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Pre-Restoration Geomorphic Characteristics of Minebank
Run, Baltimore County, Maryland, 2002-04

By Edward J. Doheny, Roger J. Starsoneck, Paul M. Mayer, and Elise A. Striz

Abstract

Data collected from 2002 through 2004 were used
to assess geomorphic characteristics and geomorphic
changes over time in a selected reach of Minebank Run, a
small urban watershed near Towson, Maryland, prior to its
physical restoration in 2004 and 2005. Longitudinal profiles
of the channel bed, water surface, and bank features were
developed from field surveys. Changes in cross-section
geometry between field surveys were documented. Grain-size
distributions for the channel bed and banks were developed
from pebble counts and laboratory analyses. Net changes in
the elevation of the channel bed over time were documented at
selected locations.

Rosgen Stream Classification was used to classify the
stream channel according to morphological measurements of
slope, entrenchment ratio, width-to-depth ratio, sinuosity, and
median-particle diameter of the channel materials. An analysis
of boundary shear stress in the vicinity of the streamflow-
gaging station was conducted by use of hydraulic variables
computed from cross-section surveys and slope measurements
derived from crest-stage gages in the study reach.

Analysis of the longitudinal profiles indicated noticeable
changes in the percentage and distribution of riffles, pools, and
runs through the study reach between 2002 and 2004. Despite
major changes to the channel profile as a result of storm runoff
events, the overall slope of the channel bed, water surface, and
bank features remained constant at about 1 percent.

The cross-sectional surveys showed net increases in
cross-sectional area, mean depth, and channel width at several
locations between 2002 and 2004, which indicate channel
degradation and widening. Two locations were identified
where significant amounts of sediment were being stored in
the study reach. Data from scour chains identified several
locations where maximum scour ranged from 1.0-1.4 feet
during storm events. Bank retreat varied widely throughout the
study reach and ranged from 0.2 feet to as much as 7.9 feet.
Sequential measurements of bed elevation in selected locations
indicated as much as 2 feet of channel degradation in one
location during a storm event in May 2004 and identified
pulses of sediment that were gradually transported through the
study reach during the monitoring period.

Particle-size analyses of channel bed materials indicated
a median particle diameter of 20.5 millimeters (coarse gravel)
for the study reach, with more than 24 percent being sand
particles (greater than 0.062 millimeters). Analyses of bank
samples showed finer-grained material composing the channel
banks, predominantly silt/clay or a mixture of silt/clay (less
than 0.062 millimeters) and very fine to coarse sand.

The Minebank Run stream channel was classified as a
B4c channel, based on morphological descriptions from the
Rosgen Stream Classification System. The B4c classification
describes a single-thread stream channel with a moderate
entrenchment ratio of 1.4 to 2.2; a width-to-depth ratio greater
than 12; moderate sinuosity of 1.2 or greater; a water-surface
slope of less than 2 percent; and a median-particle diameter in
the gravel range of 2 to 64 millimeters.

Analysis of boundary shear stress indicated larger mean
velocities and boundary shear stress values for Minebank
Run when compared to relations for non-urban B channel
types developed by Rosgen. The slope of the regression line
for mean velocity versus boundary shear stress at Minebank
Run was considerably less than slopes developed by Rosgen
for non-urban channel types. This indicates that relatively
small increases in mean velocity can result in large increases
in boundary shear stress in stream channels with highly
developed watersheds, such as Minebank Run.

Introduction

Minebank Run, a small urban stream in Baltimore
County, Maryland, is a tributary of the Gunpowder River in
the Chesapeake Bay watershed that drains approximately
3.27 mi? (square miles). Since the late 1990s, Minebank
Run has been the focus of physical restoration efforts by the
Baltimore County Department of Environmental Protection
and Resource Management (DEPRM). One of the primary
goals of physical restoration is to re-establish geomorphic
stability' of the stream channel.

Urban streams, such as Minebank Run, commonly
display flashy streamflow due to rapid runoff from impervious
surfaces. The flashy streamflow can alter the bed and banks of

'Words in bold are defined in the glossary section of the report.



2 Pre-Restoration Geomorphic Characteristics of Minebank Run, Baltimore County, Maryland, 200204

the stream channel considerably over time. The erosive power
that is generated in urban streams often leads to degradation
and widening of stream channels, bank failure, increased
sediment supply, and instability of riffle and pool features
along the channel profile (Paul and Meyer, 2001).

In April 2001, the U.S. Environmental Protection Agency
(USEPA) began investigating opportunities in the Baltimore
metropolitan area to study streams that were targeted for
restoration to improve physical function and habitat. Baltimore
was a focus area for stream restoration research because of a
large number of projects that had been carried out since the
early 1990s. Minebank Run was selected for study because
of the opportunity to collect and interpret several different
types of data before and after the channel restoration. The
restoration of Minebank Run has provided an opportunity to
study potential water-quality benefits from implementation of
specific restoration practices, such as re-planting vegetation
in riparian zones, reconfiguring of meanders and point bars,
reconstruction of flood plains, and physical movement of
sections of the channel within the valley. In October 2001,
the U.S. Geological Survey (USGS), the USEPA, and the
Institute of Ecosystem Studies (IES) jointly initiated a study
to investigate the effects of stream restoration on stream
hydrology, denitrification, and overall water quality in a
selected reach of Minebank Run (Doheny and others, 2006). In
response to rapid changes in channel geometry, elevations of
channel features, and the rate of lateral migration of the stream
channel observed during the first year of the study, the USGS
was additionally tasked with measuring and documenting the
geomorphic changes within the Minebank Run study reach
prior to physical restoration.

This report describes conventional techniques that were
used for collection of geomorphic data in a study reach in the
Minebank Run watershed during water years 2002 through
2004. Continuous-record streamflow data were collected in the
study reach. Geomorphic data collected in the reach included
surveyed elevations of the channel bed, water surface, and
bank features; surveyed cross sections; measurements of
bank erosion and maximum scour by use of bank pins and
scour chains; pebble counts and samples of material from the
channel bed and banks for grain-size analyses; measurements
of bed elevations over time in selected locations; and high-
water marks from storm runoff events in the watershed.

Data collected during this study were used to assess
pre-restoration geomorphic characteristics and pre-restoration
geomorphic changes over time in the Minebank Run study
reach. Analyses conducted for this report included (1) a
comparison of changes in longitudinal profiles of the channel
bed, water surface, and bank features over time; (2) a
comparison of changes in cross-section geometry due to
aggradation, degradation, and lateral erosion; (3) grain-size
distribution of the channel bed and banks; (4) net changes
in the elevation of the channel bed at selected locations
over time; (5) classification of selected sections of the reach
according to the Rosgen system of stream classification

(Rosgen, 1994, 1996); and (6) boundary shear stress based
on cross-section geometry and water-surface slope in the
vicinity of the streamflow-gaging station.

Description of Minebank Run
Watershed

Minebank Run is a 3.27 mi* sub-watershed of the
Gunpowder Falls located in the south-central section of
Baltimore County, Maryland, approximately 4.7 mi (miles)
northwest of the Fall Line in the Piedmont Physiographic
Province (fig. 1). The watershed lies between 39° 23' 34"
and 39° 25' 26" north latitude, and between 76° 32' 07" and
76° 35' 40" west longitude. The headwaters are located on the
east side of Towson, Maryland. The stream flows roughly in
a northeasterly direction and confluences with Gunpowder
Falls near the town of Loch Raven, approximately 0.30 mi
downstream of the lower dam on Loch Raven Reservoir
(Doheny and others, 2006).

The Minebank Run watershed is bounded by 2 ridges
that are oriented approximately from southwest to northeast,
with a broad, lightly sloping valley in between. The valley
width ranges from approximately 0.6 mi near the headwater
and outlet areas, to about 1.5 mi near the mid-point of the
watershed. The watershed ranges in elevation from about 400
to 500 ft (feet) above sea level at the drainage boundaries, to
about 150 to 400 ft above sea level in the stream valley. Relief
ranges from 100 to 300 ft in most areas of the watershed
(Doheny and others, 2006).

As of 2004, the Minebank Run watershed consisted of a
restored section and an unrestored section. The upper 0.80 mi?
of the watershed, which is upstream of the Baltimore Beltway
(I-695) (fig. 1), was restored in 1998 and 1999. Restoration
was initiated in the lower 2.47 mi® of the watershed during
2004 and was completed in 2005 (Doheny and others, 2006).

In the section of the watershed that was restored during
1998 and 1999, the dimension, pattern, and profile of the
stream channel were reconstructed for purposes of improving
stability. Riffle and pool sequences were re-created by
selective placement of rock weirs (Rosgen, 1993), which were
also intended to control sediment supply in the watershed.
Where possible, flood plains were created to allow flood flows
to spread out in the valley and reduce the energy directed at
the channel bed. Channel-bank slopes were reduced in many
locations and natural vegetation was planted on the banks.
Low to moderate channel sinuosity was maintained throughout
the restored reaches to reduce the potential for lateral bank
erosion and failure (fig. 2). Similar techniques were used in
the unrestored section of the watershed during 2004 and 2005
to reconstruct what had been a degraded and over-widened
stream channel (Doheny and others, 2006).
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Figure 2. View looking upstream at restored section of Minebank Run, just upstream of the
Baltimore Beltway (1-695), 2001. (Photograph by Robert J. Shedlock, U.S. Geological Survey).

Description of Study Area

The Minebank Run study reach drains 2.06 mi?® in the
unrestored section of the watershed (fig. 3). The length of the
study reach is approximately 1,800 ft. At this location, land
use in the watershed is approximately 80.6 percent urban
and 16.9 percent forested or open space (Baltimore County
Department of Environmental Protection and Resource
Management, 2000). The largest percentages of urban land
use and impervious surfaces are in the headwaters of the
watershed, upstream of I-695. Most of these highly impervious
areas are at higher elevations near the southern section of the
drainage boundary. These areas, in combination with direct
runoff from I-695, are the likely sources of increased storm
runoff that cause the stream stage and corresponding discharge
to increase and decrease very quickly during storm events
(Doheny and others, 2006).

Prior to restoration in 2004 and 2005, much of the
unrestored section of Minebank Run was entrenched and
over-widened (Doheny and others, 2006). Most of the stream
energy was being directed at the channel bed and banks, with
little or no ability for the streamflow to overtop the channel
banks and spread out onto the flood plain. The channel
banks were steeply sloped in many locations with numerous
occurrences of bank failure and lateral erosion. The channel

sinuosity in the study reach was fairly low, but several
locations in the reach had large meanders that coincided with
very unstable channel banks and a highly mobile and unstable
channel bed (fig. 4) (Doheny and others, 2006).

Bed material in the study reach consists of a mixture
of sand, gravel, cobbles, and a few small boulders. In this
section of the watershed, much of the flood plain and channel
bed lie within deposits of alluvium and colluvium mapped
by Crowley and Cleaves (1974). Few bedrock outcrops are
visible in the study reach because of the deposits of alluvium
and colluvium. Bank material includes some deposits of sand
and gravel, with greater percentages of silt and clay than in the
channel bed.

The study reach selected for geomorphic investigation
overlapped a study reach where shallow ground water
and water quality have been monitored since 2001 (fig. 5)
(Mayer and others, 2003). The study design for ground-water
and water-quality monitoring included nests of three 1-in.
(inch)-diameter piezometers that were installed 2 to 6 ft
below the surface of the channel bed, and 3.75 to 11.85 ft
below the surface of the channel banks in three selected
locations along Minebank Run (fig. 5) (Doheny and others,
2006). These piezometers in the channel bed also were used in
the geomorphic investigation as measuring points for tracking
channel-bed elevations over time.
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Figure 4. View looking upstream at unrestored section of Minebank Run in Cromwell Valley
Park, downstream of the Baltimore Beltway (I-695), 2002. (Photograph by Robert J. Shedlock,

U.S. Geological Survey.)

Methods of Data Collection

Geomorphic data were collected in and near the
Minebank Run study reach to quantify pre-restoration
stream-channel characteristics, and to assess changes to
the stream channel prior to restoration. A continuous-
record streamflow-gaging station (USGS station number
0158397967, Minebank Run near Glen Arm, Maryland)

(fig. 5) has provided 5-minute, unit-value stage and discharge
data in the Minebank Run study reach since October 2001.
Surveys were conducted to document existing cross-section
geometry and changes in channel geometry over time. Scour
chains and bank pins were installed at the cross section
locations to quantify physical changes occurring between
storm events. Measuring point elevations from instream
piezometers were used as the elevation control in selected
cross-section locations to determine the net change in channel-
bed elevation over time. Surveys of the longitudinal profile
were conducted to determine the elevations of channel features
throughout the study reach. Pebble counts were conducted to
determine grain-size distributions of the surficial bed material.
Samples of the underlying channel bed material and channel
banks were collected to determine grain-size distributions for
selected areas. High-water marks were measured at the gaging
station and at other selected locations in the study reach to
determine the water-surface slope during storm events.

