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EXECUTIVE SUMMARY

The Army Navy Country Club (ANCC) and the U.S. Fish and Wildlife Service (Service) —
Chesapeake Bay Field Office have entered into a partnership agreement (Agreement 51410-
1902-5091) to assess and restore the portion of Daniels Run flowing through the ANCC
property. Daniels Run is a perennial stream located in the City of Fairfax, Virginia. Daniels Run
originates in the central portion of the city and flows in a general northeastern direction until it
joins Accotink Creek. Daniels Run enters the ANCC property along the southwestern perimeter
of the site, continues on-site for approximately 2,800 feet, and exits along the northeastern
perimeter of the site. The Service’s stream assessment of Daniels Run (Starr and Eng, 2006)
found that there is widespread lateral instability throughout the restoration area, with
approximately 60 percent of the banks actively eroding. The downstream reach of the
restoration area has a relic headcut that vertically degraded the streambed by an average of 6 to 9
feet. The lateral and vertical instability is mostly likely a result of past channel straightening,
removal of the riparian vegetation, and watershed development. It is unlikely that Daniels Run
will recovery on its own within the near future. Without restoration, significant amounts of
sediment will enter the stream that will adversely affect aquatic species and instream habitat.

The Service and ANCC are developing plans to restore the portion of Daniels Run within the
ANCC property using natural channel design methods. An earlier report (Starr and Eng, 2006)
presents objectives for the stream restoration and describes the Service’s approach to restoring
Daniels Run. This report supplements the previous report and presents the geomorphic analysis
used to develop the proposed stream cross section, pattern, and profile for the 30 Percent
Conceptual Design Plans.

U. S. Fish and Wildlife Service August 2006
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l. INTRODUCTION

The Army Navy Country Club (ANCC) and the U.S. Fish and Wildlife Service (Service) —
Chesapeake Bay Field Office have entered into a partnership agreement (Agreement 51410-
1902-5091) to assess and restore the portion of stream on Daniels Run flowing through the
ANCC property. Daniels Run is a perennial stream located in the City of Fairfax, Virginia
(Figure 1). Daniels Run originates in the central portion of the city and flows in a general
northeastern direction until it joins Accotink Creek. Daniels Run enters the ANCC property
along the southwestern perimeter of the site, continues on-site for approximately 2,800 feet, and
exits along the northeastern perimeter of the site. Several small tributaries also join Daniels Run
on the ANCC property.

The goal of stream restoration is to return the main stem of Daniels Run to a stable, self-
maintaining state while meeting the aesthetic goals of the ANCC. Stream stability is not a static
state but a dynamic process with a tendency towards equilibrium between stream discharge,
sediment transport, and channel dimension, plan form, and longitudinal profile. Restoring a
stream to this stable state and restoring its riparian buffer will address a number of aquatic and
riparian habitat concerns. A successful stream restoration will also address some water quality
issues including reducing sediment and nutrients, which are significant issues for the Chesapeake
Bay and its natural resources.

The Service’s first task in developing the restoration plans was to collect field data to support
preparation of plans. The Service then identified stream restoration objectives and developed
and evaluated natural channel design restoration alternatives. The Service presented this work in
the Daniels Run Stream Restoration, Arlington, Virginia: Survey and Alternative Analysis
Report (Starr and Eng, 2006). The report recommended a combination of soil fabric lifts and
instream structures to address the instability problems on Daniels Run.

The purpose of this report is to present the geomorphic analysis used to develop the 30 Percent
Conceptual Design Plans (30 Percent Plans). The 30 Percent Plans shows proposed stream cross
section, pattern, and profile, and the typical details for in-stream restoration structures.

Il. 30 PERCENT DESIGN DEVELOPMENT

This section presents a brief summary of the methods used by the Service to develop the 30
Percent Plans. The Service used a natural channel design approach, which uses stable reference
stream characteristics as a template for restoring the impaired stream.

A. Natural Channel Design Methodology

The Service used natural channel design methodology to design the stream cross sections,
planform, and profile for restoring Daniels Run. Natural channel design methodology employs
geomorphic measurements from stable streams as a template for designing the restored stream.
Measurements from the stable streams are converted to dimensionless ratios by dividing by
various bankfull characteristics, which allows the Service to apply characteristics from
references streams of difference sizes to the impair stream.

U. S. Fish and Wildlife Service August 2006
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The objective of natural channel design is to make adjustments in stream cross section, planform,
and profile such that the restored stream will accommodate the flow regimes and sediment
supply without creating excessive erosion or deposition in the restoration project areas (project
areas), or upstream or downstream of the project areas.

B. Natural Channel Design for Daniels Run

The Service divided the restoration area into two project areas (Figure 2). These project areas
should not be confused with the assessment reaches identified in the Survey and Alternative
Analysis Report (Starr and Eng, 2006). Project Area 1 includes Reach 1 and 2, with the
exception of the farthest downstream portion of Reach 2. Project Area 2 consists of
approximately the last 300 feet of Reach 2, where Daniels Run joins Accotink Creek.

1. Restoration Stream Type

The Service selected two Rosgen stream types (Rosgen 1996) to develop the restoration design
criteria for Daniels Run, based on the valley type and site constraints (e.g., channel confinement,
control elevations). The Service selected a C4 Rosgen stream type for Project Area 1. Currently,
the stream in Project Area 1 is slightly to moderately entrenched and the Service is proposing to
reconnect the stream to its original floodplain to obtain a low entrenchment, which is
characteristic of a C4 or E4 stream type. However, the Service selected a C4 stream type because
of the confinement of the stream and the low sinuosity, which better characterizes a C4 stream
type than an E4 stream type.

The Service selected a B4/1' Rosgen stream type for Project Area 2. The streambed elevation of
Accotink Creek is the downstream control elevation of the restoration effort. Since Accotink
Creek is also highly entrenched, a transition stream reach is required to connect the proposed
Daniels Run C4 stream type to Accotink Creek. As this transition reach descends to Accotink
Creek, the stream will become increasingly entrenched. However, it is feasible to create a
floodplain within the proposed channel, although narrower and lower than the original
floodplain, which is characteristic of B4/1 stream type.

2. Reference Reach

Natural channel design methodology employs the characteristics of stable streams as a template
for designing restored streams. Selection of a Rosgen stream type identifies the broad
characteristics for the restored stream, but does not provide sufficient design parameters to
develop stream restoration plans. Additional geomorphic measurements must be collected from
stable streams that fully detail the characteristics of a stable stream’s cross section, planform, and
profile. A stream possessing stable characteristics is termed a “reference reach.” The
geomorphic characteristics of the reference reach are used as a template for designing stream
restoration projects. The primary requirement of a reference reach is that the stream reach is
stable. Reference reaches are not required to be in a natural, undisturbed state.

! The B4/1 stream type is similar to the B4 stream type except that bedrock control is present.

U. S. Fish and Wildlife Service August 2006
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A suitable reference reach should possess similar hydrologic, geologic, and physiographic
characteristics to the reach that is to be restored. The shape of a particular stream represents the
balance between erosive forces applied to a stream by water flowing down a slope and the
resistive forces supplied by native stream substrate and streambanks. Streams formed in
differing types of alluvium or rock respond differently to the same hydrology. Likewise, streams
of the same lithology and geology exhibit differing forms if subjected to differing hydrologic
regimes. For example, compare two streams within the same area, one of which possesses an
undeveloped watershed and the other possessing an urbanized watershed. Because urbanization
changes the timing and volume of stormflows, the urbanized stream will enlarge its cross section.
Because of differences in the response of streams to differences in boundary conditions (i.e.,
stream flow, vegetation, geology, and lithology), it is important to select a reference reach with
similar hydrophysiographic characteristics. Generally, this would be a stream located in the
same general area with similar land use, physiography, valley characteristics, and lithology.
Finding reference reaches for urban stream restoration is difficult. It is rare to locate a stream
that possesses both an urban discharge regime and stable stream characteristics. If a suitable
reference reach cannot be located, streams from remote locations may be used for reference
reaches if there is close similarity in physiographic conditions (Hey, in press). The Service was
unable to locate a reference reach (i.e., a stable stream) near Daniels Run. Therefore, the Service
collected data from both C4 and B4/1 reference reaches with physiographic conditions similar to
Daniels Run. Table 1 presents selected morphological parameters for three areas. The reference
sites include:

e Silas Creek in Winston-Salem, NC: Silas Creek is a B4/1c stream type. Reference reach data
was collected by Clear Creek Consulting, Inc.

e Rock Creek above Boulder Bridge, Rock Creek National Park, Washington, DC: A short
section of B4c stream type is located in Rock Creek between a steeper B3/B4 stream type
and a C4 stream type. The Service surveyed the reach in 2005. Because the reach was
limited in size, the Service was not able to collect a full set of reference reach data. Although
the Rock Creek data set is incomplete, it does reflect conditions of a stream subject to
urbanized flows.

e Maryland Characteristic C4 and B4/1c Streams: Characteristic data from several C4 and
B4/1c steam types was obtained from a comprehensive survey of gaged streams in Maryland
that the Service collected to develop regional relationships between bankfull discharge,
bankfull width, bankfull mean depth, and drainage area (McCandless and Everett, 2002;
McCandless, 2003). The Maryland stream survey data contain many of the relationships that
are required to develop natural stream designs. The Service only selected streams that are
considered stable to develop the reference criteria. For some streams, the Service only used
cross section data because the Service does not consider their planforms as reference
conditions.

e Colorado Data: Characteristic data from several C4 stream types were obtained from stream
surveys conducted by Wildland Hydrology, Inc. (Rosgen, 1996).

