ ‘SDS PATRWNSI A ‘ury) sSI[ > snoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N 1BoIfIs OIS (91BU0qIRd WNIoRI OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘BH ww <sofrur arenbs 1w <1091] 10d sweaSorotw “ /31 quoorad ‘o ¢, ¢7 1B 19JoWNUdd 19d SUSWIAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



'L €6¢ 000°C (43 v'ee - 066°0 089°0 - 8002/01/90  91106%10
Sy ILE 0L8°1 L'0g 8'CC 00°0 0€6°0 899°0 S0'C 8002/01/90 91106%10
I'1- 0°€99 0Ty €SI 0°¢t 100°0 $S€0 %00 yE1°0 L00T/6T/0T  91106%10
1°0- ¢3¢ 0L0°T 0'ce 81T 0 6¥L°0 9€€°0 €0l LO0T/O01/LO  91106%10
¥'C 9'¢C 81T €Pl 6'11 0 19T°0 $60°0 16C°0 L00T/91/¥0  91106%10
¥'e 6 €L 8¢€C oyl €l 0 €Cro 1€0°0 ¥60°0 L00T/C1/€0  91T06%10
9C 'S¢ 944 esrd |4 0 ¥CT0 ¥50°0 S91°0 9002/90/C1  91106%10
€€ 0'1S IS - - 0 0S¥°0 670 €06°0 9002/90/01  91106%10
91 8791 610°1 [4Y4 181 0 0€8°0 Prr0 9¢'l 900¢7/€1/60  91106%10
- I'vLT 6LE - - 100°0 188°0 L8S°0 81 9002/2T/90  91106%10
L'y yIL 956 - -- 0 79¢°0 SLT'0 LESO 9002/91/€0  91106%10
‘PIN ‘ebpuquie) Jeau Aseinqul Janly Jazemyoe|g amn
Cl 0'vee 08¥°1 [ el 00°0 LO¥'0 LOT"0 €e0 8002/01/90  €1106%10
L0 VLYl 08 'L 99 0 L9T°0 ¥80°0 LSTO L00T/6T/01  €1106¥10
193 LYLT ¥9 6'¢l €€l 0 S9¥°0 1€0°0 ¥60°0 LO0T/OT/L  €1T06%10
a4 0'6S 91¢ 914 €Sl 0 sT0 ¥90°0 L6170 L00T/91/¥0  €1106¥10
ST €TIT 89¥% 88 S'L 0 801°0 0100 €00 LO0T/E1/€0  €T1106¥10
9T £€0T €19 el 901 0 S0T0 810°0 §s0°0 9002/90/21  €1106¥10
6'¢ €LE L6 8Tl 6'8 0 7S0 8LE0 9I'l 9002/90/01  €1106%10
1°0- 1'6S¢ 11 8 ¥'9 0 S€T0 600°0 820°0 900T/€1/60  €1106%¥10
- §'S6 9¢ - - 0 08%°0 0100 €00 900T/TT/90  £1106%¥10
"PIN ‘@Bpuquwie) 1e g| 1Y 1e youelg weq sjdey
(s9ua (1/6uw) (1/6uw) (1/6uw)
1ogp %) (1/6n) (1/6r) ‘1210 peAjossIp pejejnajes (d se 71/6w) (d se 1/6w) (1/6w) Jaquinu
ey M S Y/ NN o A v R B
uolue/uone? W I oluebig auebig ‘uoi uaboipAy 4dsoud reydsoydoynio reqdsoydowio S9sn

Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

54

[e1ep ou ‘gN Surqrey ¢ Surswx 9y ‘mof “T Y3y ‘Y ‘sojdwes oyesrjdnp ayesrpur s1o[dnoo papeys yrep (Aoaing
801301090 S’ ‘SDS PATRWNSI g ‘ury) sSI[ > snxoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N BoIfIs OIS (91BU0qIRd WNIoRD OB O[qR[IBAR 10U BIRP ‘-- ‘AINOIOWI SIOIOWI[[IW
‘SH wwu <soqrur arenbs 1w (1091] 10d sweaSorotw “ /31 quootad oy O, ¢7 1B 19)oWNUdd 19d SUSWAISOIdIW WO/ (SNIS[9)) $9213p D), ‘10N Jod sweISI[[Iw /3w puoods 1od 109 01qnd S/ 1Y 399) Y]

panuniuo)—puejAejy ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jajemyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsuU0d aluebloul Jo suoiesuaduo) g xipuaddy



55

Appendixes 1-8

0 (443 0CI> 't 00t 0 v61°0 LS00 9LT'0 L00T/6T/01  0€£T106%10
€T SII 0¢> L'S¢ A4 - 0CL0 S6C°0 LO0T/0T/LO  0ET06%10
€T 601 0¢> Tse ¥'Te 0 0€L°0 €LTO LE]'O LOOT/OT/LO  0€T106%10
Sy 9 LT ULy 891 0 LILO 160°0 8LT0 L00Z/91/¥0  0€T106%10
80" €LT €0¢ 9'1C €SI 0 1€C°0 I10°0 €00 L00T/C1/€0  0€T06110
L0 0°0¢ 08¢ L'6T '81 0 cLE0 10 ey 0 900¢/90/C1  0€106¥10
6'1- 9°¢ h% 8'8C 81 0 I¥¥°0 w00 €10 9002/90/01  0€106%¥10
0C 43 9'17d '8¢ 091 0 LOE0 600°0 820°0 900T/€1/60  0€106¥10
‘PIN ‘pIBMBS Jeau JBAIY Jalemyae|g aul]
SIS 861 08t°1 L6T 0'1¢ 000 SYL0 LTS0 [N 8002/01/90  0TI06%10
LT LLL 66T ¢'8¢C 91 0 142 %0) 1€0°0 $60°0 L00T/62/0T  0TI06%10
ST 6Cl 98¢ S'6¢ 1'eC 0 9860 IL1°0 9750 L0O0T/01/LO  0TI06¥10
8L Sey 67S 9'6Td L'81 100°0 69¢°0 790°0 610 L00T/91/¥0  0TI06%10
¥'S 09 997 081 191 0 S81°0 w00 621°0 L00T/T1/€0  0T106%10
134 106 8 £9¢C 8°0¢ 0 49544 $9C°0 7180 9002/90/C1  0T106¥10
9 8'6L 861 ¥'ST €yl 0 01¥°0 S61°0 6650 9002/90/01  0T106¥10
8T €56 6¢t 0°S¢ 9°¢I 0 059°0 °LE0 Il 900T/€1/60  0T106%10
€0 8¢ 611 - - 2000 16570 6700 ov10 9002/C2/90  0T106¥10
¥'C 611 14 - - 0 I1S€°0 TLO0 12C0 9002/91/€0  0T106¥10
uoness Buibeb "p ‘abpLquen Jeau Jaaly Ja1emyoe|qg 8T