Streamflow

Since October 2001, continuous-record streamflow
data have been collected at USGS station 0158397967 in the
Minebank Run study reach using standard USGS stream-
gaging techniques (Carter and Davidian, 1968; Buchanan and
Somers, 1968). Periodic measurements of streamflow were
made at a range of gage heights to develop a stage-discharge
rating for the stream. The stage-discharge rating was used
with the continuous record of gage heights from the station
to determine the discharge of the stream continuously at
5-minute intervals. Daily mean discharges were determined
for each day of the water year. Streamflow statistics for station
0158397967, Minebank Run near Glen Arm, Maryland for
water years 2002 through 2004 are presented in table 1 (Saffer
and others, 2005).

Geomorphic monitoring occurred during a relatively wet
hydrologic period as the Baltimore region was recovering from
severe drought conditions in the spring and summer of 2002.
The long-term average for the Baltimore region is about 42 in.
of precipitation (James, 1986). On the basis of precipitation
data collected in the vicinity of the Minebank Run study reach,
over 64 in. of total precipitation were recorded during the
2003 water year, and nearly 52 in. were recorded during the
2004 water year (Doheny and others, 2006).



Methods of Data Collection 7

76°33'30" 76°3300"
N \ 7
CROMWELL VALLEY PARK /
Minebank Run
watershed
boundary /
Station 01583980 //
(Minebank Run ’/@
at Loch Raven, MD) ,j%@*
39°25'00" [ — 2 Merrick Bridg Miﬂeban
2 P
PARK OFFICE &S
AN 2
7] g
Station LS
392449076331100 . / N/
Refer to figure 6 for (Minebank Run /// @@ §
detail of the study reach Rain Gage) N / ¥
X _________________ / Q&“
Well transect No. 1 — o /
(Station 0158397971) | g & 57
Well transect No. 2~ | . S\
(Station 0158397969) \| Station Q] 58397975 - Sherwood Bridge )
I Station I Cromwell Bridge
Well transect No. 3~ | 0158397973 /.
(Station 0158397968) \! /X
|

Pumping Station

[9))
a | %
Statlon | St
0158397967 %
(Minebank Run 3 /
near Glen Arm, MD) 42 m
39°24'30" — ) 2 © _
o] O
/5 2
Y/ |
8 o
;:::'f:f/é m o4 /
7 Minebank
/<712-foot-diameter Loch Raven-Montebello Tunnel
Loch Raven (Loch Raven Reservoir to Montebello Filtration Plant)
High School
/ \
0 500 1,000 1,500 FEET
| Il Il |
I T T T T
0 100 200 300 400 METERS
EXPLANATION
0158397967

A CONTINUOUS-RECORD STREAMFLOW-GAGING STATION

AND IDENTIFICATION NUMBER

0158397973A CREST-STAGE PARTIAL-RECORD STATION WITH STAFF

GAGE AND IDENTIFICATION NUMBER

Figure 5.

along the Minebank Run study reach, Baltimore County, Maryland.

e———e WELL TRANSECT (consisting of 2-inch monitoring wells on

each flood plain, and 1-inch piezometer nests in the channel
bed and on each channel bank)

MINEBANK RUN STUDY REACH

Location of continuous-record streamflow-gaging stations, crest-stage partial-record stations, and well transects



8 Pre-Restoration Geomorphic Characteristics of Minebank Run, Baltimore County, Maryland, 200204

Table 1. Summary of streamflow statistics for station
0158397967, Minebank Run near Glen Arm, Maryland, water
years 2002-04.

[mi?, square mile; ft¥/s, cubic foot per second; [(ft*/s)/mi?], cubic foot per
second per square mile]

Station 0158397967,
Minebank Run near
Glen Arm, Md.
Drainage area 2.06
(mi?)
Annual Mean Discharge 3.25
(ft¥/s)
Highest annual mean discharge 4.34
(ft’/s) (2004)
Lowest annual mean discharge 1.15
(ft¥/s) (2002)
Highest daily mean discharge 61
(ft’/s) (Oct. 27, 2003)
Lowest daily mean discharge 0.04
(ft¥/s) (Aug. 17,2002)
Maximum instantaneous peak flow 1,390
discharge (Jun. 12, 2003)
(ft’/s)
Minimum instantaneous low flow 0.04
discharge (Aug. 17, 2002)
(ft’/s)
Annual runoff 21.46
(inches)
Annual runoff 1.58

[(ft}/s)/mi?]

Longitudinal Profiles

The longitudinal profile of the Minebank Run study
reach was surveyed during April 2002, March 2003, and April
2004 to determine the relative elevations and consistency of
channel features. The methods used are described in Leopold
(1994). The reach where the longitudinal profile surveys were
conducted was located between the Sherwood Bridge and just
downstream of the confluence of Harts Run and Minebank
Run (fig. 5). Channel-bed and water-surface elevations were
surveyed along the study reach, as were channel features such
as point bar surfaces, terraces, and top of bank elevations.
All surveys were conducted using the same starting point
and longitudinal stationing so that comparisons of profiles
from different years would be possible. Survey elevations
were measured at break points between riffles, pools, and
runs in order to define these features individually. Distances
were measured along the thalweg between surveyed points
on the streambed, which allowed for definition of the lengths

and distribution of riffles, pools, and runs in the reach.

Point bar surfaces, terraces, and top of bank elevations were
also surveyed in selected locations along the reach where
these features were clearly identifiable. Dates, locations,
and longitudinal stationing used for the longitudinal-profile
surveys in the Minebank Run study reach are summarized in
table 2.

Cross Sections

Permanent cross sections were established in and near
the Minebank Run study reach to assess physical changes to
the stream channel prior to restoration. Nine cross sections
were established with monumented endpoints over a distance
of approximately 1,300 ft (fig. 6) within the study reach. The
reach contained the continuous-record streamflow-gaging
station, and the three transects of wells and piezometers that
were established for other technical aspects of the study
(fig. 5). The cross sections were established in straight sections
of the channel, or in straight sections between meanders, and
were aligned perpendicular to the direction of streamflow. The
cross sections were vertically referenced to mean sea level
datum and were initially surveyed in December 2002. The
cross sections were re-surveyed during June and July of 2003
in the aftermath of a major storm event that occurred in the
watershed on June 12, 2003 (table 1). The cross sections were
surveyed again during January and February of 2004, just
prior to the start of the channel restoration work that began in
June 2004. Basic station information for the nine permanent
cross sections in and near the Minebank Run study reach is
summarized in table 3.

Bank Erosion Pins

Changes in bank erosion and deposition over time were
measured at each surveyed cross section using a series of
bank erosion pins (Harrelson and others, 1994). Metal pins,
approximately ¥2-in. thick and 2—4 ft in length, were inserted
horizontally at different elevations into shear and heavily-
eroded banks, with a measured length that was left exposed.
At each pin, an elevation was determined by use of a rod and
level. During periodic visits to each cross section, exposure of
each pin was measured. If the bank had been severely eroded
between site visits, the exposed pin was driven back into the
bank and re-measured before leaving the site. Pin loss was
documented and another pin was installed at approximately
the same elevation. A sample diagram of the placement of
bank erosion pins at a cross section is shown in figure 7.

Scour Chains

Scour chains were used to measure the aggradation or
degradation in the thalweg of the streambed at each surveyed
cross section (Harrelson and others, 1994). A known length
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Table 2. Dates, locations, and longitudinal stationing used for the longitudinal-profile surveys in the Minebank Run study reach,

2002-04.
[ft, feet]
Date Stan_mg Starting End!ng Ending Reach
of station location station location length
survey (ft) (ft) (ft)
April 16-17, 2002 5,000 Upstream side of 3,358 In meander bend, 1,642
Sherwood Bridge approximately
330 ft upstream
of gage
March 31-April 1, 2003 5,000 Upstream side of 3,283 In meander bend, 1,717
Sherwood Bridge approximately
290 ft upstream
of gage
April 23, 2004 5,000 Upstream side of 3,337 In meander bend, 1,663
Sherwood Bridge approximately
280 ft upstream
of gage

of chain was installed vertically into the unconsolidated bed
material and anchored at the bottom by a horizontal pin. At
the loose end, a measured length of chain was left exposed
and laid over the surface of the channel bed. The number of
chain links exposed on the bed was recorded as well as the
measured length of exposed chain. The chains were located
and excavated approximately once a month or after large
storm events. The depth of fill overlying the chains was also
recorded. The number of horizontal chain links and measured
length of horizontal chain was recorded. If additional chain
links were bent over and exposed horizontally in between

site visits, this indicated scour on the channel bed. The depth
of material covering the chain is indicative of subsequent
deposition of channel materials that occurs on the recession of
a storm event (fig. 8).

Channel Materials

The channel materials composing the bed and banks of
the study reach were characterized using (1) pebble counts of
the surficial channel-bed sediments at each cross section, and
(2) grain-size analysis of sediment samples collected from the
channel banks and the subsurface of the channel bed at each
cross section.

One-hundred-particle pebble counts were conducted in
the main channel at each of the nine permanent cross sections
during May and June of 2003. Pebble counts were also
conducted in May 2002 at the three well transects in the study
reach that correspond to cross sections Ee, Ff, and Gg. The
pebble counts were made by randomly picking up particles
from the channel bed throughout the entire length of the main
channel at an interval of about 1 particle per foot of cross

section, and measuring the intermediate axis of the particle
that is picked up (fig. 9) (Leopold, 1994; Harrelson and others,
1994). The particle sizes were tallied according to size class
(silt, sand, gravel, or cobbles) and used to directly determine
grain-size distributions for the surface of the channel bed at
each cross section and for the study reach. An example of a
grain-size distribution and computation of percent finer from
a pebble count at cross section Ff in the Minebank Run study
reach on June 6, 2003 is shown in table 4. A plot of the grain-
size distribution developed from the pebble count is shown in
figure 10.

Sediment samples were collected from the channel bed
subsurface and banks at each cross section during November
2002 and shipped to the USGS sediment laboratory in
Vancouver, Washington for grain-size analysis. Channel-bed
samples were collected in the left, center, and right side of
each cross section by (1) removing the top 2-3 in. of bed
material in the location of the sample, and (2) shoveling about
6-8 in. into the bed, and filling a standard cloth sediment bag
with material from the subsurface of the bed. Bank samples
were collected from both channel banks. If the bank was
lightly sloped, the sample was taken from the top of the bank
by shoveling 68 in. down from the surface. If the bank was
shear or severely undercut, a sample was taken from the
top of the bank, and also from within the shear part of the
bank (fig. 11). Samples were quantified using a standard
sieve analysis for the channel-bed material and sedigraph
analysis for the bank samples (Daniel J. Gooding, USGS,
written commun., 2002). Sedigraph analysis was necessary to
determine grain-size distributions of the bank samples due to
significant percentages of fine material such as silt and clay
that compose the channel banks at Minebank Run.
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Basic station information for permanent cross sections located in and near the Minebank Run

[Lat, Latitude; Long, Longitude; ft, feet; °, degrees; ', minutes; ", seconds]

Left Right
Cross Longitudinal Description of cross section cross section
section station cross section endpoint endpoint
name (ft) location lat-long lat-long
(o ' ") (o ' n)

Aa 4,777.0 Downstream of meander 3924 42.6 3924 41.1
76 33 14.8 76 33 13.5

Bb 4,703.0 Upstream of meander 392442.1 392442.4
76 33 15.8 76 33 13.8

Cc 4,563.0 Straight 3924 41.1 3924 40.4
76 33 16.7 76 33 14.5

Dd 4,399.0 Downstream of meander 3924 40.2 3924 39.0
76 33 18.0 76 33 17.0

Ee 4,210.0 Upstream of meander 39 24 38.8 3924 38.5
76 33 19.6 76 33 18.8

Ff 3,990.0 Straight 3924 37.8 3924 36.5
76 33 20.4 7633 19.4

Gg 3,838.0 Straight 392437.0 3924 36.3
76 33223 76 33 21.3

Hh 3,678.0 Downstream of meander 3924 35.8 3924 35.1
76 33 24.0 76 33 23.3

i 3,462.0 Between two meanders 3924353 3924 34.6
76 33 25.8 76 33 26.1

Bed-Elevation Measurements

Net changes in bed elevation were determined over
time at three locations in the study reach where instream
piezometers had been installed to monitor shallow ground
water (Mayer and others, 2003). These locations closely
coincide with locations of permanent cross sections Ee, Ff,
and Gg (fig. 6). The distance from the top of the piezometer
to the channel bed was measured every 1-2 months and after
major storm events between December 2002 and July 2004.
Since the measuring point elevations were surveyed and
related to mean sea level datum, net bed elevations could be
determined over time at the piezometer location by making
these periodic measurements. The tracking of bed elevations
by use of an instream piezometer with a surveyed measuring
point elevation is illustrated in figure 12.