U. S. Fish and Wildlife Service August 2006
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Table 1. Summary of Select Dimensionless Ratios
Reference Data
Variable Rock Creek, Silas Creek,
t Maryland Piedmont?
Cdamie i Washington, D.C3| Winston, NC*
Stream Type c4 C4 B4/1c B4/1c B4/1c
Width/Depth Ratio Mean 15.0 15.0 112 233 14.6
Max. Riffle Depth/Mean Riffle Mean 14 va 12 15 15
Depth
Mean Pool Depth/Mean Riffle Mean a 13 Wa Wa 45
Depth
Pool Width/Riffle Width Mean 15 12 na na 10
Pool Area/Riffle Area Mean nfa 1.3 n/a n/a 17
Max. Pool Depth/Mean Riffle Mean 30 24 a 24 26
Depth
Low Bank Height/Max. Riffle Mean a a a a 10
Depth
Entrenchment Ratio Mean n/a 12.0 n/a 14 13
Meander Length Ratio Mean 115 8.4 na n/a 7.3
Ratio of Radius of Curvature/
Bankfull Width Mean 2.8 2.8 n/a n/a 15
Meander Width Ratio Mean 125 2.9 2.3 n/a 18
Pool Length/Riffle Width Mean 15 n/a n/a 19 n/a
Po_ol to Pool Spacing/Bankfull Mean 6.0 Wa a a 30
Width
Sinuosity n/a 13 12 n/a 11
Ratio of Riffle Slope/Average
Water Surface Slope Mean 2.3 n/a n/a 3.8 44
Ratio of Run Slope/Average Water Mean 07 a a 09 09
Surface Slope
Ratio of Pool Slope/Average Water Mean 03 a a 00 00
Surface Slope
Ratio of Glide Slope/Average
Water Surface Slope Mean 04 n/a na 0.0 0.9
Ratio of Step Slope/Average Water Mean Wa Wa a 324 Wa
Surface Slope
Ratio of Max. Run Depth/Mean
Bankfull Depth Mean 2.1 nfa nfa 16 19
Ratio of Max. Glide Depth/ Mean
Bankfull Depth Mean n/a n/a nfa 13 19
1. Data collected by Wildland Hydrology, Inc.
2. Data collected by the Service for the Maryland Stream Survey: Bankfull Discharge and Channel Characteristics of Streams in the Piedmont Hydrologic Region
(McCandless and Everett 2002)
3. Data collected by the Service
4. Data collected by Clear Creeks Consultants, Inc.

3. Bankfull Discharge

Bankfull discharge characterizes the range of discharges that are responsible for the shaping and
maintaining a stream’s cross section, pattern, and profile. Over time, geomorphic processes
adjust the stream capacity and shape to accommodate the bankfull discharge within the stream.
Bankfull discharge is strongly correlated to many important stream morphological features (e.g.,
bankfull width, drainage area, etc.) and is the critical parameter used by the Service in assessing

U. S. Fish and Wildlife Service August 2006
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Daniels Run. Bankfull characteristics are also used in the natural channel design approach as a
scale factor to convert morphological parameters from a stable reach of one size to a disturbed
reach of another size. The Service conducted a bankfull discharge determination as part of the
Survey and Alternative Analysis Report and reported the following bankfull discharge
characteristics for Daniels Run (Table 2).

Table 2. Summary of Bankfull Characteristics
Bankfull Characteristics Reach 1 Represgntative Cross|Reach 2 Represz_antative Cross

Section Section

Area ft° 29.28 33.81

Width ft 16.25 21.44

Average Depth ft 1.80 1.58

Manning's n 0.04 0.04

Velocity ft/s 3.74 4.26

Discharge cfs 104.47 125.59

4. Restoration Strategy

The Service used two restoration strategies for Daniels Run. Project Area 1 is a Priority 1
restoration and Project Area 2 is a Priority 3 restoration (Rosgen 1997). For Project Area 1, the
Service will reconnect the stream to the original floodplain. This approach is feasible because
the existing stream is either slightly entrenched or the stream will be realigned outside of the
existing highly entrenched stream alignment. The Service will create an entrenched stream
channel, in Project Area 2, to connect the streambed elevation of Project Area 1 to the streambed
elevation of Accotink Creek.

Both restoration strategies will have similar channel cross section conversions that involve
narrowing the low flow, active channel, and bankfull channel widths while providing an increase
in floodprone width. The difference between the two strategies will be in the floodprone widths.
Since the Service will reconnect Project Area 1 to the original floodplain, it will have a much
larger floodprone width than Project Area 2. The floodplain area for Project Area 1 will be
created by excavating the top of existing stream banks and constructing toe-benches to frame the
active channel within the bankfull channel. Toe-benches will be constructed from fill and held in
place by rock, woody debris, and riparian shrubs. Figure 3 (modified from Shea et al., 2005)
illustrates the cross section conversion. The floodplain for Project Area 2 will be narrower and
created at a lower elevation than the original abandoned floodplain. The floodplain area and toe-
benches for Project Area 2 will be created by excavating a new stream channel in the original
floodplain.

In-stream structures, soil fabric lifts, and riparian plantings will be installed to stabilize the
stream cross section. In-stream structures will consist of cross vanes, J-hook vanes, and step
pools. The instream structures will be designed to steer the flow through tight bends, dissipate
energy through turbulence, and prevent high shear stress on streambanks. The soil fabric lifts
will be designed to hold the streambanks in place based on the cross section specifications.

U. S. Fish and Wildlife Service August 2006
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The instream structures and soil fabric lifts provide a skeleton for the stream, but in the long-
term, the riparian plantings will maintain the stability of the stream. Riparian plantings will
provide rooting to increase the strength of streambanks, riparian habitat, and increase stream
roughness that will slow down stream stormflow velocities. No planting occurs within the low
flow or active channel. The active channel area is where stream gravel transport occurs. The
toe-benches are located between the top of the active channel and bankfull depth. The top of the
toe-benches (or channel shelf) is a frequently flooded area located below bankfull elevation.
Riparian vegetation that can withstand frequent flooding and provide strong rooting will be
planted in this zone. Large woody debris will be placed in the channel shelf during construction
to provide some initial channel roughness and for habitat. The floodplain zone starts above
bankfull. This area will contain riparian shrubs or trees that can withstand occasional inundation.
The bankfull bench is a flat or shallowly sloped zone above bankfull that slows high velocity
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flows during flows above bankfull. Flow velocities at the outer edge of the bankfull bench will
be too slow to erode the steeper banks connecting the bench to the flood-prone area.

5. Cross Section Design

The Service developed a series of typical sections for use in each project area (Table 3). Each
series of typical sections consists of a riffle cross section, a glide cross section, and a pool cross
section. The sections were developed through an iterative design process. The Service used
dimensionless ratios to develop active channel and bankfull channel dimensions. The Service
determined target values of bankfull and active channel width/depth ratios, and bankfull and
active channel cross section area using regional relationships and the reference reach data. Trial
bankfull and active channel depths were used to develop a nested riffle cross section with the
appropriate areas and width-depth ratios for the bankfull and active channel. The Service
estimated discharge for the cross section using the reach slope. The Service evaluated the shear
stress at active channel discharge and made adjustments in the cross section to replicate the
existing active channel shear stress. The Service made slight adjustments in the cross section
dimensions until the computed discharge matched the target discharge.

Once the riffle cross section was completed, the pool cross sections were constructed in a similar
manner. The Service used target values for pool cross sections based on ratios of pool cross
section area to riffle cross section area, pool width to riffle width, and maximum pool depth to
mean riffle depth.

The glide cross section was constructed to meet several criteria describing the relationship
between riffle cross sections and glide cross sections:

e mean depth (riffle < glide) e cross section area (riffle < glide)
e width (riffle < glide) e max depth / mean depth ratio (riffle > glide)
Table 3. Summary of Proposed Cross Section Characteristics
e ey, v Q4 Rosgen Stream Type B4_llc Rosgen Stream Type
Active Channel Bankfull Channel Active Channel Bankfull Channel
Area ft? 12.2 29.4 12.0 31.0
Width ft 12.5 19.0 12.0 21.0
& |Average Depth ft 1.0 1.6 1.0 1.5
r |Maximum Depth ft 1.3 2.3 1.5 2.5
Width/Depth Ratio 12.8 12.3 12.0 14.3
Entrenchment Ratio* n/a 2.3 n/a 2.0
Area ft? 25.1 44.3 32.9 55.3
3 Width ft 15.5 21.0 17.0 24.0
o |Average Depth ft 1.6 2.1 1.9 2.3
Maximum Depth ft 2.3 3.3 2.8 3.8
Area ft? 17.0 35.2 20.0 41.0
S |Width ft 14.0 20.0 15.0 23.0
© |Average Depth ft 1.2 1.8 1.3 1.8
Maximum Depth ft 1.5 2.5 1.8 2.8
1. Actual entrenchment will vary depending on existing elevations in the field
U. S. Fish and Wildlife Service August 2006
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The Service adjusted glide cross section shape until the evaluation criteria for the active and
bankfull channels were satisfied. Summaries of cross section parameters for each set of typical
sections are presented in Appendix B.

C. Development of Restoration Design Plans

1. Base Mapping

The Service developed a base map of Daniels Run from a base topographic survey developed by
Air Survey and a detailed stream channel survey conducted by Service personnel. The Service
merged the two surveys together by tying into benchmarks established by Air Survey. The base
mapping was then converted to Terramodel® CADD format.

2.  Stream Corridor Alignment

The Service evaluated two stream corridor alignments (Figure 4). The first alignment essentially
followed the existing stream channel with a 30-foot buffer on either side of the stream. The
Service proposed some channel realignment in Study Reach 2 to restore the stream to a proper
planform. The ANCC considered this alignment because it preserved an existing golf cart bridge
(i.e., Blue 1).

The golf course architect (i.e., Richard Mandell Golf Architecture) proposed a second alignment.
The second alignment follows the existing stream channel in Study Reach 1 with a 30-foot buffer
on either side of the stream. The proposed alignment diverts from the existing stream channel in
Study Reach 2, relocated approximately 60 feet to the right of the stream. The ANCC considered
this alignment because it better compliments the golf course features and improves the
playability of the course. The ANCC selected this for the proposed stream corridor alignment.

3. Planform and Profile

The Service developed a preliminary horizontal alignment and vertical profile for the two stream
corridor alignments. However, the Service will only discuss the horizontal alignment and vertical
profile for the selected stream corridor alignment.

The Service adjusted the horizontal alignment to produce better agreement with the geomorphic
properties developed from reference reach data. The Service also adjusted the alignment to
minimize impacts to fixed infrastructure such as golf cart bridges and to reduce grading and
vegetation impacts.

The Service developed a preliminary vertical alignment. The Service accomplished this by using
a spreadsheet to adjust the depths of the vertical profiles so that the depth of riffles, glides, pools,
and runs were in the appropriate range developed from reference reach data.

