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Plum Creek Stream Restoration: Project Summary and Desigh Report

EXECUTIVE SUMMARY

Maryland Department of Natural Resources (DNR), Maryland Department of the Environment
(MDE), and the U.S. Fish and Wildlife Service (Service) - Chesapeake Bay Field Office are
involved in a collaborative effort to restore in-stream habitat in approximately 500 linear feet of
Plum Creek, located in Cecil County, Maryland. The stream is located on property owned by
DNR and flows southeast 3.0 miles from its source in Elk Neck State Forest into the Elk River,
and ultimately enters the Chesapeake Bay. The site of the restoration currently has an earthen
dam that was breached by floodwaters over a decade ago.

The Service conducted a rapid assessment to determine the restoration potential of the proposed
site. The area has been impacted by an in-channel impoundment and subsequent failure of the
impoundment during a large storm event. The failure led to unstable stream banks, poor
bedform diversity, stream bed siltation, little to no riparian vegetation or buffer, and increased
water temperatures. Given the potential restoration lift and the focus on the watershed, the
Service and DNR felt that the proposed site would be an excellent candidate for habitat
restoration.

The project process used for this project follows the approach outlined in A Function-Based
Framework for Stream Assessment and Restoration Projects (SFPF) (Harman et. al, 2012). The
SFPF is based on the premise of a hierarchal relationship among stream functions where lower-
level functions support higher-level functions and that they are all influenced by local geology
and climate, which underlies the Pyramid. The SFPF was integrated throughout the entire project
process to ensure the most appropriate design approach would be selected. The project process
consists of the following steps: Programmatic/Project Goals, Watershed Assessment, Reach-Scale
Function-based Assessment, Restoration Potential, Design, Design Alternatives Analysis, Design
Development, and Monitoring Plan.

The focus of the watershed assessment was to determine the influence of the watershed health on
the proposed project area. Specifically, watershed characteristics are evaluated to document
hydrology (i.e., flow regime), sediment transport load (i.e., sources and amount), water quality
(i.e., types and sources) and biology (i.e., locations and health). By understanding watershed
conditions, we are able to determine if programmatic goals are achievable and determine the
restoration potential of our project reach. The watershed consists of 99.6% forest and has 0.17%
impervious surface. The flow regime is considered non-flashy, meaning the proposed project
will have a ground water recharge source and flood flows will not be elevated. Even though the
watershed is currently almost totally forested, past landuse has created some lateral instability
throughout the watershed. Therefore, the proposed project area will have a sediment supply that
must be addressed in the proposed design.

U. S. Fish and Wildlife Service June 2015
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The following assessment parameters, by pyramid level, were evaluated as part of this project:

Level 1 - Hydrology — flow regime

Level 2 - Hydraulics — floodplain connectivity and flow dynamics

Level 3 - Geomorphology — bedform diversity, lateral stability and riparian vegetation
Level 4 -Physicochemical — temperature, pH, dissolved oxygen, conductivity and turbidity
Leve 5 - Biology — macroinvertebrate communities and fish communities

Each assessment parameter had at least one measurement method to quantify the existing
function-based condition. Then each measurement method value was rated either functioning,
function-at-risk, or not functioning based on set performance standards. The project area was
divided into two separate reaches based on existing conditions. The Service determined that the
overall function-based condition of the Plum Creek project area is Functioning-at-Risk and is
trending towards future instability before equilibrium can be reached.

Level and Pre- Restoration
Parameter Restoration :
Category . Potential
Rating
Channel-Forming
L -iHyarolagy Discharge
Floodplain
2 - Hydraulics Connectivity
Flow Dynamics
Bed Form
Diversity
Riparian
5 Vegetation
Geomorphology Lateral Stability
Channel
Evolution
4- . Functioning at | Functioning
Physicochemical Water Quality Risk at Risk
Macroinvertebrate | Functioning at | Functioning
) Communities Risk at Risk
5 - Biology — —
Fish Communities Functioning at | Functioning
Risk at Risk

Table 1: Reach 1 Function-Based Restoration Potential
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Level and S Restoration
Parameter Restoration :
Category . Potential
Rating
Channel-Forming
Lo el B Discharge
Floodplain
2 - Hydraulics Connectivity
Flow Dynamics
Bed Form
Diversity
Riparian Functioning at
3- Vegetation Risk
Geomorphology Lateral Stability Functioning at
Risk
Channel Functioning at
Evolution Risk
4 - . Functioning at | Functioning
Physicochemical Water Quality Risk at Risk
Macroinvertebrate | Functioning at | Functioning
) Communities Risk at Risk
5 - Biology . .
Fish Communitics Functioning at | Functioning
Risk at Risk

Table 2: Reach 2 Function-Based Restoration Potential

The Service then determined the restoration potential of both reaches in the proposed project
area. Restoration potential is the highest level of restoration or functional lift that can be
achieved given the watershed health, reach-level function-based condition, stressors, and
constraints. (Harman et. al, 2012). The Service determined that pyramid levels 2 - Hydraulics
and 3 - Geomorphology can be restored to fully functional and levels 4 — Physicochemical and 5
— Biology can have partial functional lift (Table 1). Restoration of levels 2 and 3 functions are
typically the most easiest to achieve since it involves direct, physical manipulation of stream
channel dimension, pattern and profile. However, typically lift for levels 4 and 5 functions
cannot be constructed and rely on the functionality of lower level functions and watershed
health. Furthermore, it takes time for levels 4 and 5 functions to respond to changes in lower
level functions and watershed health.

The Service generated design objectives based on Service and DNR missions, project goals and
the restoration potential of the proposed project area. Design objectives should be quantifiable
and describe how the proposed project will be implemented (Harman et. al, 2012). The design
objectives of the proposed project focus on level’s 2 and 3of the Pyramid and support levels 4
and 5 functions (Table 3). The design objectives will also be used as monitoring performance
standards.

U. S. Fish and Wildlife Service June 2015
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Level and

Category Goals Objectives
Level 2 - Floodplain . . .
Hydraulics Connectivity 1. Achieve a Bank Height Ratio = 1

1. Reduce stream bank erosion rates to match reference erosion
rates (bank migration / lateral stability)

Lateral Stability,

Level 3 - In-stream Habitat 2. Bedform Diversity — Create 60:40 pool / riffle ratio

(i.e., diversity and
Geomorphology quality), Riparian

Buffer 3. Match species diversity and composition of reference

condition and make buffer width 35 ft wider beyond
required meander width ratio.

Table 3: Plum Creek — Goals and Objectives. The underlined works under the objectives are parameters
or measurement methods from the Stream Functions Framework (Harman, et al., 2011).

The Service conducted a design alternatives analysis to select the best restoration design
approach that met the project goals, design objectives, and the restoration potential of the site. It
focused on how a specific design approach could influence stream functions (i.e., highest
functional lift), impacts to existing functions, costs, and risk.

There are a variety of design approaches available to restore stream functions of highly degraded
stream systems. Typical design approaches used in Maryland include 1) Natural Channel
Design, 2) Valley Restoration Design, 3) Analytical Design, and 4) Regenerative Storm
Conveyance Design. Each of these design approaches can result in functional uplift at the
proposed project area. However, there is one critical function that only two of the approaches
can address and that is sediment transport. The watershed and reach-level assessments identified
that there a sediment supply being delivered to the project area. The transport of sediment is a
critical factor in developing a design.

Therefore, the Service focused on design approaches that could transport sediment: Natural
Channel Design and Analytical Design. Both design approaches use models and equations to
test stream channel cross section dimension stability. However, only the Natural Channel
Design approach uses reference reach data to design stream channel plan form and profile.
Typically, the Analytical Design approach does not use stream channel plan form and profile
design criteria. This can lead to undesired stream channel adjustments over time that could
adversely affect geomorphic stability, water quality and biology. Therefore the Service selected
Natural Channel Design as the design approach for the proposed project area.

The design proposed by the Service calls for the combination of channel reconfiguration in
conjunction with floodplain complexity. The design calls for two different Rosgen stream types
to be built within the project area. The first stream type, B4c, will be built to dissipate energy
vertically through the use of structures and closer pool-to-pool spacing. This method is required
in the area of the failed dam. When the hydraulic influence from the failed dam is no longer a
consideration, the Service has proposed a more sinuous C4 stream type with a low width to depth
ratio to dissipate energy laterally across the floodplain.

U. S. Fish and Wildlife Service June 2015
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The Service and DNR has also developed a monitoring plan based on the project goals and
design objectives outlined in the report to evaluate the performance of the stream restoration
project. The monitoring plan will include as-built surveys and rapid/visual geomorphic
monitoring. As-built surveys will be used to confirm that the project was built to design
standards and will provide as baseline data for future monitoring. The rapid/visual geomorphic
surveys will follow the methodologies outlined in the Rapid Stream Restoration Monitoring
Protocols (Davis et. al, 2014) developed by the Service.

This report documents the findings of the function-based watershed assessment, function-based
reach-scale assessment and design development process used by the Service to develop the
restoration plan for the Plum Creek Stream Restoration.

U. S. Fish and Wildlife Service June 2015
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l. INTRODUCTION

Maryland Department of Natural Resources (DNR), Maryland Department of the Environment
(MDE), and the U.S. Fish and Wildlife Service (Service) - Chesapeake Bay Field Office are
involved in a collaborative effort to restore in-stream habitat in approximately 500 linear feet of
Plum Creek, located in Cecil County, Maryland (Appendix A). It flows southeast 3.0 miles from
its source in Elk Neck State Forest into the Elk River, and ultimately enters the Chesapeake Bay.
The site of the restoration currently has an earthen da1992m that was breached by floodwaters
over a decade ago.

This project will draw on the experience and expertise of federal, state, and county agencies to
design, construct, monitor, and maintain the restored area. The goal of the restoration is to
restore approximately 275 linear feet of stream just upstream of the existing earthen dam and
approximately 225 linear feet downstream of the existing earthen dam.

This report documents the findings of the function-based watershed assessment, function-based
reach-scale assessment and design development process the Service carried out in order to create
the restoration plan for the Plum Creek Stream Restoration.

Il.  SITESELECTION

Since the earthen dam breached, there have been several attempts made to repair the dam and
stabilize the stream channel through the dam. Those attempts have not been successful and the
site continues to provide a large amount of sediment from the dam and stream bank erosion to
Plum Creek. As a result, MDE is requiring DNR to stabilize the site.

The Service conducted a rapid assessment to determine the restoration potential of the proposed
site. The area has been impacted by an in-channel impoundment and subsequent failure of the
dam during a large storm event. The failure led to unstable stream banks, poor bedform
diversity, stream bed siltation, little to no riparian vegetation or buffer, and increased water
temperatures. Given that the entire watershed is forested and potential restoration lift for Levels
1-5, the Service and DNR felt that the proposed site would be an excellent candidate for habitat
restoration. A detailed watershed assessment and functional assessment are discussed later in the
report. The restoration will return the stream channel to a stable, self-maintaining state and
incorporate a dense riparian buffer area. This will significantly increase the amount of available
aquatic habitat and significantly reduce the amount of sediment moving downstream and
degrading in-stream habitat in Plum Creek.

U. S. Fish and Wildlife Service June 2015
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I11. PROJECT PROCESS METHODOLOGY

The project process used follows the approach outlined in the document: A Function-Based
Framework for Stream Assessment and Restoration Projects (Harman et. al, 2012). This
document is based on the premise of a hierarchal relationship of stream functions where lower-
level functions support higher-level functions and that they are all influenced by local geology
and climate, which underlies the Pyramid (Figure 1). The Pyramid consists of five critical
categories that evaluate stream functions. The framework of the Streams Functions Pyramid,
(commonly called SFPF) is shown below in Figure 2. The Broad-Level View is the Stream
Functions Pyramid graphic that was discussed above and shown in Figure 1. The remainder of
the framework is a “drilling down” approach that provides more detailed forms of analysis and
quantification of functions. The function-based parameters describe and support the functional
statements within each functional category. The “measurement methods” are specific tools,
equations, assessment methods, etc. that are used to quantify the function-based parameter.
There can be more than one measurement method for a single function-based parameter. How
the SFPF is specifically applied to the watershed and reach-level assessments is described below.

Stream Functions Pyramid

A Guide for Assessing & Restoring Stream Functions » overRviEw

BIOLOGY »
Biodiversity and the life histories of aguatic and riparian life

PHYSICOCHEMICAL »
Temperature and oxygen regulation; processing of arganic matter and nutrients

GEOMORPHOLOGY »
Transpaort of wood and sediment to create diverse bed forms and dynamic equilibrium

HYDRAULIC »
Transport of water in the channel, on the floodplain, and through sediments

rom the watershed to the channel

Gealogy Climate

" st:camMechanics

Figure 1: Stream Functions Pyramid (Harman et. al, 2012)

U. S. Fish and Wildlife Service June 2015
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Broad-Level View (Stream Functions Pyramid) Functional Categories

L ') Functional Statements

Function-Based Parameters Describes/Supports
Functional Statement

Measurement Methods Performance Standards

Quantifies Function-Based Parameter Functioning
Functioning-At-Risk
Not Functioning

Figure 2: Stream Functions Pyramid Framework (Harman et al., 2012)

The SFPF was integrated throughout the entire project process to ensure selection of the most
appropriate design approach. This was to ensure consistency from beginning to end and allow
the Service to accurately determine if the project goals and design objectives were achieved. The
project process consists of the following steps:

Programmatic/Project Goals — Documents what is driving the project and why the project is
being proposed.

Watershed Assessment — Determines the health of the watershed and its influence on the proposed
project area.

Reach-Scale Function-based Assessment — Establishes the existing function-based condition,
determines stressors, identifies constraints, and determines channel functional evolution.

Restoration Potential — Determines the highest level of restoration that can be achieved given the
watershed conditions, function-based assessment results, stressors, and constraints. Also, it is at
this point that the actual amount of potential functional lift will be determined.

Design Objectives — Establishes design objectives based on the project goals, results of the
watershed and reach-scale function-based assessment, constraints and restoration potential.
Design objectives define how the project is going to be completed.

Design Alternatives Analysis — Determines the restoration design approach that best meets the
project goals, objectives and restoration potential of the site. The focus is on how a design
approach can change stream functions.

Design Development — Documents the design development process, ensures project feasibility,
determines project implementation costs, and produces a constructible design set along with
specifications and materials.

U. S. Fish and Wildlife Service June 2015
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Monitoring Plan — Determines if the quantifiable project objectives are achieved and that existing
functioning parameters remain functioning.

IV. PROGRAMMATIC/PROJECT GOALS

The project goals of the Plum Creek Stream Restoration vary with the three agencies involved in
the restoration. DNR’s goals are to reduce lateral and vertical erosion; provide fish passage for
resident fish; and create habitat for state rare species, specifically the Banded Sunfish. The goal
for MDE is to have the repair agreement fulfilled and the sediment source at the site stabilized.
The Service’s goals are to reduce lateral and vertical erosion; create in-stream habitat for
American eel; and to create wetland habitat for birds, frogs, salamanders, and reptiles. Although
Plum Creek is likely intermittent in the area of the project, the Service used design criteria that
includes deep pools to hold water during those times.

The successful completion of the Plum Creek Stream Restoration project will satisfy strategic
objectives put in place by the President’s Chesapeake Bay Initiative, as well as the U.S. Fish &
Wildlife Service strategic plan for trust species.

V. WATERSHED AND REACH ASSESSMENT

This section presents a brief summary of the methods used by the Service to conduct a limited
assessment on the watershed (Figure 3) and a detailed function-based stream assessment. The
findings are presented and discussed within this report.

U. S. Fish and Wildlife Service June 2015
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MARYLAND

Legend

I Project Location

Drainage Area

|
1 — streams

Figure 3: Project drainage area shaded in red.

A. WATERSHED ASSESSMENT

This section presents a brief summary of the methods used by the Service to conduct a limited
watershed assessment (Figure 3) and a detailed function-based stream assessment. The findings
are also presented and discussed. The purpose of the watershed assessment is to determine the
influence of the watershed health on the proposed project area. Specifically, watershed
characteristics are evaluated to document hydrology (i.e., flow regime), sediment transport load
(i.e., sources and amount), water quality (i.e., types and sources) and biology (i.e., locations and
health). By understanding watershed conditions, we are able to determine if programmatic goals
are achievable, as well as determine the restoration potential of the project reach.

1. Geology and Soils
The Plum Creek watershed is located in the Coastal Plain physiographic province.
The Plum Creek project area primarily consists of three soil types (i.e., RmD-Russett-
Christiana-Hambrook complex, 10 to 15 percent slopes; RmC-Russett-Christiana-

U. S. Fish and Wildlife Service June 2015
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Hambrook complex, 5 to 10 percent slopes; and Keyport loam, 5 to 10 percent slopes)
that comprise 64.1% of the total watershed.