High-Water Marks

High-water marks were obtained along the study reach
during water years 2002 through 2004 from crest-stage

gages that were installed at selected locations (Buchanan

and Somers, 1968). These marks were used along with data
from the continuous-record streamflow-gaging station to
determine peak water-surface elevations that occurred in the
study reach between site visits. The crest-stage gages were
serviced every 1-2 months and after major storm events. All
high-water marks that were registered on each crest-stage
gage were documented and logged. The hydrographs from the
continuous-record streamflow-gaging station were referenced
to determine the date of the storm that left the high-water mark
and the discharge associated with that storm.

The distance between crest-stage gages along the thalweg
of the stream channel was measured so that water-surface
slopes could be determined at a range of stages and discharges
by use of the high-water marks. Since the reach in the vicinity
of the streamflow-gaging station was the most linear section
of the study reach, the streamflow-gaging station and the
crest-stage gage immediately downstream of this station were
predominantly used for determination of water-surface slopes.
A crest-stage gage that was used for obtaining high-water
marks in the Minebank Run study reach is shown in figure 13.
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Figure 7. Example of bank-erosion pin placement and
monitoring (modified from Harrelson and others, 1994).
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Figure 8. Example of scour chain placement and monitoring
(modified from Harrelson and others, 1994).

Figure 9. Examples of
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pebbles during pebble
counts (modified

from Harrelson and
others, 1994).
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Geomorphic Characteristics

Geomorphic data collected during water years
2002 through 2004 were used to assess pre-restoration
geomorphic characteristics and pre-restoration geomorphic
changes occurring over time in the Minebank Run study
reach. Geomorphic characteristics that were assessed
included (1) longitudinal profiles of the channel bed, water
surface, and bank features; (2) changes in cross-section
geometry; (3) grain-size analyses of the channel bed and
banks; (4) net changes in the elevation of the channel
bed at selected locations over time; (5) classification of
selected sections of the reach according to the Rosgen
system of stream classification (Rosgen, 1994, 1996); and
(6) analysis of boundary shear stress based on cross-section
geometry and water-surface slope in the vicinity of the
streamflow-gaging station.

Longitudinal Profiles

Longitudinal profiles of the channel bed, water surface,
point bar, terrace, and top of bank elevations were developed
for the Minebank Run study reach on the basis of field surveys
that were conducted in April 2002, April 2003, and April
2004. Slopes of the different channel features were determined
by use of simple linear regression. Percentages of riffles,
pools, and runs were determined for each profile based on
the stream length of each feature relative to the length of the
surveyed reach. The profiles also were analyzed to determine
differences in the distribution and location of riffles, pools,
and runs throughout the study reach over time. An aerial view
of the study reach used for the longitudinal surveys is shown
in figure 14 (Baltimore County Department of Environmental
Protection and Resource Management, 2000). An example
plot of the longitudinal profile that was developed from the
March 31-April 1, 2003 survey is shown in figure 15.

A distinct and extensive series of point bar and terrace
features in the main channel along the study reach is shown
in figure 15. The presence of these features indicates that
the channel bed has degraded over time and that the stream
channel may have abandoned its flood plain at least twice due
to degradation. The field evidence indicates that the stream
channel may have initially degraded from the top of the
topographic banks to form a new flood plain at the level of the
terrace feature that was surveyed throughout the study reach.
Additional degradation likely caused the stream channel to
abandon this flood plain and establish an active flood plain at
the approximate elevation of the top of point bar features that
were surveyed throughout the study reach.

Slopes were computed for the channel bed, water surface,
point bar surface, terrace, and top of topographic bank
elevations for each of the three longitudinal profiles surveyed
between April 2002 and April 2004. The results are shown in
table 5.
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Table 4. Grain-size distribution and computation of percent finer from pebble count at Cross
Section Ff, Minebank Run study reach, June 6, 2003.

[mm, millimeter; %, percent; --, not applicable]

. Particle Cumulative
Particle o Item "
description size limit count percent finer
(mm) (%)
Silt 0.062 0 0
Sand 2 18 18.0
Very fine gravel 4 0 18.0
Fine gravel 8 20.0
Medium gravel 16 12 32.0
Coarse gravel 32 14 46.0
Very coarse gravel 64 22 68.0
Small cobbles 128 20 88.0
Large cobbles 256 12 100.0
Small boulders 512 100.0
Medium boulders 1,024 100.0
Large boulders 2,048 100.0
Very large boulders 4,096 100.0
TOTAL -- 100 --
2 64 256
mm mm mm
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Figure 10. Plot of grain-size distribution developed from the
pebble count at cross section Ff, Minebank Run study reach,

June 6, 2003.

Slopes for all channel features were approximately
1 percent (table 5). Except for the top of bank slope, all
channel features showed a slight decrease in slope between

2002 and 2003, and a slight increase between 2003 and 2004.

Over the 2-year period, the slopes of all features showed
changes that were within 10 percent or less. A small amount
of variation in these numbers was expected, however, due to

inherent inaccuracies associated with conventional surveying.

The slope of the point bar surface showed the most variation
in the re-surveys, likely because the point bars are within the
active flood plain and subject to frequent adjustments from
higher flows (fig. 16). The slopes of these channel features

13

also are consistent with low-flow and high-flow water-surface

slopes that were determined in the Minebank Run study

reach from staff gage readings and high-water marks between

January 2002 and August 2004 (Doheny and others, 2006).
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Figure 12. Technique used for tracking of
net channel-bed elevations by use of instream
piezometers, Minebank Run study reach,
December 2002 through July 2004.

Figure 13. Crest-stage gage
for obtaining high-water marks
in the Minebank Run study reach.
(Photograph by Edward J. Doheny,
U.S. Geological Survey.)
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Table 5. Slopes of channel features in the Minebank Run study reach from longitudinal-profile surveys, 2002—-04.

Date
of
survey

Channel
bed

Water

surface

Point
bar
surface

Terrace
surface

Top
of
bank

April 16, 2002
March 31-April 1, 2003
April 23, 2004

0.0101
0.0093
0.0095

0.0100
0.0092
0.0095

0.0101
0.0092
0.0107

0.0099
0.0091
0.0097

0.0091
0.0089
0.0088
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The data indicate that despite major geomorphic changes
to the stream channel from storms, the overall slope of the
channel bed and other channel features remained at about
1 percent.

Data from the longitudinal-profile surveys also were used
to determine the percentages of riffles, pools, and runs in the
study reach and whether these percentages and distribution
remain consistent over time. The percentages of riffles,
pools, and runs in the Minebank Run study reach that were
determined from the longitudinal-profile surveys between
2002 and 2004 are shown in table 6. The distribution of riffles,
pools, and runs that were determined from the longitudinal-

profile surveys between 2002 and 2004 are shown in figure 17.

Noticeable changes are evident in the percentages of
riffles, pools, and runs in the study reach between April 2002
and April 2004 (table 6). The large changes in percentages

Table 6.
longitudinal-profile surveys, 2002-04.

[%, percent]
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of pools over time indicate that different sections of the
stream channel go through alternating periods of scour and
fill over time. The increase in riffle and run percentages with
the corresponding decrease in pool percentages between
2002 and 2003 indicates that, on average, the channel in the
study reach is storing more sediment during this period. The
increase in pool percentages and corresponding decrease

in run percentages between 2003 and 2004 indicates that,

on average, the channel in the study reach is storing less
sediment during this period. Some distinct variations in the
distribution and location of riffles, pools, and runs in many
sections of the study reach are also evident (fig. 17). Despite
these changes in riffle, pool, and run percentages and changes
in the distribution and location of these features, this analysis
indicated that, on average, the stream is roughly maintaining
the overall slope of its channel features.

Percentage of riffles, pools, and runs in the Minebank Run study reach from

pate Riffle Pool Run
survey (%) (%) (%)
April 16, 2002 42.2 423 15.5
March 31-April 1, 2003 52.2 27.5 20.3
April 23, 2004 524 39.9 1.1
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18 Pre-Restoration Geomorphic Characteristics of Minebank Run, Baltimore County, Maryland, 2002-04

Cross-Section Geometry

Pre-restoration channel geometry at the nine permanent
cross sections was determined on the basis of field surveys
conducted in December 2002, June-July 2003, and in January-
February 2004. Each cross section was plotted for the three
surveys to determine changes in bed elevation and channel
alignment over time. Bank-pin data collected in locations with
cut banks were used to investigate bank retreat. Data collected
from the scour chains were used to measure, or reasonably
approximate, depths of maximum scour as well as depths of
deposition that occurred on the recession of storm events.
Cross-sectional area, wetted perimeter, hydraulic radius,
channel width, and mean channel depth were determined
for each cross section at a range of water-surface elevations,
and compared to document changes occurring between
field surveys.

Plots of the nine permanent cross sections are shown in
figures 18-26. Varying degrees of aggradation and degradation
of the channel bed are evident, as well as lateral erosion along
the study reach. A summary of lateral erosion, maximum
scour, and depths of maximum deposition that were directly
measured, or reasonably approximated, based on field
conditions during site visits at or near each permanent cross
section in the study reach during the pre-restoration period is
provided in table 7.

Data from the bank-pin measurements, as well as
measurements made after bank collapses in some of the
cross-section locations, indicate a range of 0.21 to 7.88 ft
of lateral erosion from January 2003 through August 2004.
Individual bank-pin measurements during site visits indicate
that lateral bank erosion of 1-2 ft was possible during large
storm events that occurred from January 2003 through July
2004. Data from scour chains at the cross sections indicate that
maximum bed scour ranging from 0.1 to 1.4 ft was possible in
the thalweg of the channel during large storm events occurring
between January 2003 and July 2004. Maximum deposition
on the channel bed at the location of the scour chains ranged
from approximately 0.30 to 1.50 ft. Due to the dynamic
and unstable nature of the unrestored channel at Minebank
Run, scour chains and bank pins were sometimes lost during
large storm events. When this occurred, estimates of bank
retreat and maximum scour were made on the basis of known
conditions from the previous site visit. If a known length of a
bank pin or a scour chain was exposed during a site visit, for
example, and the total length of the pin or chain was known, a
rough estimate of erosion on the bank or bed could be made if
the pin or chain was washed away during a storm event prior
to the next site visit. Data from the resurveyed cross sections
were also used to aid in estimating bank retreat during periods
when bank pins had been lost.

Cross-section geometry was determined at a range
of stages for the three different field surveys at all nine
permanent cross-section locations. Hydraulic variables
that were determined include cross-sectional area, wetted
perimeter, hydraulic radius, channel width, and mean channel

depth. A comparison of cross-section geometry for cross-
section Hh during the three field surveys conducted during
2002 through 2004 is shown in table 8. Comparisons for each
of the other eight permanent cross sections in the Minebank
Run study reach are included in Appendix 1.

A net increase in cross-sectional area, hydraulic radius,
and mean depth over time is evident at cross-section Hh
(table 8). Channel width and wetted perimeter show net
increases at low- to mid-range water-surface elevations over
time. These changes in channel width occur mainly within the
active channel, due to the net effects of erosion and deposition
of the point bar on the right side of the channel. At higher
elevations, the channel width did not change significantly
over time. The cross-section surveys also indicate alternating
increases and decreases in cross-sectional area and mean depth
between field surveys, which indicates alternating aggradation
and degradation of the channel bed resulting from temporary
storage and removal of sand and gravel during storm events.

These analyses were performed for all permanent cross
sections in the Minebank Run study reach, and were used to
develop an overall assessment of channel geometry changes
in the study reach that occurred between 2002 and 2004. The
results are summarized in table 9.

Net increases in cross-sectional area, channel width,
and mean depth for most elevations at cross sections Aa, Dd,
Ff, and Ii are indicated in table 9. These changes indicate
an overall trend of bed degradation, bank instability, and
channel widening over time. Cross section Aa, however, shows
alternating increases and decreases in mean depth between
field surveys. This indicates that, like cross section Hh, sand
and gravel could be temporarily stored in this location after
certain storm events despite overall degradation during the
monitoring period. Considerable lateral bank erosion is also
a likely factor in the increases in cross-sectional area and
channel width at these locations.