U. S. Fish and Wildlife Service August 2006
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4.  Structures

The Service proposes using five types of instream structures in the restoration design: cross
vanes, J-hooks, W-weirs, step pools, and soil fabric lifts. Typical details of these structures are
provided in the 30 Percent Plans. The extent, configuration, and structure tables for these
structures will be added to the 60 Percent Plans.

Cross Vane Structures

Cross vane structures are instream structures, made of rocks or a combination of rocks and logs,
that provide both lateral and vertical channel stability. They were developed by Wildland
Hydrology, Inc. (2001) to reduce shear stress along the outer banks of meander curves, but may
be used also to steer and redirect the direction of flow through bends. They consist of a sill used
to set grade elevation that is placed in the central third of the bankfull stream; and two vanes that
extend from each end of the sill in the downstream direction at an angle of 20-30 degrees from
the centerline of the stream, with a vertical pitch of two to seven percent (upward in the
downstream direction, and typically tie into the stream banks at the bankfull elevation. The
vanes of cross vanes provide bank protection by redirecting flow away from banks. The zone of
bank protection created by the vanes extends for approximately one vane length downstream of
the end of the vane and about one-half vane length upstream of the sill.

Step Pool Structures

Step pool structures are instream structures, made of rocks and logs, that facilitate the transition
between rapid streambed elevation changes (e.g., steep stream sections). They occur as natural
features that form on steeper streams as a means of dissipating energy. A step pool structure is
essentially a series of cross vane structures connected together and with shorter vane arms. The
Service may use a step pool structure in the transition reach located on the lower downstream
portion of Reach 2 to tie in with Accotink Creek.

J-hook Structures

J-hook structures are instream structures, made of rocks and logs, used to divert erosive stream
flows away from streambanks until riparian vegetation can establish. They are installed on the
outside bank of a meander and provide the same zone of bank protection length as cross vanes. J-
hooks are constructed the same as cross vanes except with only one vane arm and there is an
arcing hook on the upstream end of the structure where it ties in with the streambed.

W-weir Structures

W-weir structures are instream structures, made of rocks and logs, used in rivers or in streams to
split flows around instream man-made structures (i.e., bridge piers). They are constructed the
same as cross vanes, except instead of being “U-shaped” like a cross vane, they are “W-shaped”.
The Service will use W-weir structures directly upstream of all bridge crossings to split flows
around the bridge piers and reduce streambed erosion potential.

U. S. Fish and Wildlife Service August 2006
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Soil Fabric Lifts

Soil fabric lifts are layers of soil held temporally in-place with a bio-degradable fabric until
riparian vegetation can establish. The soil lifts are seeded with a grass seed mixture and live
cuttings of woody vegetation are placed in between the soil layers. Roots from the grass and live
cuttings establish and naturally maintain the soil layers, replacing the degrading fabric. The
Service will use soil fabric lifts in areas where streambanks are constructed with loose soils.

I11.  NEXT PHASE OF DESIGN DEVELOPMENT

The next step in the design process is to develop 60 Percent Plans. The first step is to undertake
hydraulic modeling of existing conditions to prepare preliminary hydraulic modeling of proposed
conditions. The 30 Percent Plans will then be modified based on comments received from
partners and on results of hydraulic modeling. The Service will prepare grading plans and
profiles that will be evaluated for compliance with geomorphic design criteria, sediment
transport capabilities, and floodplain hydraulics. Additional design work will include
preparation of erosion and sediment control plans, and preparation of construction specifications.