The Russett-Christiana-Hambrook complex consist of three map units. Russet and
similar soils compises approximately 45 percent of the complex, Christiana and similar
soils are approximately 35 percent, and Hambrook and similar soils make up the final 20
percent of the complex. The complex is deep, moderately well to well drained and may
be located on hillslopes, drainhead complexes, flats, and depressions. Permeability is
0.06 to 1.98 in/hr throughout but is limited by capacity. Slopes range from 5 to 15
percent. Mean annual precipitation is about 37 - 48 inches, and mean annual temperature
is about 45 - 55 degrees F. The Keyport loam consists of very deep, moderately well
drained soils and typically located in hillslopes and fluviomarine terraces. Permeability
is 0.06 to 0.20 in/hr throughout but is limited by capacity. Slopes range from 5 to 10
percent. Mean annual precipitation is about 42 - 48 inches, and mean annual temperature
is about 52 - 58 degrees F. The majority of the soils in the watershed are moderately well
to well drained, have slopes of 5 to 15 percent, and are limited in the capacity to hold soil
moisture after rainfall events. Those three factors likely reduce the amount of ground
water recharge and limits the amount of ground water available to recharge the stream
during dry months. So, during the dryer months it is possible that Plum Creek may little
to no flow.

A soils map of the Plum Creek project area can be found in Appendix B. The RmC and
RmD are both on the highly erodible soils list for Cecil County. The potential to erode is
based on texture, structure, organic matter and permeability. The watershed soils have a
Kw factor that ranges from 0.28-0.43 of and is generally considered as a moderately
erosive soil. Erosion can be reduced if these soils are well vegetated, but mixed land use
and impervious surfaces can accelerated bank erosion throughout the watershed.

2. Existing Land use/Land cover
The Service used aerial photographs and USGS SteamStats for Maryland (U.S.
Geological Survey, 2012) to estimate the land use/land cover percentages for the Plum
Creek watershed. Based on Maryland Department of Planning data from 2010, the
primary land use in the watershed is forest accounting for 99.6% of the coverage.
Institutional and other land use make up the remaining 0.40%. Currently, the watershed
consists of 0.17% impervious surface. The mostly forested watershed and the low
amount of impervious surface results in a non-flashy flow regime. Additional benefits
include large riparian buffers, increased riparian filtration times, increased shading of the
stream channel resulting in lower water temperatures, and improved water quality.

3. Hydrology & Hydraulics
The Plum Creek watershed is a sub-watershed of the Elk River, which flows directly into
the Chesapeake Bay. The Plum Creek watershed covers approximately 0.90 square miles
(Figure 3) at the project location and is in the Coastal Plain hydrologic region. The
valley type at the project area, as defined by Rosgen (1996) is a valley type VIII; a wide,
gentle valley slope with a well-developed floodplain adjacent to river terraces. These
alluvial floodplains are maintained by the river and are dynamic in form. However, in
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the headwaters, the valley type can by described as a Rosgen valley type II; moderately
steep, gentle sloping side slopes often in colluvial valleys. As valley type changes, there
is also a change in the stream types within the Plum Creek watershed. The headwater
portions of the watershed contain reaches of Plum Creek that are consistent, as defined by
Rosgen (1996) with a stream type B4. The channels upstream and downstream of the
project area are best described as a C4; exhibiting a slope of less than 0.02 ft/ft, a
sinuosity of 1.2 or greater and a width to depth ratio of greater than 12. While B4 stream
types are stable and contribute only small amounts of sediment during run off events, C4
stream types have banks generally composed of unconsolidated, heterogeneous, non-
cohesive, alluvial materials that are finer than the gravel-dominated bed material.
Consequently, the stream is susceptible to accelerated bank erosion. Rates of lateral
adjustment are influenced by the presence and condition of riparian vegetation (Rosgen
1994) as well as other factors.

Plum Creek exhibits a flow regime typical of streams found in rural areas. The watershed
receives an average 46.2 inches of precipitation annually (U.S. Geological Survey, 2012).

Precipitation amounts for the two-year, twenty-four hour rain event are 3.24 inches,
which deliver as much as 31 cfs to our site in 7.9 hours of time using the W.O Thomas,
Jr. Equation. This data suggests that the watershed is not “flashy” based on comparisons
of like sized rural watersheds with similar basin relief.

While knowing the hydrology of a watershed is important, it usually cannot be
manipulated. However, the watershed hydrology must be understood in order to develop
a sound restoration plan. The Plum Creek watershed hydrology is not complex and is
typical for the region. It is likely that Plum Creek is intermittent at the project area. The
Service included deep pools in the design criteria and riparian wetlands to hold water
during dry periods. Even with those design features, the potential lack of base flow may
negatively affect fish and macro invertebrate populations.

4. Geomorphology
The Plum Creek watershed contains a distinguishable valley and stream type transition
from the headwaters in the Elk Neck State Forest to its terminus at its confluence with the
Elk River. The headwaters portion of the watershed consists of moderately stable B4
type (Rosgen) channels in a low relief basin with a large gravel substrate, while the lower
portion of the watershed contains meandering C4 Rosgen type channels with lower relief
and a gravel substrate. The headwaters portion of the watershed was observed to be
stable with localized lateral and vertical instability associated with the impacts of the
former impoundment. The lower portion of the watershed shows only local indices of
vertical instability. This observation is further defined by the presence or absence of
things such as over steepened riffles, and poorly defined pools, glides and riffles.
However, moderate lateral instability is evident by the presence of eroding outside
meanders. Watershed wide observations support that there is a low to moderate sediment
source from stream bank erosion that must be transported through the system, as
evidenced by depositional features, such a point bar formations, mid-channel bars and
inner berm features. This watershed-scale sediment source defines Plum Creek as a
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conveyance type channel, which plays a critical role in determining and selecting the
correct design methodology.

5. Physicochemical and Biology
Physicochemical functions include the interaction of physical and chemical processes to
create the basic water quality of the stream (including temperature, dissolved oxygen,
conductivity, pH and turbidity), as well as to facilitate nutrient and organic carbon
processes. These parameters provide both direct and indirect indications of stream
condition and its ability to support biological conditions (Harmen et al., 2012). The Plum
Creek watershed has a number of influential factors that must be considered in order to
determine if the a reach-scale restoration can have any impact on the existing
physicochemical functions or if these variables cannot be influenced. External discharges
from upstream, point source and non-point source contributions, effects of land-use
change and climate factors all influence physicochemical function. The watershed is
totally located within the Elk Neck State Forest, so land use should remain as forested in
the future. Therefore, the almost totally forested watershed should have very limited, if
any negative impacts on water quality.

Very limited physicochemical and limited biological data is available for the Plum Creek
Watershed. DNR Stream Wader Volunteers have sampled benthic macroinvertebrates
five times in area upstream and downstream of the project area and found the benthic IBI
to be poor. No physicochemical or fish data was collected by the stream waders. In
2008, DNR MBSS sampled for fish and benthic macroinvertebrates approximately 1000
feet downstream of the existing dam. Both the fish IBI and benthic IBI were found to be
poor.

Harmen’s SFPF suggests that the ability of the lotic system to support biological
processes is dependent upon the Hydrology, Hydraulic, Geomorpholgy, and
Physicochemical functions. Naturally, a disruption in any one of the previously
mentioned functions would result in loss of biologic diversity and abundance.

Given that the watershed size at restoration site is small, at only 0.9 square miles, Plum
Creek frequently dries up during the summer months. Since Plum Creek is intermittent,
the lack of water in the channel will have a direct impact on the fish and benthic
macroinvertebrate communities. J.R. Maxted et al. stated that coastal plain streams are
often naturally acidic because of the high concentrations of humic and fulvic acids.
Diptera and Ephemeroptera are sensitive to pH values less than 5.0 (Johnson et al. 1993).
The 2008 lab pH value of 4.74 collected by DNR MBSS supports the idea that Plum
Creek is naturally acidic and that the fish and benthic macroinvertebrate communities
may be impacted.

6. Watershed Assessment Summary
The Plum Creek watershed is totally located within the Elk Neck State Forest and almost
completely forested. The Service assembled a variety aerial photos from 1938 through
current day and USGS topographic quadrangle maps from 1917 through 1992. Based on
those photos and maps, it appears that the Plum Creek Watershed was forested from 1917
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to current day. However, it is likely that harvests were conducted during that time period
within the watershed. While the flows may have changed slightly since the early 1900°s
as a resulting of the logging and harvest practices, the flow regime is still considered non-
flashy. However, those adjustments, coupled with erosive soils, have led to localized
lateral instability throughout the watershed. Therefore, the proposed project area will
have a sediment supply that must be addressed in the proposed design.

The impoundment from the dam first appeared on the 1970 aerial photograph and 1970
USGS topographic quadrangle map. Once the dam was installed, the stream channel was
impacted upstream and downstream of the impoundment, while flooding a portion of the
valley. This change lead to lower velocities and sediment deposition upstream of the
impoundment; and higher velocities and bank erosion at the outlet of the impoundment.
Once the dam failed, the stream channel was again undergoing base level adjustment.
Upstream of the former impoundment, the stream still deposited sediment due to the lack
of a defined channel. While downstream of the former dam the stream received a high
sediment load from the eroding dam.

Collectively, these “stressors” impact the restoration potential of the proposed project
area. While these stressors cannot currently be addressed at the watershed level as part of
this project, they can be addressed at the reach-level with the appropriate design
approach. The design approach is enough to support the project goals for all three
agencies, which are to reduce lateral and vertical erosion; provide fish passage for
resident fish; create habitat for state rare species, specifically the Banded Sunfish; create
in-stream habitat for American eel; and to create wetland habitat for birds, frogs,
salamanders, and reptiles.

B. BASE MAPPING

The Service conducted a baseline survey to accurately map (Appendix C) and represent the
project area. In addition, the Service incorporated previous NRCS survey data and Cecil
County Lidar to the base map. The Service used this information to assess base line
conditions and to develop and illustrate a restoration design plan. Plan form, longitudinal
profile, and topographic information are represented.

C. PROJECT REACH FUNCTION-BASED ASSESSMENT

The Service conducted a function-based assessment of Plum Creek. This function-based
assessment approach is outlined in the Stream Functions Pyramid Framework (SFPF)
(Harmen et. al, 2012) and includes measurement methods, performance standards and goal
setting criteria for function-based stream restoration. The project area consisted of two
reaches, which are show on the design plans in Appendix I. The framework outlines five
critical categories that evaluate stream function on a hierarchal scale (Figure 2). Prior to the
function-based reach assessment, the Service prepared a function-based assessment table that
outlined the parameters, based on project goals and objectives, to be assessed and what
methods were required to assess them. This table is located in Appendix D.
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The following assessment parameters, by pyramid level, were evaluated:

Level 1 - Hydrology — flow regime

Level 2 - Hydraulics — floodplain connectivity and flow dynamics

Level 3 - Geomorphology — bedform diversity, lateral stability and riparian vegetation
Level 4 - Physicochemical — temperature, pH, dissolved oxygen, conductivity and turbidity
Level 5 - Biology — macroinvertebrate communities and fish communities

Each assessment parameter had at least one measurement method to quantify the existing
function-based condition. Then each measurement method value was rated either
functioning, functioning-at-risk, or not functioning based on set performance standards.
Specific measurements for each assessment parameter are described below.

1. Hydrology
The Service determined that that hydrology at this particular site was dependent on

parameters that include regional precipitation data/climate zones, land use and soils.
Because this information represents our Hydrologic baseline, and it cannot be changed, it
has no rating and will only be used to model pre-restoration conditions as they compare
to proposed design conditions.

The 2-year, 24-hour precipitation for this project area is 3.24 inches and the mean annual
precipitation is 44.75 inches. The watershed had an average curve number of 67 with
93.5 feet of basin relief. Time of concentration to the inlet of the project area was 7.9
hours using the W.O. Thomas, Jr. Equation. This information was utilized when
determining flow characteristics. The hydrology for the watershed is consider non-
flashy.

Since no gage station information was available for this site, a regional curve
(McCandless and Everett, 2002) was used to determine the approximate channel forming
discharge and was later validated using information from the geomorphic assessment.
The 2, 10, and 100-year peak discharge events were determined by using USGS
StreamStats (U.S. Geological Survey, 2012).

The table below summarizes the findings from above as they relate to actual discharge at
the Plum Creek project site, which includes both Reaches 1 and 2.
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Pre-Restoration
Level and Parameter Measurement Condition
Category Method
Value Rating
USFWS Piedmont 78 ofs N/A
Channel Forming Regional Curve
Discharge (Bankfull)
Bankfull Validation 53 cfs N/A
1 - Hydrology
2-Year Peak Flow USGS 61 cfs N/A
10-Year Peak Flow USGS 240 cfs N/A
100-Year Peak Flow USGS 839 cfs N/A
Table 4: Channel Forming Discharge
2. Hydraulics

Evaluating the hydraulics of a stream system is an important component to any
assessment because it gives a better understanding of how water and sediment are
transported through the channel and its associated floodplain. The Service identified and
assessed two major hydraulic components during the Plum Creek function-based
assessment: Floodplain connectivity and Flow Dynamics. However, before you can
determine floodplain connectivity, you must first understand and determine the bankfull
discharge at the project area as this value serves as the basis for all geomorphic
dimensionless ratios.

a. Bankfull Validation

Bankfull discharge characterizes the range of discharges that is effective in shaping
and maintaining a stream. 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 Plum Creek. Bankfull discharge is also used in natural
channel design procedures as a scale factor to convert morphological parameters from
a stable reach of one size to a disturbed reach of another size. The Service used
Regional Relationships as well as Resistance Relationships to determine the bankfull
discharge and channel dimension at Plum Creek.
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I. Regional Relationships

During the Plum Creek assessment, the Service identified bankfull stage using
geomorphic indicators formed by the stream as described by McCandless and
Everett (2002). These features were identified upstream and downstream of the
project area since a large portion of the project area does not have a defined
channel. Figure 4 depicts significant geomorphic indicators typically found in the
Mid-Atlantic. Based on these indicators, the Service identified a consistent
geomorphic feature at Plum Creek. This geomorphic indicator was typically a
significant slope break or back of bench found throughout the project area. These
indicators were measured to determine width and depth and then compared to the
“USFWS Bankfull Discharge and Channel Characteristics in the Piedmont
Hydrologic” regional curves.

//r;// 7/ /,F"f

S

Floodplain Inflection

Figure 4: Typical Bankfull Indicators (McCandless and Everett 2002)

The regional curve estimates channel discharge based on a linear regression
equation derived from gaged sites across the same physiographic region with
similar characteristics. Using only the drainage area, the Service was able to
derive the estimated channel width, depth, cross sectional area and discharge. This
information was then crossed with field measurements to determine congruency.
The Service does not recommend using only regional curve information to
determine bankfull discharges and characteristics, but serves better as a first step
for estimation. The Service identified a reference reach immediately downstream
of the project area and took additional field based geomorphic measurements
(Table 5) including cross sectional area, channel slope and particle distribution to
validate bankfull dimension and discharge (Appendices E — H).
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Bankfull Existing Representative Cross| USFWS Piedmont
Characteristics Section Regional Curve

Area (ft) 12.22 16.13

Width (ft) 12.75 14.18

Depth (ft) 0.96 1.14
Velocity (ft/s) 4.33 4.83
Discharge (cfs) 52.90 78.05
Maryland Stream Survey: Bankfull Discharge and Channel Characteristics of Streams in the Piedmont
Hydrologic Region (McCandless, 2002)

Table 5: Regional Curve Bankfull Characteristic Comparison

ii. Resistance Relationships

There are several methods to estimate bankfull discharge and velocity using
resistance relationships. These methods typically make use of the cross sectional
area, flow depth, representative particle size of channel substrate, channel slope
and a determined roughness coefficient, or “friction factor”. The Service used the
Friction Factor/Relative Roughness to determine discharge. This equation,

u = {2.83 4+ 5.66 * Log(R/Dgg)}u *, uses the hydraulic radius of the representative
cross section, the channel slope, gravitational acceleration, and channel materials
to determine velocity and discharge values.