A net decrease in cross-sectional area and mean depth
over time at cross section Bb is evident (table 9). Channel
width shows a net decrease at lower elevations, with relatively
minor increases and decreases at higher elevations. The
surveys and bank pin information also indicate that lateral
erosion was relatively minor over time. The decrease in
cross-sectional area and mean depth with little lateral erosion
indicates an aggrading channel bed at cross section Bb with a
net increase in storage of sediment that is transported during
storm events.

Cross section Cc shows approximately the same channel-
geometry characteristics that were documented at cross section
Hh. The cross-sectional surveys indicate a net increase in
cross-sectional area, hydraulic radius, and mean depth over
time. Channel width shows a net increase at lower to mid-
range elevations over time. These changes in channel width
occur mainly within the active channel, due to the net effects
of erosion at the base of the terrace on the left side of the
channel. At most higher elevations, the channel width did not
change considerably over time. The cross-section surveys
also indicate alternating increases and decreases in cross-
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Figure 18. Pre-restoration cross-section geometry at permanent cross section Aa, December 2002 through
February 2004.
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Figure 19. Pre-restoration cross-section geometry at permanent cross section Bb, December 2002 through
February 2004.
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Figure 21. Pre-restoration cross-section geometry at permanent cross section Dd, December 2002 through
February 2004.
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January 2004.
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Table 7. Approximate extent of lateral erosion, maximum scour, and maximum depths of deposition for each permanent cross

section in the Minebank Run study reach, 2003-04.

[e = includes estimates due to loss of pins from bank collapse or loss of scour chain during large storm event.]

. Total . Maximum Maximum bed
Period of Period of .
. lateral . scour depth deposition
. bank pin . scour chain
Cross section o erosion o between between
monitoring monitoring L S
(month/year) of cut bank (month/year) site visits site visits
¥ (feet) ¥ (feet) (feet)
Aa 1/2003-8/2004 3.71e 2/2003-12/2003 0.60 1.50e
Bb 1/2003-7/2004 0.95 2/2003-6/2004 1.19%¢ 0.50
Cc 1/2003-7/2004 0.83 2/2003-7/2004 0.10 0.60
Dd 1/2003-7/2004 7.88¢e 2/2003-6/2004 1.44e 0.80e
Ee 1/2003-7/2004 0.61' 2/2003-12/2003 1.22¢ 0.96¢
Ff 1/2003-12/2003 4.86e 2/2003-12/2003 0.40e 0.60
Gg 1/2003-12/2003 4.68¢ 2/2003-6/2004 1.00e 0.30
Hh 1/2003-7/2004 0.21 2/2003-12/2003 0.42 0.60
I 1/2003-7/2004 4.96e 2/2003-6/2004 0.88¢ 1.25

! Lateral erosion for cross section Ee was measured along the left bank, approximately 25 feet downstream of the cross-section location because of a nearby

meander bend.

sectional area and mean depth between field surveys. As with
cross section Hh, this condition indicates temporary storage
and removal of sand and gravel during storm events with net
degradation of the channel bed over time.

Cross-section Ee shows a net increase in cross-sectional

area at lower elevations and a net decrease at higher elevations.

Mean depth shows a net decrease at most elevations, but
alternates between increasing depth and decreasing depth
between channel surveys. Changes in channel width are
considerable and vary between increases and decreases
over the range of elevations analyzed. The cross-section
surveys indicate major vertical and lateral instability of the
stream channel in this location, with alternating periods of
considerable sediment storage and removal.

Cross section Gg shows net increases in cross-sectional
area and channel width over time. Mean depths show a small
net decrease at lower elevations, and a net increase at higher
elevations. The cross-section surveys indicate greater lateral
instability of the stream channel than vertical instability in this
location. Lateral migration of the right bank, and adjustment
of the terrace and point bar features on the left side of the
channel are the main cause of the net increases in cross-
sectional area and mean depth over time.

A summary of the pre-restoration geomorphic conditions
that were interpreted from changes in the cross sections during
the monitoring period is shown in figure 27. Cross sections
Bb and Ee appear to be primary areas for sediment storage
within the study reach. Cross section Ee appears to store large
volumes of sediment for short periods of time and is vertically
and laterally unstable. Cross section Bb shows net aggradation

of the channel bed over time with small amounts of lateral
erosion. Cross sections Aa, Cc, and Hh also show indications
of temporary sediment storage and removal over time. Cross
sections Aa, Dd, Ee, Ff, and Ii appear to be the most unstable
cross sections in the study reach, due to either considerable
lateral erosion, erosion of the channel bed, or both. Cross
section Gg appears to be laterally unstable with a lesser
degree of vertical instability. On the basis of the locations of
cut banks and lateral erosion in the study reach, the stream
channel was actively adjusting its meander pattern and trying
to increase its sinuosity prior to restoration.

Grain-Size Analysis

Grain-size distributions were determined for sediment
in the channel bed and banks in the study reach during 2002
and 2003 by use of (1) pebble counts of the surficial channel-
bed sediments at each cross section (Wolman, 1954), and
(2) sediment samples that were collected from the channel
banks and the subsurface of the channel bed at each cross
section. Cumulative frequency distributions of percent finer
were developed for the surficial bed material based on the
pebble count data. The median particle diameter, or particle
diameter associated with 50 percent of the material being finer,
was determined for each pebble count and sample location.
Grain-size distributions from the pebble counts also were
combined to develop a composite analysis of the surficial
bed material for the entire study reach. The 2003 grain-size
distributions also were compared to selected pebble counts
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Table 9. Summary of variability of cross-sectional characteristics in the Minebank Run study reach, 2002 through 2004.

Cross Lateral Cross- Channel Mean
section erosion sectional width channel Comments
area depth
Aa Considerable on Net increase Net increase Net increase Considerable lateral and vertical
left bank changes in section. Channel
migrating to left side of valley.
Bb Slight on left bank Net decrease Slight increases Net decrease Small lateral changes in section.
and decreases at most Channel bed aggrading over
at range of elevations. time.
elevations.
Cc Some on base of Net increase Slight increase in Net increase Considerable vertical changes
left terrace main channel at most in section. Some lateral
at lower elevations. adjustment of left bank terrace.
elevations. Opverall, lateral location of
Slight decrease section is maintained over time.
at higher
elevations.
Dd Considerable on Net increase Net increase Net increase Considerable lateral/vertical
right bank changes in section. Channel
migrating to right side of valley.
Ee Considerable on Increasing from Net increase at Net decrease Major lateral and vertical changes
right bank 2002 to 2003. most elevations. at most in section. Channel migrating to
Decreasing from elevations. right side of valley.
2003 to 2004. Net
increase at lower
elevations. Net
decrease at higher
elevations.
Ff Considerable on Net increase in main Net increase at Net increase in Considerable lateral changes in
left bank channel. most elevations. main channel. section. Some vertical changes
on channel bed in main channel.
Channel migrating to left side
of valley.
Gg Considerable on Net increase Net increase at Slight net Significant lateral changes in
right bank most elevations. decrease section. Slight vertical changes
at lower on channel bed. Channel
elevations. migrating to right side of valley.
Slight net
increase
at higher
elevations.
Hh Slight on both Increasing from Net increase at Net increase Considerable vertical changes
banks 2002 to 2003. low elevations. at most to channel bed and point bar.
Decreasing from Slight increases elevations. Slight lateral changes in section
2003 to 2004. Net and decreases over time.
increase at most at higher
elevations during elevations.
2002-04.
Ti Considerable on Net increase Net increase Net increase Considerable lateral and vertical

left bank

changes in section. Channel
migrating to left side of valley.
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that were made in 2002 at the three ground-water transect
locations, corresponding to permanent cross sections Ee, Ff,
and Gg respectively.

Pebble count data that were collected during May and
June 2003 were used to develop grain-size distributions of
percent finer for the surficial bed material. The distributions
were developed for each cross section based on the
percentages of counted pebbles that fall within 12 particle-size
ranges of sand, gravel, cobbles, and boulders. The results are
shown in table 10.

A wide range of grain sizes is present within the
Minebank Run study reach (table 10). Several locations in the
study reach had considerable percentages of sand, including
cross sections Bb, Ee, Gg, Hh, and Ii. Cross sections Gg,

Hh, and Ii collectively represent approximately the upper

28 percent of the study reach. Cross sections Bb, Ee, and Ii are
located near meanders in the stream channel, which indicates
that finer material may be temporarily stored in these locations
and transported during storm events. The cross-section
geometry at cross section Bb also indicates a net aggradation
of the channel bed over time in this location. Cross section Hh,
which is in a fairly straight reach, is also a location where finer
material can be stored because of a braided sand and gravel
bar that was acting as a grade control at the start of the study.

Cross sections Cc, Dd, and Ff had the coarsest
distribution of grain sizes, including a higher percentage of
gravel and cobbles than the other locations. Cross section Aa
had a considerable amount of gravel and some sand, but fewer
cobbles. Cross sections Aa, Cc, and Ff are in fairly straight
reaches, which indicates that finer material may be transported
through these locations during storms with relatively small
amounts of net storage. The cross-section geometry at cross
sections Aa, Dd, and Ff also indicated lateral erosion of at
least one of the channel banks, which may have exposed
coarser bed material as the channel migrated. Only a few
boulders were present in the entire study reach.

The median particle diameter (d50), or particle diameter
associated with 50 percent of the material being finer, was
determined for each surficial pebble count and for all bank and
subsurface sample locations at each cross section. The results
are shown in table 11.

The data listed in table 11 indicate a wide variation of
d50 values throughout the study reach. Most sample locations
on the banks indicated a d50 in the silt/clay range or in the
range of very fine to coarse sand. The subsurface material
in the channel bed is coarser than the channel banks in most
locations. In cross sections Bb, Cc, Dd, and Ff, parts of
the channel subsurface were coarser than the surficial bed
material, based on the pebble count data. The subsurface
samples also confirmed that cross sections Cc, Dd, and Ff are
the coarsest locations in the study reach.

Data from the pebble counts at each of the nine cross
sections also were combined to develop a composite grain-size
distribution of the surficial bed material for the entire study
reach. This distribution was developed using over 900 pebbles
that were collected in the cross sections during May and

June of 2003. The grain-size distribution and computation of
percent finer for the composite pebble count in the Minebank
Run study reach is shown in table 12. These results are
presented graphically in figure 28.

The data in table 12 show that the majority of particle
sizes in the Minebank Run study reach falls between medium
gravel and small cobbles. The analysis also indicates that over
24 percent of the pebbles counted throughout the study reach
were sand. As shown in figure 28, the d50 for this analysis is
approximately 20.5 mm, which falls within the range of coarse
gravel. The analysis also indicates that less than 20 percent of
the surficial particles were in the cobble range. The abundance
of relatively small bed material sizes in combination with
the flashy streamflow from urban and suburban runoff likely
contributes to the considerable geomorphic changes that
have been observed during this investigation (Doheny and
others, 20006).

The grain-size distributions that were developed from
pebble count data collected in 2003 were compared to
distributions from selected pebble counts that were made
in 2002 at the three ground-water transect locations, which
correspond to permanent cross sections Ee, Ff, and Gg
respectively. Grain-size distributions at these locations for
2002 and 2003 are shown in figures 29-31. An overall shift
to larger grain-size distributions, or coarsening, can be seen at
all three locations between 2002 and 2003. For cross section
Ee, the median particle diameter increased from 18 mm in
2002 to 30 mm in 2003. For cross section Ff, the median
particle diameter increased from approximately 31.5 mm in
2002 to 36 mm in 2003. For cross section Gg, the median
particle diameter increased from 10 mm in 2002 to 14 mm
in 2003. For cross section Ee, there was a slight decrease
in the percentage of sand particles between 2002 and 2003,
whereas there were slight increases in the percentages of sand
particles at cross sections Ff and Gg between 2002 and 2003.
These data indicate that from May 2002 through June 2003,
the changes in grain-size distribution appear to be largely
due to changes in the percentages and distribution of gravel
on the surface of the channel bed. Coarsening of the channel
bed could be the result of large storms that are transporting
and re-distributing sand, gravel, and cobbles within the
stream channel.

Net Changes in Bed Elevation

Net changes in bed elevation were monitored in selected
locations of the study reach by use of the stream piezometers
that had been installed for monitoring shallow ground water
under the channel bed. The locations of these piezometers
correspond very closely to the locations of cross sections
Ee, Ff, and Gg. The net changes in bed elevation at these
three locations were tracked over a period of about 1.5 years,
starting in December 2002 and January 2003, and ending in
July 2004. The net changes in bed elevation during this period
at these locations are shown in figures 32-34.
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Table 10. Cumulative distribution of grain sizes, in percent finer, for surficial bed material at permanent cross section locations in the
Minebank Run study reach, 2003.