U. S. Fish and Wildlife Service August 2006
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Daniels Run
Reference Reach Design Criteria
No. Variable | Symbol | Units Colorado® Maryland Piedmont® Wa'::icn:fo:e;c_z siles Cre::é,,w inston. Proposed
1 [Stream Type C4 C4 B4/1c B4/1c B4/1c C4 B4/1c
Mean na n/a 27.0 nla 33 1.9 19
2 |Drainage Area mi? [ Min n/a nla n/a n/a nla n/a n/a
Max nla n/a nla nla n/a n/a n/a
: Mean nla n/a 4.0 3.8 1.8 13 14
3 glefpf)lti Bankfull Mean okt ft Min n/a n/a n/a n/a 1.6 2.1 1.7
Max n/a nla n/a n/a 1.9 0.7 1.2
Mean n/a nla 44.8 89.6 25.6 19.0 21.0
4 |Riffle Bankfull Width Wkt ft | Min n/a n/a n/a n/a 23.1 n/a n/a
Max n/a nla n/a n/a 28.0 nla n/a
Mean 15.0 15.0 11.2 23.3 14.6 15.0 14.6
5 |Width/Depth Ratio W/t Min | 12,0 9.0 n/a n/a 12.4 9.0 12.4
Max 18.0 27.0 n/a n/a 17.2 18.0 17.2
. Mean nla n/a 179.3 344.0 437 29.3 338
6 ;ﬂiﬁ%ﬁ! Cross Akt t? [ Min n/a nia n/a n/a 38.5 n/a n/a
Max n/a nfa n/a n/a 48.9 n/a n/a
. Mean n/a nfa 4.7 5.6 2.7 17 2.2
7 s/:g:iemBuar:klgueI:)th Ornax ft Min na n/a nla na 2.1 1.5 1.9
Max n/a nla n/a n/a 3.2 1.9 2.5
" Mean 14 n/a 1.2 15 1.5 14 1.5
8 g’:ff‘fxl'e'gg)'thepth/Mea” /o Min | 12 n/a n/a n/a 13 12 13
Max 15 nla n/a n/a 1.7 15 17
Mean n/a nla n/a n/a nla 1.6 n/a
9 |Mean Pool Depth ity ft Min n/a n/a nla n/a nla 1.4 n/a
Max n/a n/a n/a n/a nla 1.9 n/a
Mean n/a 1.3 n/a n/a 4.5 1.3 n/a
10 'I\R/:i?ll: gr:;lﬁl]:)epth/Mean okp/ Dokt Min n/a 1.1 n/a n/a 4.0 1.1 n/a
Max n/a 15 n/a n/a 5.0 15 n/a
Mean n/a n/a n/a n/a 25.3 22.8 20.8
11 |Pool Width Wikep ft Min n/a nla n/a n/a 22.6 19.0 20.6
Max n/a nla n/a n/a 28.0 26.6 21.0
Mean 15 1.2 n/a n/a 1.0 1.2 1.0
12 |Pool Width/Riffle Width Wi/ Wkt Min 13 1.0 nla nla 1.0 1.0 1.0
Max 1.7 14 n/a n/a 1.0 1.4 1.0
Mean n/a nla n/a n/a 721 38.1 67.6
13 gzstlif:;k;ﬁ!acmss Aol * [ Min n/a n/a n/a n/a 53.3 32.2 n/a
Max n/a nla n/a n/a 90.5 43.9 n/a
Mean n/a 1.3 n/a n/a 1.7 13 2.0
14 [Pool Area/Riffle Area Apool Akt Min nla 11 nla nla 1.2 1.1 n/a
Max n/a 15 n/a n/a 2.1 15 n/a
Mean nla n/a nla 9.2 4.5 3.0 37
15 [Max. Pool Depth Aibkip ft | Min n/a n/a n/a n/a 4.0 24 35
Max nla n/a nla nla 5.0 3.9 39
Mean 3.0 2.4 n/a 2.4 2.6 2.4 2.6
16 g’:%ég’:gtﬁep‘h’ Mean i/t Min |25 19 nfa nfa 25 1.9 25
Max 3.5 3.1 n/a n/a 2.7 3.1 2.7
Mean nla n/a nla nla n/a n/a n/a
17 [Low Bank Height LBH ft Min n/a n/a n/a n/a n/a n/a n/a
Max n/a nla n/a n/a nla n/a n/a
. Mean n/a n/a n/a n/a 1.0 1.0 1.0
18 IF_;i);/fvleBgr;l;tEelght/Max. LBH/dks Min n/a n/a n/a n/a n/a n/a n/a
Max n/a nla n/a n/a nla nla n/a
. Mean n/a nla n/a n/a 335 228.0 29.4
19 X/r':;h of Flood Prone Wi, ft [Min | na nfa nfa nfa 27.7 76.0 262
Max n/a nfa n/a n/a 39.2 456.0 n/a
Mean n/a 12.0 n/a 14 1.3 12.0 14
20 |Entrenchment Ratio Wiepal Wkt Min n/a 4.0 n/a n/a 1.2 4.0 2.2
Max n/a 24.0 n/a n/a 14 24.0 n/a
Mean n/a nla n/a n/a nla nla n/a
21 |Point Bar Slope Spt. bar ft/ft | Min n/a n/a n/a n/a n/a n/a n/a
Max n/a nla n/a n/a nla nla n/a
Mean n/a nla n/a n/a 4.6 2.8 3.7
22 |Bankfull Mean Velocity Upif ft/sec [ Min n/a n/a n/a n/a nla n/a n/a
Max n/a nla n/a n/a nla n/a n/a
Mean n/a n/a n/a n/a 199.0 109.5 125.6
23 |Bankfull Discharge Qoxf cfs [ Min n/a n/a n/a n/a n/a n/a n/a
Max n/a nfa n/a n/a nla n/a n/a
Mean n/a nla n/a n/a 187.0 159.6 153.7
24 |Meander Length Lm ft Min n/a n/a n/a n/a 130.0 72.2 118.2
Max n/a nla n/a n/a 245.0 254.6 183.8
Mean 115 8.4 n/a n/a 7.3 8.4 7.3
25 [Meander Length Ratio L/ Wiie Min 9.0 3.8 n/a n/a 5.6 3.8 5.6
Max 14.0 134 n/a n/a 8.8 134 8.8
Mean n/a nla n/a n/a 38.6 53.2 317
26 |Radius of Curvature Re ft Min n/a n/a n/a n/a 18.5 19.0 16.8
Max n/a nla n/a n/a 58.8 1235 44.1
Ratio of Radius of Mean 2.8 2.8 n/a n/a 15 2.8 15
27 |Curvature/Bankfull Ry Wik Min 2.5 1.0 n/a n/a 0.8 1.0 0.8
Width Max 3.0 6.5 n/a n/a 2.1 6.5 2.1
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Daniels Run
Reference Reach Design Criteria
No. Variable Symbol Units Colorado* Maryland Piedmont? w:r::;g:e;fc? Silas Cre:IEAW (0, Proposed
Mean nla nla 102.0 nla 45.5 55.1 374
28 |Belt Width Wi ft Min nla nla n/a nla 40.0 34.2 30.0
Max nla nla n/a nla 51.0 114.0 38.2
Mean 125 2.9 2.3 n/a 1.8 2.9 1.8
29 |Meander Width Ratio WotyWakt Min 9.0 1.8 n/a n/a 14 1.8 14
Max 16.0 6.0 n/a n/a 1.8 6.0 1.8
Mean n/a n/a n/a 166.0 n/a 28.5 n/a
30 |Individual Pool Length Lpool ft Min nla nla n/a nla nla 19.0 n/a
Max n/a n/a n/a n/a n/a 38.0 n/a
. Mean 1.5 n/a n/a 1.9 n/a 1.5 n/a
31 \F;\cl)iodlﬂl;ength/leﬂe Lpoot/ Wikt Min 1.0 n/a n/a n/a n/a 1.0 n/a
Max 2.0 n/a n/a n/a n/a 2.0 n/a
Pool to Pool Spacing Mean n/a n/a n/a n/a 76.6 114.0 63.0
32 (based on pattern) p-p ft Min n/a n/a n/a n/a 27.2 95.0 24.8
Max n/a n/a n/a n/a 126.0 133.0 94.5
Pool to Pool Spacing/ Me_an 6.0 n/a n/a n/a 3.0 6.0 3.0
33 [ gankfull width P-p/ Wk Min 5.0 n/a n/a n/a 1.2 5.0 1.2
Max 7.0 n/a n/a n/a 4.5 7.0 4.5
34 |Stream Length SL t n/a n/a n/a n/a n/a n/a n/a
35 |Valley Length VL ft n/a n/a n/a n/a n/a n/a n/a
36 _|Valley Slope VS ft/ft n/a n/a n/a n/a 0.0089 n/a n/a
37 |Average Water Surface S ft/ft n/a n/a 0.0022 0.0037 0.0082 0.0047 0.0051
38 |sinuosity K SL/VL nla 1.3 1.2 n/a n/a 1.2 1.2
VSIS n/a n/a n/a n/a 1.1 n/a n/a
Riffle Slope Mean n/a n/a n/a 0.0141 0.0360 0.0106 0.0194
39 [(water surface facet Site ft/ft [ Min n/a n/a n/a 0.0053 n/a 0.0071 0.0073
slope) Max n/a n/a n/a 0.0229 n/a 0.0141 0.0316
Ratio of Riffle Slope/ Mean 2.3 n/a n/a 3.8 44 2.3 3.8
40 |Average Water Surface SiitrS Min 1.5 n/a n/a 1.4 n/a 1.5 1.4
Slope Max 3.0 n/a n/a 6.2 n/a 3.0 6.2
Run Slope Mean n/a n/a n/a 0.0033 0.0070 0.0031 0.0045
41 [(water surface facet Stun ft/ft [ Min n/a n/a n/a 0.0001 n/a 0.0024 0.0001
slope) Max n/a n/a n/a 0.0080 n/a 0.0038 0.0110
Ratio of Run Slope/ Mean 0.7 nla n/a 0.9 0.9 0.7 0.9
42 |Average Water Surface SnunS Min 0.5 n/a n/a 0.0 n/a 0.5 0.0
Slope Max 0.8 n/a n/a 2.2 n/a 0.8 2.2
Pool Slope Mean nla nla n/a 0.0001 0.0000 0.0012 0.0000
43 [(water surface facet Spool ft/ft [ Min nla nla n/a nla 0.0000 0.0009 0.0000
slope) Max n/a n/a n/a n/a 0.0819 0.0014 n/a
Ratio of Pool Slope/ Mean 03 n/a n/a 0.0 0.0 03 0.0
44 | Average Water Surface SpoolrS Min 0.2 nla n/a nla 0.0 0.2 0.0
Slope Max 0.3 n/a n/a n/a 16.1 0.3 n/a
Glide Slope Mean nla nla n/a 0.0001 0.0070 0.0019 0.0001
45 |(water surface facet Sgiide ft/ft [ Min nla nla n/a nla nla 0.0014 n/a
slope) Max n/a n/a n/a n/a n/a 0.0024 nla
Ratio of Glide Slope/ Mean 0.4 n/a n/a 0.0 0.9 0.4 0.0
46 |Average Water Surface SgiicerS Min 0.3 nla n/a nla n/a 0.3 nla
Slope Max 0.5 n/a n/a n/a n/a 0.5 n/a
Step Slope Mean n/a n/a n/a 0.1200 n/a n/a 0.1654
(water surface facet Sstep ft/ft [ Min nla nla nla 0.0600 nla n/a 0.0827
slope) Max n/a n/a n/a 0.1700 n/a n/a 0.2343
Ratio of Step Slope/ Mean nla n/a nla 32.4 nla n/a 32.4
Average Water Surface SsteprS Min n/a n/a n/a 16.2 n/a n/a 16.2
Slope Max n/a n/a n/a 45.9 n/a n/a 45.9
Mean nla n/a nla 6.1 3.3 2.6 2.3
47 |Max. Run Depth Armpkfrun ft Min n/a nla n/a 5.6 nla 2.4 2.1
Max nla n/a n/a 6.7 nla 2.8 2.5
Ratio of Max. Run Mean 2.1 n/a n/a 1.6 1.9 2.1 1.6
48 |Depth/ Mean Bankfull Armkrun/ oke Min 1.9 nla n/a 15 n/a 1.9 15
Depth Max 2.2 nla nla 1.8 n/a 2.2 1.8
Mean nla n/a nla 5.1 3.3 n/a 2.3
49 |Max. Glide Depth Arbkiglide ft Min n/a n/a n/a n/a n/a n/a 19
Max nla n/a nla nla nla n/a 2.7
Ratio of Max. Glide Mean n/a n/a n/a 1.3 1.9 n/a 1.6
50 |Depth/ Mean Bankfull Armpkeglide Dokf Min n/a n/a n/a n/a n/a n/a 1.3
Depth Max nla nla nla nla n/a n/a 1.9
Mean nla nla n/a nla nla nla n/a
Max. Step Depth Orbkistep ft Min nla nla n/a n/a nla nla n/a
Max nla nla nla nla nla nla n/a
Ratio of Max. Step Mean n/a n/a n/a n/a n/a n/a n/a
Depth/ Mean Bankfull Orbkstep/ Dokt Min n/a n/a n/a n/a n/a n/a n/a
Depth Max n/a n/a n/a n/a n/a n/a n/a
Materials
[ mm n/a n/a n/a 0.4 n/a n/a nla
Particle Size D5 mm n/a n/a 0.1 21.3 n/a n/a n/a
51 Distribution of Stream Ds mm n/a n/a 0.4 54.5 n/a n/a n/a
Dy, mm n/a n/a 32.0 238.2 n/a n/a n/a
Dgs mm n/a n/a 59.6 402.0 n/a n/a n/a
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Daniels Run
Reference Reach Design Criteria
No. Variable Symbol Units Colorado’ | Maryland Piedmont® W:;cnl;i:e;c; sllas Cre:‘léaw inston, Proposed
Particle Size g“ 2:2 n;a n;a 2(1) n;a gg n;a n;a
[ 35 n/a n/a . n/a . nla n/a
52 hDA':t‘:r?:I‘w” of Channel —p5 7 mm n/a n/a 127 na 226 na na
(active bed) Dg, mm n/a nla 36.4 n/a 200.0 nla n/a
Dgs mm nla n/a 59.6 nla >2048 n/a n/a
Dy mm n/a n/a n/a n/a 1.8 n/a n/a
Particle Size D35 mm n/a n/a n/a n/a 15.0 n/a n/a
53 |Distribution of Bar Dso mm n/a n/a n/a n/a 32.0 n/a n/a
Material Dgy mm n/a nla n/a n/a 96.0 n/a n/a
Dgs mm n/a n/a n/a n/a 117.0 n/a n/a
54 |Largest Size Particle at mm n/a nla n/a n/a nla n/a n/a
1. Data collected by Wildland Hydrology, Inc.
2. Data collected by the Service for the Maryland Stream Survey: Bankfull Discharge and Channel Characteristics of Streams in the Piedmont
Hydrologic Region (McCandless and Everett 2002)
3. Data collected by the Service
4. Data collected by Clear Creeks Consultants, Inc.

U. S. Fish and Wildlife Service
Chesapeake Bay Field Office



Draft Daniel’s Run Stream Restoration: 30 Percent Conceptual Design Report

Appendix B
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CROSS SECTION SUMMARY OF PROPOSED C4 ROSGEN STREAM TYPE (PROJECT AREA 1)
o . Riffle Pool Glide
Channel Characteristic Symbol | Unit Active [ Bankfull [ Active | Bankfull | Active | Bankfull
Thalweg Elevation Zy nla n/a n/a nla n/a n/a
Bankfull Discharge (computed) Qut ft*/sec 34.7 104.8 87.9 179.0 49.4 126.3
Bankfull Area Ay ft2 12.2 29.4 25.1 44.3 17.0 35.2
Mean Bankfull Depth dps ft 1.0 15 1.6 2.1 1.2 1.8
Bankfull Width Ws ft 12.5 19.0 15.5 21.0 14.0 20.0
Width/Depth ratio Wi/ Gy 12.8 12.3 9.6 9.9 115 11.4
Maximum Depth o I ft 1.3 2.3 2.3 3.3 15 2.5
Bankfull Composite "n" Npf 0.0330 0.0356 0.0370 0.0381 0.0370 0.0383
Bankfull Hydraulic Radius Ry ft 0.9 15 1.5 2.0 1.1 1.6
Average Bankfull Velocity Vs ft/sec 2.8 3.6 35 4.0 2.9 3.6
Bankfull Shear Stress t, Ibs/ft? 0.3 0.4 0.4 0.5 0.3 0.5
Froude (Bankfull) Fry 0.5 0.5 0.5 0.5 0.5 0.5
Critical Sediment Size at Bankfull Dyrit mm 25.2 39.6 40.8 52.9 30.9 44.5
Bankfull Wetted Perimeter Pyt ft 13.1 20.1 16.7 22.7 14.9 21.4
Entrenchment Ratio Wi/ W 25 2.3 n/a n/a n/a n/a
Floodprone Elevation Zg, ft 12.3 14.3 n/a n/a n/a n/a
Floodprone Discharge (computed) Qpp ft*/sec 104.1 514.0 n/a n/a n/a n/a
Floodprone Area Ag ft? 37.0 111.9 n/a n/a n/a n/a
Mean Floodprone Depth dep ft 1.2 4.5 n/a n/a nla n/a
Floodprone Width Wi, ft 31.4 43.4 n/a n/a n/a n/a
Floodprone Composite "n" Nip 0.0381 0.0392 n/a nla n/a n/a
Floodprone Hydraulic Radius Rsp ft 11 25 n/a n/a n/a n/a
Average Floodprone Velocity Vi, ft/sec 2.8 4.6 n/a n/a n/a n/a
Floodprone Shear Stress t, Ibs/ft? 0.3 0.7 n/a n/a n/a n/a
Critical Sediment Size at Floodprong|  Dg; mm 30.7 66.9 n/a n/a n/a n/a
Floodprone Wetted Perimeter Pt ft 327 45.3 n/a n/a n/a n/a
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Rosgen C4 Stream Type
Typical Cross Section
Riffle Cross Section