This method closely matched our back calculated roughness coefficient , fell
between the two values in our Regional Relationship findings, and proved to be
an appropriate estimate for bankfull discharge. Detailed information can be found
on the Computation of velocity and bankfull discharge worksheet in Appendix E.

b. Floodplain Connectivity

Floodplain connectivity is defined by the frequency of stream flows that access a
streams floodplain. These frequent, out-of-bank flows encourage dense riparian cover
and riparian wetlands that are invaluable to the overall functioning condition of a
stream system. Historically, streams in most of the eastern part of the U.S. have been
subject to “channelization”, a common practice to lessen the effects of overland
flooding and increase flood flow capacity. While effective, channelization often leads
to the loss of wetlands, lowering of the groundwater table, reduced species
composition and increased sedimentation. Floodplain connectivity is a driving force
for many of the geomorphic and ecologic functions (Wohl, 2004; Shields et al.,
2010). Therefore, reconnecting floodplains is a major goal when working in
watersheds that have channelized streams (Harman et al., 2012).

The channel conditions within the project area vary considerably upstream of the dam
in the former impoundment from the area downstream of the dam. Upstream of the
dam (Reach 1), the area is a depositional area as a result of the former impoundment
and doesn’t have a defined channel. Downstream of the dam (Reach 2), the channel
has been impacted by the large amount of sediment washing downstream from the
dam. This area is an unstable D4 Rosgen type channel that includes areas of
deposition and vertical instability with a number of small headcuts. The Service
divided the project into two separate reaches based on existing conditions and from
this point on will discuss the function-based assessment based on those two reaches
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I. Bank Height Ratio

There are a number of measurements methods used to determine floodplain
connectivity. The first, and perhaps easiest way to determine whether or not a
stream is connected to its floodplain is by determining the bank height ratio
(BHR). The BHR is simply the average height of the top of bank divided by the
bankfull height.

This measurement or bank height ratio was derived by first determining the
correct bankfull height at our project area, and then comparing that to typical top
of bank measurements throughout the project area. Bank height values greater
than “1” indicate that the channel exhibits a degree of channel incision and does
not interact with its floodplain as often as it should which reduces stream
function, increases bank erosion and limits vegetative filtration necessary to
reduce TMDL levels. By using the performance standards found in the SFPF, the
Service determined that both Reach 1 and Reach 2 are Functioning.

ii. Entrenchment Ratio

The entrenchment ratio (ER) is a measure of the floodprone area width in relation
to the bankfull width (Rosgen 1994). The ER is calculated by dividing the
bankfull width by the available floodprone width at a water surface elevation two
times greater than that of bankfull in a riffle cross section. A higher ER value
means a higher availability of floodplain area for energy dissipation and flood
storage. When coupled with the BHR, these measurement techniques provide a
quick way to determine floodplain connectivity in the field.

The Service determined that Plum Creek Reach 1 does not have an entrenchment
ratio, since there is not a defined channel. Reach 2 had an entrenchment ratio of
7.8, meaning when stage is two times greater than the bankfull maximum depth,
the available floodplain measures 7.8 times the bankfull width, in this case, 100
feet. By using the performance standards found in the SFPF, the Service
determined that Reach 1 and Reach 2 of Plum Creek are Functioning due to the
amount and accessibility of available floodplain.
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Level and Measurement Pre-Restoration Condition
Reach Parameter -
Category Method Value Rating
. Bank Helght N/A
. Floodplain Ratio
1 2 - Hydraulics ..
Connectivity Entrenchment
. N/A
Ratio
Bank Height
Floodplai Ratio =
2 2 - Hydraulics oodpraim
Connectivity Entrenchment
. 7.8
Ratio

Table 6: Floodplain Connectivity

C. Flow Dynamics

Performance standards for Flow Dynamics, vary considerably based on watershed,
site conditions, and species need. They also play an important part in developing
restorations designs. The Service used tractive force calculations as to conduct a
hydraulic assessment of this particular reach to assure the restoration design would
not cause any unsafe rise in hydraulic forces within the channel.

The design maximized the use of the available floodplain within the project area.
Therefore, the design objective is to have similar or lower velocities, shear stress, and
stream power in relation to stage and discharge, compared to the existing unstable
conditions. The tractive force calculation compared only the existing riffle cross
section data to the design riffle cross section data.

The SFPF (Harmen et al., 2012) states that shear stress and stream power are
important input parameters for assessing sediment transport; however, there are other
Geomorphology parameters and measurements methods that are better for developing
performance standards. Stream velocity can be used as a flow dynamics performance
standard, especially for evaluating the appropriate bankfull discharge (and flow area)
and for fish passage. Reach 1 is currently an impoundment created by the remains of
an earthen dam and a beaver dam. Water entering the impoundment from upstream
slows to a very low velocity once it encounters the backwater of the dams. Using the
SFPF performance standards for a “C” stream type, the Service determined that the
stream velocity of Plum Creek is Not Functioning in Reach 1 because of the very
low velocities in the impoundment. With a velocity of 4.6 in Reach 2, it is considered
Functioning.
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Level and Measurement Pre-Restoration Condition
Reach Parameter :
Category Method Value Rating
1 2 - Hydraulics Flow Dynamics Stream Velocity N/A
2 2 - Hydraulics Flow Dynamics Stream Velocity 4.6

Table 7: Flow Dynamics

3. Geomorphology

a. Bedform Diversity

Bedform diversity is relatively simple to assess. Measurements of bed form diversity
are structural measurements that can be used to predict sediment loading, transport
capability and is critical in assessing habitat requirements of aquatic species. A
longitudinal profile of a stream channel provides detailed information about the bed
form and can be used to quantify diversity (Harrelson et al., 1994). The Service
assessed both Pool-to-Pool Spacing and Pool Depth Variability to determine the
function-based condition of Plum Creek. Both measurements can be extracted from
the detailed longitudinal profile.

I. Pool-to-pool Spacing

Pool-to-Pool spacing measures the frequency of pools in the stream reach and is
the distance measured along the stream centerline of thalweg, between the deepest
point of two pools (Harmen et al. 2012). Studies have found that C and E stream
types with pool-to-pool spacing with ratios greater than 5 are at greater risk to
develop vertical instability problems. Plum Creek Reach 1 is one big pool,
therefore, it does not have a Pool-to-pool spacing and thus is considered Not
Functioning. Reach 2 has Pool-to-pool spacing range of 2.0 — 4.0, which is
considered low and therefore, Not Functioning.

ii. Pool Depth Variability

Pool depth variability is desirable for high pool habitat diversity. Streams with
similar pool depths or a narrow range of pool depths likely means that there is
limited habitat and the pools are filled with sediment. Pool depth variability is
determined by dividing the mean riffle depth measured at a representative cross
section by maximum pool depths measured from bankfull. This dimensionless
ratio is referred to as the Pool Max Depth Ratio (Rosgen, 2009). Reach 1 does not
have a defined channel, but instead is one large pool. Even though there is only
one pool, it does have a depth ratio of 3.0 and is considered Functioning. Plum
Creek Reach 2 had a pool depth variability in the range of 1.2 — 1.5, which is
considered low. Based on performance standards of the SFPF, pool depth
variability is considered Functioning at Risk in Reach 2.
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iii. Depositional Patterns

Depositional patterns describe the nature and extent of bar features in rivers
(Rosgen, 1996). While many of these features may be dynamic in nature, they are
often stable geomorphic features. For instance, point bars, on stable C4 stream
types are stable depositional features. Alternatively, depositional features can also
be indicators of excess deposition, which can lead to channel enlargement and/or
aggradation. Depositional features like mid-channel bars, islands, chute cut-offs
and side bars can be indicators of excess sediment or the inability of a channel to
transport its sediment supply. These depositional categories have been identified
and categorized by Dave Rosgen (Rosgen, D.L., 2009) to aid in the assessment of
lateral and vertical stability. The Service used Rosgen’s existing Depositional
Pattern Worksheet to classify observed depositional features at Plum Creek.
Based on findings, the Service interpolated Rosgen’s stability rating to Harman’s
SFPF rating system. Using this standard, the Service found B5 Depositional
Patterns in Reach 1 classing this segment of stream as Not Functioning.
Depositional Patterns B1, B2, B3, and B6 were found in Reach 2 giving this reach a
Not Functioning rating.

Level and Measurement Pre-Restoration Condition
Reach Parameter -
Category Method Value Rating
Pool—to.—pool <10
Spacing
1 3- Bedform Pool Depth 30
Geomorphology Diversity Variability '
Depositional
Pattern B5
Pool-to.-pool 20-40
Spacing
2 3- Bedform Pool Depth 12-15 Functioning at
Geomorphology Diversity Variability : : Risk
Depositional B1, B2, B5.B6
Pattern

Table 8: Bedform Diversity

b. Bed Material Characterization

Analyzing the substrate of a stream is often one of the first steps in basic stream
survey. Understanding substrate composition is important when analyzing things like
bed forms, sediment transport values, macroinvertebrate habitat and fish habitat
because it influences each one. Typically, gravel bed streams are used to show
functional lift after restoration. Overall coarsening of the streambed would indicate
less fine materials are available or able to embed, meaning the stream has the energy
and ability to deposit those materials in the floodplain or out of the project reach,
which is often the goal of restoration in gravel bed streams. This is the case of the
Plum Creek stream restoration. Baseline bed material classification was gathered in a
reference reach immediately downstream of the project area by using the Wolman
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(1954) pebble count procedure. Complete findings are shown in Figure 5 below, but it
was found that our d50 was equal to 20.33 mm which confirms that Plum Creek is a
gravel bed stream. While there is no performance standard associated with the
Wolman (1954) pebble count procedure, the findings serve as a monitoring
benchmark. Future samples can be compared to one another to see the streambed
coarsen over time.
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Percent Finer

1 10 100 1000 10000
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Figure 5: Plum Creek Riffle Particle Distribution

C. Sediment Transport Capacity

Sediment transport capacity is typically defined as the amount of sediment that a
stable riffle cross section can pass at bankfull flows. This information is unique to the
stream system and is important to understand when developing restoration plans. If a
stream system is receiving sediment from upstream, it must have the ability to
transport that amount through the project area in order to maintain dynamic
equilibrium, or not aggrade or degrade. Transport capacity studies can be intensive
and cost prohibitive and yield marginally accurate results. Therefore, the Service
used field indicators (i.e., bar formation, bedform diversity, and floodplain
deposition) to assess sediment capacity conditions.

The watershed assessment showed that there is a low to moderate sediment supply
entering the project reach. The reach-level showed that the sediment supply is
consistent with the watershed assessment. In Reach 1 as the channel enters the
impoundment, the stream deposits all of the sediment it is transporting due to the very
low velocities. Reach 2 contains recent deposition within the channel. The reference
reach stream channel existing riffles consist of coarse, gravelly material along with
recent deposition on point bars. If there were excessive sediment, these riffles would
be covered with fine sediment. Lastly, there are no large amounts of deposition
within the adjacent floodplain. If the sediment supply was excessive, there would be
numerous depositional areas, typically consisting of coarse-large sand materials,
through the floodplain.
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d. Sediment Transport Competency

The size of sediment that a stable riffle cross section can pass at bankfull flows is
referred to as the stream’s Sediment Transport Competency. This information is
valuable as it allows a designer to understand the stream dimension and channel shear
stress necessary to entrain different sized particles in order to achieve “competency”.
This is important parameter to assess when determining a streams vertical stability. If
a stream is unable to pass all of the sediment it is supplied, it would be aggrading
which would mean it is vertically unstable. It is also possible that the stream could
move all of the sediment it is supplied as well as additional bed material, meaning the
stream is degrading and also indicates vertical instability. While there is more than
one method to use to assess sediment transport competency, the Service used a
method to determine Required Depth and Slope explained in Rosgen (2006). This
method involves sampling bed material from either the riffle pavement/subpavement
layer or material from a point bar. The Service took a riffle pavement/subpavement in
the reference reach downstream of the project area. The sample was sieved to
determine the distribution, and the results can be seen in Figure 6. Both the reference
reach and the restoration design are within the range of sediment transport
competency for required depth and required slope measurement methods (Table 9).
This is consistent with depositional patterns observed in the reference reach.
However, Reach 1 within the project area is aggrading due to a lack of sediment
competency, while Reach 2 is more similar to the reference reach.
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Figure 6: Plum Creek Reference Reach Subpavement Particle Distribution
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Level and Measurement Pre-Restoration Condition
C Parameter 3 -
ategory Method Design Required
3. Sediment Required Depth 1.02 1.27
Transport .
Geomorphology Competency Required Slope 0.011 0.013

Table 9: Reference Reach Sediment Transport Competency

e. Riparian Vegetation

Riparian vegetation plays an important role, not only from a geomorphic stability
standpoint, but also from a wildlife habitat and water quality perspective. Some
benefits of a healthy riparian corridor include energy dissipation by capturing
sediments from upslope overland flow (Magette et al., 1989), bank stabilization by
roots that extend throughout the bank (Wynn et al., 2004) and landscape connectivity
for animals traveling along the stream corridor (Fisher et al., 1998). Research has
also shown that a well-managed restored buffer can trap and/or convert up to 75% of
nitrogen and 70% of phosphorus from nonpoint source runoff, if the source is from
land uses that are adjacent to the stream corridor (Orzetti et al.,2010; Claussen et al.,
2000; Lee et al., 2003; Schoonover and Williard, 2005). Additional research has
shown 50% to 80% reductions in sediment loads from adjacent nonpoint source
pollution (Orzetti et al., 2010; Cooper et al., 1987; Daniels and Gilliam, 1996;
Lowrance and Sheridan, 2005; Schoonover and Williard, 2005; Tomer et al., 2007). It
is obvious that a properly functioning riparian corridor is crucial to the overall
function of a stream system and that assessing the condition of the riparian vegetation
is a first step in determining possible functional lift.

The Plum Creek Stream Restoration project area exists within a mostly forested
landscape, but a small portion of the project area consist of a gravel assess road and
parking area. It appears from historical aerial photographs that the watershed has
been forested for the last 100 years.

The riparian buffer of the former impoundment prior to the dam breach ranged from 0
— 1000 feet. Currently in Reach 1 the majority of the impoundment bottom lacks
vegetation due to the fluctuation of water levels caused by the remaining dam and
beaver dams. In Reach 2, the buffer width exceeds 1000 feet consisting of native and
non-native shrubs, understory trees, and mature canopy trees.

While there are a variety of riparian condition measurement methods available, the
Service chose to measure riparian vegetation condition by using the Proper
Functioning Condition assessment tool as well as determining buffer width based on
belt width.

I. Proper Functioning Condition

A Proper Function Condition (PFC) evaluation method developed by the Bureau
of Land Management (Prichard et al., 1998) was used to determine the
functionality of the riparian corridor surrounding Plum Creek. PFC is less
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quantitative than bank profiles, cross sections or the bank stability to erosion
model. However, it is the only method here that assesses the stream channel and
the riparian buffer to determine bank stability (Harmen et al. 2012). Using the
Lentic Standard Checklist (Appendix F), the Service determined that the riparian
corridor in Reach 1 was Nonfunctional, which is equivalent to Not Functioning
using on the SFPF. The riparian corridor in Reach 2 was Funtional-At Risk,
which is equivalent to Functioning at Risk.

ii. Buffer Width

Buffer width measurements can be as simple as measuring the width of the
riparian corridor from the top of the stream bank, perpendicular to the fall line of
the valley and moving away from the channel (Harmen et al., 2012). An average
width can be determined by taking a number of measurements at a variety of
locations throughout the stream valley. The Service measured the riparian buffer
width as it compared to the meander belt width of the channel. The meander belt
width measurement is used to standardize the buffer width measurement and to
create a baseline for the buffer width condition. A stable, meandering (sinuosity
of 1.2 or greater) stream is said to have at least 15 feet of vegetative buffer
measured from their outside meander bends towards the valley toe, in addition to
a meander belt width of at least 3.5 times greater than its bankfull width.
Measuring meander belt width is simply done by measuring the distance
(perpendicular to the fall of the valley) between the apex of two consecutive
meander bends. This method is desirable for creating straight riparian corridors
that are also easier to manage. The service found that belt width of Plum Creek
Reach 1 was less than 3.5 times the bankfull width and had less than 10 feet of
riparian vegetation extending out from the outside meander bends to the toe of
valley. Reach 2 had a belt width that was greater than 3.5 times the bankfull width
and more than 15 feet of riparian vegetation. Meaning, that Reach 1 is considered
to be Not Functioning while Reach 2 is considered Functioning by the
performance standards in the SFPF.