[Values represent the percentage of total particles that are finer than the particle size indicated in the second column of each row of values. mm, millimeters;

%, percent]

27

Particle
Particle size Aa Bb Cc Dd Ee Ff Gg Hh li
description limit (%) (%) (%) (%) (%) (%) (%) (%) (%)
(mm)
Silt 0.062 0 0 0 0 0 0 0 0 0
Sand 2 11.0 30.0 3.9 4.0 30.0 18.0 25.0 61.4 35.0
Very fine 4 13.0 33.0 3.9 4.0 30.0 18.0 26.0 62.4 36.0
gravel
Fine 8 23.0 48.0 6.8 6.0 31.0 20.0 34.0 67.3 45.0
gravel
Medium 16 43.0 56.0 17.5 26.0 36.0 32.0 52.0 78.2 59.0
gravel
Coarse 32 61.0 64.0 29.1 46.0 51.0 46.0 68.0 86.1 76.0
gravel
Very 64 86.0 80.0 61.2 74.0 80.0 68.0 88.0 97.0 91.0
coarse
gravel
Small 128 99.0 97.0 87.4 94.0 100.0 88.0 99.0 100.0 97.0
cobbles
Large 256 100.0 99.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
cobbles
Small 512 100.0 99.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
boulders
Medium 1,024 100.0 99.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
boulders
Large 2,048 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
boulders
Table 11. Median particle diameter from pebble counts and sampling locations associated with each permanent cross section in the

Minebank Run study reach, 2002 and 2003.

[mm, millimeters; --, not applicable; <, less than]

Surficial

Subsurface

Subsurface

Subsurface

Cross pebble Top of cut main channel main channel main channel cut . Top of
section count Ie?ml:;‘k bank left middle right bank rlg(hnt“l::;nk
(mm) (mm) (mm) (mm) (mm) (mm)

Aa 20.5 0.06 0.03 6.0 16.0 0.13 - 0.20
Bb 9.0 0.008 0.014 20.0 19.0 0.31 - 0.11
Cc 50.0 0.026 0.11 31.0 70.0 70.0 10.0 0.20
Dd 36.0 0.10 -- 20.0 55.0 25.0 0.20 0.05
Ee 30.0 0.09 -- 0.43 6.5 8.7 -- 0.19
Ff 36.0 0.12 0.10 40.0 14.0 0.27 0.04 0.05
Gg 14.0 0.60 0.60 4.0 20.0 9.5 0.35 0.35

Hh <2.0 -- 0.19 0.82 2.5 1.0 0.15 -
I 10.2 0.15 0.04 9.0 4.5 0.20 - 0.20
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Table 12. Grain-size distribution and computation of percent finer from composite pebble count at
all permanent cross sections, Minebank Run study reach, 2003.

[mm, millimeters; %, percent; --, not applicable]

Particle Cumulative
Particle size limit Item percent finer
description (mm) count (%)
Silt 0.062 0 0
Sand 2 219 24.2
Very fine gravel 4 8 25.1
Fine gravel 8 48 30.4
Medium gravel 16 126 444
Coarse gravel 32 128 58.5
Very coarse gravel 64 199 80.5
Small cobbles 128 137 95.7
Large cobbles 256 38 99.9
Small boulders 512 99.9
Medium boulders 1,024 99.9
Large boulders 2,048 1 100.0
Very large boulders 4,096 0 100.0
TOTAL -- 904 --
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Figure 28. Composite pebble count for Minebank Run study
reach above Sherwood Bridge prior to channel restoration, 2003.

Rapid aggradation and degradation of the channel bed
at cross section Ee between January 2003 and July 2004 is
evident (fig. 32). Large storm events on June 12—13, 2003
caused the channel bed to degrade by nearly 1 ft in this
location. From June 2003 to May 2004, the net aggradation
of the channel bed in this location was nearly 1.2 ft. A large
storm event on May 17, 2004 caused the channel bed to

degrade by over 2 ft in this location. The bed began to aggrade
in the aftermath of this storm, but then degraded again during
a large storm event on July 7, 2004. Analysis of the net
changes in bed elevations indicate that (1) pulses of sediment
are gradually transported into this section of the channel, and
(2) the channel is undergoing alternating periods of storage
and extreme erosion of sand and gravel at this location.
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Figure 29. Comparison of particle-size distributions at cross
section Ee, 2002 and 2003.
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Figure 30. Comparison of particle-size distributions at cross
section Ff, 2002 and 2003.
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Figure 31. Comparison of particle-size distributions at cross
section Gg, 2002 and 2003.
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Alternating periods of aggradation and degradation of
the channel bed at cross section Ff from December 2002 to
July 2004 were observed (fig. 33), however, the range of net
bed elevations measured during this period was approximately
0.62 ft at this location. The three storms that caused
considerable degradation of the channel at cross section Ee,
which is located 220 ft downstream, resulted in aggradation
of the channel at cross section Ff. Overall, the channel bed
showed slight aggradation during the monitoring period, with
a few periods of slight degradation over time. Analysis of
the net bed elevations over time indicated (1) some pulsing
of sediment through the cross section, but with considerably
smaller amounts of storage in this location than at cross
section Ee, and (2) that channel migration could also be a
contributing factor to the net aggradation observed at this
location, due to considerable lateral erosion on the left bank
and extension of a point bar into the channel.

Relatively small net changes in bed elevation were
observed at cross section Gg during most of the period from
January 2003 to July 2004. The range of net bed elevations
measured during this period was approximately 0.61 ft at cross
section Gg, however, the range was only about 0.20 ft from
January 2003 to April 2004. The storm of May 17, 2004
caused the channel bed to degrade by 0.26 ft, and the storm
of July 7, 2004 caused the channel bed to degrade by an
additional 0.34 ft. Analysis of the net bed elevations over
time indicated that (1) the channel cross section was relatively
stable with some pulsing of sediment through the cross
section, but with considerably smaller amounts of storage in
this location than at either cross section Ee or Ff, and (2) the
channel bed became increasingly unstable during the last
3 months of the monitoring period from May to July 2004.

Stream-Channel Classification

Rosgen (1994) developed a classification system for
natural rivers that groups different types of rivers according
to quantitative measurements of dimension, pattern, profile,
and composition of the bankfull channel. Stream channels
are grouped according to single- or multiple-thread channels,
and then divided into stream types according to their degree of
entrenchment, bankfull width/depth ratio, sinuosity, water-
surface slope, and type of channel materials (Rosgen, 1994,
1996). The Rosgen system can be used to describe landforms
and channel dimensions within a river valley, and is widely
used as a tool for investigations of sediment supply, stream
sensitivity to disturbances, recovery potential of natural
channels, channel response to changes in flow regime, fish-
habitat potential, and river-restoration designs (Rosgen, 1994,
1996; Anderson and others, 2002).

The stream channel in the Minebank Run study
reach was classified according to Level II of the Rosgen
stream-classification system, which is used to determine a
morphological description of a given natural stream reach
(fig. 35). Data from cross-sectional and longitudinal-profile
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surveys collected in the study reach from 2002 to 2004 were
used to determine entrenchment, width/depth ratio, and water-
surface slope. Sinuosity was calculated on the basis of stream
lengths that were determined from the longitudinal-profile
surveys, and valley length that was measured from an aerial
photo as a nearly straight-line distance between the upper and
lower ends of the study reach (Baltimore County Department
of Environmental Protection and Resource Management,
2000). Pebble-count data collected during 2003 were used to
classify the channel materials in the study reach.

The reach containing cross section Hh was selected for
classification. This reach of stream was selected because
it was generally straight, and because bankfull indicators
were clearly visible and easy to identify (Leopold, 1994;
Harrelson and others, 1994). Cross section Hh is located
28 ft downstream of the continuous-record streamflow-gaging
station. As a result, bankfull indicators were easily related to a
gage height at the station and associated with a discharge from
the stage-discharge rating that is representative of bankfull.
The data variables that describe the bankfull channel at cross-
section Hh during 2002 to 2004 are summarized in table 13.

On the basis of data variables shown in table 13, the
Minebank Run stream channel was classified as a B stream
type, indicating moderate entrenchment, a moderate width-to-
depth ratio, and moderate sinuosity. Since the water-surface
slope is consistently less than 2 percent in the study reach and
the composite pebble count for the reach indicated a d50 of
21 mm, the stream channel was classified as a B4c channel
based on the Level II Rosgen morphological descriptions
(fig. 35).

The Rosgen system incorporates an entrenchment ratio
variance of +/- 0.2 dimensionless units, therefore, the data
in table 13 indicate that the Minebank Run stream channel
could have been in transition between a B and F channel
type between the 2002 and 2003 channel surveys. The
entrenchment ratio then increased between the 2003 and
2004 surveys, however, indicating that the stream channel fell
within the B classification at the end of the study period.

The bankfull indicators near the streamflow-gaging
station and cross section Hh corresponded to the profile of
point bar elevations that were surveyed during the longitudinal
surveys during 2002-04. The stage-discharge rating at the
streamflow-gaging station indicated a bankfull discharge
of approximately 244 ft*/s (cubic feet per second). The
recurrence interval for this discharge is about a 1.0 year flood
(Doheny and others, 2006). Leopold (1994) suggested that for
many streams, the bankfull discharge is the flow that occurs
at an average recurrence interval of approximately 1.5 years.
For watersheds with large percentages of urban and suburban
development, however, the bankfull discharge likely occurs
more frequently and for very short durations due to the flashy
nature of these streams. A flow-duration analysis using
data from the streamflow-gaging station in the Minebank
Run study reach indicated that the point bar elevation was
exceeded by flows 0.014 percent of the time during water year
2002, 0.040 percent of the time during water year 2003, and

Geomorphic Characteristics 3

0.032 percent of the time during water year 2004 (Doheny
and others, 2006). On average, the point bar elevation was
exceeded 0.029 percent of the time during the study period.
Results of the Rosgen stream classification and associated
bankfull flow characteristics indicate that Minebank Run has
more frequent bankfull events than typical non-urban streams
on the basis of recurrence interval (Doheny and others,
2006), but the amount of time the stream stage exceeded this
elevation was as little as 1.2 to 3.5 cumulative hours during a
given water year due to the flashiness of the stream.

Shear-Stress Analysis

Boundary shear stress, in relation to streamflow and
natural channels, is the force that flowing water imposes on
the channel bed and banks of the stream. Shear stress was first
described by Shields (1936) as follows:

T = URS ()

where
T  =boundary shear stress (pounds/ft?),
U = unit weight of water (pounds/ft®),
R = hydraulic radius (ft),
S = water-surface slope (ft/ft).

Rosgen (1996) used this relation along with different
stream types that were determined from various field surveys
and corresponding data on mean velocity and stream discharge
to develop a logarithmic relation of mean velocity versus
boundary shear stress according to various stream types.
Boundary shear stresses were computed for the peak discharge
of 21 storms that occurred in the Minebank Run watershed
from November 2001 to September 2004. Hydraulic radius
was determined by use of the geometry characteristics
surveyed at cross section Hh, or from channel surveys that
were done for indirect measurements of peak discharge at
the streamflow-gaging station. Peak water-surface slopes
were computed using high-water mark elevations that were
surveyed at and near the streamflow-gaging station, or from
crest-stage gages that are located at the streamflow-gaging
station, and approximately 180 ft downstream in the vicinity
of cross section Gg and the transect of wells and piezometers
farthest upstream in the study reach. Corresponding mean
velocities were computed for each storm event using the peak
discharge for the storm and the corresponding cross-sectional
area at cross section Hh. The results are summarized in
table 14.

The computed boundary shear stress values were plotted
against the peak discharge for each storm (fig. 36) and
against corresponding mean velocity (fig. 37). Simple linear
regression was used to determine logarithmic relations for both
boundary shear stress versus peak discharge and boundary
shear stress versus mean velocity. The following equations
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Table 13. Data variables describing the bankfull channel at cross section Hh that were used for

Rosgen classification of the stream channel, 2002—-04.

[ft, feet; ft2, square feet]

Data variable 2002 2003 2004
Bankfull elevation 222.58 222.56 222.74
(ft above mean sea level)

Cross-sectional area 50.6 62.9 66.3
(f*)

Wetted perimeter 31.9 42.0 37.6
(ft)

Hydraulic radius 1.58 1.51 1.76
(ft)

Mean depth 1.68 1.60 1.87
(ft)

Maximum depth 2.80 3.12 2.99
(ft)

Top width 30.0 39.7 35.5
(ft)

Entrenchment width 50.9 534 54.0
(in ft, at twice maximum

bankfull depth)

Entrenchment ratio 1.70 1.35 1.52
(ft/ft)

Width/depth ratio 17.9 24.8 19.0
(ft/ft)

Sinuosity 1.16 1.16 1.16
(ft/ft)

Water-surface slope 0.0100 0.0092 0.0095

(ft/ft)

were developed based on the data from the Minebank Run
study reach:

QO =385(SS)!418 2)
where
Q  =peak discharge in ft*/s,
and
SS = Dboundary shear stress in 1b/ft>.
V= 4.715(8S)"3 3)
where
V= mean velocity at the peak discharge in ft/s,
and
SS = Dboundary shear stress in 1b/ft>.