Baed | (/) (/B :_n% _%“M%__. _;m\_ﬂ_“__.s (d se 1/bu) (d se V/bu) (1/bw) soquinu

aoue|eq panjossip panjossip ‘woqie ‘woqie . |e103 panjossip panjossip ajeq uones

‘asauebuepy ‘uos| ‘snioydsoyd ‘ajeydsoydoyug  ‘sjeydsoydoyiig sosn

uoiue/uone? aluebug oluebug ‘uoi uaboupAy

[e1ep ou ‘gN Surqrey ¢ Surswx 9y ‘mof “T Y3y ‘Y <sojdwes oyesrjdnp dyesrpur s)o[dnoo papeys yrep (LoAng
[80130]090) *S'N ‘SDS PATRWNS A ‘ury) sSI[ > ‘snoydsoyd ¢J areniu QN nmu QN eruowwe TN ‘uagontu ‘N 1BoI[Is OIS (91BU0qIRd WNIoED OO O[qRIBAR 10U BIRP ‘-- ‘AINOIOUI SIOIOWI[[IW
‘SH wwu <sojrur arenbs 1w (1091] 10d swerSorotw “ /31 quoorad oy <O, ¢7 1B 19)oWNUdd 19d SUSWAISOIdIW WO/ (SNIS[9)) $9213p D), ‘1o Jod sweISI[[Iw “J/Fw puoods 1od 109 01qnd S/ 1Y 399F Y]

panunuo)—puejAe|y ‘Aluno? 1a1saydio( ‘paysialem JaAlY Jaremyoe|g ajni ‘sajdwes J81eM-89e4INS Ul SJUaN}IsU0d aluebloul Jo suoiesuaduo) g xipuaddy



Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

56

¥'0- $9 66¢ (433 I'1¢C 0 L8S0 7970 €080 800¢/01/90 0t106t10
Tl- ¥01 0TI> L'LT 81 - 8CI1°0 C10°0 8€0°0 L00T/6T/01  0106+10
0c v'SL 09> 6'€C 43! 0 981°0 C10°0 L€00 L0O0T/01/L0  0F106¥10
0¢ S6 68¢ 9994 €Ll 0 8180 (43N0 ¥0¥°0 L00T/91/%0  0t106%10
T Gg9¢ [48! 8'¢C 6°Cl 0 00C°0 004 L10H L00T/T1/€0  0F106¥10
0°¢- 0L 96 8'scd ePl 0 ¥81°0 6000 LT0°0 9002/90/21  0¥106¥10
9T 89 1T 6'¢€C L¢l 0 91¢€0 009 104 9002/90/01  0¥106¥10
e 06> 06> 9'1¢ 6°¢l 0 ¥60°0 S00d S10d 900T/€1/60  0¥106%10
8T 8'8¢ 09> - - 0 or1°0 €009 orod 9002/TC/90  0¥106¥10
Ly 8IS 09> - - 900°0 9S1°0 009 €101 9002/T2/90 0¥106+¥10
(anuQ aoe|epn Aay| 1e) uonels Buibeh "piAl ‘plemag 1e Jaaly Jaremyoe|g a1
aaud Bw Bw Bw
o o) (/6r) (/6i) oy pomossp  pommoes (ds2EW) (d se /6u) (1) soquiny
soue _mm panjossip panjossip ‘uoges .__o._:x.u e10) |el0} panjossip panjossip ajeq uonejs
uowE/uones ‘asauebuepy ‘uos| awefisg awefisg w0y ueBoipAy ‘snioydsoyq ‘ajeydsoydoyug  ‘ayeydsoydoyug sSosn

[e1ep ou ‘gN ‘Surjrey ¢ Sursur 7 ‘mof “T {31y ‘Y sojduwres ojeorydnp ojesrpur s1o[dnod papeys yIep (Aoamng
[80130[090) *S(] “SDS ‘PaAreWwNS g ‘uey) $SI[ > snaoydsoyd | denmu “ON mnm CON ‘eruowwe “HN ‘uagontu N 1eoIfis OIS 1BuoqIed WNIoed R D[qR[IBAR JOU BIBP ‘-- ‘AINOIOUI SIOIOWI[[IW
‘SH wu ‘sarw axenbs ¢ 1w xay1] 10d swrerSororw /81 quodiad ‘o (), ¢7 18 1910WNudd 19d SUdWIAISOIOIW ‘Wo/SM SNIS[a)) $99139p ), 193] Jod sweISI[[Iw /S (puodds 1od 199 d1qNd S/ Y 199) Y]

panuiuo)—puejhie} ‘Aluno? 181s8y010Q ‘paysIslRM JBAIY JB1BMYIR|g 81T ‘sa|dwes 181eM-80BLINS Ul S)UBNIISU0D diuebioul Jo suonesuaouoy g xipuaddy



57

Appendixes 1-8

- - - - - - - - - - v> 8> L00T/0€/01
> 090> 80> 900> 0v0™> 900> 0v0™> 0v0™> 80> ¥10™> 0v0™> v> 8> 8002/60/90
> 090> 80> 900> 0v0™> 900> 0v0™> 0v0™> 30> ¥10™> 0v0™> v> 8> 8002/60/90

- - - - - - - - - - - > 9> L00T/T1/€0

() (1/6)

()] (i])] ()] (i)l (i])] uel
amy e o U ey O O (Bl (UBd)  (UBd) smse (el (yBn)
qiea  opixoyns  auoyns oely uap 10]y20} njogied 1310 V19 o Mipsw  eseueBuey ol ajeq
[Pl qiedlply  qiedlply I -onjiay a2y Axoip .