Level and Measurement Pre-Restoration Condition
Reach Parameter -
Category Method Value Rating
PFC N/A
1 3- Riparian .
Geomorphology Vegetation Buffer Width Meander belt
from Meander width < 3.5
Belt width -
Functioning
. PFC N/A At Risk
5 3- Riparian .
Geomorphology Vegetation Buffer Width Meander belt
from Meander width > 3.5'
Belt width -7

Table 10: Riparian Vegetation
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Figure 7: Project area (outlined in red). Courtesy: Google Earth, 2007

f. Lateral Stability

There are a variety of methods to determine lateral stability, each of which has
specificity in their use as well as a range of precisions. One of the more precise
methods involves profiling the bank with a detailed survey, then returning after a
specified amount of time or discharge event to re-survey that specific bank. This
method gives you an exact value of erosion at that specific location and can be
crossed with the associated span of time since last surveyed. This method is often
used to monitor both reference and restoration sites and to calibrate erosion rate
curves. While precise, bank profiles are time consuming and other methods suffice
when estimating erosion rates.

The lateral stability of Plum Creek assessed by taking as plan form measurements to
determine Meander Width Ratios (MWR) and Bank Erosion Hazard Index (BEHI)
classifications of individual bank segments. A photo of typical stream bank
conditions at the Plum Creek project site can be seen in Figure 8 and findings are
summarized in Table 11.

I. Lateral Erosion Rate

The Bank Erosion Hazard Index, or BEHI model, is a method developed by Dave
Rosgen to rapidly estimate the amount of erosion of a particular bank segment by
quantifying the banks physical condition. This method includes estimations of
bank length, height, slope, materials, stratification, vegetative cover and root
depth and density. When combined with the Near Bank Stress, or NBS estimate
(also developed by Rosgen) it is possible to determine erosion quantity and rate.
This method uses a combination of observed BEHI and NBS values which are
plotted against the Colorado Erosion Rate Curve (Rosgen 2009). The Colorado
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Erosion Rate Curve has been found to produce very accurate estimates throughout
the Mid-Atlantic as well as other regions. The Service employed these methods to
quantify the amount and rate of sediment being lost from bank erosion throughout
the Plum Creek project area.

The Service assessed eleven bank segments and found that the system was
contributing approximately two hundred sixty tons of sediment per year at a rate
of about 0.90 feet per foot per year. Reach 1 did not have banks to assess, since it
lacks a defined channel and is considered to Functioning. The average BEHI
condition in Reach 2 was found to be “Moderate to Very High” and based on the
SFPF has rated that condition to be Functioning at Risk. Detailed BEHI data is
located in Appendix G.

ii. Meander Width Ratio

The meander width ratio (MWR) is a combination of two separate measurements,
meander belt width divided by bankfull width. Dividing these values gives a ratio
that can be compared to other streams and more specifically, reference condition
streams. The minimum meandering width ratio for meandering streams (C and E
types) is between 3.0 and 3.5; this ratio is required to create a sinuosity of at least
1.2, the most common break point between meandering and non-meandering
streams (Rosgen, 1996; Leopold and Wolman, 1957). Alternatively, estimations
can be made on the amount of lateral movement a stream will undergo if the
current MWR of a meandering stream is below 3.5 by simply multiplying the
streams bankfull width by 3.5. This measurement can be rapidly determined by
plan form survey as well as aerial imagery.

Reach 1 does not have a defined channel, so the MWR cannot be measured and it
is considered to be N/A. The Service found that the MWR in Reach 2 was 19.7
which is considered to be Functioning by the Stream-Function Framework
(Harmen et al., 2012).
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Level and Measurement Pre-Restoration Condition
Reach Parameter -
Category Method Value Rating
Lateral Erosion
Rate - Moderate Low
3- .. BEHI Curve
4 Geomorphology Lateral Stability Meander Width
Ratio (C and E N/A N/A
Stream Types)
Lateral Erosion Low to High Functioning
Rate - Moderate .
NBS At Risk
3- - BEHI Curve
2 Lateral Stability
Geomorphology Meander Width
. Meander belt
Ratio (C and E . ,
width > 3.5
Stream Types)
Table 11: Lateral Stability
Figure 8: Eroding bank of former dam
g. Channel Evolution
The Service utilized the Rosgen Stream Classification system in order to classify
Plum Creek. The Rosgen Stream Classification system uses physical features of a
stream such as width, depth, pattern, and bed material, to group streams into a “type”
denoted by alphanumeric codes.
After understanding the current stream classification it is easier to then determine
what stage of channel evolution the system is in and make predictions on what the
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stream is trending toward. The reason for including channel evolution is to show the
current channel condition and how it could change over time (Harmen et al. 2012).

Reach 1 does not currently have a defined channel. Prior to the dam, the channel
was mostly likely a C4 Rosgen Stream Type based on the valley type and the stream
type found downstream. Using the Rosgen Stream Type Evolution Stages model,
succession is as follows: C4 = Dam = G4 - F4 & C4. The Service determined
that and is considered Not Functioning.

Reach 2 shows indices of an unstable Rosgen C4 channel with poorly defined
characteristics and widespread instability. However, the width-to-depth ratio and
entrenchment ratio are within acceptable ranges for a Rosgen C channel and particle
distributions are consistent with the Rosgen C4 channel type as well. It can be
theorized that the channel started out as a stable E or C stream type but due to the
instability caused by the impoundment of Plum Creek and subsequent dam failure
practices), Plum Creek began to adjust both laterally and vertically. This adjustment
has continued and will until equilibrium is met. Only when the sediment supply is
reduced, will Plum Creek finally return to a stable C or E stream type. This scenario
calls for years, if not decades of continuing instability. The succession is as follows:
E/C - D - C. Plum Creek is currently at the “C” stage and is still adjusting to the
increased sediment supply from the dam breach. Reach 2 is categorized as
Functioning at Risk based on the Rosgen Stream Classification system.

Level and Measurement Pre-Restoration Condition

Reach Parameter
Category Method Value Rating

C4 - Dam -
Channel Evolution Rosgen G4 > F4->
C4

3-
Geomorphology

3-
Geomorphology

Functioning

Channel Evolution Rosgen EIC>D>C At Risk

Table 12: Channel Evolution

4. Physicochemical

a. Water Quality

While Hydrology, Hydraulics and Geomorphology are all very important functions,
Biologic function is not possible if the Physicochemical function is compromised or
impaired. Measurement of Physicochemical functions also requires an understanding
of what influential variables are present that cannot be affected by restoration at the
reach scale. These variables include external discharges from upstream, point source
and non-point source contributions, and the effects of land-use changes in the
watershed (Harmen et al., 2012). The most common Physicochemical parameter
observed is water quality. While there are many measurement methods that can
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define water quality, the most common and most important are temperature, pH,
turbidity, conductivity and dissolved oxygen. There are a variety of other factors that
can influence water quality such as soil composition and climate factors but typically
these factors cannot be influenced by reach scale restoration.

i. Temperature

Water temperature is a defining factor in determining suitability for aquatic
species. Most species have a defined range of temperatures at which they can
exist and reproduce. This parameter is easily measured by basic temperature
logging sondes that can be deployed for months at a time. Stream temperatures
are influenced by climate, stream flow and depth, sunlight exposure and the
riparian canopy (Harmen et al., 2012). Sunlight can be the most influential factor
for stream temperatures, particularly in open waters (Hynes, 1970). The Maryland
Department of Natural Resources estimates that “stream sections with no forested
riparian buffer could increase in temperature by more than 7°C at sites over 6 km
downstream from buffered riparian areas (Barton et al., 1985). This baseline
information is critical to obtain if there are specific project goals and objectives
that will determine success based on suitable conditions for a specific plant or
animal species. The lack of riparian vegetation and shallow ponding of the
impoundment in Reach 1 can cause thermal impact on the system so, the
temperature rating is considered Functioning at Risk. Reach 2 is also considered
Functioning at Risk due to the potential thermal impacts of Reach 1 moving
downstream.

ii. Dissolved Oxygen

Dissolved oxygen (DO) is necessary for all aquatic organisms to survive in a body
of water. Oxygen enters the water column primarily through diffusion from the
atmosphere. Stream flow creates turbulence, which leads to additional
entrainment of oxygen from the atmosphere (USEPA, 1997b). The amounts of
DO are also influenced by temperature, altitude and salinity. The water column is
considered “saturated” when the DO concentration is in equilibrium with oxygen
in the atmosphere (Harmen et al., 2012).

The shallow impoundment in Reach 1 likely limits the introduction of DO into
Plum Creek due to the lack of riffles and flowing water. However, Reach 2
exhibits characteristics that are synonymous with good DO levels. Aeration is
provided by the riffle complexes and course bed material.

The Maryland Department of Natural Resources Biological Stream Survey group
sampled a site in 2008 that was approximately 1000 feet downstream of the
proposed restoration site. A dissolved oxygen reading during that sample was
6.6. ppm, which is not a limiting factor at that location.

Reach 1 is considered Functioning at Risk and Reach 2 is considered
Functioning.
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ii. Turbidity

Turbidity is a measure of water clarity based on how much light passes through
the water column (USEPA, 1997b). An accumulation of suspended and dissolved
materials from erosive conditions causes the water to become cloudy which
increases turbidity levels. When the water is turbid, temperatures increase due to
higher absorption of heat by the suspended particles. Dissolved oxygen can be
reduced as a result of increased temperatures and reduced photosynthetic activity
when light penetration is impeded. Biological lifecycles and habitat are negatively
affected by high turbidity (Harmen et al., 2012). Turbidity is measured in units of
“JTU’s” or Jackson Turbidity Units. This measurement represents the attenuation
of a light beam through a column of water. The main contributing factor to
turbidity levels is discharge, bank erosion and soil composition. The Service was
not able to gather baseline data of turbidity in the Plum Creek project area, but it
can be assumed that improved bank stability will contribute less sediment to the
system and reduce turbidity levels within the project area. There will be no pre or
post restoration values given for this project and therefore will not be populated in
Table 13 below.

iv. pH

Measurements of pH indicate the relative acidity of alkalinity of water (Harmen et
al., 2012). When the pH drops below 7.0, the water is considered acidic; when the
pH is above 7.0, water is considered alkaline (USEPA, 1997b). Stream pH can
have a significant effect on biological communities, which prefer pH values in the
6.5 to 8.0 range (Harmen et al., 2012). Like conductivity, pH is a good screening
tool for stream restoration projects. At low pH values, ions from metals and toxic
compounds can be released into the water column and negatively impact
biological communities (Allan and Castillo, 2007). However, the Banded Sunfish
can live in waters that are acidic and the acidic water reduces competition from
other fish species.

The Maryland Department of Natural Resources Biological Stream Survey group
sampled a site in 2008 that was approximately 1000 feet downstream of the
proposed restoration site. A pH reading during that sample was 5.3, which is a
supporting factor for Banded Sunfish at that location. Therefore, pH is considered
Functioning based only on this one time survey.
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Level and Measurement Pre-Restoration Condition
Reach Parameter _
CRIUELEIR Method Value Rating
Functioning
Temperature N/A At Risk
4 - .
. Physicochemical Water Quality pH 53 -
Dissolved Functioning
Oxygen A At Risk
Functioning
Temperature N/A At Risk
4 - .
2 Physicochemical Water Quality pH 5.3
Dissolved N/A
Oxygen

Table 13: Water Quality

Biology
Achieving biologic function is the result of the culmination of Hydrology, Hydraulic,

Geomorphology and Physicochemical function as described previously. Collectively, these
functions support the life histories of aquatic and riparian plants and animals. The Biology
function-based parameters include microbial communities, macrophyte communities,
benthic macroinvertebrate communities, fish communities and landscape connectivity
(Harmen et al., 2012). Given that Plum Creek is likely intermittent in the area of the
project, the stream channel likely has little or no flow during dry times of the year. It is
probable that those conditions negatively affect the populations of benthic
macroinvertebrate and fish communities.

The Service decided to use the existing Maryland Department of Natural Resources (DNR)
biologic data collected in 2008 to determine a biologic baseline for the Plum Creek project.
DNR followed guidance from their Maryland Biological Stream Survey (MBSS)
methodology to asses for both benthic macroinvertebrate communities as well as fish
communities. The results were adapted to the SFPF to provide a function-based rating. The
methods and ratings can be found in the following paragraphs.

a. Benthic Macroinvertebrate Communities

Benthic macroinvertebrate sampling is conducted in the same 75 meter segment
utilized for fish, habitat, and water quality sampling. The intent of benthic sampling is
to qualitatively describe the community composition and relative abundance of
favorable habitat (habitats supporting the greatest benthic diversity) within the
sampling segment (Kayzak, 2001). The sampling collection procedures used allow for
calculation of an index of biotic intergrity as described in Stribling et al. (1998). The
2008 DNR MBSS Macroinvertebrate IBI was 2.33 as shown in Table 14. The data
was collected in a free flowing stream channel approximately 1000 feet downstream
of the project area. Therefore, the data is not applicable to the impoundment in Reach
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1. However, Reach 1 is considered Functioning at Risk because it is a large pool and
potentially suitable habitat for macroinvertebrate. Reach 2 is Functioning at Risk.

b. Fish Communities

The objective of fish sampling for MBSS is to assess the fishability and ecological
health of fish communities in the non-tidal, flowing waters of Maryland. Quantative,
double-pass electrofishing of 75 meter stream segments is used to describe abundance
and community composition for ecological health assessment. Information on
gamefish lengths is also collected (Kayzak, 2001). ). The 2008 DNR MBSS Fish IBI
was 2.14 as shown in Table 14. The data was collected in a free flowing stream
channel approximately 1000 feet downstream of the project area. Therefore, the data
is not applicable to the impoundment in Reach 1, but Reach 1 is considered
Functioning at Risk because it is a large pool and potentially suitable habitat for fish.
Reach 2 is Functioning at Risk.

Level and Measurement Pre-Restoration Condition
Reach Parameter -

Category Method Value Rating
Macroinvertebrate MBSS IBI N/A Functioning

) Communities Score At Risk

1 5 - Biology MBS IBI = .
. " unctioning

Fish Communities Score N/A At Risk
Macroinvertebrate MBSS IBI 233 Functioning

) Communities Score ’ At Risk

2 5 - Biology

. - MBSS IBI Functioning

Fish Communities Score 2.14 At Risk

Table 14: Aquatic Communities

6. Summary

The Service determined that the overall function-based condition of the Plum Creek
project area is Functioning-at-Risk and is trending towards a future of instability before
any sort of equilibrium can be reached (Table 15). The determination of this rating is
based on an accumulation of ratings at two different levels. First, each pyramid level is
rated based on the individual rating results of each measurement method used to evaluate
the assessment parameters (Table 15, Column Pre-Restoration Condition - Level).
Second, the overall reach rating is based on the individual ratings of each pyramid level
(Table 15, Column Pre-Restoration Condition — Overall Reach). Below is a summary
description, by pyramid level, that supports the overall reach rating.

The Hydrology level, Level 1, is currently functioning mostly because current land uses
within the watershed have not significantly influenced the amount and rate of flood flows
reaching the project area, resulting in a non-flashy flow regime. This will specifically
support such functions as floodplain connectivity, lateral erosion, and ground water
recharge. While the flow regime has not been significantly altered by current watershed
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land uses, the current land uses may adversely affect and marcoinvertebrate and fish
communities. The potential impacts are associated with the dam failure and sediment
supply form the banks.

The Hydraulics level, Level 2, is currently functioning-at-risk mostly due to the bank
height ratio, which shows that the stream, in Reach 2, is not well connected to the
floodplain. When a stream becomes disconnected from the floodplain, stream energy
increases because flow depths increase while channel widths do not (Leopold et. al,
1992). Increased stream energy increases stream shear stresses and promotes vertical and
lateral stream degradation, which adversely affects riparian vegetation, bedform diversity,
turbidity and macroinvertebrate and fish communities.

The Geomorphology level, Level 3, is currently functioning-at-risk mostly due to limited
bed form diversity, absence of riparian vegetation and moderate levels of stream bank
erosion. As stated above in Level 2 — Hydraulics, geomorphic processes are functioning
at risk because of increased stream energies associated with a disconnected flood plain.
Limited geomorphic functions adversely affects macroinvertebrate and fish communities
due to the loss of available quality habitat structure.

The Physicochemical level, Level 4, is currently functioning-at-risk. This is a result of
the increased sediment supply from the failed dam and thermal impacts from the
impoundment.

The Biology level, Level 5, is currently functioning-at-risk based on poor bed form
diversity, lateral erosion, intermittent stream conditions, and lacking riparian vegetation.
The rating is also takes into account the 2008 MBSS sampling downstream of the project
area. These poorly functioning processes have created habitat conditions not suitable for
Banned sunfish.