The equation for boundary shear stress versus peak
discharge indicated a coefficient of determination (R?) of
0.84. The residual standard error (RSE) was 0.127 log units,
or approximately 33 percent. The equation for boundary shear
stress versus mean velocity indicated an R? of 0.83. The RSE
was 0.051 log units, or approximately 31.8 percent.

The relation for boundary shear stress versus mean
velocity was also plotted on the relation developed by Rosgen
(1996) for boundary shear stress versus mean velocity by
stream type (fig. 38). Most boundary shear stress and mean
velocity values for Minebank Run are larger than non-urban
B channel types that were classified and plotted by Rosgen
(1996). The slope of the regression line for Minebank Run is
considerably flatter than the relations developed by Rosgen
(fig. 38). This indicates that for Minebank Run, small changes
in mean velocity result in larger changes in boundary shear
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Table 14. Data variables and boundary shear stress computations for 21 storm runoff events in the Minebank Run study reach,

November 2001 through September 2004.

[ft¥/s, cubic feet per second; ft?, square feet; ft/s, feet per second; ft, feet; Ib/ft>, pound per square foot]

o Peak sectona Mean Hydraulic surtace hear

storm dlsz;:tl:/as;ge area v‘:;:;:)ty ra((:tl)u s slope stress

event (ft?) (ft/ft) (Ib/ft2)
11/25/2001 367 76.7 4.78 1.92 0.0097 1.16
3/3/2002 95 30.3 3.14 1.05 0.0091 0.60
3/26/2002 133 38.0 3.50 1.15 0.0093 0.67
4/19/2002 401 81.7 491 2.00 0.0098 1.22
5/2/2002 247 61.3 4.03 1.59 0.0077 0.76
6/6/2002 466 88.3 5.28 2.12 0.0103 1.36
8/3/2002 725 114 6.34 2.38 0.0080 1.19
2/22/2003 253 59.6 4.24 1.42 0.0063 0.56
6/12/2003 1,390 150 9.29 2.97 0.0112 2.08
9/23/2003 834 141 5.91 2.74 0.0095 1.62
10/14/2003 411 99.4 4.13 2.19 0.0081 1.11
10/27/2003 234 60.6 3.86 1.75 0.0063 0.69
11/19/2003 700 126 5.54 2.49 0.0101 1.57
12/11/2003 194 53.3 3.64 1.62 0.0055 0.56
5/17/2004 720 130 5.56 2.54 0.0091 1.44
5/25/2004 266 71.4 3.73 1.64 0.0054 0.55
6/25/2004 295 78.8 3.74 1.79 0.0062 0.69
71712004 945 148 6.37 2.84 0.0103 1.82
712712004 919 146 6.30 2.80 0.0109 1.90
9/18/2004 190 51.2 3.71 1.58 0.0067 0.66
9/28/2004 211 56.5 3.73 1.68 0.0058 0.61

stress when compared to the non-urban stream channels
plotted by Rosgen (1996). Rapid increases in boundary shear
stress indicate rapidly increasing forces that the flowing water
imposes on the channel bed and banks of the stream channel,
and thus a greater ability for the stream to transport sediment.

Data Limitations

The geomorphic data collected during this study are
representative of approximately 1-1.5 years in the long-term
geomorphic evolution of the stream channel. Data collection
over longer periods could provide a longer term perspective on
the geomorphic form and processes of the stream channel.

Longitudinal profiles and cross-sectional data were
collected by use of conventional leveling techniques. Although
permanent monuments were used to identify and re-survey
cross sections, there is a degree of difficulty in maintaining
the same stations from survey to survey, and conventional
leveling includes a small degree of human error in interpreting
readings from the survey rod. Due to geomorphic changes in
the stream channel over time, there is also a small degree of
error in maintaining exact longitudinal stationing from survey
to survey.

Pebble count data represent a random sampling of
particle sizes from the channel bed. As a result, small
differences in particle-size distribution may, in some cases, be
explained by random variability of the samples taken from the
channel bed.
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Summary and Conclusions

This report describes the methods used to collect pre-
restoration geomorphic data in a selected study reach of
Minebank Run near Towson, Maryland. Data collected
from 2002 to 2004 include continuous-record streamflow;
surveyed elevations of the channel bed, water surface, and
bank features; surveyed cross sections; measurements of bank
erosion and maximum scour by use of bank pins and scour
chains; pebble counts and samples of the channel bed and
banks for determination of grain-size analyses; measurements
of bed elevations over time in selected locations; and
high-water mark elevations from storm runoff events in
the watershed.

These data were used to assess pre-restoration
geomorphic characteristics and pre-restoration geomorphic
changes over time in the Minebank Run study reach.
Longitudinal profiles of the channel bed, water surface, and
bank features were developed from field surveys. Changes
in cross-section geometry were documented. Grain-size
distributions of the channel bed and banks were developed
from pebble counts and laboratory sediment analysis. Net
changes in the elevation of the channel bed over time were
documented at selected locations. The stream channel was
classified according to morphological descriptions using
measurements of slope, entrenchment ratio, width-to-depth
ratio, sinuosity, and median particle diameter of the channel
materials. Boundary shear stress was analyzed in the vicinity
of the streamflow-gaging station by use of hydraulic variables
that were computed from the cross-section surveys, and slope
measurements that were made by use of crest-stage gages in
the study reach.

Comparison of the longitudinal profiles showed
considerable changes in the percentage and distribution of
riffles, pools, and runs in the study reach between 2002 and
2004. In spite of major geomorphic changes to sections of
the channel profile from storm events, the overall slope of the
channel bed and other features remained constant at about
1 percent.

The cross-sectional surveys indicated net increases in
cross-sectional area, mean depth, and channel width over time
at several locations, which indicate channel degradation and
widening. Large amounts of sediment were being stored in
the study reach at two locations. Data from the scour chains
indicated maximum scour of 1.4 feet, and several cross
sections where maximum scour exceeded 1.0 feet during
storm events. Lateral migration of the banks varied widely
throughout the study reach and ranged from 0.2 feet to as
much as 7.9 feet. Changes in net bed elevation measured at
selected locations indicated a maximum aggradation of nearly
1.2 feet in one location over time, degradation of the channel
bed of nearly 2 feet in one location during a storm event
in May 2004, and pulses of sediment that were transported
through the study reach over time.
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Particle-size analyses of the channel bed from
pebble counts indicated a median particle diameter of
20.5 millimeters for the study reach with over 24 percent
of the total count consisting of sand particles. Laboratory
analyses of bank samples indicated that the material in the
channel banks was predominantly silt/clay, or a mixture of
silt/clay and very fine to coarse sand.

The Minebank Run stream channel was classified as a
B4c channel on the basis of morphological descriptions in the
Rosgen Stream Classification System. The B4c classification
describes a single-thread stream channel with a moderate
entrenchment ratio of 1.4 to 2.2; a width-to-depth ratio greater
than 12; moderate sinuosity of 1.2 or greater; a water-surface
slope of less than 2 percent; and a median particle diameter in
the gravel range (2—-64 millimeters).

The analysis of boundary shear stress showed larger mean
velocities and boundary shear stress values for Minebank Run
when compared to the relation for non-urban B channel types
plotted by Rosgen. The slope of the regression line for mean
velocity versus boundary shear stress at Minebank Run was
noticeably smaller than the relations developed by Rosgen
for non-urban channel types. This indicates that relatively
small increases in mean velocity can result in large increases
in boundary shear stress in stream channels with highly
developed watersheds, such as Minebank Run.
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Glossary

A

Alluvium  Sedimentary material that was
deposited by flowing water. Examples of
alluvial deposits include deltas, point bars,
and sand in the flood-plain areas of rivers
or streams.

Bankfull (stage or discharge) Bankfull
stage refers to the water-surface elevation

at the level of the active flood plain in a
stream channel. Bankfull discharge refers

to the stream discharge at the level of the
active flood plain. It is also the discharge
that, over time, transports the largest volumes
of sediment, and forms and maintains the
morphological features in the stream channel.

Bankfull indicator(s) Geomorphic features
in a stream channel that define the elevation
of the active flood plain. These features might
include the top of point bar surfaces and
depositional features, breaks or changes in
bank vegetation, changes or breaks in bank
slope, changes in channel-material sizes or
distribution on the channel banks, the upper
extent of bank undercuts, and stain lines

on rocks.

Boundary shear stress The force, in pounds
per square foot, that flowing water applies to
the channel bed and banks of a stream.

c

Coefficient of determination (R?) The
fraction of the variation in the dependent
variable that is explained by the explanatory
variable(s). R? ranges between 0 and 1. The
closer R?is to 1, the better the explanation
of variation in the dependent variable with
changes in the explanatory variable(s).

Colluvium Loose deposits of collapsed rock
debris that accumulate at the base of a cliff or
sloping valley.

Continuous-record streamflow-gaging
station Location where a water-stage
recorder is used to collect continuous
time-series stage data that are related to
systematic discharge measurements at the

Glossary

station. Continuous-record streamflow-
gaging stations are often operated for the
purpose of long-term monitoring or as part of
hydrologic investigations.

Crest-stage gage A device that will register
the peak stage of the stream occurring
between inspections of the gage. Crest-stage
gages are typically used as a supplement to

a water-stage recorder since the peak stage
of a storm can occur in between recorded
stage values. Crest-stage gages can be

used to obtain high-water marks at a given
location during a flood, or to determine
water-surface slopes at different stream
stages if placed in multiple locations along a
reach of stream. A stage-discharge relation
for the location of a crest-stage gage can be
developed using discharge data obtained by
indirect measurements of peak flow, or direct
measurement of a range of discharges by use
of a current meter.

D

Daily mean discharge Discharge that is
computed as the arithmetic mean of the
instantaneous discharge values for a given day
of the water year.

F

Fall Line The line marking the point on each
stream where the flow descends from the
eastern section of the Piedmont Physiographic
Province to the western section of the Coastal
Plain Physiographic Province in Maryland.
The Fall Line is characterized by an abrupt
decrease in channel slope in transition
between the Piedmont and the Coastal Plain
Physiographic Provinces.

Flashy A stream or watershed that tends
to produce narrow, steeply peaked storm
hydrographs that rise and fall very quickly.

Hydraulic radius The cross-sectional area of
a channel divided by the wetted perimeter.
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L

Lateral erosion Erosion in which the
removal of bank material extends laterally
from the toe of the bank.

P

Percent finer A cumulative percentage,
associated with a particular particle size
or diameter, that represents how much of
the material that composes the channel
bed or banks is smaller, or finer, than that
particle diameter.

Piezometer An open-ended vertical pipe
that is used for measurement of pressure and
changes in pressure at a selected depth within
an aquifer.

Relief The variation between the highest
and lowest elevations at any location in a
watershed, using a common elevation datum.

Residual standard error (RSE) The square
root of the mean square error, which is the
sum of the squared differences between the
observed and predicted values divided by the
number of observations minus 2. Residual
standard error is also commonly known as the
standard error of estimate.

Run A longitudinal section of stream
channel that has a moderate current, moderate
depth, and a relatively smooth water surface.

S

Sinuesity The ratio of stream length
to valley length. The minimum value for
sinuosity is 1.0 for a straight channel,
and increases depending on the level of
meandering in the reach of interest.

Pre-Restoration Geomorphic Characteristics of Minebank Run, Baltimore County, Maryland, 2002-04

Stability The ability of a stream or river
to transport its flow and sediment while
maintaining its dimension, pattern, and
profile with no net change in aggradation
or degradation.

Stage-discharge rating A logarithmic

curve of stream stage versus stream discharge
that is developed from a series of discharge
measurements made in a particular location.
A stage-discharge rating can also be presented
as a table that is prepared from the curve.

T

Terrace An abandoned flood plain in a
river or stream. A flood plain may become
abandoned when a stream channel degrades
and forms new channel features that are
indicative of the active flood plain.

Thalweg The lowest elevation along a cross
section in a stream channel.

Top of topographic bank The topographic
break in elevation that separates the stream
valley from the over-bank area.

w

Water year The 12-month period beginning
October 1 and ending September 30. The
water year is designated by the calendar

year in which it ends and includes 9 of the

12 months. For example, the year beginning
October 1, 2003 and ending September 30,
2004, is called “water year 2004.”