Glide Cross Section
L»_..,_mw o | R
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CROSS SECTION SUMMARY OF PROPOSED B4c ROSGEN STREAM TYPE (PROJECT AREA 1)
o . Riffle Pool Glide
Channel Characteristic Symbol |~ Unit Active [ Bankfull [ Active | Bankfull | Active | Bankfull
Thalweg Elevation Zy 9.5 9.5 8.3 8.3 9.3 9.3
Bankfull Discharge (computed) Qut ft*/sec 34.8 106.5 129.1 237.1 62.2 149.0
Bankfull Area Aps ft? 12.0 31.0 32.9 55.3 20.0 41.0
Mean Bankfull Depth dps ft 1.0 15 1.9 2.3 1.3 1.8
Bankfull Width Ws ft 12.0 21.0 17.0 24.0 15.0 23.0
Width/Depth ratio Wi/ Gy 12.0 142 8.8 104 11.3 12.9
Maximum Depth o I ft 1.5 25 2.8 3.8 1.8 2.8
Bankfull Composite "n" Npf 0.0330 0.0360 0.0370 0.0381 0.0370 0.0384
Bankfull Hydraulic Radius Ry ft 1.0 14 1.8 2.1 1.3 1.7
Average Bankfull Velocity Vs ft/sec 2.9 34 3.9 43 3.1 3.6
Bankfull Shear Stress to los/ft? 0.3 0.4 0.5 0.6 0.3 0.5
Froude (Bankfull) Fry 0.5 0.5 0.5 0.5 0.5 0.5
Critical Sediment Size at Bankfull Dyrit mm 25.9 38.1 48.5 57.7 34.2 45.7
Bankfull Wetted Perimeter Pyt ft 125 22.0 18.4 26.0 15.8 24.3
Entrenchment Ratio Wi/ W 25 2.0 n/a n/a n/a n/a
Floodprone Elevation Zg, ft 12.5 145 n/a n/a n/a n/a
Floodprone Discharge (computed) Qpp ft*/sec 151.0 569.6 n/a n/a n/a n/a
Floodprone Area Ag ft? 45.1 117.0 n/a n/a n/a n/a
Mean Floodprone Depth dep ft 15 5.0 n/a n/a nla n/a
Floodprone Width Wi, ft 29.9 41.9 n/a n/a n/a n/a
Floodprone Composite "n" Nip 0.0378 0.0390 n/a n/a n/a n/a
Floodprone Hydraulic Radius Rsp ft 15 2.7 n/a n/a n/a n/a
Average Floodprone Velocity Vi, ft/sec 33 49 n/a n/a nla n/a
Floodprone Shear Stress t, Ibs/ft? 0.4 0.7 n/a n/a n/a n/a
Critical Sediment Size at Floodprong| D mm 39.3 72.5 n/a n/a n/a n/a
Floodprone Wetted Perimeter Pt ft 311 43.7 n/a n/a n/a n/a
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Rosgen B4c Stream Type
Typical Cross Section
Riffle Cross Section
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Appendix C
Sediment Analysis
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The objective of sediment transportation for the project is to maintain existing sediment transport
capabilities and rates because Daniels Run does not appear to have a significant aggradation or
degradation stability problem. This is supported by the results of the vertical stability
assessment, which show that Daniels Run - Reach 1 is vertically stable and Reach 2 is vertically
stable even though there is evidence of past downcutting. Furthermore, the entrainment
calculations, if using the Rosgen’s power trend line on Shields critical shear stress relationship,
predict a similar critical shear stress as the existing conditions critical shear stress. The stability
problems within Daniels Run are mostly related to lateral instability problem (e.g., widespread
bank erosion). A sediment capacity analysis was not conducted since Daniels Run does not
appear to have a significant aggradation or degradation stability problem.

Since the objective of the project sediment transportation is to maintain existing sediment
transport capabilities and rates, the critical sediment size used for analysis came from field-
collected data (i.e., bar samples and riffle pebble counts). This particle size becomes the test size
for cross section design.

Sediment transportation of an existing C4 riffle cross section in Reach 1 was compared to a
typical C4 riffle cross section, which developed to meet specific shape and discharge capacities.
A cross section table was developed for both the existing and proposed C4 cross sections to show
discharge, cross section area, and cross section depth (Tables 1 and 2). The cross section tables
also calculate the maximum sediment size transportable at the riffles. This was based on the
Shields equation using the shields parameter value for the riffles, and by computing the shear
stress based on the bankfull slope and hydraulic radius. The existing conditions cross section has
a critical shear stress of 0.46 Ibs/ft and can transport a particle size of 45 mm. The proposed
cross section has a critical shear stress of 0.40 Ibs/ft and can transport a particle size of 40 mm.
This process was also completed for Reach 2, which has a proposed B4 stream type (Tables 3
and 4). The existing conditions cross section has a critical shear stress of 0.53 Ibs/ft and can
transport a particle size of 52 mm. The proposed cross section has a critical shear stress of 0.39
Ibs/ft and can transport a particle size of 38 mm. The existing and proposed shear stresses and
critical particle sizes are very similar between the existing and proposed cross sections; therefore,
the proposed stream design should have a stable stream bed.