The ability of the proposed project to evolve back to some level of quasi-equilibrium that
will support Banded Sunfish is unlikely to occur anytime in the near future without
intervention. The current geomorphic functions are still undergoing significant
adjustments. However, this evolutionary process could take decades to complete and will
adversely impact downstream resources.
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Level and Measurement Pre-Restoration Condition
Reach Cat Parameter Method -
ategory étho Value Rating Overall
USFWS
Channel Forming RegPiflil:llll(()jnJrve 78 cfs
Discharge (Bankfull) Bankfull i on
Validation
1 1 - Hydrology 2-Year Peak Flow USGS 61 cfs
10-Year Peak Flow USGS 240cfs
100-Year Peak Flow USGS 839 cfs
Ban];( Helght N/A
Floodplain atio
1 2 - Hydraulics Connectivity Entrenchment NA Functioning
Ratio at Risk
Flow Dynamics Stream Velocity N/A
Pool—to'-pool N/A
Spacing
. . Pool Depth
Bedform Diversity Variability 3.0
Depositional
Pattern B5
PFC N/A
Riparian Vegetation Buffer Width Meander
3- from Meander belt width <
1 Belt Width 3.5
Geomorphology
Lateral Erosion
Rate - Moderate Low
BEHI Curve
Lateral Stability
Meander Width
Ratio (Cand E N/A
Stream Types)
C4 - Dam
Channel Evolution Rosgen >G4 >
F4 > C4
Temperature N/A Funcg(i)snkmg at
4- . Functioning
. . Wat lit H 5.3 .
L Physicochemical ater Quality P " at Risk
Dissolved Functioning at
N/A .
Oxygen Risk
Macroinvertebrate | \/pqq g1 Seore | N/A
. Communities
1 5 - Biology
Fish Communities MBSS IBI Score N/A

Table 15: Reach 1 Summary Table

June 2015
Page | 31

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



Plum Creek Stream Restoration: Project Summary and Design Report

Pre-Restoration Condition
Reach | Level and Category Parameter Me:: un:mdent
etho Value Overall
USFWS Piedmont 78 ofs
Channel Forming Regional Curve
Discharge (Bankfull) Bapkfgll 53 ofs
5 1 - Hvdrol Validation
- Hydrology 2-Year Peak Flow USGS 61 cfs
10-Year Peak Flow USGS 240cfs
100-Year Peak Flow USGS 839 cfs
Floodplain Bank Height Ratio 1.1
2 2 - Hydraulics Connectivity Entrenchment
. 7.8
Ratio
Flow Dynamics Stream Velocity 4.6
Pool-to'-pool 20-4.0
Spacing
. . Pool Depth Functioning at
Bedform Diversity Variability 12-15
Depositional B1, B2, B5,
Pattern B6
Functioning at
Riparian Vegetation Buffer Width Meander
from Meander belt width >
Belt Width 3.5 Functioning
2 3 - Geomorpholo :
phology at Risk
IIgztteer_a}v}EOr gz;;)?e Low to High | Functioning at
BEHI Curve NBS Risk
Lateral Stability
Meander Width Meander
Ratio (C and E belt width >
Stream Types) 3.5
. E/C > D> | Functioning at
Channel Evolution Rosgen C Risk
Functioning at
Temperature N/A Risk
. . . Functioning
2 4 - Physicochemical Water Qualit pH 53 :
v Quality at Risk
Dissolved Oxygen N/A
Mgﬁfgfﬁf&ate MBSS IBI Score 233 F‘mcﬁ?;(‘“g at o
5 5 - Biology Functioning
oni at Risk
Fish Communities | MBSS IBI Score 2.14 R
Table 16: Reach 2 Summary Table
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V1. PRELIMINARY DESIGN

This section presents the restoration potential, design goals and objectives, design approach and
alternative analysis, design criteria, and monitoring strategies involved in the Plum Creek Stream
Restoration.

A. RESTORATION POTENTIAL

Restoration potential is the highest level of restoration or functional lift that can be achieved
given the watershed health, reach-level function-based condition, stressors, and constraints.
(Harman et al., 2012). Based on these factors, the Service determined that in Reach 1 and 2
pyramid levels 2 - Hydraulics and 3 - Geomorphology can be restored to fully functional and
levels 4 — Physicochemical and 5 — Biology can have partial functional lift (Tables 15 and
16). Since Reach 1 is more degraded, the restoration will achieve more functional lift in
Reach 1 than in Reach 2. Restoration of levels 2 and 3 functions are typically the most
easiest to achieve since it involves direct, physical manipulation of stream channel
dimension, pattern and profile. Stream channel parameters such as beltwidth, bank heights,
wave lengths, facet feature lengths, slopes and depths can be constructed to specifications
considered functioning.

However, typically lift for levels 4 and 5 functions cannot be constructed and rely on the
functionality of lower level functions and watershed health. Furthermore, it takes time for
levels 4 and 5 functions to respond to changes in lower level functions and watershed health.
Research has shown that it can take up to 10 to 15 years to see biological lift (Orzetti, 2010).
This holds true for the proposed project area. Uplift in macroinvertebrates and fish
communities will occur as a result of improvements to level 3 functions, but may be limited
because Plum Creek is intermittent and likely dries up in the summer months.

Lastly, there are a few reach-level constraints, which will more influence design objectives
than restoration potential. They include the remenants of the earthen dam and the desire by
Elk Neck State Forest to allow future installation of a bridge crossing for vehicular and
pedestrian traffic as part of an existing trail system. The planform of the channel is directly
affected by the need to properly align the channel approach and departure for the future
bridge crossing. The bridge crossing also limits the floodprone width of the B4c section of
the channel. Even with these constraints, a stable, self-maintain stream channel can be
designed.
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Level and S Restoration
Parameter Restoration .
Category . Potential
Rating
Channel-Forming
Lo el B Discharge
Floodplain
2 - Hydraulics Connectivity
Flow Dynamics
Bed Form
Diversity
Riparian
3- Vegetation
Geomorphology Lateral Stability
Channel
Evolution
4- . Functioning at | Functioning
Physicochemical Water Quality Risk at Risk
Macroinvertebrate | Functioning at | Functioning
) Communities Risk at Risk
5 - Biology . -
Fish Communities Functioning at | Functioning
Risk at Risk

Table 17: Reach 1 Function-Based Restoration Potential
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Level and e Restoration
Parameter Restoration .
Category . Potential
Rating
Channel-Forming
Lo el B Discharge
Floodplain
2 - Hydraulics Connectivity
Flow Dynamics
Bed Form
Diversity
Riparian Functioning at
3- Vegetation Risk
Geomorphology Lateral Stability Functioning at
Risk
Channel Functioning at
Evolution Risk
4- . Functioning at | Functioning
Physicochemical Water Quality Risk at Risk
Macroinvertebrate | Functioning at | Functioning
) Communities Risk at Risk
5 - Biology — —
Fish Communities Functioning at | Functioning
Risk at Risk

Table 18: Reach 2 Function-Based Restoration Potential

B. DESIGN OBJECTIVES

The Service generated design objectives based on Service, DNR, and MDE missions, project
goals and the restoration potential of the proposed project area. Design objectives should be
quantifiable and describe how the proposed project will be implemented (Harman, et al,
2012). These design objectives of the proposed project are focused on level’s 2 & 3 of the
pyramid and support level 4 & 5 functions (Table 19). These design objectives will also be
used as monitoring performance standards.

U. S. Fish and Wildlife Service June 2015
Chesapeake Bay Field Office Page | 35



Plum Creek Stream Restoration: Project Summary and Desigh Report

Level and

C Goals Objectives
ategory
1. Achieve a Bank Height Ratio = 1
Level 2 - Floodplain
Hydraulics Connectivity 2. Increase floodplain complexity by eliminating concentrated
flows and providing areas to trap and store flood flows.
3. Reduce stream bank erosion rates to match reference erosion
Lateral Stability, rates (bank migration / lateral stability)
Level 3 - Ip-strqam Habltat 4. Bedform Diversity — Create 60:40 pool / riffle ratio
(i.e., diversity and
Geomorphology lity), Riparian
qua ]}; ’ ff p 5. Match riparian buffer species diversity and composition of
et reference condition and make buffer width 35 ft wider
beyond required meander width ratio.

Table 19: Plum Creek — Goals and Objectives. The underlined words under the objectives are parameters or
measurement methods from the Stream Functions Framework (Harman, et al., 2011)

C. DESIGN ALTERNATIVE ANALYSIS

The purpose of design alternatives analysis is to select the best restoration design approach
that meets the project goals, design objectives, and the restoration potential of the site. It
focused on how a specific design approach could influence stream functions (i.e., highest
functional lift), impacts to existing functions, costs, and risk.

1. Potential Design Alternatives

There is a variety of design approaches available to restore stream functions of highly
degraded stream systems. Typical design approaches used in Maryland include 1) Natural
Channel Design, 2) Valley Restoration Design, 3) Analytical Design, and 4) Regenerative
Storm Conveyance Design. Each of these design approaches can result in functional uplift at
the proposed project area. However, there is one critical function that only two of the
approaches can address and that is sediment transport. The watershed and reach-level
assessments identified that there is a sediment supply being delivered to the project area. The
transport of sediment is a critical factor in developing a design. If a particular design
approach cannot transport sediment, it could be bad or good. If the sediment deposition
occurs at a rate that vegetation cannot establish and hold the sediment in place, it is a bad
thing. This means that the stream channel and floodplain in a constant state of flux adversely
affecting water quality and biology. If the sediment deposition occurs at a rate that
vegetation can establish and hold the sediment in place, it is a good thing. However, over
time the sediment deposition will eventually form a stream channel that can transport
sediment.

Therefore, the Service focused on the design approaches that could transport sediment and
those are Natural Channel Design and Analytical Design.
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2. Potential Functional Uplift and Loss

a. Analytical Design Approach

The Analytical Design approach is a subset of the broader Alluvial Channel Design
Methodology described in Chapter 9 of the United States Department of Agriculture,
Natural Resources Conservation Service, National Engineering Handbook (NEH) 654
(NRCS 2007). The theory supporting the Analytical Approach is that channel
dimensions can be calculated from physically based equations including continuity,
hydraulic resistance, and sediment transport. These equations require that a design
discharge and inflowing sediment concentration be estimated. The design discharge
may include the bankfull discharge, effective discharge, or other user-defined
discharge. Bank material characteristics and estimates of the bed material
composition are also required. The primary result is a channel stability curve that
predicts riffle depth and average channel slope for a range of channel widths. It does
not explicitly prescribe methods for laying out the channel planform and profile.
Typically, empirical approaches are sometimes used based on local reference reaches
or relationships in Copeland and McComas (2001). A better approach is to use design
criteria from reference reaches with similar valley slopes, bed material, and stream
type as the project reach (Hey, 2006).

This approach, if implemented, will result in functional uplift in both reaches to
floodplain connectivity, riparian vegetation and water temperature (Table 20 and 21).
However, since it does not explicitly prescribe methods for laying out the channel
planform and profile, undesired stream channel adjustments could occur over time
that would adversely affect geomorphic stability, water quality and biology.
Specially, bedform and lateral adjustments can occur. Bedform features such as facet
lengths, slopes and depths and planform features such as sinuosity significantly
influence dissipation of stream energy. If these stream parameters are not designed
correctly, then they will adjust causing functional impacts. As facet features adjust,
habitat for aquatic species can be scoured out in some locations and smothered with
excessive sediment in other areas. Water quality can become turbid from excessive
sediment associated with the scouring and riparian vegetation can be lost because of
lateral stream channel migration. Since these potential impacts could occur, it makes
this approach a moderate to high risk project. Therefore, the Service eliminated the
Analytical Design Approach as a feasible design approach.
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Table 20. Reach 1 Design Alternatives Analysis
Level and Measurement Pre-Restoration Condition NCD Approach Analytical Design Approach
Reach Cat Parameter Method - - -
€Z0ry etho Vaﬂe Ra Z Val_ue Ra g Val&e Ra g
: Regional Curves 78 cfs N/A 78 ofy N/A 78 ofy N/A
Channel Forming S
Discharge (Bankfull) - 53 cfs N/A 53 cfs N/A 53 cfs N/A
i £l Tl Validation
- Hydrology 2-Year Peak Flow USGS 61 cfs N/A 61 cfs N/A 61 cfs N/A
10-Year Peak Flow USG3 240 cfs N/A 240 cfs N/A 240 cfs N/A
100-Year Peak Flow USGS 839 ofs N/A 839 cfs N/A 839 cfs N/A
Bank Height Rati N/A 1 1
Floodplain ! cigh
1 2 Hydraulics Connectivity Entrenchment Functioning at
Ratio NIA Risk 2.48 2.48
Flow Dynamics Stream Velocity N/A 4.15 4.15
Paul-m.-pucl N/A 35107 <0 Fuﬂctu.Jmng at
Spacing Risk
R Pool Depth Functioning at Functioning at
Bedform Diversi - <
ty Variability NA Risk 1.5-3.5 L5 .
Depositional Functioning at
Pattern Bs B1 B2 Rlik
Proper - PR
PFC NiA Functioning Functlf)mng at Functl(.)mng at
., Risk Risk
- . Condition
Riparian Vegetation Butte viidh
1 3 - Geomorphology| o Meander belt Functioning at
from Meander idih< 3.5 =35 <35 Risk
Belt Widih WICHL= 5 :
Lateral Erosion -
Functi t
Rate - Moderate N/A Low Mod to High R?iﬂg @
BEHI Curve
- Meander Width .
Lateral Stability Ratio (C and E NiA a5 a5 Mc;?:(ng at
Stream Types)
. o4 > Dam > G4 Functioning at
Channel Evolutiond 5 y 5 =3.5 <3.5 Risk
A Functioning at Functioning at
Temperature NA Functioning at N/A Risk w/ fuctional N/A Risk w/ fuctional
Risk . q
q uplift uplift
L | pnysicochemicar | Yoter Quality pH 53 tior tior
Fundlioning at Functioning at Functioning at
Dissolved Oxygen| N/A Risk 8 N/A Risk w/ fuctional N/A Risk w/ fuctional
5 uplift uplift
. el Functioning at ..
Macroinvertebrate | /oo 1 score NiA Functioning at N/A Risk w/ fuctional /A Functioning at
Communities Risk . Risk
1 5- Biology uplift
Functioning at e Functioning at
Fish Communities | MBSS IBI Score N/A . 8 N/A Risk w/ fuctional N/A . =
Risk uplit Risk

b.

Table 20: Reach 1 Design Alternatives Analysis

Natural Channel Design Approach

The Natural Channel Design Approach is based on measured morphological relations
associated with bankfull flow, geomorphic valley type, and geomorphic stream type
(NRCS 2007). This design approach involves a combination of hydraulic geometry,
analytical calculation, regionalized validated relationships, and a series of precise
reference reach measurements. This design process involves designing channel
dimension, pattern and profile based on reference reach data first and then using
analytical calculations, same as the analytical design approach, to validate vertical
and lateral stability and sediment transport.
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Table 21. Reach 2 Design Alternatives Analysis

Level and Measurement Pre-Restoration Condition NCD Approach Analytical Design Approach
Reach Cat Param eter Method - - -
egory . etho Va& Ratmg VaE Ratmﬁ Vaﬁ Rsmns
. Regional Curves 78 cfs N/A 78 cfs N/A 78 cfs N/A
Channel Forming PR
Discharge (Bankfull) an 53 ofs N/A 53 ofy N/A 53 ofs N/A
2 1- Hydrolo Yolidafion
B &y 2-Year Peak Flow USGS 61 cfs N/A 61 ofs N/A 61 cfs N/A
10-Year Peak Flow USGS 240 cfy N/A 240 cfs N/A 240 cfs N/A
100-Year Peak Flow USGS 839 cfs N/A 839 cfs N/A 839 cfs N/A
e -
2 2 - Hydraulics Comnectivity Entrenchment 78
Ratio )
o Dy | S vaosy |70 —
Paol-to.-puol 2.0-40 35107 a0 Functu.ymng at
Spacing Risk
P Pool Depth Functioning at Functioning at
Bedform Diversil 1.2-1.5 15-35 <15
of I -- i
Depositional Functioning at
Proper i i
Functioning at s Functioning at | Functioning at
PFC N/A Risk Functioning Risk Risk
2 8- Riparian Vegetation Condition
Geomorphology Buffer Width Meander belt Functioning at
from Meander width >3.5 <35 Risk
Belt Width i
Lateral Erosion . Lo
Rate - Moderate Loth_;;Ilgh Funchomng at - Mod to High Func}t;(.);ll;ng at
Lateral Stability f—cumve
el Sbily Meander Width Functioning at
Ratio (C and E 36 a5 i Y
Stream Types)
Funcl:mrun at Functioning at Functioning at
Temperature N/A & Risk w/ fuctional N/A Risk w/ fuctional
uplift uplift
2 4- Water Quality
Physicochemical pH 53
Dissolved Oxygen N/A -
. Functioning at .
Macroinvertebrate | g oq a1 geore 233 cioninelt Risk w/ fuctional 233 AT
Communities Risk wlift Risk
2 5 - Biology o
Functioning at Functioning at Functioning at
Fish Communifies | MBSS IBI Score 2.14 . E 2.14 Risk w/ fuctional 214 X e
Risk plift Risk

Table 21: Reach 2 Design Alternatives Analysis

This approach, if implemented, will result in function uplift in both reaches through
Level 5 — Biology (Table 20 and 21). Assessment parameters in Level 2 - Hydraulics
and Level 3 — Geomorphology will be fully functional while assessment parameters
in Level 4 — Physicochemical and Level — 5 will remain functioning at risk but have
functional uplift. As was stated in the restoration potential section, restoration of
levels 2 and 3 functions are typically the easiest to achieve since it involves direct,
physical manipulation of stream channel dimension, pattern and profile. Functional
uplift for levels 4 and 5 functions cannot be constructed and rely on the functionality
of lower level functions and watershed health. The expected level 4 uplift will be
associated with water temperature reductions. Currently the proposed project area
lacks adequate riparian vegetation to provide shading. One of the design objectives is
to restore the riparian vegetation and research has shown that providing shade to
stream could reduce water temperatures by 1.9° Celsius (Fink 2008). The expected
level 5 uplift will be associated with improvements to macroinvertebrate and fish
communities through the increase of available instream habitat. The increase of
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available instream habitat is a result of improved bedform diversity functions
associated with level 2 proposed restoration objectives.