Wetted perimeter The length along the
cross-sectional boundary of a channel that
is contacted by water. In an open channel,
such as a stream or river, the cross-sectional
boundary is the channel bed and banks.



Appendix |

Appendix 1




Pre-Restoration Geomorphic Characteristics of Minebank Run, Baltimore County, Maryland, 2002-04

42

2007 Ul A9AIns [eurSLIO Ay) woij eare ur 23ueyd Juddiad oy Judsardar seare [BUONIIS-$SOID Jopun sasdyjuared ur umoys saSejuadidg :AON

(%t8+)  (%0TH

8¢ 89'¢ 89'¢ 6’18 008 T8L Ly'€ 8¢¢ 8¢¢ 1°06 T'L8 €68 s 6'€6C T88C  SI19IC
(%9°8+)  (%07T+)

LLE 96°¢ 19°¢ 9'6L 6L L9L e LT€ 0£°¢ L8 €98 L'€8 €00¢ 0'28¢ 99LT  009I1¢
(Be6t)  (%LT+)

Ye'e €re 61°¢ I'SL LLL 6YL Y0'¢ 68°C €6'C 868 I'¥8 ar 0192 6'TrT 6'8€T  0S°SIT
(%T0o1+)  (%T1+)

687 $9T YL'T 69L OLL LEL $9T 9T €S 08 678 L6L T 0T L'T0T  00°STC
By 11+ (%10+)

€T L1T 87T L'SL oL 9TL ¥T'T €0C 44 €78 L18 0'8L I'$81 6'S91 TS91  0SYIT
By e1+) (%0t

1€ 10°¢ 0T'e L'8¢ 9'LE €6¢ 68'C ILe ¥8'C b 81t L'6€ 0'8¢I Tl 6CIT  00YIC
(BTHIH)  (%S0°)

L6T €LT €8°C 89¢ 8¢ L€g 19 LT ¥S$'T 6T $'8¢ 9'LE 7601 1°6 966 0S°€1C
(%Y S1+H)  (%6°0)

9T 7T 9T 6't¢ (43 e 1€¢ 12¢ €TT $6€ (Slqy Gge €16 v'8L 1'6L 00°€1¢
By L1+)  (%Y1-)

€TT 00C 90'C €¢e €Ig L0g 66'1 ¥8°1 68'1 v'LE I'v¢ g¢e az $79 ¥'€9 0STIT
(%9°61+)  (%HLT)

8L'1 SS'1 S9'1 STe 7'0€ §'6T 191 P71 71 6°S¢ 9T¢ SI¢ 6'LS I'Ly ¥'8b 00TIT

002 €002 7002 002 €002 z00Z 002 €002 Z00¢Z 002 €002 2002 002 €002 700z (19n9) eas

ueauw
) ) ) ) ) ) ) ) ) ) ) ) e I I Y
ypdap ypdap ypdap eale eale eale
yipim yipim yipim snipeis snipeis snipes  19)9wnad 1a)ownad 1sjownad 1]
|suueys  [guueyd |duueyd ouuey) [ouueyy  |ouueyy oA oA oA pONOM  PONSM  PONSM |euonoas [euOl}I3S |eUO1}I3S uonena|z
ueap ueap ueap _ -$S019) -$S019) -$S019) '

[1uooxad ‘g ‘ormeIpAH “pAH 109 arenbs ‘11 109F ‘1]

"$00z YBnoay1 zooz ‘yoeas Apnis uny yuegaully ‘Y U0IO8S $S040 Juauewad 1e Ajewoab uonoas-ssolo Ul sabueyy

'] xipuaddy



43

Appendix

2007 Ut A9AIns [euISLIO ay) wody eate ur aueyd juadiad oy Juasardar seare [BUONOIS-SSOID Jopun sasayjuared ur umoys saSejuadiog :9oN

(%eL)  (%BY'L)

9¢'¢ or'e £9°¢ 8L I'LL 1'8L 61°¢ [dAS 6¢°¢ £¢8 €18 9°¢8 £79¢ TT9c 1'€8¢C 7S91¢C
By'L)  (%YyL)

ve'e e 9'¢ 9'LL 8'GL €LL LT'E ¥T'e 8¢'¢ 9’18 008 8'C8 T68C T65C 0°08¢ 0691¢C
(%98-)  (%T8)

8I'¢ 1€ 7S 0°0L 869 6'89 €0'¢ e 0g'e 9'¢€L $'69 0vL 6'CCC 0'¥¢C 6'¢re 0091¢C
(%€01-)  (%06”)

187 L6C 0ce I'L9 v'¥9 8¢9 69°C £8°C 66C oL 9°'L9 0L L'881 S16l 701¢ 08°SI¢T
(%121 (%6'6°)

gsC [N 98°C S'19 0'6S €79 ¥'C 09C 89°C 1179 L'19 S99 9961 9'091 T8LL 00°6IC
(%6°€1-)  (%HETT-)

99C LT IT°e '8y 681 8y 9¢C 09¢C 68C §0s ['IS 0Cs 0'6Cl 6Cel 6611 0SvIT
(%991-)  (%T1-)

1€7¢ (END 8LT LSy 0Ly S Sy e 1 6S°C S'Ly L'8Y 6'8Y% S0l G801 SoCl 00vIT
(%1°0T) (%LLI-)

€6'1 681 8¢'C ey 7494 8¢y 981 8’1 €C'e 671 991 L9y ] 868 Y01 08°¢€lc
L YT)  (ByTT)

2! LS'T 96°1 7’0y 0’1y (47 611 €Sl G8'L L1y 0y 9y €79 Y9 L8 00°€lT
(%T1€)  (%S'8T)

el'l SI'1 LGT L'LE 9'LE L6¢ 17T 9I'l ! 98¢ '8¢ L'y 8y Sy a9 08°CIT
(9%1°9¢-)  (%E€ee-)

4N ! 9¢°1 0'8¢ LT (443 111 611 87’1 8'8¢C 1'8¢ 6'¢E 0'ce ¥'ee 1'08 L1'CIT

¥00¢ €00¢ 2002 7002 €00¢ 200¢ ¥00¢ €00¢ 200¢ ¥00¢ €00¢ 2002 7002 €00¢ 200¢  (1ens) eas

ueaw
o o ) ) ) ) ) ) ) ) ) o @ @ @) anoge
ypdap ypdap ypdap vale vale eale
ypim ypm ypm snipel snipel snipes  Jajawnad Jajawnad i3yawiad )
|ouueyd  [auueyd  [duueyd ouueyy  [ouueyy  [auuey AN AN AN penog  pemeM.  pemem [eUONIAS  [EUONIBS |BUONIAS yopeng)g
ueapy ueapy ueap _ J J J -$S019 -$5019 -$5019 ’

[yuodied ‘g o1neIpAH “pAH $109) axenbs ¢ ©109) Y]

panuiuo)—400g Uybnoayl ooz ‘yoeal Apnis uny yueqaullp ‘qg uonaas ssold Jusuew.ad 1e Aipawoab uonoss-ssolo ul sabueyn

"1 xipuaddy



Pre-Restoration Geomorphic Characteristics of Minebank Run, Baltimore County, Maryland, 2002-04

44

*700T UT A9AIns [eUISLIO 9y} WOIJ oIk ur 93ueyd Juaorad oy Juasardar seare [BUOTIO9S-SSOID Iopun sasayjuared UT Umoys saSeIuadIdg :9JON

(0Tt (%0e+)

143 ST¢ voe 8101 8'301 0901 81°¢ 60'¢ 60'¢ o011 Lyl 0111 €0S¢ 8'¢C¢ yeve 81°81C
(BTTH)  (%HIeH)

8¢€°¢ I¢'e 1c¢e £'86 1101 101 0ce €r'e 90°¢ L'€01 0°L0T €901 0cee 0°s¢e 8¥C¢ 00'81C
(%0 (%6'EH)

ore 61°¢ L6C 0C6 106 €¢6 €6°C 00°¢ 8T €L6 6'S6 7’86 0°58¢C 9°L8T L9LT 0S°L1T
(%9°¢+)  (%1°G+)

0L'T 6L°C @ L'88 I°L8 €88 96T €9°C 6%'C 8'¢6 §Co 6'C6 8'6£C €Eve gIge 00°L1T
%07+ (%09+)

1€°¢C €€C §TT 1'68 6'S8 8'¢8 81°C 0CC y1I'C 6'68 806 1'88 ¥'961 1°00¢ 8'881 0591T
(%S61+) (%€ 6+)

681 06C TL'@ 918 S'Ly S9¥ SL'T 1) ST 098 9’18 1'0S L'0ST 8'LET 1921 S6°'SIT
(BSL+) (BLOT+)

€e'c 16C 6C'C L'8¥ 991 09 SI'e (44 SI'e LTS 08 I'ev eell L9T1 'S0l 06°¢GIcT
(%Y'8+) (%EETH)

1671 €0°C 1871 691 1’9t (Y% LL'T 16°1 Ll §'0S 1’6t 081 768 $'¢6 g8 00°S1T
(%6°01+)  (%0'81+)

LY'1 9¢1 43! sy €SP 81 LET 871 8C'1 9'8% 8Ly L9% 99 L'OL 6'6S 0S¥1T
(%0°91+) (%€9T+)

901 4N 60 8¢y Sy L'ey 66'0 801 880 691 99 (294 s S'0S 00¥% SOvIT

¥00¢ €00¢ ¢00¢ ¥00¢ €00¢ ¢00¢ ¥00¢ €00¢ ¢00¢ 7002 €00¢ ¢00¢ 7002 €00¢ ¢00C  (jana] eAS

ueaw
) ) ) () () ()
pdop  wdap  wdap (W) (W) (W) (W) (W) (W) (W) (W) (W) oote oote o anoge
ypim ypim ypim snipes snipes snipes  19)ownad 1sjswuad iajawniad W)
|ouueya  jouueyd  jeuueys o q  [euueyy jeuusys ok ok ok pene pene pene |euopaas |euop}aas  |euoljaas
ueay ueay ueay I 4 I 4 I 4 H H H M M M -$S019) -SS019) -ss019 uonena|y

[1uooxad ‘g ormeIpAH “pAH 199 arenbs 13 409] )]

"$00Z UBnoJy1 Zooz ‘yoeas Apnis uny yuegauily ‘99 uondas ss04d uauewlad Je Aizawoah uonoas-ssola ul sabuey)

'| xipuaddy



45

Appendix

2007 Ut A9AIns [eUISLIO 9y} WOy eate ur ueyd juadiad oy Juasardar seare [BUONOIS-SSOID Jopun sasayjuared ur umoys saSejuadiog :9oN

(%S6+)  (BI'T+)
91T L0T 10T L6 816 806 ¥0'C L6T €61 0'86 $96 9'v6 0°00T 1°061 LT8T  8€78IT
(%S €1+)  (%6°6+)
€T 6v'C SPT L'LS LS vTs 9€'T €€T €T 619 ¢'8¢ ¥'SS 8Gpl 1'9€1 ¢'8TI  00'81T
L1+ (%1L+H)
1$°C 9T LTT 8Ly aS4 6'St €T 62T SI'e 9IS 88t 9’8t 6611 6111 SHOl  0S'LIT
(%SLT+H)  (%6'8+)
9¢T €€ 1Te vy 6°8¢ L'LE 81°C 91T 80°C 8 0ty 00t 6'L6 L06 €'€s 00°LTT
(%L 61+) (%901+)
YT T L6'] S9¢ 1€ TEe 861 L6'] 98'1 9'6¢ L9€ TsE €8L €TL ¥'69 0$91¢
(%EYTH) (%9€T+)
L6'T 07T 651 I'Ig 8°LT I'I€ 81 L8'T ST 8¢¢ 0°0¢ LTE ¥'19 1'9$ v'6t 0091¢
(%T0e+) (%9°0C+)
€Sl ¥9°1 SPI T0¢ 09¢ S¥T ehl €Sl 8¢l €Te 6'LT L'ST 9% LTy vse 0S°SIT
(pTTer) (I LTH)
90'1 0zl 01 v'6T 0'sT 1'€T 10°1 €Il 660 60€ $9T 6€T TIE 0°0¢€ 9'¢T 00°S1¢
002 €002 2002 002 €002 2002 002 €002 2002 002 €002 2002 002 €002 200z (19n9] eas
) ) ) &) &) T I
ydop ydop ydop ) ) ) ) ) ) ) ) ) gole gole pale anoqe
yipim yipim yipim snipel snipel snipes  19)ownad 1ajawuad Jajawniad Y)
|auueyd? |suueyd |auueyd suuey) |ouuey)  |auueyy -pAN -pAN -pAN paBam paBam paBam |euon}oas |euonodas |euol}das uonens|z
ueap\ ueap\ ueap\ _ -$S019 -$S019 -$S0.19 ;