-Au- a-v'e
H-€

- 90> - 900> 200> ¥0™> 020> - 81> 0> - > 0> L00T/0€/01

- €0'd 800> 900> 200> 0> 020> vi> 81> I'd vd > 104 800¢2/60/90

- 90> 800> 900> 00> ¥0™> 020> P> 31> > LE! [ 0> 8002/60/90

90> - 800> 900> 200> 90> 020> 6v°0 81> > &> 0> 707> L00T/T1/€0
(d
(1/6w)
(1/6w) (1/6w)  seq/buw) (N (N (N (N
uah uafoniu sni ajeyd se/bw) seq/bw) seq/bw) seq/bw) (1/6w) (1/6w) M._\ Bui) (1/6w) (1/6w) ajeq
-oniu 200 € € ajejing ealis 0d%ed wnipog wnissejod
|el01 -oydsoyd -soyd AN ON+ON ewowwy NBIO+HHN
lelol
-oyuQ
020> S0°0 - 01> - - - - - 14 €201 L00T/0€/01  8SPDOA  €0LSS09LOTTIERE
020> 80°0 - - 911 818 6 SOl L 8> 00ST 8007/60/90 €1 PAOA TOOT909LOBILT]E
020> o - - €Cl L8 £68 ell 1’68 8> 244! 8007/60/90 CIPAOA 100T909L08ILT8E
PN
‘premas
710> c0d 01> - - - - - " 9 0€cl L00T/T1/€0 e JoATY o106yl
J9reMydR[g
oI

(1/6w) (wo/sH)

wnis (1/6w) (V/ou) (1/6w) (%) %) (%) (%) (%) aojuey awmn yejs laynuapi
o wnio [e10) oLp o€l . o . d ajeq 1aquinu uone)s

ey anpisay ueqieg  9p-HIH-e 1-6%'C anpuod d|dweg 18207
anpisay -uoujzelq  -auldyes

-Bepy oyoadg

[parewmnss ‘g ‘o[qereae jou eyep “-- cueyy sso] > 1031 19d swerdororw /31 Guosiad ‘o (D G 1B 10w U 19d SUSWAISOIOIW ‘WI/ST {SNIS[9) $9AIFP ), TN 12d sweaSijiu “/Sw]

"80—£00Z ‘PuejAe|y ‘Aluno? Ja1sayoio( ‘paysialem JaAlY Jayemyoe|g ajui ‘syue|q wawdinba ul sjuaniisuod aiuehio pue ojuebiou jo suonesjuasuoy g xipuaddy



- - - - - -- -- - -- - -- -- - L00T/0€/01

0> 810> > 200> vi> cro™> 0T0™> 800> 0cI> 00> 910> 090> 0> 800¢/60/90
0> 810> (4 200> vi> o> 010> 800> (4= 00> 910> 090> 0> 800¢7/60/90
- - - - - - - - - - - - - LOOT/T1/€0
i (/i) () (i) (6
(1/61) IAysaw (1/6n) (1/61) (1/6d) (1/61) (7/6n)
uoing apiuie -paut,y ajeuljo -uoan uiznqu)a Jojyoe;  uonpeied Awoyya f1ea uoiyje|e uoJnui uoJnui aed
-aN -doadepy (jAuayd oW -:.22“,_ 1ZnqIsI -0)9 N [IUE]T] 1Aomen -o1paN HBeEN 1 n
-010]YJp)N
- - - - - - - - - - - - - LOOT/0€/01
900> 090> 70> 70> 010> 70> 90> 020> 70> €10™> 200> 70> 70> 800¢/60/90
900> 090> 0> 70> 010> 70> 90> 020> 20> €10™> 00> 70> 70> 800¢7/60/90
- - - - - - - - - - - - - LOOT/T1/€0
(7/6n) (7/6n) (7/6n) (7/6n) (1/61) (7/6n) (7/6n) (1/61) (7/6n) (7/6n) (1/61) (1/61) (1/6)
auep pudojo JAd uinb SO10UO uoin} wejns i auoj|ns apyjns oIt I ajeq
-ur -epiwj -eyjazew|  -ezewj jouod -awonj4 -Jawnjy It H Juoadiy Juoadiy Jld3 'a 104Ins1a
- - - - - - - - - - - - - L00T/0€/01
70> 70> 600> 20> 70> 00> 10> 670> €00™> 0> 010> 00> 080> 800¢/60/90
70> 70> 600> 0> 70> S00™> 10> 620> £00™> 0> 010> 00> 080> 800¢/60/90
- - - - - - - - - - - - - L00T/C1/€0
(1/61) (1/6M) (1/6d)
ety st O e ) wod  opue  (yemy (VO (VB o) (v
doad ploeouow  uuyaw sojuAd 1Aypa-uo ajeq
-euayd  gasouiq udppRla o equeoiq  uouizelqg -yiAuy  puosdyjhu vdaa -Jemoe -18.4-519 -10 INWio
|_n _F— .n |_=W°n |_==w0a — F—ﬂ Q & 4 __._U H __._U
- - - - - - - - - - - - - LO0Z/0€/01
or> 020> 020> 090> 70> 200> clr> 0> 70> 90> 0CI™> LOO™> 200> 800¢/60/90
or> 020> 020> 090> 70> 200> [4 0> 70> 90> 0Cl™> LOO™> 200> 800¢7/60/90
- - - - - - - - - - - - - LOOT/T1/€0
:u\_ﬂ_ - (/) (o g
(7/60) (1/6d) (1/61) (1/6d) (1/60) 1Apaw (1/6M) (1/61)
uag ues ues Aeqie Aeqie ajejAin ltuAxow 19eWol uozejua -uoin IAow auizel -eydje aed
-wel  -njogiey  -njogien JMeqie)y JAeqie) jejiing -01g Il | juag } -soydurzy 1zeny HIOH-eyd)
oy -|nsuag

Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

58

[parewmnss ‘g ‘o[qereae jou eyep “-- cueyy sso] > 1031 19d swerdororw /31 Guosiad ‘o (D G 1B 10w U 19d SUSWAISOIOIW ‘WI/ST {SNIS[9) $9AIFP ), TN 12d sweaSijiu “/Sw]

panunuo)—
"80—£00Z ‘PuelAle|y ‘Aluno? Ja1sayoio( ‘paysialem JaAlY Jaremyoe|g ajui ‘syue|q wawdinba ul sjuaniisuoa aiuehio pue ojuehiou jo suonesjuasuoy g xipuaddy



59

Appendixes 1-8

(SINDD) Anowonosads ssew-Ayder3ojewonyo sed woiy suonenuaduo)) .