Implementation of the Natural Channel Design approach typically involves channel
realignment and extensive grading. This type of activity could adversely affect
existing riparian vegetation. However, since the existing riparian vegetation in Reach
1 was rated as Not Functioning, any potential realignment or grading in that reach
will not adversely affect the existing riparian vegetation. However in Reach 2, some
temporary affects may occur during construction. These affects are typical of stream
restoration projects regardless of which design approach is implemented and
generally include displacement of aquatic species and increases in turbidity.

The Natural Channel Design approach meets project goals and design objectives;
addresses sediment transport needs; provides the greatest functional uplift and
produces the least impacts to existing functions; and is based on reference conditions,
thus considered low risk. Therefore, the Service selected Natural Channel Design as
the design approach for the proposed project area.

3. Existing Wetlands

The site contains wetlands in the area of a former dam impoundment. However, the
existing wetlands were created when the earthen dam was installed across the valley
floor changing the stream hydrology and covering the valley floor with a large
impoundment. The area upstream of the impoundment aggraded because of the
reduced slope of the stream channel creating emergent and scrub/shrub wetlands from
an area that was likely forested prior to installation of the dam. The dam created an
open water area with depths greater than 5 feet.

Once the dam breached, the impoundment water level dropped and caused another
base level adjustment to Plum Creek. Rip-rap from the repair attempts is in the
channel and has some effect on the ponding of water in the former impoundment.
Since the breach, beavers have built dams at the breach numerous times. So, the
water level in the former impoundment has fluctuated considerably depending on
rainfall, stream flow, beaver dams.

The former impoundment still lacks a stream channel through the majority of the area
and Plum Creek continues to adjust both laterally and vertically. If the project area is
not stabilized, Plum Creek will continue to adjust. Those adjustments will likely
include down cutting, which causes the elevation of Plum Creek’s water surface to
decrease. Over time, the hydrology for the existing wetlands will be lost as the
former impoundment dries out.

The restoration will create a new stream channel through the former impoundment,
which will provide both lateral and vertical stability. The bankfull channel is
designed so that existing wetlands on both sides of the channel will be untouched and
receive flood flows at a recurrence interval of about 1.0-1.5 years. In addition, the
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narrow floodplain (bankfull bench) adjacent to the channel will maintain storage in
the existing wetlands from ground water, flood flows, and precipitation. The fill
placed for the restoration will be limited in elevation and will function as a riparian
wetland system once the vegetation becomes established.

D. DESIGN DEVELOPMENT

The Service developed design criteria based on an existing stable riffle cross section located
downstream of the project area. The measurements from this cross section were verified and
extrapolated using the regional curve calculations, resistance equations and natural channel
design reference ratios for B4c and C4 Rosgen stream type channels. Two different Rosgen
stream types were required for the project area based on channel slope and available
floodplain widths (i.e., entrenchment ratio). Once the design criteria range was determined,
the best possible plan form was laid out to ensure the channel has adequate slope, sinuosity
and flood plain width. This new plan form required moderate structure to stabilize outside
meander bends until permanent vegetation is established as well as create suitable aquatic
habitat. The design plan form, profile and dimension was then analyzed and modeled to make
ensure that the channel and its floodplain would neither aggrade or degrade.

In addition to geomorphic design considerations, the Service aims to increase bed form
diversity as well as increasing streamside vegetation with hopes of increasing canopy cover
in order to decrease water temperatures.

1. Design Criteria
Design criteria was compiled by standardizing existing channel plan, profile, and
dimension of reference stream reaches. In addition, the Service was also located a
reference reach with a stable riffle downstream of the project reach to model the design
geometry after. The tables below show reference geometry as well as summarize
reference ratios and design criteria:

Bankfull Reference Cross | Design Cross
Characteristics Section Section
Area (sq. ft) 12.22 12.75
Width (ft) 12.75 13.00
Depth (ft) 0.96 0.98
Velocity (ft/s) 4.33 4.15
Discharge (cfs) 52.90 53.00

Table 22: Bankfull Riffle Characteristics
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Stream Name Plum Creek
Drainage Area 0.90 mi?
Stream Type B4c ca
# | Variable Symbol Units
. . Mean 13 13
1 | Riffle Bankfull width Wks feet
Range
. Mean 0.98 0.98
2 | Riffle Bankfull mean depth dpks feet
Range
. . Mean 13.25 13.25
3 | Width depth ratio wid
Range | 12.0-14.0 12.0-14.0
Riffle Bankfull cross sectional Mean 12.75 12.75
4 Apks ft,
area Range
. Mean 4.15 4.15
5 | Bankfull mean velocity Vi ft/sec
Range 4.0-6.0 35-50
) Mean 53 53
6 | Bankfull discharge Qoks cfs
Range
Riffle Bankfull maximum Mean 1.50 1.50
7 Oinax feet
depth Range | 1.40-1.75 | 1.40—1.60
Max Riffle depth/ Mean riffle Mean 1.35 1.30
8 rite/ Doke
depth Range | 1.2-14 12-15
g | Low bank height to max dy Mean 1.05 1.05
ratio Range | 1.0-1.1 1.0-1.1
. Mean 33 50
10 | Width of flood prone area Wipa feet
Range 28 -50 33+
. Mean 1.7 4
11 | Entrenchment Ratio Wigal Wiks
Range 2.1-38 2.5+
Mean 120
12 | Meander Length Lm feet
Range 102 - 144
i Mean 11.5
13 Ratio of mgander length to L /W
bankfull width Range 9.0-14.0
. Mean 32.50
14 | Radius of curvature R. feet
Range 26 -39
Ratio: Radius of curvature to Mean 2.5
15 . Ro/Whke
bankfull width Range 2.0-3.0

Table 23: Plum Creek Design Criteria
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Table 23. Continued

Mean
16 | Belt Width Wit feet 95
Range 85-105
Meander width Mean 5.00
171 ratio Wity Wike
Range 6.0 - 8.0
. . Mean 1.02 1.3
18 | Sinuosity K
Range 1.2-1.4
19 | Valley Slope Sval ft/ft 0.011 0.011
Surface Slope 9 Range .0086 - .0108
51 | Pool Water Surface Mean 0017 0.0016
1 S| Spool ft/ft
ope Range 0.00 -0.0034 0.00 - 0.002
9 | Pool WS slope / s g Mean 0.2 0.15
Average WS slope pool/Zav Range 0.00 -0.40 0.00 - 0.20
leﬂe Water A Mean 0.012 0.015
23 Sriff ft/ft
Surface slope Range [ 0.0095 - 0.0152 0.010-0.016
54 | Riffle WS slope / s s Mean 1.45 1.45
Average WS slope riFr=av Range 1.1-18 12-15
Mean 0.007
25 | Run WS Slope SrunfSavg | TU/ft
Range 0.0043 - 0.0086
Run WS slope / Mean 0.65
28| Average WS slope SrunSavg | U Range 0.5-0.8
Mean 0.0043 0.0043
27 | Glide WS Slope Sglide
Range | 0.0032 -0.0054 0.0032 - 0.0054
Glide WS slope / Mean 0.4 0.4
28| Average WSsiope | SaiserSa | TUTE Range 03-05 03-0.5
i Mean 2.7 1.9
2 | Maximum pool Gon | fect
ep Range 1.96 -3.43 1.47-3.43
Ratio of max pool Mean 275 2.0
30 | depth to average dpool/Abks
bankfull depth Range 2.0-35 1.5-35
Mean 1.91
31 | Max Run Depth drun feet
Range 1.67-2.16
Ratio of max run Mean 1.95
32 | depth to average drun/doks
bankfull depth Range 1.7-2.2
Mean 1.56
33 | Max Glide Depth dgiige feet
Range 1.37-1.76

Table 23: Plum Creek Design Criteria
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Table 23. Continued
Ratio of max glide depth _ Mean 1.6
1t average bankfull depth otice/ Gkt feet Range 14-18
. Mean 13.0 14
35 | Pool width Woool feet
Range 13 -15 13-15
Ratio of pool width to Mean 1.0 1.1
38| bankfull width Weool Woia Range | 1.0-1.15 | 1.0-1.15
i Mean 2.1 1.45
37 Ratio of pool area to -
bankfull area P Range
. Mean 30
38 | Point bar slope Spb
Range 20 - 40
29 | Pool t | ) feet Mean 48.75 65
ool to pool spacin - ee
P P J PP Range 19.5-78 45.5-91.0
Ratio of pool to pool i Mean 3.75 3.0
40 spacing to bankfull width P-PWoig Range | 1.5-6.0 35.70
Table 23: Plum Creek Design Criteria
2. Proposed Design

The proposed design calls for two different Rosgen stream types to be built within the
project area. The Service proposes creating a new C4 channel in Reach 1, and a
combination of B4c¢ and C4 in Reach 2. In Reach 1, the Service will construct a new C4
channel on top of the former impoundment bottom. Emergent wetlands will be created
adjacent to the stream channel on both the right and left sides. Existing emergent
wetlands along the edge of the former impoundment will be retained and combined with
the created wetlands to create a riparian corridor of functioning floodplain wetlands.
Reach 2 includes a B4c stream type in the area of the former dam to maintain proper
stream alignment for a future bridge crossing. A B4c stream type dissipates channel
energy through its bedform roughness. This section will be constructed to dissipate
energy vertically through the use of structures and a lower pool to pool spacing. When
the hydraulic influence from the bridge crossing is no longer a consideration, the Service
has proposed a more sinuous C4 stream type with a low width to depth ratio to dissipate
energy laterally across the floodplain.

Based on hydrologic conditions, out of bank events can occur every 1.5 years or more
frequently. This floodplain creation in Reach 1, floodplain excavation in the Reach 2 B4c
section, and floodplain reconnection in the C4 section of Reach 2, will enable the Service
to achieve the Level 2 - Hydraulic goal of returning the bank height ratio to a factor of 1.
To achieve the Level 3 lateral stability goals, the Service plans to re-align the stream
channel in Reach 1 to create meanders and belt widths that would promote increased
lateral stability. To promote bed form diversity in both Reach 1 and 2, in-stream
structures will be installed to promote pool scour and glide and riffle formation while
protecting adjacent banks. While proper plan form is important, the Service has
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recognized that stability cannot be achieved without the proper riparian conditions. The
Service has proposed dense riparian plantings that will extend beyond the limits of the
design belt width to increase the stability of the system. These things combined will meet
the Level 3 goals and objectives. These restoration activities on Plum Creek will also aid
in achieving the Services’ Level 4 goal reducing water temperatures. Lastly, emergent
wetland areas adjacent to the channel will enhance the floodplain complexity for
additional aquatic species. Combined with enhancements to Levels 2 — 4, the service
aims to achieve biologic lift through level 5. Detailed existing conditions and proposed
plans can be found in Appendix C and Appendix 1.

3. In-Stream Structures
Rock and log structures are in stream structures, made of natural materials, used to divert
erosive stream flows away from stream banks and maintain streambed elevations. The
most typical rock and log structures used from stream restoration are cross-vanes, j-
hooks, log roller, and toe wood. The rock and log structures provide streambed bank
stability and allow the streambed to naturally armor and the riparian vegetation to
establish.

The project area will utilize log rollers, toe wood and wood j-hook structures to promote
stability and increased aquatic habitat. The locations of these structures were determined
by matching the naturally occurring pool-to-pool spacing and strategically placing them
in areas that would exhibit higher shear stress values during high flow events. A stone
cross-vane will be used upstream of the former dam to maintain grade and provide bank
protection.

a. Cross-Vane

The Cross-Vane (Figure 9) will establish grade control, reduce bank erosion, create a
stable width/depth ratio, maintain channel capacity, while maintaining sediment
transport capacity, and sediment competence. The Cross-Vane also provides for the
proper natural conditions of secondary circulation patterns commensurate with
channel pattern, but with high velocity gradients and boundary stress shifted from the
near-bank region. The Cross-Vane is also a stream habitat improvement structure due
to: 1) an increase in bank cover as a result to a differential raise of the ater surface in
the bank region; 2) the creation of holding and refuge cover during both high and low
flow periods in the deep pool; 3) the development of feeding lanes in the flow
separation zones (the interface between fast and slow water) due to the strong down
welling and upwelling forces in the center of the channel; and 4) the creation of
spawning habitat in the tail-out or glide portion of the pool (Rosgen, D.L.). While the
figure below shows a structure consisting of large boulders, the Cross-Vane can be
constructed using other materials such as logs and rootwads.
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Dlar Wiewr LLE

Figure 9: Cross-Vane in Plan View

b. J-Hook

The J-Hook Vane is an upstream directed, gently sloping structure composed of
natural materials. The structure can include a combination of boulders, logs and root
wads (Figure 10) and is located on the outside of stream bends where strong down
welling and upwelling currents, high boundary stress, and high velocity gradients
generate high stress in the near-bank region. The structure is designed to reduce bank
erosion by reducing near-bank slope, velocity, velocity gradient, stream power and
shear stress. Redirection of the secondary cells from the near-bank region does not
cause erosion due to back-eddy re-circulation. The vane portion of the structure
occupies 1/3 of the bankfull width of the channel, while the “hook” occupies the
center 1/3 as show in Figure 10 (Rosgen D.L.).

Maximum velocity, shear stress, stream power and velocity gradients are decreased in
the near-bank region and increased in the center of the channel. Sediment transport
competence and capacity can be maintained as a result of the increased shear stress
and stream power in the center of the channel. Backwater is created only in the near-
bank region, reducing active bank erosion (Rosgen D. L.). While the figure below
shows a structure consisting of large boulders, the J-Hook Vane can be constructed
using other materials such as logs and root wads.
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Figurel0:. J-Hook Vane in Plan View

C. Log Roller
The Log Roller structure is an alternative to hardened riffles. These structures act as a

grade control, but instead of holding the grade of a glide feature, they instead hold the
grade of the top of riffle feature. The Log Roller consists of alternatively angled and
sloped logs that are placed at low grades in an effort to “roll” water back and forth
while still concentrating energy towards the center of the channel. The structure is
typically used in straight segments of the channel. They are effective in generating
aeration and increased dissolved oxygen concentration by creating hydraulic rises and
falls while still directing stream energy towards the center of the channel. These
structures also add woody debris into the stream system promoting increased habitat
for aquatic species. Figure 11, shown below, shows a typical drawing for a Log
Roller.
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Figure 11: Log Roller Structure
d. Soil Lift

The Soil Lift structure (Figure 12) incorporates soil stabilization matting and soil to
form a stream bank in areas of the channel that are constructed with fill material. The
fill material is encapselated by the soil stabilization matting and provides short term
bank stabilization . Live stakes, shrubs, and trees are installed in the soil lifts to
provide long term stability.
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Figure 12: Soil Lift Structure

e. Toe Wood

The Toe Wood structure (Figure 13) incorporates native woody material into a
submerged undercut bank to replicate natural streambanks. Toe wood is positioned on
the lower 1/3 to 1/2 of bank height to ensure it is submerged year round to prevent
wood deterioration. Cuttings with sod and live staking or woody transplants cover the
toe wood and are installed up to the bankfull stage. Not only does toe wood act as an
area of increased roughness which promotes reduction in shear stresses to the outside
of the meander, it also serves as a haven for benthic macro invertebrates and fish
communities.
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Figure 13: Toe Wood Structure

f. Emergent Wetlands

The channel and bench bankfull are designed to improve hydrology of the existing
wetlands by maintaining a shallow water environment by retaining groundwater and
flood flows. The Service wanted keep the emergent wetlands features in the Plum
Creek design for a variety of reasons. Wetlands provide critical habitat for frogs,
salamanders, reptiles, and other species. Beavers are also naturally drawn to these
areas and serve as a preferred location for dens and dams. This prevents beavers from
impacting or influencing channel flow and minimizes the threat of beaver related
damming and ponding of the restored stream reach.