[1uoxad ‘9 ormeIpAH pAH 199 arenbs 13 409] )]

panunuo)—400z Ybnoayl Zooz ‘yoeas Apnis uny yueqauljy ‘pg uonaas ssolo Juauewsad 1e Aljswoasb uonaas-ssold ul sabueyy

"1 xipuaddy



*Z00T UT A9AINS [eUISLIO ) WIOI) oIk Ul 93ueyd Juaorad oy Juesardar seare [eUOTO2S-SSOID Iopun sasayjuared Ul UMOYS SOTBIUAdIJ :9ION

(BTT)  (BISH

70 6C'¢ 96'C L9¢ 196 ¥'6S 88C SlI'e ¥8°C 865 98¢ 029 I'CL1 881 6'GLL 8¢€'61C
(%1T)  (%T9+)
cLe L6C 6L°C 'S¢ 0°sS (29 66°C 98¢ 89C €8S LS SLS 8°0S1 L€91 I'vST 00'61¢C
(B1E)  (BI'LH)
1€¢ LST Sy'e 9°¢¢ el 0ce 0T'C LT 9¢'C T9¢ 49 16 9'¢Cl 99¢1 9'LTI 08'81¢C
(BLY)  (%1°8+)
061 SI'e ¥1°C 18 18 8Ly 18°1 80°C 90°C 8¢S Tes 9’61 ¥'L6 SOl ol 00°8I¢C
(%08)  (%E8+)
0S'1 0L'1 0L'1 €8y 0°0S [i% vl 99°1 91 ¢0s Lty L'LY eCL 1°68 9'8L 0S°LIT
(%79-) (%L 6t)
0L'1 ol LET cle 6'¢t €1y 19°1 8¢'1 e€e'l 1'ee oSy ¥y 1°¢¢ 129 9°9¢ 00°LIT
(%Y'81+) (%1°LEH)
6C'1 Ly'1 el §'6c 6'6C I'vC ] eyl 6C'1 I'Te L0¢ 6'vC 08¢ 0'vy 1'ce 0891¢C
(% 11+)  (%E0F+)
£8°0 80°[ 10°1 '8¢ CALE 6'0¢ 080 901 86°0 §'6¢ 08¢ SIC €T 9'6C 1'1¢ 0091¢C
¥00¢ £€00¢ 200¢ ¥00¢ £€00¢ 200¢ ¥00¢ €00¢ 200¢ ¥00¢ €00¢ 200¢ ¥00¢ €00¢ ¢00C  (janaj eas
() () () (M) (M) (M) ueat
pdop  wpdop  dop () () () () () () () () () o em oaw enoqe
yppm yppm yppm snipes snipes snipes  1ajawniad Jajawnad lajewnad
|suueyd  [auueyd  jauueyd o suue suue o o o ono ono ono |euonoas |euonaas  |euol)Ias )]
uea|yl uea|yl uea|yl _ 9ol 9ol 4 PPH PPH PPH PONSM  PSNSM  PeHaM -$S019) -$S019) -ssolg  UoneAd|y

Pre-Restoration Geomorphic Characteristics of Minebank Run, Baltimore County, Maryland, 2002-04

46

[1uooxad ‘9 ‘orneIpAH “pAH 199] arenbs <13 909) )]

panunuo)—400z Yybnoiy: zooz ‘yoeas Apnis uny yueqaully ‘a3 uonoas ssold Juaueuwnad 1e Alawoab uonass-ssoid ui sabueyy - xipuaddy



47

Appendix

700 UT A9AINS [eUISLIO Y} WOIJ BaIe ur o3ueyd Juaorad oy Juesardar seare [eUOT09S-SSOID Iopun sasayjuared UT UMOYS SOTBIUAII :9ION

(%L e+)  (%Se+)
09T 997 89°C 9THl €6¢1 LEEl €T 86T 86T 0Lyl Levl 98¢ YILE 9°0LE 1'8S€  $€TTT
(%9°¢+) (%S et)
¥€T SeT 9¢T L'8€ET 9'LET Szel LTT 8TT 8TT 8THI 8 THI TLET 0¥ee 9°€Te 8TIE  007TTT
(%T11+) (%601+)
LT LST v L0S TE€S 60S 96T v LTT L'€S T9S %Y €LET 69€1 S€Tl 0S'1TT
%21+ (%0TI+)
€5T LST S 'Sy T 9Tt 8¢°T W LTT 8Ly 8°9% Lt 6€11 SEll €10l 00°1¢CC
By e1+)  (%HSETH)
61T wT LOT 'y ST¥ €6¢ LOT 11e €61 St Ley 0T 126 76 T8 0S°0T¢
(%091+) (%1'91+)
98°1 ¥8°1 99'] L'8€ 1'6€ €LE 9L'1 9L'1 LS'T 01t 601 9'6¢ 61L 0L 079 00°0T¢
(%0 €T+) (%L 0OTH)
¥0'C €91 9¢'1 L9T 8¢ 9¢ 161 LST 8T'1 98T TYE L¥E 9YS 9¢S Aad 0S°61¢
(%99¢+) (%8°LT+)
OL'T 96T 6T'1 S 0'$T 9'¢T 09'1 0S'T 0T’1 0'9C 1'9¢ ¥'$T 8Tt 1'6€ 9°0¢ 0061¢
002 €002 2002 002 €002 2002 002 €002 2002 002 €002 2002 002 €002 200 (janaj eas
) ) ) () () (M) ueaw
ydap ydap ydap ) ) ) ) ) ) ) ) ) pole pole pole anoge
yIpIm yIpIm yIpIm snipes snipes snipes  1ajawniad J1ajawnad 1a)awmad
|auueys  jauueyd  |auueyd suue suue suue oA oA oA ane ane ano |euol}oas |euoijdas |euol}das y)
ueapy uespy uegyy  |PUUBHD  [Suuey)  jauuey) PAH PAH PAH PaNspA  paNep panop ss019 ss019 _ssouy  UONEA3]3

[1uodiad ‘g, ornerpAH “pAH $129) axenbs <) 9109) Y]

panuiuo)—400z Uybnoayl ooz ‘yoeal Apnis uny yueqaullp ‘}4 uoilaas ssoto yusuewsad e Aipawoab uonaas-ssolo ul sabueys

'1 xipuaddy



Pre-Restoration Geomorphic Characteristics of Minebank Run, Baltimore County, Maryland, 2002-04

48

*Z00T Ul A9AInS [eUISLIO 9Y) WO eaTe ul o5ueyd Juadrad oy Juasardar seare [euor)o9s-sS0I0 JOpUN sasayjuared U UMOYS SOSBIUAId] 9JON

(%t8+)  (%EL+)
[Sord ILe €T L€9 €65 T6S T 97 e $99 €19 079 91 9091 L6bT  8t'€TT
(%08+)  (%0°6+)
v6'C YT 89°C 6t 9¥S LSy 8LT 9¢T vS$'T SLy ¥9 TS8P 1'zel €ECT €TCl 00°€TT
(%S 6+)  (%T8+)
09T ST W vy I'ey 9Tt LY'T €T 6T 9t 61t 0t 011 8801 900l  0STTC
%601+ (%0°6+)
wT 81T S1'C €0 SO SLE €1 017 €0C 'y 0T 8°6¢ 968 1'88 808 007TT
(%8°01+)  (%¥'8+)
8L'1 SL'T 181 £6¢ 6'8¢€ LYE Ll 0L'1 L1 Loy 0¥ L9€ L'69 7’89 679 0S°12¢
(%001+)  (%Y'L+)
€l €¢l 9¢'1 T8¢ 0'LE 8€¢ 671 0¢'1 671 T6¢ 6°LE as ¥0S T6h 8P 00°12¢
(%S 6+)  (%HTL)
ST'T LT'T LT'T I'LE 0'9¢ ¥'ee ! AN %! 6LE 8°9¢ 8¢ 8T 6Th 1'6€ 08°0T¢
002 €002 2002 002 €002 2002 002 €002 2002 002 €002 2002 002 €002 200z (jans| eas
) ) ) (M) (M) () ueaut
ydap ydap ydap ) ) ) ) ) ) ) ) ) pole pole pole anoge
yIpIm yIpIm yIpIm snipes snipes snipes  1ajawniad J1ajawnad 1a)awmad
|auueys  jauueyd  |auueyd suue suue suue oA oA oA ane ane ano |euol}oas |euoijdas |euol}das y)
ueapy ueapy uespy |auuey) |auueyy [duuey) PAH PAH PAH PaNspA  paNep panop sso19) ss019 _ssouy  UONEA3]3

[Juodiad ‘g, ornerpAH “pAH $129) axenbs <) ©109) Y]

panuiuo)—00z Yybnoiyx ooz ‘yoeal Apnis uny yueqaul ‘b9 uonoss ssolo Juauewlad je Airswoab uonoas-sso.o ul sabueyn

'1 xipuaddy



49

Appendix

*200T Ul £9AIns [eurSLIO Ay} WoIj vare ur agueyod Juadiad oy Juesardar seare [BUONIAS-SS0I0 Jopun sesayjuated Ul UMOYS SOSBIU0I0g 910N

(%9C1+)  (%9t+)
€0y 6L'¢ 9L’¢ 0L $'69 0'L9 SLE Ss¢ Ly'E L'SL TYL LTL 8°€8T €9 07TST €8°LTT
By e1+) (%9 p+)
16°€ €9°¢ 9°¢ L'99 ¥'99 L'€9 €9°¢ 6€°€ €ee 1'CL 'L €69 ¥'19C TIPT  90¢€T 0S°LTT
(%8¥1+)  (%6H+)
IS¢ LTE LT°E 1'S9 6'€9 879 LTE S0'€ €6'C 869 €89 6'L9 ¥'8¢CC L'80T 066l 00°LTT
(%891+)  (%S°6+)
80°¢ 98°C vLT L'€9 079 719 68°C 89'C ¥$T 0'89 199 1'99 7961 CLLT 0891 0$'92¢
(BL61+) (%S 9+)
$9'T £v'T 1€¢ 79 €09 L'6S 0S'C 6T'T SI'T 6'S9 09 1'$9 8¥91 L9v1  L'LEI 00922
(%9°¢tt)  (%6'L+H)
we €0'C 88’1 €09 6'LS 9'LS e 06'1 9L'1 9'¢9 1’19 9'19 I'vel I'LIT  S'801 0S°$TT
(%T0e+) (%H01+)
LOT 81 €L'T 9'1S 6'6Y 9'LYy L6'T L1 09°1 v'¥S LTS IS 6901 906 1'Z8 00°$2T
(e or+) (BIel+)
81 0S'1 St'l 'S Ty €or cL'1 Sl 9¢'T YLy Sop (434 T8 €99 9'8S 0S¥
(%0 1S+) (%EPI+)
6¢'1 6¢'1 AN (9% L'TE 8'6¢ €e'l 4! SO'T TSy Az 6'LE 1°09 S'Sh 8'6€ 0072
002 €002 2002 002 €002 7002 002 €002 2002 7002 £00¢ 2002 7002 €002 2002 (19n9] €8s
) ) ) (M) () () ueau
ydap ydap ypdap (41} (t1)] (W (W (M) () M) (b1} (41} pale pale pale anoqe
ypIm ypm yIpim snipel snipel snipes  1a)awiiad 1ajawniad Jayawnad
|suueyd |auueyd |duueyd suue suue ouue oA oA oA ana ana ana |euonoas |euonaas |euonaas )
ueaj\ ueap\ ueap\ _ 91 91 4 P P2 PP PONOM  PoHOM  PeHam -$S019) -sS019) -ss019 uonensd|y

panuiuo)—00z Yybnoayl ooz ‘yoeas Apnis uny yueqgaullp ‘i| uoroas sS04 Juauewad Je Aljawoab uonoas-ssold Ul sabuey)

[Juodiad ‘g, ornerpAH “pAH $129) axenbs <) ©109) Y]

'1 xipuaddy












Prepared by Publishing Service Centers 3 and 1.
Edited by Valerie M. Gaine.

Graphics by Timothy W. Auer.

Layout by Mary P. Lee.

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


http://md.water.usgs.gov

<

4 :mmm Doheny, E.J., Starsoneck, R.J., Mayer, PM., and Striz, E.A.—Pre-Restoration Geomorphic Characteristics of Minebank Run, Baltimore County,

Maryland, 2002—04 —USGS Scientific Investigations Report 20075127




	Cover1.508
	Cover2.508
	SIR 2007-5127.Book
	Cover3.508
	Cover4.508