(O1dH) AydeiSojewoayo prnbip douruL0}rod-y3Iy WO SUOIBIUIIUOY) |

- - - - - - - - e - - - - L00T/0€/01
- 090> 20> 900> 80> 900> 010> 0> 00> 810> 0> 00> 010> 800¢2/60/90
- 090> 0> 900> 80> 900> 010> 0> 00> 810> 0> 700> 00> 800¢2/60/90
90 - - - - - - - - - - - - L00T/T1/€0
(V/Bu) B B B B
wogea (o) (VR W ey T e e e ey O (/) e
oﬂ_Mm aulayes dyzung  -eingu) Ihdojon]  ayejjenp uagouyy sojnqua]  J1oeqial  ,|1oeqI3]  uOINpIS _ezhdosg inxodoud
- - - - - - - - - - - - - LOOT/0€/01
0> 010> 70> 900> 900> 10> > 00> cl0™> 00> 70> 20> 01> 8002/60/90
0> 010> 0> 900> 900> 10> > 00> 10> 00> 0> 20> 01> 800¢2/60/90
- - - - - - - - - - - - - L00T/T1/€0
(1/6)
(i)} [i]]] [i]]]
ooze (i) (e U e e e W ey e e (U o
-“.___M.”_ weydosd aubfiedosrg uedouy _yoedoig uojawiold weiojdld  aeioyd ipuey ajenqad  uijezhig  uozeinpop ———

[parewmnss ‘g ‘o[qereae jou eyep “-- cueyy sso] > 1031 19d swerdororw /31 Guosiad ‘o (D G 1B 10w U 19d SUSWAISOIOIW ‘WI/ST {SNIS[9) $9AIFP ), TN 12d sweaSijiu “/Sw]

panunuo)—

"80—£00Z ‘PuejAe|y ‘Aluno? Ja1sayoio( ‘paysialem JaAlY Jayemyoe|g ajui ‘syue|q wawdinba ul sjuaniisuod aiuehio pue ojuebiou jo suonesjuasuoy g xipuaddy



60

Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

Appendix 4.

o

o

©

-
o

-
N

Depth [feet below

land surface (BLS)]

Lithology

Lithologic log of DO Dd 12 core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.

Features

No recovery

Comments
0-0.5 Yellowish brown (10YR 5/4) f-vc subangular-
subrounded quartz sand (roadfill)

0.5-1.2 Very dark grayish brown (10YR 3/2)
organic-rich silty clay. Small pods of dark gray
(10YR 4/2) silt

1.2-1.6 Gradual transition to black (10YR 4/2)
peaty silt

1.6-2.5 Very dark grayish brown (10YR 4/2) to
gray (10YR 5/1) organic-rich clay. Abundant
oxidized zones; detrital limonite?

2.5-3.0 Gray (10YR 5/1) sandy (vf) clay. Abundant
roots

3.0-3.9 Gray (10YR 5/1) to dark gray (10YR 4/1)
silty vf-f sand. Granules common and less silt
toward base

3.9-5.5 Light brownish gray (10YR 6/2) open-
work f-m angular-subangular quartz sand

LEGEND

Silt

Peat

Medium sand

Clay

No data

Wood fragments

Pebbles

Roots

Silt and clay

Sandy clay

Coarse sand/ gravel

Fine sand and silt
Burrows
Iron stains/mottles

Shells/shell fragments

5.5-7.0 Color change to dark brown (10YR 3/3); appears stained by humate. Horizontally bedded and alternates between

more brown and more gray colors

9.3-10.0 Pebble gravel in a matrix of dark gray m sand fining upwards to dominantly m sand

10.0-14.7 Very dark gray (10YR 3/1) clayey silt. Large sand-filled burrows in upper ~5 in.
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Appendix 4. Lithologic log of DO Dd 12 core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.—Continued

3
33
29
o Q
£E 3 3
g2 £ E
[SIY = w Comments
12 —
14 o
E o ¥ 14.7-15.0 Dark gray (2.5Y 4/0) clayey silt. Large sand-filled burrows in upper ~.4 in.
- v <~ . N 15.0-15.2 Small lag of ¢ sand to pea gravel composed of rounded-well rounded quartz and chert with silt between clasts
— ® 7 = 15.2-16.2 Dark gray (2.5Y 4/0) silty m-vc subangular-well rounded quartz sand and ~7% black chert. Several
] pea gravel clasts in lower ~.5 in.
- @ ¢ o
16 — -~ o =
. @@, 16.2-16.4 Gravel lag composed of well-rounded quartz clasts up to 4 cm in diameter
] O d
- 16.4-17.0 Dark gray (2.5Y 4/0) silty m-vc subangular-well rounded quartz sand and ~7% black chert
. -
—] \ 17.0-18.0 Dark gray (2.5Y 4/0) heavily burrowed silt. Burrows filled with sand from above; also abundant macro organic
] ‘ ‘ fragments
. N ¢
] Jd. ‘ . . .
18 — ‘ 18.0-20.0 Dark gray (2.5Y 4/0) silty clay with several accumulations of peaty material
E [ Sk kA S/
-] P00
E s L od
20 —: 20.0-22.6 Very dark gray (10YR 3/1) peaty silty clay (~30% peat)
E -
22 —
E 22.6-24.0 Very dark gray (10YR 3/1) silty clay with ~15% peat
: T IRTS S /A
E TS LA
24
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Appendix 4. Lithologic log of DO Dd 12 core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.—Continued

4]
o
Tl
8
38 > «
= 5 =) o
£2 3 2
2 £ 3
om — w Comments
24 — 24.0-24.4 Very dark gray clay with few small shell fragments near base
] LY S A
—_ A S LS
: LLS S >
26 —: V>s s .
] Vo s 7 s A
: e ooy
: A S, Ll T
28 —] 27.9-28.4 Black (10YR 2/1) peat
- 28.4-28.7 Dark gray (10YR 4/1) peaty silty clay
.y {.s... 28.7-29.2 Gravel lag (to 28.9) composed of .4-1.2 in.well-rounded quartz and black chert with a matrix
¢ of grayish brown (2.5Y 5/2) silty f-vc subangular-well rounded quartz sand w/ few black chert fragments
E e 29.2-44.3 Gray (5Y 4/1; more blue in upper ~7.0 ft) clay with abundant roots. ~2 in.concretion at 31 ft
30 o
32 o
34 -
36 —
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Appendix 4. Lithologic log of DO Dd 12 core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.—Continued