U. S. Fish and Wildlife Service
Chesapeake Bay Field Office



Draft Daniel’s Run Stream Restoration: 30 Percent Conceptual Design Report

Table 1 - EXisting C4 RIffle Cross Section Reach 1 Analysis [ |
| Symbol | Quartity Value Linits Stream Channel Cross Sectional s%y Data:
Fitlle
Cross Section Controls Cross Section Survey 2 Q A d w, Wid, i n Ry Yi by Fr Doy P,
S |HEC-RAS Energy Slope 0.0047 Features Station (X)| Elev. (Z) | Mannings Crose » Wadth/ . P ) Critical
Median Gran Drameter 330 fost [ - Elevation | Discharge | Section #an | widh | De Composite | Hy Mean | Shear | Froude | ooy | Welted
i’:’ |5mm Faramter TR {foel) {e) e Area Dapth Ra:":: Depth n Radius | Velocity | Stress | Number Sige | CEnmster
I G5 oon | 946e n tisec r 1t n t n Meec | Ibsit? mm f
6s | 7100 34,71
Ty |Bﬂ'|klu‘1 Water Surface Efevation 9270 Tt G5 1500 14 54 90 570 - - - - - - - - - - - - -
Zu  |Active Charinel Elevation 9090 t GS 20.00 94,30 90570 01 02 007 oS 35.00 010 | oo3s 0.07 051 002 035 19 26
| LTOB 2200 9368 0042 0770 03 05 009 53 B5 15 020 0033 0048 062 003 036 16 59
UNDERCUT 2175 9295 0.042 Q0870 14 14 oid 1.0 8447 030 0033 013 019 noa 038 38 14
I Teminating Elevation 94 00 LEF 2178 4270 (e 90 a70 28 26 a2 126 6038 040 0033 01 108 0 0 042 60 127
Z Elevation Incramatns 0100 LEW 2177 8080 0.033 41070 B2 38 0.28 138 4835 050 0033 028 1.32 008 044 8.1 140
cs 23.00 9058 0.033 91170 84 53 0.38 142 37.81 0.60 0.033 0.37 157 011 045 10.6 14.6
Al 2 5 24 00 9057 0033 91 270 121 £ 045 14 6 3151 070 0034 045 178 013 046 130 151
Zy | Thalweg Elevation 90,57 cs 27.00 9082 0.033 01370 16.3 88 055 15.0 27.32 0.80 0.024 058 197 016 047 153 156
Uge  |Banktull Di :] 116 e CcS 20.50 4074 0033 91470 213 23 061 152 2355 040 0034 082 218 018 048 178 159
Ay |Bankfull Area 23 ¢ cs 3275 086 0.033 a1570 %67 113 0.74 153 w77 100 | 0034 070 236 021 04g 20.3 162
dy  |Mean Bankiull Depth 180 1t REW 550 9105 0033 a1 670 325 128 a3 155 1863 110 1034 07s 254 023 043 28 164
Wi |Bankfull vadin 16.2 f TOE 3680 9137 0042 9710 ] 144 082 156 1694 1.20 0.034 085 210 025 050 M8 167
Whe'che | Width/Depth ratic 9.0 SLP BRK 37150 9135 042 91570 455 16.0 1.0 157 1553 1.30 0024 094 286 02g 050 212 17.0
o |Meimum Depth 215 s REF 3800 |270 0042 81870 528 175 2 P 158 14 24 140 0 0354 102 3o 0:30 050 285 122
Ny | Bankfull Composite "n’ 0.035 GS 40.80 4281 a2.070 605 181 121 159 13.16 1.50 0.034 110 3.16. 032 051 318 174
Fy | Bankfull Hydrauhc Radius 1.56 3 GS 4300 9319 92170 B84 07 130 1549 12.24 160 0034 118 230 n3a 051 ana 176
Wt Eﬂ'emqe Bankfull Valocity 396 msec G5 47.00 Bise 92270 767 23 1440 160 1145 170 0.034 1.3 544 037 051 6.2 178
T |Bankfull Shear Stress 046 @sit G B8 00 9396 92 370 853 233 149 160 10.76 180 0034 132 357 0n2a 051 g3 181
Fry  |Froude (Banktull) 052 GS 5200 9388 92470 842 205 158 16.1 1016 180 0.035 140 368 041 052 404 183
Dgy | Critical Sediment Size at Bankful 45 mm 92570 1034 7.4 1.68 16.2 9.63 200 0.035 147 3.81 043 052 425 185
P |Bankiull Wetted Fenmeter 188 t 92 670 1128 B8 177 16.2 4915 210 0035 154 382 045 052 A4 5 187
Wy/Wy |Entranchment R afio 425 92770 1231 304 177 17.2 970 220 0.034 154 4.05 045 054 4.5 198
Iy |Floodprone Elevation M5 13 92 &70 134§ 322 174 155 10 61 230 0032 152 418 045 056 4349 ralrs
Oy bwdmr\e Cischarge (computed) 87300 fsec 92 870 1476 341 1.75 18.5 1111 240 0,031 153 433 045 058 4.2 223
Ay |Floodprone Area 1065 ! 93.070 1614 361 1.78 202 11.33 250 0.031 1.55 4.47 046 059 45.0 232
dy  |Mean Floodprone Depth 426 ft 93170 1762 381 182 210 1154 260 0,030 1.58 4 62 046 0 &0 458 241
Wy, |Floodprons Width 59.0 it 93.270 1920 403 1.85 21.8 11.82 270 0,029 161 477 047 062 465 251
™ lﬂwdmne Composite "r” 00mEe 93 370 2091 425 1.87 227 12.10 280 0.029 163 492 048 0E3 471 261
Ry |Floodprane Hydraulic Radius 146 93 470 2273 448 160 235 12.37 240 0.028 165 507 044 065 479 271
Vyp  |Average Floodprone Velocty 200 fsec 93 570 65 472 193 244 1262 300 0028 168 523 044 086 487 281
T, |Floodprone Shear Stress 043 meit’ 93670 ET6 49.7 1.91 26.0 1363 310 0027 1.67 538 049 L] 48.2 29.9
Deq | Critical Sediment Size at Floodorone 42 mm 93770 289.1 525 176 298 16.57 3.20 0.025 1.56 551 046 073 452 336
Py |Floodprone Wattad Penmeter 728 t 93 870 3141 .7 1.66 335 2018 3.30 0024 144 564 044 077 431 374
93 970 3485 59.8 1.25 47.9 3845 3.40 0.019 115 5383 034 092 334 518
|Aclive Channe! Analyses
Zy  |Thaheg Elevation 9057
Gl Cischarge (computed) 2| fsec
Por  |Benkifull Area 18
ot ||_\mn Bankiull Depth 015
Wi |Bankrfull Width 116 it
Witk |WidthDepth ratio 753
O |Maximum Depth 0,33 13
My |Benkiull Composite n” 0033
Ry Hydraulic Radius 0.15 t
Ve |Average Bankfull Velocity 0.88  fisec
% |Banklull Shear Stress 004 masm’
Fry |Froude 0.40
Dy |Critical Sediment Size at Bankiull 4 mm
Py |Bankfull Wetted Pernmater 1ME
Wi/ |Entrenchment Ratio 1.25]
Iy lirooupror» Elsvation 912 t
Qg |Floodprone Discharge [computed) 105 tsec
Ay |Floodprang Arga 62
dy  |Mean Floodprone Depth 043 it
W, |Floodprone Width 145 t
Ny |Floodprone Composite "n” 0.033
Ry |Floodprone Hydraulic Radius 042 1
Ve [Average Floodprons Velocty 170]  khsec
Ty koodpmne Shear Stress 012 pem?
Dy |Critical Sediment Sze at Floodprong 12| mm
Py [Floodprone Watted Panmatsr 149 3
1122007 Shear Stress {Existing Condition) *5 1 (Riffie)
U. S. Fish and Wildlife Service August 2006
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Draft Daniel’s Run Stream Restoration: 30 Percent Conceptual Design Report

Table 2 - Propesed Riffle €4 Cross Section Analysis | | |
I Quantity Yihue Units Stream Channel Cross Sectional
& 1
i 3 ] Cross Section Survey 2 Q A a Wi Wi, Tnaty i Ry i L i Dany P
S |HEC-RAS Energy Sl 00044 Fratores | Station (4)] Eiev. (2) | Mann
3 %ngman Grain ::mmp: 27 mqm MLZJ _“_lﬂﬂ’ Ervation | Oisthiargs soon | Mo | gy m Wporautc | wean | snear | Frouse | CUEN | weres
Depin Deptn n Radius | Veloty | Stress | Number Penmeter
©  Shieigs Parameter 0030 mm Area Ravo s
I 31 Extension 1703 1800 | 0042 t o ft f Tiises osm mm 3
FP | 828 1425 | 0042
2y Bankha Water Surface Elevation 1200 [ ToeFP | 3500 1201 | 6642 = = = = - = = - = = =
Zac |Artve Channel Elevation 1100 n BF a0 50 1200 0042 005 38 76,00 010 0033 005 04l o0t 032 38
Toe8F | 4235 161 0042 oo 76 | 7600 020 | 0033 010 08 0.03 03 75
Ac | 4375 [ 1100 | op: 017 97 | 5589 030 | 0033 017 092 005 033 a7
2y |Terminating El=vafion 1800 TosAC | 4535 000 | 008 037 1o | a7a1 040 | 0033 0.2 13 007 04z (LKl
2, | Elevation 0.100 Thatweg | 5000 975 | oom 03 103 | 2874 050 | 003 035 142 010 044 104
5475 10.00 003 045 | 1oe | 73T 0E0 | 0033 044 172 012 045 108
%Mam_ 5625 100 | o003 053 108 | 2042 ) 0.52 133 014 047 1.1
Thatweg Eievabon ; 5718 (LT 0042 062 172 | 1801 060 212 018 048 118
Ty [Banktus Distharge {computed) 5950 20| ooz 070 (] 1640 057 250 019 048 13
By Banktul Area B5.00 @0 | 0paE U8 118 | 1508 075 245 [ED) 048 | 132
d,  Mean Banidull Deph il LT 088 121 403 082 262 0.3 050 126
W |Bankiul Widtn &287 1860 0047 LET) 124 1318 088 27 425 050 128
[Wiyfdy  WidthDeptn ratia 083 156 | 1088 080 243 022 048 g 153
e Deptn 081 160 | 1760 087 363 034 043 ] 67
iy Bankhul Composite n* n=a 163 | 1655 ] 276 07 043 171
Fie  |Bankiul Hydraulic Radius 107 a7 1567 102 288 020 043 175
Vi Average Bankiull Velacity 114 7 [LE] [ 300 030 043 173
t, |Baniul Shear Sress [F2] 174 | 142 18 31 [EH 050 163 |
Fre | Froude (Bankiuil) [E T8 | 1878 123 a0 034 050 187
Do (Crifical Seament Sze at Bankull 137 181 1325 129 as 036 050 191
Py BNkl Wetted Penmeter 144 86 | 1283 136 g4z | oar | 080 | 95 |
Wi [Entrenchment Fabo 15 188 1245 143 352 038 050 194
Z, Fioodprone Fievabon [FEI 102 02 | 2484 098 257 037 045 34
T |Fioodprone Dischage it 5140 e 110 | 308 | 708 3 288 [E] 045 320 |
Ay Area [ 118 atd 670 113 281 (ET nde R
d, |Mean Depth [ 15 320 | 355 121 293 033 046 333
Wy Wit 434 n LEE] 326 | 453 128 304 035 046 339
fy f Composite "n* n.u:i| 141 3z | 2365 135 315 0.37 047 M6
Fp  F Hydraulic Radius 24T ® 148 338 | 2087 142 335 0.38 047 352
Wy Average F VRIocity 4.59]  maec 1.55 34 227 149 335 041 047 358
t,  Floodprone Shear Suess 068 mant 163 380 | 2148 156 345 043 048 )
Dot Crical Size AFR0dp 67 mm 170 %6 | 209 163 354 045 048 371
P [Floodprone wetted Perimeter 53 n 177 32 | 2048 170 363 047 048 377
184 38 | 2008 177 3.2 049 048 384
191 374 1962 350 | 0039 183 381 050 049 380
198 380 1923 360 | 0039 180 390 052 043 396
205 386 18 88 370 | 0039 196 398 054 043 402
211 a9 2 1A 56 ann | noaa 203 406 056 n4a ana
218 398 1876 390 | 0033 209 414 057 043 a15
|Active Channel Anafysis 275 04 1798 400 | 0033 216 472 059 050 421
231 410 17.73 4.10 0.033 222 430 061 050 428
Z, | Thaweg Elevation 375 238 416 1743 420 | 003 238 437 063 050 434
Ty |Bankhdl Discharge (computed) 35 e 245 4232 1727 430 0033 235 445 064 050 440
Ay Bankhd Area 1220 251 428 17.06 440 0.033 241 452 0.66 050 44.7
8, |Mean Banklull Degth 0% n 258 434 16.86 4.50 0039 247 459 0.8 050 453
W Bankiul widtn 128 n 264 440 1668 460 | 0039 283 466 069 051 459
Wiy [widtvDepth rabo 128 270 496 1681 470 | 0039 289 473 0n 051 466
Cra Depth 1. i 77 452 16.35 4 138 L] 480 .73 1 47
My |Bankiull Composite "n” 0.0 53 458 16,19 4, )3 i 487 74 1 47,
Ry [ Bankiul Hydraulic Raoius I n -E A54 16.05 13 T 454 76 1 48,
Vi Average Banidull Velocity Ad| Msec i 4 1581 10| 003 B3 i) 76 1 481
t, |Bankhal Shear Stress 26  sm’ 02 a7 1578 20 | 0039 89 37 78 1 487
Fln  Froude {Bankiull) 51 08 48 1566 30 033 95 3 8 52 504
D |Cofical Secment Size 31 Bankrul 25 mm 14 A8 1555 40 04a0 01 0 83 52 s10
Pr | Bankful Wetted Penimeter [EXIIR 120 434 1544 550 0.040 307 536 0.84 052 516
Wiy Entrenchment Ratio 252 3% 500 1533 560 0.040 312 532 086 052 523
Ty Elevation 123 n 332 506 1523 570 0.040 318 538 087 052 529
Ty Floodprane Discharge (c 104 risec 338 512 1514 580 | 0040 324 544 089 052 538
Ay [Floodprone Area 370 o a5 518 15.05 0 | ooan 30 50 091 152 542
dy  MeanF Degtn 18 n 51 524 14,96 00 | 0040 35 56 092 152 548
'w  Flogdprone Width 34 ft £ 530 14 88 A0 040 41 B2 0494 152 554
iy [Flondprone n [ @‘ 62 53 14 80 20 04 A7 68 85 55 56,1
Ry, Floodprone Hydraulic Radius 113 n (] 54 18 72 an | 41 52 74 47 53 6.7
Yy [,:wrag; Welneity 281 msec 74 541 14 65 40 | 041 58 i 98 53 573
t,  |Fl Shear 5tess 031 mem® 80 554 1458 50 04 64 85 o0 53 580
Dot Critical Sedment Size 3 Floodprone 31| mm 386 560 1452 & 60 0040 369 591 [ 053 £
Pe VWetted Perimeter 27 EE] 566 1445 670 0.040 EXF] 597 1.03 05 552
398 572 1433 80 %] 50 02 104 053 599
404 578 1433 40 7] 86 08 108 053 605
408 584 1427 00 it 91 13 107 053 811
415 590 1422 10 | 0040 a7 18 109 053 618
4 596 1417 20 | oo4n 402 24 1.10 054 N
427 602 1412 a0 | 0040 408 ECl 112 054 | 630 |
432 608 1407 740 | 040 413 631 113 054 636
438 614 14.02 750 0.040 4.19 640 1.15 054 43
444 62.0 1328 7.60 0.040 4.4 645 1.16 05 649
450 626 1393 7.70 0.040 4.30 6.50 118 054 €55
455 632 1389 780 0040 435 685 119 054 6.2
461 638 1385 40 040 440 60 121 054 665
487 614 1381 00 040 248 55 122 054 674
472 650 | 1377 A0 040 451 ] 124 054 681
47 | 656 | 1373 20 | 0040 457 75 125 054 6087
11272007 Pmposed Typical C4 Cmss Section Riffie
U. S. Fish and Wildlife Service August 2006
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Draft Daniel’s Run Stream Restoration: 30 Percent Conceptual Design Report