4. Hydrology and Hydrualics Analysis
The Service used tractive force calculations to conduct a hydraulic assessment of this
particular reach to assure the restoration design would not cause any unsafe rise in
hydraulic forces within the channel. The calculations were run using a bankfull flow of
53 cfs which was derived from the Resistance Relationship using existing and design
channel geometry. The design maximized the use of the available floodplain within the
project area. Therefore, the design objective is to have similar or lower velocities, shear
stress, and stream power in relation to stage and discharge, compared to the existing
unstable conditions. The tractive force calculation compared only the existing riffle cross
section data to the design riffles cross section data.
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Feature Average BF Slope Tractive Force
Depth (ft) (ft/ft) (Ibs/ft2)
Existing Reference Reach Riffle 0.96 0.0105 0.63
Proposed Reach 1 C4 Riftle 0.98 0.0108 0.66
Proposed Reach 2 B4c¢ Riffle 0.98 0.0086 0.53
Proposed Reach 2 C4 Riffle 0.98 0.0086 0.53

Table 24: Tractive Force Calculations

a. Resistance Relationships
There are several methods to estimate bankfull discharge and velocity using resistance
relationships. These methods typically make use of the cross sectional area, flow depth,
representative particle size of channel substrate, channel slope and a determined
roughness coefficient, or “friction factor”. The Service used the Friction Factor/Relative

Roughness equation to determine discharge. This equation, u = [2.83 +5.66 "

R . . . .
Log {m}] u *, uses the hydraulic radius of the representative cross section, the channel

slope, relative roughness of the channel bed, and shear velocity to determine velocity and
discharge values. This method closely matched the back calculated roughness coefficient
and was in agreement with the regional relationship findings and proved to be an
appropriate estimate for bankfull discharge. A summary can be found in Table 25 and

detailed information can be found on the “Computation of Velocity and Bankfull
Discharge” worksheets in Appendix Q.

Existing Reach1C4 | Reach2B4c | Reach2C4 | USFWs
Bankfull Reference X . . .
. . Design Cross | Design Cross | Design Cross | Piedmont
Characteristics Reach Cross : . .
. Section Section Section Curve
Section
Area (sq. ft) 12.22 13.25 13.05 13.25 16.13
Width (ft) 12.75 13 13 13 14.18
Depth (ft) 0.96 1.02 1.00 1.02 1.14
Velocity (ft/s) 4.33 4.49 4.01 4.01 4.83
Discharge (cfs) 52.90 59.51 52.28 53.10 78.05
Maryland Stream Survey: Bankfull Discharge and Channel Characteristics of Stream in the Piedmont Hydrological Region
(USFWS)

Table 25: Design and Regional Curve Bankfull Characteristics
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Sediment Analysis
The objective of sediment transportation for the project is to design Plum Creek with the
competency to entrain the largest measured particle size of the reference reach
pavement/subpavement sample (68 mm) determined by the sieve analysis conducted by
the Service. Existing conditions in Reach 1 do not have the required depth to initiate
movement of this particle size since there is not a defined channel. Field observations of
gravel deposition at the upstream end of the impoundment support these findings.
Existing conditions in Reach 2 exhibit deposition patterns that include some mid-channel
bar formation as well as lateral bars. While these deposition formations are isolated, they
do indicate a reduction in sediment competency related to a shallowing condition that is a
result of channel widening. The Service aims to reduce channel width, while maintaining
cross sectional area to increase mean depth to increase the channel’s sediment transport
competency. The increased depth meets the required depth as shown by Rosgen’s power
trend line on Shields critical shear stress relationship. The predicted particle size that can
be moved is 70 mm which is just slightly larger than the largest particle size (68 mm)
collected in the pavement/subpavement sample, but smaller than the riffle d100. This
ensures the channel will not degrade over time.

The main stability problems within Plum Creek are mostly related to lateral instability
problem (e.g., bank erosion). A sediment capacity analysis was not conducted since
Plum Creek does not appear to have a significant aggradation or degradation stability
problem. Table 26 summarizes the Service’s findings and detailed information can be
found in Appendix R.

Restoration Condition
Level and Parameter Measurement
Category Method Reference | Reach1 Reach 2 Reach 2
Reach C4 B4c C4
3. Sediment Depth 1.27 1.02 1.00 1.02
Transport
S ompetency Slope 0125 0108 .0086 0086

6.

Table 26: Sediment Transport Competency

Vegetation Design
The riparian buffer is an integral part of the stream ecosystem, providing bank stability
and nutrient uptake, serving as a food source for aquatic organisms, and providing
terrestrial habitat and migration corridors for various types of wildlife, including
migratory neotropical songbirds. Shading from the buffer moderates stream temperature
and prevents excessive algal growth. Large woody debris derived from the buffer is an
important component of aquatic habitat.

The Service developed stream restoration planting plan that utilizes native plant and
shrub species in both the riparian and upland corridors. The species selected are
consistent with native species found in the Coastal Plain physiographic province of
Maryland.
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VIlI. MAINTENANCE AND MONITORING PLANS

A. MAINTENANCE PLAN

The Service will collaborate with DNR to develop a maintenance plan that will ensure the
success of the restoration objectives and goals. Plan duration and responsible parties will
also be determined at that time.

B. MONITORING PLAN

The Service will produce an As-Built survey directly following completion of the restoration.
This survey will be used to confirm that the project was built to design standards and will
serve as baseline data for future monitoring. The Service will compare this data to the design
criteria and produce a brief report summarizing any implementation adjustments or
discrepancies.

A well-developed post-restoration monitoring plan will allow the partners to determine the
success of the project, and address any problems that may arise. The Service has developed a
monitoring plan based on the restoration goals and objectives, to evaluate the performance of
the stream restoration project. This will take place after the successful completion of the
Plum Creek Restoration.

A Rapid Monitoring Protocol (RMP), developed by the Service - CBFO, will be used to
monitor the physical characteristics of the restoration projects. RMP is a tiered approach for
rapid restoration assessment that visually evaluates the stability and qualitative functional
success of the restoration project. If there are indications of potential failure, the
methodology requires that the project evaluators conduct a more intensive monitoring survey,
which is the second tier survey. However, if a severe problem is identified (e.g. complete
structure failure, excessive bank erosion, vertical incision > 1.3) the second tier may be
skipped to go directly to the third tier — remediation/repair. During the second tier survey,
project evaluators take measurements of the existing stream conditions and compare them to
the proposed design criteria and reference data, to determine if remediation is required. If
remediation/repair is required, the evaluators will perform a third tier survey that includes
restoration design and implementation. The success of the riparian buffer plantings will also
be monitored by visually quantifying bare areas, invasive species distribution, native
recruitment and survivability of planted species. The Service will monitor the stream for
three years and provide a brief monitoring summary report for each year of monitoring.
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Soil Map—Cecil County, Maryland Plum Creek Watershed

Map Unit Legend

Cecil County, Maryland (MD015)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

AnA Annemessex loam, 0 to 2 51 0.9%
percent slopes

AnB Annemessex loam, 2 to 5 32.7 5.6%
percent slopes

AuB Aura gravelly sandy loam, 2to 5 3.4 0.6%
percent slopes

AuC Aura gravelly sandy loam, 5 to 5.1 0.9%
10 percent slopes

AuD Aura gravelly sandy loam, 10 to 22.9 3.9%
15 percent slopes

CsB Crosiadore silt loam, 2 to 5 4.5 0.8%
percent slopes

HbC Hambrook sandy loam, 5 to 10 5.5 0.9%
percent slopes

KmC Keyport loam, 5 to 10 percent 451 7.7%
slopes

KpB Keyport silt loam, 2 to 5 percent 39.5 6.7%
slopes

MkC Matapeake silt loam, 5 to 10 3.0 0.5%
percent slopes

MtB Mattapex silt loam, 2 to 5 4.5 0.8%
percent slopes

RfB Russett fine sandy loam, 2 to 5 245 4.2%
percent slopes

RmB Russett-Christiana-Hambrook 22.3 3.8%
complex, 0 to 5 percent
slopes

RmC Russett-Christiana-Hambrook 261.9 44.5%
complex, 5 to 10 percent
slopes

RmD Russett-Christiana-Hambrook 73.1 12.4%
complex, 10 to 15 percent
slopes

SaD Sassafras sandy loam, 10 to 15 8.1 1.4%
percent slopes

SaE Sassafras sandy loam, 15 to 25 6.8 1.2%
percent slopes

SgC Sassafras gravelly loam, 5to 10 21 0.4%
percent slopes

SME Sassafras and Croom soils, 15 10.9 1.9%

to 25 percent slopes

UbB Udorthents, borrow area, 0 to 5 2.0 0.3%
percent slopes

USDA  Natural Resources Web Soil Survey 2/9/2015
==l Conservation Service National Cooperative Soil Survey Page 3 of 4



Soil Map—Cecil County, Maryland

Plum Creek Watershed

Cecil County, Maryland (MD015)
Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
UsB Udorthents, refuse substratum, 4.1 0.7%
0 to 5 percent slopes

w Water 21 0.4%

Totals for Area of Interest 589.0 100.0%
USDA  Natural Resources Web Soil Survey 2/9/2015
== Conservation Service National Cooperative Soil Survey Page 4 of 4
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Existing Conditions
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Function Parameter Measurment Method Collection Method Field | Done?
Hydrology
Channel-Forming . MD Piedmont and Coastal Plain
Discharge Regional Curves Curves N \/
PreC|p|tat!on / Runoff Ratlona! Method,. HEC-HMS, USGS Win TR-55 N \/
Relationship Regression equations
Flood Frequency |Bulletin 17b 1.2 - 1.5/year N \/
) Flow Duration Cure, Crest Gage, )
Flow Duration Monitoring Devices, Indicators Not Collecting N X
Hydraulics
Floodplain Bank Height Ratio, Entrenchment ) .
Connectivity Ratio, Dimensionaless rating curve Long Profile and Cross Section Survey Y ‘/
Flow Dynamics E;;eksflzflll\slouty for Cand € stream Long pro / Cross Sections Y \/
Ground/Surface  |Peizometers, tracers and seepage .
Water Exchange |meters Not Collecting N X
Geomorphology
Sediment Transport |Shear Stress Curve, Required Depth .
Competency and Slope, Modeling Particle Data Y ‘/
Sediment Transport | o, 5\ yeep 4 POWERSED Bar Sample, Particle Data % v
Capacity
LWD Transport and .
Storage Large Woody Debris Index Worksheet N X
Channel Evolution ROSgen Stream Type Succession Worksheet Y \/
Scenarios
Bank Migration /  [Meander Width ratio, cross-sections, [Long profile and Cross Section Survey v \/
Lateral Stability  |BEHI and BEHI
Riparian Vegetation |Proper Functioning Protocol Proper Functioning Protocol Y \/
.. |%Riffle/Pool, Facet Slopes, P-P )
Bed F D . ! NS L Profil Y
ed Form Diversity Spacing, Depth Variability ong Frotile ‘/
Bed Material
Characterization Pebble Count Pebble Count Y \/
Function Parameter Measurment Method Collection Method Field | Done?
Physiochemical
. Temp, DO, Conductivity, pH and .
Water Quality Turbidity Not Collecting N X
Nutrients Laboratory Analysis Not Collecting N X
Organic Carbon Laboratory Analysis Not Collecting N X
Biology
Microbial Taxonomic Methods, Non-Taxonomic
Communities Methods, Bio Indices MD DNR MBSS N ‘/
Macrophyte Taxonomic Methods, Non-Taxonomic
Communities Methods, Bio Indices MD DNR MBSS N ‘/
Benthic Taxonomic Methods, Non-Taxonomic
Macroinvertebrates Methods, Bio Indices MD DNR MBSS N ‘/
. . Taxonomic Methods, Non-Taxonomic
Fish Communities Methods, Bio Indices MD DNR MBSS N \/
Landscape Taxonomic Methods, Non-Taxonomic .
L S N I N
Connectivity Methods, Bio Indices ot Collecting X
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Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and
Silvey, 2007).

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: |Plum Creek || Location: |Reference Reach |
| Date: |7/1 5/2013 | Stream Type: | C4 || Valley Type: | VIl |
| Observers: |MAS || HUC: | |
| INPUT VARIABLES | OUTPUT VARIABLES |
Bankfull Riffle Cross-Sectional 12.22 Apks Bankfull Riffle Mean DEPTH 0.96 ks
AREA (it2) (ft)
Bankfull Riffle WIDTH 12.75 | Wk Wetted PERMIMETER 13.86 | We
(ft) ~ (2" dpys ) + Wi (ft)
D 4, at Riffle 3376 | Dia. D g4 (Mm) / 304.8 011 | Des
(mm) (ft)
Bankfull SLOPE 0.0105 | Sbi Hydraulic RADIUS 0.88 N
(ft/ ft) Aokt I Wy (ft)
Gravitational Acceleration 32.2 9 Relative Roughness 793 | R/D
) (ft / sec?) R(ft) / D g4 (ft) . 84
. DA Shear Velocity u*
Drainage Area 0.9 ) u* = (GRS)" 0.545 (flaso)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Friction Relati — * *
Faciony clative  u=[283+566Log (R/Dg}]ur|l 433 | fi/sec || 5290 | o

2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative

Roughness (Figs. 2-18,2-19) u=1.49*R***s¥?/n  n= | 0.0303 4.62 lige=e 96.43 e

2. Roughness Coefficient: u=149R%**s"?/n

b) Manning's n from Stream Type (Fig. 2-20) n= | 0.0325 4.31 ft/sec 52.66 cfs
2. Roughness Coefficient: u=149R**s%

c) Manning's n from Jarrett (USGS): n = 0.39*S 038 xR 016 1.99 ft/sec 24.31 cfs
Note: This equation is applicable to steep, step/pool, high boundary _

roughness, cobble- and boulder-dominated stream systems; i.e., for n= 0.070

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
| Darcy-Weisbach (Leopold, Wolman and Miller)

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)

4.68 ft / sec 57.19 cfs

[ Chezy C | 0.00 ft/ sec 0.00 cfs
4. Continuity Equations: a) Regional Curves u=Q/A

Return Period for Bankfull Discharge Q= 0.0 year 0.00 ft/sec 0.00 cfs
4. Continuity Equations:  b) USGS GageData u=Q/A 0.00 ft / sec 0.00 cfs

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

. For sand-bed channels: Measure 100 "protrusion heights™” of sand dunes from the downstream side of feature to the top of
Option 1. feature. Substitute the D, sand dune protrusion height in ft for the Dy, term in method 1.

For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the

Option 2. top of the rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

For bedrock-dominated channels: Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces

Option 3. above channel bed elevation. Substitute the Dg, bedrock protrusion height in ft for the Dg, term in method 1.

For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of

Option 4. the log on upstream side if embedded. Substitute the Dg, protrusion height in ft for the Dg, term in method 1.