7
o -
@
28
Q
2E 3 8
c» 9o 5
oo 2 T
o < = (6}
os = w Comments
36 —
. 36.1 Color changes to gray (10YR 5/1)
38 —
_: 36.1-44.0 Color varies to gray (10YR 5/1;5Y 5/1) to dark gray (5Y 4/1)
40 -
42 4
44 —
] 44.3-45.0 Olive gray (5Y 4/2) clay
E 45.0-46.5 Olive gray (5Y 4/2) clay with abundant organics
46 —
. 46.5-47.8 Gray (5Y 5/1) clay. Silty near the middle of unit,and oxidized in lower ~10 in., possibly in association with small
m limonite concretions
m 47.8-49.6 Gray (5Y 5/1) silty f angular-subangular quartz sand with few mica flakes. Color changes to dark gray (5Y 4/1) at 48.5 ft

I
®
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Appendix 4. Lithologic log of DO Dd 12 core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.—Continued

=D

o -

I Q

3 8

=5 3 3

£ S 5

32 £ E

oR = uw Comments
48—
50 —

_: 49.6-64.8 Color changes to dark grayish brown (2.5Y 4/2) and silt disappears

52 —
54 —
56 —
58 —

[}
o
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Appendix 4. Lithologic log of DO Dd 12 core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.—Continued

=)
38
29
“&)' (%)
£ 3 8
a3 E
232 £ T
o = w Comments
60 —
62 —
64 —
] >t @ 64.8-64.9 Gravel lag composed of rounded, but chipped, red-stained quartz pebbles, with a .8-in. clay lense directly underlying
] 64.9-65.4 Dark grayish brown (2.5Y 4/2) micaceous vf-f sand. No opaques
E 19.93-20.13 Dark gray (5Y 4/1 - 10YR 4/1) clay (alternates between more red and more green hues) with small vf sand lenses
— composed of above sand. Small light brownish gray (2.5Y 6/2) mud balls present from ~65.5 to 69.0 ft
66 —
] O
- o
- (-
3 RETHE
68 — NS SENE
B o
70 —
72 -
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Appendix 4. Lithologic log of DO Dd 12 core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.—Continued

4]
23
)
- O
LR 3
£2 3 E
e £ $
o® = w Comments
72 4
74 —
76 o
78
. -reddish color fades and disappears here
- 79.2-84.0 Very dark grayish brown (10YR 3/2) clay with several vf sand stringers and
—] ‘ numerous mud balls ("little white balls”)
80 — ¢
82 —
84 —
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Appendix 4. Lithologic log of DO Dd 12 core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.—Continued

_
o =
o2
%8
£8€ 3 @
=35 4 <l
s ° 5 2
g2 £ 5
[= s} = w Comments
84 —
] 84.0-91.7 Dark gray (5Y 4/1) clay continues without sand, except that which fills burrows
E -alternations between red and green reappears
86 —
88 —
90 —
- 91.7-92.0 Dark gray (5Y 4/1) heavily oxidized sandy clay - clayey vf-f angular-subangular quartz sand with minimal mica;
92 - small fragments of pectin shells near base
= 92.0-92.3 Dark grayish brown (2.5Y 4/2) vf-f angular-subangular quartz sand with minimal mica; micro and macro organics
] 92.3-96.0 Dark olive gray (2.5Y 3/2) vf-m angular-rounded quartz sand with minimal chert grains. Abundant pectin shell
—] fragments down to 95.6 ft; potentially burrowed
94 —
96 —
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Appendix 5. Lithologic log of Maintenence Yard core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.

52
38
L0
- O
88 > 2
= 35 c [e)] 9
£2 48 3 E
82 53 ES 3
0% Oown ] w
0— Comments
. 0-.70 Grayish brown peat rich in LEGEND
] grasses and roots with vf-m quartz
] sand and silt. Soil has a medium-thick
B platy structure ) Peat Clay with some silt
m .70-2.0 Gray vf sand with silt and traces
- of m-c sand, heavily mottled -
. Medium sand 1 Silt with some clay
2 Clay Coarse sand/ gravel
-] 2.0-4.0 Gray vf sand and silt coarsening =
. upwards to dominantly vf sand
E - No data Fine sand and silt
1 4 / Wood fragments Burrows
. e i
. : Pebbles Iron stains/mottles
— -
4 — 4.0-4.5 Gray vf-m angular-well rounded @ v
] sand coated with silt fining upwards to ; i Roots = Shells/shell fragments
. vf sand and silt
. >
] o
. ]
- >
] O
- v
— L
6 — o
. o
= -
] 7.4-9.3 Gray f-m subangular-well rounded quartz sand with evidence of redox features
8
E 9.3-10.0 Pebble gravel in a matrix of dark gray m sand fining upwards to dominantly m sand
10 . 10.0-10.7 Pebble gravel in a matrix of dark gray m sand fining upwards to m sand
] 10.7-11.5 Rounded-well rounded and flattened pebble gravel with interstitial dark gray subangular-well
= rounded vf-vc silt coated sand
m 11.5-11.8 Dark gray silty clay and vf sand mixed with vf-c sand fining up to dark gray clay with a pocket of
. vf-c sand, likely from sediment overloading
11.8-12.6 Dark gray clay with a pocket of f sand-pebbles, likely from sediment overloading
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Depth [feet below
land surface (BLS)]
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Lithologic log of Maintenence Yard core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.—Continued

>
>
Qo
]
=
=
—

Features

ﬂx
;ﬁ/

—_—
‘%ﬁ/r - -~
z o~

o
PP A
9690929

5% o ew
Toaw® B
o 255a 258
&3 _% a8 ¥

oy %

96%0g096

Comments

12.6-12.9 Dark gray clay rich in root fragments;. This layer dries out much more quickly than the underlying
clay; sharp boundary between them

12.9-17.7 Dark gray clay with a small amount of organic material and associated redox features. small roots
observed in core interior

22.9-23.9 Dark gray clay continues with abundant oyster shell fragments (>60%) with no apparent preferred
orientation
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23
Q g
8¢
< 3
52
85
24 /|
26 —
28 —
30 —
32 —
34 —

w
[}
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Lithologic log of Maintenence Yard core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.—Continued

Lithology

NO DATA

Features

Vw9
@Y @9 ¥
ﬁé‘%&»@%

Comments
23.9-24.4 Very dark gray clay with few small shell fragments near base

24.4-24.8 Dark gray clay with abundant oyster shell fragments (>60%) with no apparent preferred

orientation
24.8-28.1 Very dark gray clay with abundant organic material and charcoal

28.1-28.2 Lense of angular-subangular vf-c sand
28.2-28.4 Black clay coarsening up to sandy peat

28.4-29.2 Black peat with charcoal fragments interrupted by a 1 cm sand lense of dark gray vf-vc

subangular-well rounded sand

29.2-30.2 Black vf-vc subangular-rounded sand rich in opaque minerals and likely stained by humate.