Table 3 - Existing B4 RIffle Cross Section Reach 2 Analysis [ |
| Symbol | Quartity Value Linits Stream Channel Cross Sectional s%y Data:
Fitlle
Cross Section Controls Cross Section Survey 2 Q A d w, Wid, i n Ry Yi by Fr Doy P,
S |HEC-RAS Energy Slope 0.0058 Features Station (X)| Elev. (Z) | Mannings Crose » Wadth/ . P ) Critical
Median Gran Drameter @0 fost [ - Elevation | Discharge | Section #an | widh | De Composite | Hy Mean | Shear | Froude | ooy | Welted
i’:’ |5mm Faramter TR {foel) {e) e Area Dapth Ra:":: Depth n Radius | Velocity | Stress | Number Sige | CEnmster
I G5 oo0 | 8501 n tisec r 1t n n n Meec | Ibsit? mm f
63 200 9496
Ty |Bmkﬂu‘1 Water Surface Efevation 91.70 Tt LTOB 390 a4 858 89 300 - - - - - - - - - - - - -
Zu  |Active Charinel Elevation 8961 ] SLP BRK 540 94 40 0.043 #9400 01 03 0.08 43 7347 010 | o034 0.06 050 002 036 21 43
| SLP BRIK &80 9392 0.043 84 500 08 08 010 78 7564 020 0034 010 073 004 040 37 73
SLP BRK B850 9318 0.043 89500 18 1. o7 100 Srea 030 0024 o7 103 006 044 5.1 100
4 |Teminating Elevation 94 00 1] 950 92582 003 #9700 36 28 G250 114 48 27 040 0034 024 130 oo 046 87 afy J
Z Elevation Incremetns 0100 LEF 456 8170 0,043 84 800 653 40 0.33 120 36.23 050 0034 033 157 012 n4s 116 12:2
SLP BRK 10.00 4138 0.043 89 400 96 52 043 132 2850 0.60 0.034 042 185 015 050 148 125
Al 2 SLP BRIK 11.00 90 66 0043 40 000 134 54 052 124 23 B0 070 0034 080 209 018 051 179 128
Zy | Thalweg Elevation 80.30 LEW 1260 8951 0.034 90.100 177 it 0.61 125 05 0.80 0.024 059 231 [l 052 210 120
e | full Oi {computed) 121 e CS 1270 8443 0034 90 200 225 84 5] 127 18.1 040 0034 0e? 252 024 053 230 133
Ay |Bankfull Area 338 cs 13.50 8042 0.034 40,300 177 102 074 120 16.27 100 | 0034 075 a7 037 054 267 136
dy  |Mean Bankiull Depth 158 3 s 15 0 BA3S 0034 a0 400 332 115 o8 131 1483 110 0034 (%3 282 020 058 25 133
Wi |Bankfull vadin a4 ft Ccs 17.50 ga30 0,034 90,500 392 128 a7 132 1367 1.20 0.035 0,40 306 033 055 322 14.2
Whe'che | Width/Depth ratic 136 c3 19.00 8951 0,034 90 500 455 14.1 1.05 124 1271 1.30 0035 098 342 035 055 9 14.5
o |Meimum Depth 240 s (3 2050 Baat 0034 80 700 506 155 108 142 1303 140 0 035 101 326 037 055 36.2 153
Ny | Bankfull Composite "n’ 0.038 REW 22.80 89,52 0.034 90 800 56.0 17.0 143 150 13.29 1.50 0.035 1.05 3.30 038 056 375 162
Fy | Bankfull Hydrauhc Radius 147 3 TOE 24.30 8274 0,034 490,200 618 185 1.7 15.8 13.52 160 0036 109 234 03g L) 3849 17.0
Wt E\femqe Bankfull Valocity 187 fsec P 2450 BO60 0.043 91000 677 202 1.3 168 1405 170 0036 112 336 040 054 399 180
1y |Bankfull Shear Stress 053] msit FLAT 2650 4090 0043 91100 741 2143 123 178 14 52 180 0037 115 338 042 054 410 19.1
Fry  |Froude (Banktull) 054 BCK FLAT 28.00 9118 0,043 91.200 811 257 126 188 14.87 180 0037 118 342 043 05 423 201
Critical Sediment Sze at Bankdull 52 mm REF 31.30 91.70 0.043 91.300 90.0 56 132 194 14 64 200 | o037 1.4 351 045 D54 442 07
Bankiull Wetted Penmater 251 t SLF BRK 350 4236 0043 41400 9.3 76 138 200 1442 210 0037 128 360 047 054 462 213
W/ |Entrenchment R atio 1 SLP BRK 37.00 300 0.043 91,500 1093 296 145 204 1412 220 0.037 135 360 049 054 483 214
Zy  |Floodprone Elevation a4 1 T SLP BRK 4000 G348 0043 91 600 1195 31 151 209 13 84 2350 0038 141 378 651 054 03 225
Gy |Floodp Discharge (computed) 54110 sec SLP BRK 41480 9379 0,043 1,700 1307 338 158 214 1360 240 0028 147 387 053 054 524 231
Ay |Floodprone Area 1018 [§ FLAT 44 70 34 60 0.043 91200 1420 36.0 164 220 1241 250 0035 1.52 2495 055 054 M43 23T
dy  |Mean Floodprone Depth 4.80 it GS 4750 94 83 &1 800 1538 382 170 225 1325 260 0038 157 403 057 054 56.2 4.3
Wy, |Floodprone Width 6.7 It 02.000 166.1 405 1.76 23.0 13.10 270 0.028 163 410 059 055 58.1 240
Ny |Floodprone Composita “n* 0.040 82 100 1788 A28 182 238 1288 2380 0038 168 418 ne1 055 600 255
Ry |Floodprane Hydraulic Radius 258 a2 200 1821 453 188 249 12.84 280 | 0038 173 425 DE3 055 618 2611
Vy  |Average Flondprone Velocity 532 mwsec 42 300 2059 476 193 246 1272 300 0039 178 437 DES 055 B3 7 28T
T |Floodprane Shear Stress 093 meit’ 92400 2206 501 2.00 251 12.56 310 0039 184 4.40 067 055 65.7 21.2
Deq | Critical Sediment Size at Floodorone 92| mm 92,500 2363 526 2.07 255 12.32 3.20 0.039 1.90 443 069 055 67.9 7.7
Py |Floodprons Wetled Penmeter 385 f 92 600 2521 %2 213 259 1219 3.30 0039 1,96 457 071 0355 69.9 28.2
92700 %684 578 219 264 12.08 3.40 0.039 201 484 073 055 78 838
42 500 B3 605 225 269 11,88 3.50 0,058 2.07 472 075 055 738 283
92 500 3027 633 231 274 11.80 360 0.039 212 4.79 077 056 75.7 298
93 000 3208 650 236 274 11 80 370 0039 217 4 86 074 056 776 04
43100 3388 588 242 284 11.76 380 0,039 2,22 482 080 056 754 308
93.200 3544 7.7 244 294 12.03 390 0039 225 494 081 056 20.2 3.9
| Agtive Channel Anglysis. 93300 | 3703 747 246 30.4 1235 400 | 0039 227 4.96 082 056 1.0 329
93 400 387.1 718 248 314 12.66 410 0.039 229 498 083 056 818 340
Zy  |Thahweq Elavation £330 93 500 404 9 0.9 2.50 23 1292 420 0040 232 500 k-2 056 27 350
g Discharge (computed) 2| fsec 893 600 4246 842 254 33.2 13.08 4.30 0,040 235 504 085 056 239 358
Pt |_Bm!n:h.il Area 18 i 93,700 4451 8T 6 2.57 24.0 13.23 4.40 0.040 2.39 5.08 056 0.56 §5.2 367
Ayt |E1ur| Bankiull Depth 018 f 93 800 466 6 810 261 339 13.35 4.50 0040 242 513 088 056 866 376
Wi |Bankrfull Width 10.1 it 93 900 4910 M5 267 354 13.28 4,60 0.040 248 5.19 0.90 056 885 38.2
Widke | WidthiDepth ratio 564 94 000 5158 981 272 361 13.25 4.70 0.040 253 526 091 056 90.2 388
O |Maximum Depth 0.31 f
Ny | Benkfull Composits “n” 0034
Ry Hydraulic Radius 018 t
Ve |Average Bankfull Velocity 106 fisec
| Bankfull Shear Stress 006 mem’
Frig |quds 044
Doy | Critical Sediment Size at Bankiull & mm
Py |Bankfull Wetted Pernmater 102
WM |Entrenchment Ratio 1.20
Zy lﬂ“""‘“’” Elevation EEI
Qg |Floodprone Discharge [computed) 103 tsec
Ay |Floodprane Area 54
dy  |Mean Floodprone Depth 0.44 it
Wy, |Floodprone Width 122 t
Ny |Floodprone Composite "n” 0.034
Ry |Floodprone Hydraulic Radius 043 1
Ve [Average Floodprons Velocty 180]  Rhsec
Ty koodpmne Shear Stress 016 pom
Doy |Critical Sediment Size at Floodprane 15 mm
Py [Floodprone Watted Panmatsr 125 3
1122007 Shear Stress {Existing Condition) X5 3 (Riffie)
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Draft Daniel’s Run Stream Restoration: 30 Percent Conceptual Design Report