Small charcoal fragments present. Fine silt binds grains together

*29.5-29.9 Very dark grayish brown
*29.9-30.2 Light gray-dark gray; sharp basal contact
30.2-31.0 Light gray vf-m angular-subrounded sand with sharp basal contact

31.0-31.2 Dark gray - gray clay with small non-extensive sand laminae

31.2-31.3 Dark gray angular-subrounded vf-f sand

31.3-31.33 Dark gray clay bed with two thin sand lenses

31.33-31.6 Dark gray angular-subrounded vf-f sand

31.6-31.7 Dark gray clay and vf-f sand alternating every 1/2 cm

31.7-31.8 Dark gray clay with small vertical sandinclusions, possibly from burrow infilling

31.8-32.3 Dark gray clay and light gray finely laminated vf-f sand alternating every .2-.8 in.

32.3-32.4 Light gray vf sand and silt; oxidized

*32.4-34.9 Missing 2.5’ of core according to labels on rods

34.9-35.1 Light gray vf sand and silt; oxidized

35.1-35.5 Dark gray clay with finely laminated beds of light gray sand; overall coarsening upward

trend. Heavily oxidized disturbed laminae shows evidence of sediment loading
35.5-36.0 Dark gray with very thin (.25-.5 cm) fine sand & silt laminae
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Appendix 5. Lithologic log of Maintenence Yard core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.—Continued

)
38
L9
W ©
8¢ 3 g
£ g E
g2 s 3
[a s | [ Comments
36 — 36.0-36.1 Dark gray fine sand/silt
E <> 36.1-36.5 Dark gray clay with non-continuous sand pockets ~.4-.6 in.in diameter. Sharp basal contact
. — 36.5-36.7 Dark gray sand bed with small interstitial clay pockets
E S e 36.7-36.9 Dark gray clay with .1-in. thick vf sand beds spaced 1.5 cm apart
— \\% 36.9-37.2 Dark gray sand bed with coarse mottling (~.4 in.)
. : ‘ - 37.2-37.5 Dark gray clay with small vertical sand inclusions; likely infilled burrows
- 37.5-38.0 Discrete packages of dark gray clay alternating with dark gray sand with sharp contacts
38 _: - 38.0-38.4 Gray vf-f sand bed with a 1.5-cm clay horizon diagonally bedded
E N ‘ 38.4-38.6 Dark gray clay with small sand pockets; overall fines up. Possible bivalve traces
- d 38.6-39.0 Gray vf-f sand bed with slight fining upward trend and bioturbated (vertical oxidized zones)
] Q' ]
= 39.0-39.3 Dark gray clay interfingering with/coarsening upward to vf-f sand
A= 39.3-39.5 Dark gray clay
] 39.5-39.7 Discontinuous light gray vf-f sand locally pinching to 0 thickness
— . surrounded by dark gray clay
- ‘ o 39.7-39.9 Dark gray clay with vertical sand intrusions (filled burrows?)
40 — 39.9-40.1 Light gray vf-f sand
] N 40.1-40.6 Gray clay that oxidizes quickly upon exposure; possible bivalve trace
3 [/
] 40.6-41.0 Dark gray clay; massive
_: 41.0-41.8 Dark gray f sand with possible bioturbation (discolored) bound by abrupt contacts
E 41.8-44.8 Very dark gray clay with repeating flasers of vf-f very dark gray sand
42 —
44 —
] 44.8-44.9 Dark gray vf-f sand
g o
<
] o
] o
] =
. <
| 1)
oc
. S
46 —] =
- [aa)
— >
- =
- w
— w
= =
] i
] [2a]
- <
- =
- a
— o
] =
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Appendix 5. Lithologic log of Maintenence Yard core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.—Continued
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_— 55.0-60.0 Very dark gray (5Y 3/1) angular-rounded f quartz sand
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56—
58 —
60 —




Appendixes 1-8 13

Appendix 5. Lithologic log of Maintenence Yard core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.—Continued

)
23
58
[
£3 S 2
g2 s 3
Q® 3 w Comments
60 —
E 60.0-66.0 Very dark grayish brown (2.5Y 3/2) clay with vf-f quartz sand stringers (oxidized)
= ]
62 —
64 — %
E 66.0-70.0 Very dark gray (5Y 3/1) clay with vf-f quartz sand stringers
66 —
68 —
70 — 70.0-72.0 Very dark gray (5Y 3/1) silty vf-f sand
72 —
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Appendix 5. Lithologic log of Maintenence Yard core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.—Continued

pth [feet below
land surface (BLS)]

3 3
3 2
< ©
@ = )
o i e Comments
72 _: 72.0-75.0 Very dark grayish brown (2.5Y 3/2) clay with abundant m-vc sand grains
E L ]
— ~
. ~ o
- .
74 —
. -
] 75.0-77.0 Very dark grayish brown (2.5Y 3/2) clay
76 —
_: 77.0-80.0 Dark gray (10YR 4/1) clay with small sand lenses/stringers
|
80 —
- 80.0-96.8 Very dark grayish brown (10YR 3/2) clay with several vf sand stringers and
- numerous mud concretions
82 ]
84 —
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Appendix 5. Lithologic log of Maintenence Yard core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.—Continued
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96.8-94.0 Dark gray (5Y 4/1) - very dark gray (5Y 3/1) clay
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Appendix 5. Lithologic log of Maintenence Yard core, Blackwater National Wildlife Refuge, Dorchester County, Maryland.—Continued

2
32
)
= O
8 3 2
£2 3 E
&2 £ 3
oS ] [ Comments
96 — 94.0-99.0 Very dark gray (5Y 3/1) well-laminated silty vf sand
98 —
— 99.0-100.0 Black (5Y 2.5/2) vf sand
100 —
—] 100.0-101.5 Very dark grayish brown (2.5Y 3/2) clay
] 101.5-103.0 Very dark grayish brown (2.5Y 3/2) well-laminated sand
102 —
_: 103.0 Very dark grayish brown (2.5Y 3/2) clay

103 BOC




Appendix 6. Lithologic and geophysical logs of DO Cd 58 core, Little Blackwater River watershed, Dorchester County, Maryland.