Table 4 - Proposed Riffle B4 Cruss Section Analysis | | |
I Yaug | Unag Straam Channal Cross Sactionsl Survay Data:
File
i&m;vlh_-ﬁnum 5] w L] ) A 4 W W | g | ) 4 3 Fi Py | P
5 |HEC-RAS Enesgy Slope 0.0044 Features | Station (¥} | Elev. @) | Mannings. Cres Width' Critic sl
d |Madsan Gram Diamator | foel) | fleel) £ Elgvation | Dischargs | Section :;," Wit | Degth ""n:::"‘ ki Hg:;:‘ V“-l::"har ;':; ;;‘:“; Ssdiment mmr
T Shisids Patameter oom mm Aeoa Ratin Siza
31 Exlonvion | 1853 1800 0042 i} #zec e it it ft f efie [T i L]
PP | 203 | 1450 | ooiz
E imruukur Surface Elwvalion 1200 fi Toe FP =50 120 o4z 500 - - = - - - - - - - - = -
I |Adie Channel Elvvation 1100 n BF | @so | 20 | ooaz GO0 oo o1 005 16 | 2o oo | 003 0.05 043 am [Er] 1 16
| TowBF | 4150 | 1100 | oOodz ¥ CE 03 010 32 | ®=w | om | oms 010 | 064 003 (E 2] 32
i Ac | apo | 1100 | 0033 9000 05 (i 015 2 | no 00 | 0o 03 4 48
I |Terminating Elevation 180 TasAC | 4600 0033 9800 13 13 ] B4 | mm 080 | 0033 040 54 [
7| Elwvaton Incrometrs 0100 Thabwig | &000 a& | ams 10000 24 20 [E5 B0 | L0 | 08 | 0033 042 &7 Bl
5400 | 1000 | 003 10100 a0 20 | on 84| =02 080 | 0033 044 a0 85
" %00 | 110 | 0033 10200 51 37 043 an 7o 07 | 0013 045 11 a0
I, |Thalweg Clevation 950 5850 | 1101 00a2 10300 85 46 050 92 | 16.48 00 | 003 0.46 12 o
Gur | Banklull Ditcharge (rompuled) 07| hsue B0 | 1200 | o4 10400 12 a5 (R 95 670 | 0% 008 047 %2 99 |
A |Dankfull Avea I 650 | 12m 0042 10500 143 65 065 100 | 55 100 | op; 0.4a 17 103
Aot |Mwan Bankiull Deglh 14 & 57 | 1480 | 00aF 0B 17 75 072 04 | um 0 | oos 048 190 07 |
W | Bankfull Width PR ) Bid7 | 1800 | 0042 10700 07 e | i13m % | oma oaa ma 12
Wik Width/Tiepth rato 1432 10800 ogs 12 12.9% 1.3 0033 050 5 16
Gpge | Maxiwum Depth 280 h 10900 (L] 16 | 124 140 | o033 (5] 243 121
Py |Bankiull Comgoste n- 00% 1100 10 20 | 120 150 | om3 (K] %3 125
Ry | Baskfull Hydraulic Radius 141 p 11100 079 174 202 160 0035 00 47 a7 179
W |AvErage Bankiull Velocily T 1120 [ 78 | 248 170 | oms 048 28 184
1o |Bankfull Shear Steo ss 03| hsm? 11300 0% 182 19.15 1.80 0035 048 240 1688
Fry |Froude (Bankiul) 050 11400 108 186 | 1608 190 | 038 0.48 %8 193
Do | Critical Sediment Size a Bankful H mm 11500 110 180 17 18 200 0035 106 291 029 043 bl 187
Py |Bankfull Wetted Perimeter 200 11600 118 194 | 1642 210 | 0035 1.13 im 031 0.43 n7 202
[We/Wh |[Entrenchenert Ratio 20 11700 1.% 198 15,77 2 0,035 e 208
I, |Floodprone Elevasion 145 n 11800 (E:] mz | 1519 230 | 0036 5 FIN]
Uy |Floodpeone Dncharge {computed) BEEE| (e LT 140 M | 14E8 a0 | 003 %3 FIE]
4, |Flandpeons Area T g 12000 147 70 | 1435 25 | 0036 Wi 720
dp | Mean Floodprone Depth L 1210 122 75 260 | 0037 EIE] 2686
W, |Floodprans Vadih CEI 122m 13 mi 270 | 0oa 10 292
ry Floodprone Composde " 0o 12300 1.3 F 280 0038 BT 298
Ry Flondprons Hydeaulic Radis 2 ft 12400 | 144 X3 0038 5
Wy |Average Floosdprone Velooty BT fusee 12800 151 =9 30 0038 M3
1 |Flondprans Shoar Stress i ﬂ s 12600 | 158 A5 310 | 003 | g
Dy [Criical Sedement Size at Floodpron 2 mm 12700 165 3.1 EF. ] 0.038 428
Py Flondprons Wirtbed P #B7 a 126800 | 171 37 3% | oma a7
1290 1.78 Fri 16 3.40 038 464
13000 185 E7] 17,83 3% | oma | a1
1310 191 53 17.53 360 | 0ma a8
13200 198 W 17,35 3 | o0oma 51
1330 2m 34 16.99 3m | oms 52 |
13 400 21 H3 76 3% | 008 549 |
| Active Channel Ana krsis. 13500 217 39 | 1654 100 | 0039 55.
1360 24 - THITE aw | ome 52
Iy | Thabweg Elevation 13700 30 371 15 420 | oo 548
Gy |Bankfull Dischame [compute 13800 % 77 | 1598 [E] 039 614
M| Banklull Area 13900 42 H. 1582 4.40 039 B30
dy | Mean Bankfull Dapth 14000 49 E7] 1565 450 | 0m9 B4
Bankfull Wadth 14100 | 2ss EX 1552 480 | 0m39 3
Wty | WAdth/Dopih rato 1420 261 4 1639 470 | 0039 &
Maximum D 14 300 287 407 152% 480 I 039 BL
Poa | Bankfull Compaste "n” 14 400 273 4 1514 49 | 009 i)
P [Bankfull Hydraulic Radius 14500 279 [] 1503 | 500 | 0039 72
ha | Porirage Bankfull Vielacity 14 600 286 4 1493 10 038 74
%, |Bankfull Shear Siress 14700 2, [ER 148 | 52 | 0039 75
Fror |Froude [@ankhus) 14800 297 43, 1473 o | ome 77
Deq |Critical Sediment Size at Bankful 14500 a0 [r 1464 | 540 | 009
Pra | Bamklull Wetled Penmete 15000 el 44 145 50 039
(Wi Ratio 15100 15 i 14 | se0 | 0m9
Iy |Floodprone Elevation 15200 n 45, 14.40 570 039
Gy |Flondpeons Discharge (computed) 15300 ® 45 1433 580 | 0039
Ay Floodprone Area 15400 32 473 4% 3% | 0me
dy  |Mean Flondprons Oepth 15 500 El 479 14.19 600 | 0039
W, |Flandprone widih 1560 a4 N E] 610 039
fy  |Flaodpeons Composte "n” 15 700 349 491 1407 620 0039
Ry |Flondprone Hydraulic Radus 15 B0 355 97 | 1 630 | 0040
Wy |forerage Floodprons Vilocity 15 800 351 03 1395 540 0040
1,  |Floodprone Shear Stress 16 000 JEE k) 13.90 6.50 0.040
Do | Critical Sediment Size al Floodpron 16100 3n 815 1385 1] 0040
Py |Flondprone Wetied Perimater 16.200 a7 521 | 138 670 | 0040
16300 am &7 | 1a7s aa0 | noan
16400 18 3 | 1in 690 | 0040
16 500 3% 5349 1367 7.00 0040
16600 400 55 | 1362 700 | 0040
16 700 406 51 1358 720 0040
16800 411 7 | 1385 730 | 0o
16 900 417 5.3 1351 7.40 0,020
17.000 47 %9 | 1347 750 | 0040
1700 | 18592 2463 43 515 1342 760 0.040
17300 | 160A5 | 3521 [E" =1 | 1341 770 | 0o
1730 1eseT 280 4.3 8.7 1337 7.5 0.040
17400 | 17098 | %638 445 3 | 1334 790 | 00oan
17500 | 17618 | 98 450 =9 | 133 800 | 0040
17600 | 18147 759 455 w5 13,29 810 0.040
177m | 1eees | w20 481 811 | 13% am | 000
17600 | 19233 2881 467 61.7 1323 k1 0040
1790 | 19789 | 2943 a72 623 | 132 840 | 0040
18000 | MA66 06 478 629 13.18 GE 0040
naem? Freposed Typical Bae Cross Sedion Rilfiy
U. S. Fish and Wildlife Service August 2006

Chesapeake Bay Field Office



	EXECUTIVE SUMMARY
	I. INTRODUCTION
	1. Restoration Stream Type
	2. Reference Reach 
	3. Bankfull Discharge
	4. Restoration Strategy
	5. Cross Section Design
	1. Base Mapping
	2. Stream Corridor Alignment
	3. Planform and Profile
	4. Structures