Depth [feet below

land surface (BLS)] Gamma Log
0 API

0

-GR

10

0

>

20

30

40

RS AN v

50

60

70

80

Lithology

90

Appendixes 1-8

Description

1.0-2.0 Plowed horizon

2.0-11.8 Silty vf sand transitioning to silty sand and gravel

*6.0-8.0 Possible limonite nodules oxidizing

11.8-12.0 Small pea gravel lag
12.0-12.4 Silty sand continues
12.4-16.0 Silty clay

16.0-18.5 Dark brown clay
18.5-19.5 Poorly sorted f-fc sand and granules
19.5-21.5 Dark brown clay continues

21.5-22.0 vf-m sand and silt
22.0-28.0 Brown clay rich in organics

28.0-43.0 Gray clay with variable organic content

43.0-50.0 Gray silty/sandy clay package
*Wet; Small aquifer in upper part

50.0-53.0 Open-work sand package rich in quartz and black chert

53.0-55.0 Brownish gray clay

55.0-89.5 Gray silty/sandy clay with large shell hash to 64.7 ft
Diminishing shells 64.7-89.5 ft

7
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Appendix 7.

Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 200609

Lithologic and geophysical logs of DO Cd 66 core, Little Blackwater River watershed, Dorchester County, Maryland.

Depth [feet below

land surface (BLS)]
0

0

20

30

40

50

60

70

80

GAMMA
API-GR

200

MMN il /\MW\/\A ] WMAAA Wyl bod, !\M I /\MMW\

| VV \/V“ ”\/V'U' '\/UV

ERN-4

Lithology

Description
0-6” Black (10YR 2/1) plowed horizon
6"-2'4" Yellowish-grayish brown (10YR 6/2-5/6) locally oxidized, rooted, and burrowed silt. More oxidized towards the base

2'4"-4'9" Dark yellowish brown (10YR 3/4) diamict. Vf-f sand matrix with increasing amounts of floating pebbles towards the
base. Pebbles are generally angular-well rounded quartz and chert. Several are tubular, a couple flattened.

4'9"-6'6" Dark grayish brown-v. dark grey (10YR 4/1-2) silty vf-f micaceous sand with several matrix supported granules
and one 1-cm rounded quartz pebble. Upper ~8” mottled, several oxidized zones.

6'6"-9'1" Dark olive heavily burrowed silty clay and sand. Several .4-.6 in pebbles in matrix.
9'6™-11"10" Dark olive gray (5Y3/2) silty f-m sand with few clay rip-ups. Several small (<.5 cm) pebbles from 9'7"-9'9".

Fines increase at 11'10” (vf sand and clayey silt). 12'6™-14'3" : Unconformity lag; several large (.4-.2.75 in.)
angular-rounded pebbles and many clay rip-ups.

14'3"-30'8" Gray (5YR 5.5/1) clay unit with many flaser beds begins (For details, see inset 1).
* First occurence Pterocarya pollen grains; MIOCENE

Inset 1

30'8"-34'6" Very dark grayish brown (2.5Y3/2)-dark olive gray (5Y3/2) laminated and heavily burrowed vf sand and silty clay.

34'6"-36'10” Grayish brown (2.5Y 5/2) open work fine sand package. Angular quartz sand with ~5% unidentified opaques.

36'10"-47'2" Dark olive gray (5Y3/2) silty f sand. Heavily burrowed/bioturbated with burrows oxidizing upon exposure.
Well-laminated unit with a couple of ~1-2” clay horizons around 40'. Fines increase to the base.

-41'6"-41'8.5" V. dark grayish brown (2.5Y3/2) well-sorted f quartz sand. Well-laminated and angular; possibly
some small bits of charcoal.

47'2"-62'6" “Red clay” unit returns: V. dark grayish brown (2.5Y3/2) - dark grayish brown (10YR 4/2) silty clay. Heavily
burrowed (filled with sand) with many flasers. Sand component is micaceous angular quartz (either rosy or
stained) silty vf sand (for details, see inset 2).

Inset 2

62'6"-62"11" Sandy (f-m) silt with several floating angular-rounded granules (white and black quartz)
62'11"-64'2" Dark gray (5Y4/1) clay with floating granules and vf micaceous quartz sand flasers

64'2"-67'11.5" Olive gray (5Y5/2) silty vf-f sand and clay. Heavily bioturbated/burrowed

67'11.5"-68'5" vf-m angular-well rounded quartz sand with ~3% opaques and ~3% shell fragments in the sand fraction.
Shell fragments appear at 68’ and remain minimal to 68'5”. Clay horizon from 68'3"-68'5". Several sand-filled
burrows precipitating sulfates.

68'5"-75'11" Dark grayish brown (2.5Y4/2) shell hash. Dense shell layer in silty vf sand. Shells include pectin, isognomen,
barnacles, and more. (*missing 69'6"-74'6"; assume shell hash continues)

75'11"-79'6" Dark greyish brown (2.5Y4/2) angular vf-m massive sand. Shells are minimal, but few horizontally lying clams
“float” in matrix.

79'6"-82'6" Dark grayish brown (2.5Y4/2) angular vf-m massive sand continues, with shell proportion increasing once again to
become a dense shell hash.
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Depth [feet below
land surface (BLS)] GAMMA
80 O API-GR 200
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Lithology

Appendixes 1-8 19

Lithologic and geophysical logs of DO Cd 66 core, Little Blackwater River watershed, Dorchester County, Maryland.

Description

82'6"-89'6" Olive gray (5Y4/2) angular-subrounded m quartz sand with few clams and other bivalves in matrix suspension.
Small clay films throughout.

89'6"-100'10™ Olive gray (5Y4/2) massive/bioturbated m quartz sand with minimal shells (*99'6™-100"10". missing).

100'10"-104'6™ Olive gray (5Y4/2) m quartz sand with high proportion of shells. Appears fragmented; storm surge?
(*101-104'6” missing)

104'6"-107" Olive gray (5Y4.5/2) silty vf-f quartz sand with high proportion of shells. The fine fraction appears to be made up
largely of ground-up shell material that fizzes violently with HCL.
-Top ~3” indurated fossiliferous limestone clast (likely small portion of 101'-104'6” interval).

107°-108'9” Dark gray (5Y4/1) f-m silty quartz sand with several shell fragments in suspension; mostly pectin and isognomen.
108'9"-113'6™ Grayish brown (2.5Y5/2) vf-f quartz sand with fewer shells. Some organic material (roots?) (*113'6™-115'6” missing)

-110'4"-111'6" ~50% shells with long axes in horizontal position.
-111'6"-111"11" Open-work concentration of organics with oxidation stains and a couple of small pectin fragments.

113'6"-116'1" Brown (10YR4/3) Indurated zone; disaggregated shells.

116'1"-119'6" Olive gray (5Y4/2) f angular quartz sand with many large clams both stacked and in suspension in horizontal
orientation. Indurated from 117’-117'8"; shells minimal below 118'4”

119'6"-123'8" Sand continues with increasing shell accumulation. Dense pectin and pearly isognomen.

123'8"-127'5" Dark greyish brown (2.5Y4/2) silty vf-f sand. Massive or structure destroyed by drilling. Shells minimal.

127°-129'6" Olive gray (5Y5/2) silty vf-f sand with variable induration. Generally well-laminated with bioturbation.

Soft Sediment Deformation

B9

) Glauconite

& A

Shells/Shell Fragments

EXPLANATION

0. 'Y Pebbles Sand

J Silty clay and sand
fj\ Burrows/Bioturbation v cay and san

Silty sand

Oxidation stain
Clay
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Appendix 7. Lithologic and geophysical logs of DO Cd 66 core, Little Blackwater River watershed, Dorchester County, Maryland.
——Continued

Depth [feet below

land surfac% (BLS)] i‘;:‘f‘gé\ - Lithology =~ Description
14—
] 14'3"-14'11” Gray (5YR5.5/1) clay with several small flasers.
= 14'11"-15'3” Dark grayish brown (2.5Y4/2) vf sand
e 15'3"-15'6" Heavily burrowed gray (5YR5.5/1) clay. ~2 cm burrows and many flaser beds
B 15'6"-16'11" Gray (5YR5.5/1) clay. ~2 cm burrows and many flaser beds. Large burrows
m drop out.
16 —
— 16'117-17'3” Light olive brown (2.5Y5/4) well-laminated, vf, angular quartz sand.
B 17'37-18'2" Interbedded clay and sand; sand has very clear laminae.
18—
3 18'2"-19'5” Dark gray (5YR4/1) clay cyclically interrupted by oxidized silty vf sand beds.
] 19'56"-19'11.5” Light olive brown (2.5Y5/4) vf well-laminated sand.
20 E 19'11.5"-21'10.5” Dark gray (5YR4/1) clay with sand flasers throughout.
22 E 21'10.5"-22'9” Interbedded clay and sand on ~3’ intervals. Some charcoal bits at the base.
] Sand part is well laminated.
_E 22'9"-26' Dark gray (5YR4/1) clay with multiple vf sand flasers and ~1” sand beds.
24— 1
26 26'-26'1" Dark olive gray (5Y3/2) angular-subrounded micaceous vf quartz sand.
m 26'1"-27'6" Clays and vf sands with soft-sediment deformation (due to drilling?)
E 27'6"-30'8" Dark gray (5YR4/1) clay. The most “pure” clay in the package; flasers throughout,
28 3 but less common and smaller. Colors vary from above to grayish brown (2.5Y4/2).
303 3
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Appendix 7. Lithologic and geophysical logs of DO Cd 66 core, Little Blackwater River watershed, Dorchester County, Maryland.
——Continued

Depth [feet below Lithol Descrioi
GAMMA itholo escription
land surfacg (BLS)] O eR 00 gy P
47—
E 47'2°-51'6" Very dark grayish brown (2.5Y3/2) silty clay.
E Heavily burrowed, multiple flasers, two sand excursions.
493 5
51—
g 54'6"-52'8" Very dark grayish brown (2.5Y3/2) vf sand and silt.
E 52'8"-54'1” Very dark grayish brown (10YR3/2) heavily burrowed clay. Filling sands
53 — are micaceous angular quartz silty vf sand.
E 54'1"-54'8" Dark brown (10YR3/3) angular micaceous f sand excursion; possibly glauconitic.
. 54'8"-55'6" Very dark grayish brown (10YR3/2) clay with 2 small well-laminated silty f sand
55 — beds.
. 55'6"-56' Dark brown (10YR3/3) vf sand package. Micaceous quartz with possible charcoal
E in upper ~1".
] 56'-57'6” Dominant clays and sands “swirled” together. Bioturbated? Soft sediment
3 deformation? Disturbed by drilling?
57 —
§ 57'6"-62'6” Brown (10YR4/3) clay with less sand/silt; also slightly less “red”. Few burrows.
59 - E
61— g
63 — )
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Appendix 8. 2-D resistivity survey along the Egypt Road well transect B-B', Little Blackwater River watershed, Dorchester County,
Maryland.

B B’
(Northwest) FEET (Southeast)
328 ¢ 500 1,000 1,500 2,000 2,231

| l | J

-32.8
-65.6
-98.4
-131.2
-164.0
-196.8

ELEVATION, IN FEET

119 157 206 271 356 468 615 808
RESISTIVITY, IN OHM METERS




Prepared by USGS West Trenton Publishing Service Center.
Edited by Valerie M. Gaine.
Graphics and layout by Timothy W. Auer.

For additional information, contact:
Director, MD-DE-DC Water Science Center
U.S. Geological Survey

5522 Research Park Drive

Baltimore, MD 21228

or visit our Web site at:
http://md.water.usgs.gov



Fleming, B.J., and others—Geology, Hydrology, and Water Quality of the Little Blackwater River Watershed, Dorchester County, Maryland, 2006—09—Scientific Investigations Report 2011-5054

ISBN 978-1-4113-31.23-5

@ Printed on recycled paper



	sir2011-5054_cover1.508
	sir2011-5054_cover2.508
	sir2011-5054_book.508
	Abstract
	Introduction
	Purpose and Scope
	Description of Study Area

	Methods
	Groundwater and Surface-Water Monitoring Methods
	Groundwater and Surface-Water Sampling Methods

	Geology
	Miocene Stratigraphy
	Pleistocene-Holocene Stratigraphy

	Hydrology
	Groundwater-Flow System
	Surface-Water System

	Water Quality
	Data Quality Assurance
	Blanks
	Duplicates
	Ion Balances

	Groundwater Quality
	Inorganic Constituents
	Organic Constituents

	Surface-Water Quality
	Inorganic Constituents
	Organic Constituents


	Summary and Conclusions
	Acknowledgments
	Selected References
	Appendixes 1–8


	sir2011-5054_cover3.508
	sir2011-5054_cover4.508