Copyright © 2008 Wildland Hydrology River Stability Field Guide page 2-41
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Lentic Standard Checklist

Name: Plum Creek — Elk Neck State Forest

Date: 08/28/2014

Area/Segment ID: Reach 1

ID Team Observers: MAS

Yes

No

N/A

HYDROLOGY

X

1) Riparian-wetland area is saturated at or near the surface or
inundated in “relatively frequent” events

2) Fluctuation of water levels is not excessive

3) Riparian-wetland area is enlarging or has achieved potential extent

4) Upland watershed is not contributing to riparian-wetland degradation

5) Water quality is sufficient to support riparian-wetland plants

6) Natural surface or subsurface flow patterns are not altered by
disturbance (i.e., hoof action, dams, dikes, trails, roads, rills, gullies,
drilling activities)

7) Structure accommodates safe passage of flows (e.g., no headcut
affecting dam or spillway)

Yes

No

N/A

VEGETATION

8) There is diverse age-class distribution of riparian-wetland vegetation
(recruitment for maintenance/recovery)

9) There is diverse composition of riparian-wetland vegetation (for
maintenance/recovery)

10) Species present indicate maintenance of riparian-wetland soil moisture
characteristics

11) Vegetation is comprised of those plants or plant communities that have
root masses capable of withstanding wind events, wave flow events, or
overland flows (e.g., storm events, snowmelt)

12) Riparian-wetland plants exhibit high vigor

13) Adequate vegetative cover is present to protect shorelines/soil surface
and dissipate energy during high wind and wave events or overland
flows

14) Frost or abnormal hydrologic heaving is not present

15) Favorable microsite condition (i.e., woody debris, water temperature,
etc.) is maintained by adjacent site characteristics

Yes

No

N/A

EROSION/DEPOSITION

16) Accumulation of chemicals affecting plant productivity/composition is
not apparent

17) Saturation of soils (i.e., ponding, flooding frequency and duration) is
sufficient to compose and maintain hydric soils

18) Underlying geologic structure/soil material/permafrost is capable of
restricting water percolation

19) Riparian-wetland is in balance with the water and sediment being
supplied by the watershed (i.e., no excessive erosion or deposition)

20) Islands and shoreline characteristics (i.e., rocks, course and/or large
woody debris) are adequate to dissipate wind and wave event energies

(Revised 1998)




Lentic Standard Checklist

Name: Plum Creek — Elk Neck State Forest

Date: 08/28/2014

Area/Segment ID: Reach 2

ID Team Observers: MAS

Yes | No | N/A HYDROLOGY
X 1) Riparian-wetland area is saturated at or near the surface or
inundated in “relatively frequent” events
X 2) Fluctuation of water levels is not excessive
X 3) Riparian-wetland area is enlarging or has achieved potential extent
X 4) Upland watershed is not contributing to riparian-wetland degradation
X 5) Water quality is sufficient to support riparian-wetland plants
X 6) Natural surface or subsurface flow patterns are not altered by
disturbance (i.e., hoof action, dams, dikes, trails, roads, rills, gullies,
drilling activities)
X 7) Structure accommodates safe passage of flows (e.g., no headcut
affecting dam or spillway)
Yes | No | N/A VEGETATION
X 8) There is diverse age-class distribution of riparian-wetland vegetation
(recruitment for maintenance/recovery)
X 9) There is diverse composition of riparian-wetland vegetation (for
maintenance/recovery)
X 10) Species present indicate maintenance of riparian-wetland soil moisture
characteristics
X 11) Vegetation is comprised of those plants or plant communities that have
root masses capable of withstanding wind events, wave flow events, or
overland flows (e.g., storm events, snowmelt)
X 12) Riparian-wetland plants exhibit high vigor
X 13) Adequate vegetative cover is present to protect shorelines/soil surface
and dissipate energy during high wind and wave events or overland
flows
X 14) Frost or abnormal hydrologic heaving is not present
X 15) Favorable microsite condition (i.e., woody debris, water temperature,
etc.) is maintained by adjacent site characteristics
Yes | No [ N/A EROSION/DEPOSITION
X 16) Accumulation of chemicals affecting plant productivity/composition is
not apparent
X 17) Saturation of soils (i.e., ponding, flooding frequency and duration) is
sufficient to compose and maintain hydric soils
X 18) Underlying geologic structure/soil material/permafrost is capable of
restricting water percolation
19) Riparian-wetland is in balance with the water and sediment being
supplied by the watershed (i.e., no excessive erosion or deposition)
X X 20) Islands and shoreline characteristics (i.e., rocks, course and/or large

woody debris) are adequate to dissipate wind and wave event energies

(Revised 1998)
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Project Name| Plum Creek Location Cecil County, MD
Date 7/31/2013
Observers| MAS | Vvalley Type| VIII Stream Type C4
Feature . Predicted i .
Length, ft | Height, ft Predicted Rate Erosi Predl(_:ted Predicted
) . rosion Erosion c
Feature 1.D. (Bank or (Bankor | BEHI Rating [ NBS Rating of Bank Amount Amount Erosion Rate
iti d iti Headcut; i
(Bank., Headcut or Deposition 1.D.) | deposition) eadcut) Erosion (ft/year) (fEyean) (tonsiyear) (tonslyear/ft)

Bank 1 50.0 2.5 Moderate Moderate 0.30 37.50 1.81 0.04
Bank 2 40.0 10.0 Very High High 1.00 400.00 19.26 0.48
Bank 3 40.0 20.0 Extreme High 2.50 2000.00 96.30 2.41
Bank 4 40.0 10.0 Very High Moderate 0.64 256.00 12.33 0.31
Bank 5 40.0 10.0 Very High High 1.00 400.00 19.26 0.48
Bank 6 40.0 20.0 Extreme High 2.50 2000.00 96.30 241
Bank 7 40.0 10.0 Very High Moderate 0.64 256.00 12.33 0.31
Bank 8 45.0 2.5 Moderate Moderate 0.30 33.75 1.63 0.04
Bank 9 60.0 2.5 Moderate High 0.80 120.00 5.78 0.10
Bank 10 40.0 2.5 Moderate Moderate 0.30 30.00 1.44 0.04
Bank 11 30.0 2.5 Moderate Moderate 0.30 22.50 1.08 0.04

TOTAL 465.00 N/A N/A N/A N/A 5555.8 267.5 6.6
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Worksheet 5-3. Field form for Level Il stream classification (Rosgen, 1996; Rosgen and Silvey, 2005).

Stream: Plum Creek

Basin: Plum Creek Drainage Area: 576 acres 0.9 mi’
Location:  Cecil County, MD

Twp.&Rge: ; Sec.&Qtr.: ;

Cross-Section Monuments (Lat./Long.): Date: 07/31/13
Observers: MAS Valley Type: VIII

Bankfull WIDTH (W,,¢)
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. 12.75 ft

Bankfull DEPTH (dyy)

Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a
riffle section (dpks = A / W) 0.96 ft

Bankfull X-Section AREA (Ay)

AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle

section. 12.22 ft2

Width/Depth Ratio (Wys/ dyys)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. 13.28 [ft/ft

Maximum DEPTH (d k)

Maximum depth of the bankfull channel cross-section, or distance between the
bankfull stage and Thalweg elevations, in a riffle section. 1.56 ft

WIDTH of Flood-Prone Area (Wy,,)
Twice maximum DEPTH, or (2 x d.,u) = the stage/elevation at which flood-prone area
WIDTH is determined in a riffle section. 100 ft

Entrenchment Ratio (ER)
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wi,, / W)
(riffle section). 7.84 ft/ft

Channel Materials (Particle Size Index ) D5,
The Ds, particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg

elevations. 2243 |mm

Water Surface SLOPE (S)

Channel slope = "rise over run" for a reach approximately 20—30 bankfull channel
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient

at bankfull stage. 0.0105 |ft/ft

Channel SINUOSITY (k)

Sinuosity is an index of channel pattern, determined from a ratio of stream length
divided by valley length (SL / VL); or estimated from a ratio of valley slope divided by
channel slope (VS / S). 1

Stream | C4 | (See Figure 2-14)
Type

Copyright © 2006 Wildland Hydrology WARSSS page 5-29
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Plum Creek Stream Type: C4
Location: Reach upstream of pond Valley Type: VIII
Observers: Date: 06/05/2015
Enter Required Information for Existing Condition
27.5 D Median particle size of riffle bed material (mm)
11.4 D/go Median particle size of bar or sub-pavement sample (mm)
. 304.8
0.223 D max Largest particle from bar sample (ft) 68 (mm) mm/ft
0.00800 S Existing bankfull water surface slope (ft/ft)
0.70 d Existing bankfull mean depth (ft)
1.65 YYY Immersed specific gravity of sediment

Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress

2.40 Dgo/DZy | Range: 3-7 Use EQUATION 1: " =0.0834 ( D /Dg) %"
2.47 D max/Dso| Range: 1.3-3.0 Use EQUATION 2: 7" = 0.0384 (D 1, /D 50) %%
0.017 T Bankfull Dimensionless Shear Stress EQUATION USED: 2

Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample

0.79

~T*(P,-1)Dmax
B S

d Required bankfull mean depth (ft) d (use D g in ft)

Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample

0.00904

T* (ys - 1)Dmax
d

S

(use D a in ft)

Required bankfull water surface slope (ft/ft) S =

Check: ¥ Stable [T Aggrading [ Degrading

Sediment Competence Using Dimensional Shear Stress

Bankfull shear stress T =ydS (Ibs/ft?) (substitute hydraulic radius, R, with mean depth, d )

0.349
Y = 62.4, d = existing depth, S = existing slope
Shields Cco
26.07 | 70.15 Predicted largest moveable particle size (mm) at bankfull shear stress t (Figure 3-11)
Shields CcoO ) . o ]
0.877 | 0.335 Predicted shear stress required to initiate movement of measured D ,,, (mm) (Figure 3-11)
Shields Co Predicted mean depth required to initiate movement of measured D ,,,, (Mmm) T
1.76 | 0.67 T = predicted shear stress, Y = 62.4, S = existing slope VS
Shields co Predicted slope required to initiate movement of measured D ,,, (mm) S T
0.0201)0.0077| 1= predicted shear stress, Y = 62.4, d = existing depth Vd

Check: v Stable [~ Aggrading [ Degrading
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Worksheet 2-2. Computations of velocity and bankfull discharge using various methods (Rosgen, 2006b; Rosgen and
Silvey, 2007).

| Bankfull VELOCITY & DISCHARGE Estimates

| Stream: |P|um Creek || Location: |Design Riffle X/S |
| Date: | | Stream Type: | C4 || Valley Type: | VIl |
| Observers: | || HUC: | |
| INPUT VARIABLES I OUTPUT VARIABLES |
Bankfull Riffle Cross-Sectionalll ;5 55 | Aua || Bankiull Riffle Mean DEPTH || 1.02 | o
AREA (ft%) (t)
Bankfull Riffle WIDTH 13.00 | W Wetted PERMIMETER 1369 | Wo
(ft) ~ (2 * dpys ) + Wiy (ft)
D 4, at Riffle 4000 | Dia D g4 (mm) / 304.8 013 | D
84 : 84 : .
(mm) (ft)
Bankfull SLOPE 0.0108 | Sbw Hydraulic RADIUS 0.97 R
(ft/ft) Akt | Wp ()
L : g Relative Roughness
Gravitational Acceleration 32.2 - R(ft) / D g4 (f0) 7.41 R/Dg4
Drainage Area 0.9 Dé Shear VeIor;:ty 0.581 u*
(mi”) u* = (gRS) (ft/sec)
Bankfull Bankfull
ESTIMATION METHODS VELOCITY DISCHARGE
1. Friction Relati — * *
Factor Aouegf"']‘éis u=[283+566*Log{R/Dg }Ju*|| 4.49 | ft/sec || 59.51 cfs

2. Roughness Coefficient: a) Manning's n from Friction Factor / Relative

Roughness (Figs. 2-18, 2-19) u=1.49*R?**s¥2/n n= | 0.0325 | 4.65 e 61.63 cE

2. Roughness Coefficient: u=149R¥**s"/n 4.65 y 61.63 ‘
b) Manning'sn from Stream Type (Fig. 2-20) n= | 0.0325 | ’ tisec ) cis
2. Roughness Coefficient: u=149R**s'?/n

c) Manning'sn from Jarrett (USGS): n = 0.39*S 038 xR 016 2.15 ft/sec 28.53 cfs

Note: This equation is applicable to steep, step/pool, high boundary _
roughness, cobble- and boulder-dominated stream systems; i.e., forN = | 0070 |

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
[ Darcy-Weisbach (Leopold, Wolman and Miller

| 4.73 ft / sec 62.68 cfs

3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)

| Chezy C | 0.00 ft / sec 0.00 cfs
4. Continuity Equations: a) Regional Curves u=Q/A

Return Period for Bankfull Discharge Q= | 0.0 | year 0.00 ft/sec 0.00 cfs
4. Continuity Equations: b) USGS Gage Data u=Q/A 0.00 ft / sec 0.00 cfs

Protrusion Height Options for the Dg, Term in the Relative Roughness Relation (R/Dg,) — Estimation Method 1

. For sand-bed channels: Measure 100 "protrusion heights" of sand dunes from the downstream side of feature to the top of
Option 1. feature. Substitute the D, sand dune protrusion height in ft for the Dg, term in method 1.

. For boulder-dominated channels: Measure 100 "protrusion heights" of boulders on the sides from the bed elevation to the
Option 2. top of the rock on that side. Substitute the Dg, boulder protrusion height in ft for the Dg, term in method 1.

. For bedrock-dominated channels: Measure 100 "protrusion heights" of rock separations, steps, joints or uplifted surfaces
Option 3. above channel bed elevation. Substitute the Dg, bedrock protrusion height in ft for the Dg, term in method 1.

. For log-influenced channels: Measure "protrustion heights" proportionate to channel width of log diameters or the height of
Option 4. the log on upstream side if embedded. Substitute the Dg, protrusion height in ft for the Dg, term in method 1.

Copyright © 2008 Wildland Hydrology River Stability Field Guide page 2-41
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Plum Creek Stream Type: C4
Location: Reach upstream of pond Valley Type: VIII
Observers: Date: 06/05/2015
Enter Required Information for Existing Condition
27.5 D Median particle size of riffle bed material (mm)
11.4 D/s\o Median patrticle size of bar or sub-pavement sample (mm)
. 304.8
0.223 D max Largest particle from bar sample (ft) 68 (mm) mm/ft
0.00800 S Existing bankfull water surface slope (ft/ft)
0.70 d Existing bankfull mean depth (ft)
1.65 Ys-YY Immersed specific gravity of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
2.40 D.,/D.,| Range: 3-7 Use EQUATION 1 1" =0.0834 ( D.,/D%) -0.872
2.47 D max/Dso| Range: 1.3-3.0 Use EQUATION 2: 1" = 0.0384 (D ;0,/D 50) 2%
0.017 1;* Bankfull Dimensionless Shear Stress EQUATION USED: 2
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
. T* (ys - 1)Dmax .
0.79 d Required bankfull mean depth (ft) d= S (use D ax in ft)
Calculate Bankfull Water Surface Slope Required for Entrainment of Largest Particle in Bar Sample
. T * (ys - 1)Dmax .
0.00904 S Required bankfull water surface slope (ft/ft) S = g (use D ax in ft)

Check: v Stable [ Aggrading [ Degrading

Sediment Competence Using Dimensional Shear Stress

Bankfull shear stress T =ydS (Ibs/ft?) (substitute hydraulic radius, R, with mean depth, d )

0.349
Y = 62.4, d = existing depth, S = existing slope

Shields CO

26.07 | 70.15 Predicted largest moveable particle size (mm) at bankfull shear stress T (Figure 3-11)

Shields CO ) ) o ]

0.877 | 0.335 Predicted shear stress required to initiate movement of measured D 5, (mm) (Figure 3-11)

Shields co Predicted mean depth required to initiate movement of measured D 5, (mm) d T

176 | 067 | 7= predicted shear stress, Y = 62.4, S = existing slope yS

Shields co Predicted slope required to initiate movement of measured D 5, (Mmm) T
S=—

0.0201]0.0077| 1= predicted shear stress, Y = 62.4, d = existing depth Vd

Check: ¥ Stable ™ Aggrading I~ Degrading
Copyright © 2008 Wildland Hydrology River Stability Field Guide page 3-101
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NATURAL CHANNEL DESIGN REVIEW CHECKLIST

Project Design Checklist Reviewer:

Date:

Project:  Plum Creek Stream Restoration

Engineer: Keith D. Moore (Frederick Seibert and Associates)

Submitted | Acceptable
Item Comments
(YIN) (YIN) Page #
1.0 Basemapping and Hydraulic Assessment
1.1 Basemapping
1.1a Does the project include basemapping? Plan Set
1.2 Hydraulic Assessment
1.2a Was the project drainage area provided? Report P.6
1.2b Was a hydraulic assessment completed? Report P.6
1.2c Was stream velocity, shear stress and Report p.9 &
stream power shown in relation to stage and Appendix E &
discharge? K
1.3 Bankfull Verification
1.3a Were bankfull verification analyses
completed? Report P.10
1.3b Were USGS gages or regional curves used
to validate bankfull discharge and area? Report P.10
1.3c If a regional curve was used, was the curve
data representative of the project data? Report P.10
1.3d If gages or regional curves were not
available, were other methods, such as hydrology N/A
and hydraulic models used?
2.0 Preliminary Design
2.1 Sediment Transport
2.1a Did the sediment transport analysis include
an evaluation of sediment supply (i.e., sediment Report P.20
supply amount and source(s))? & P.51
2.1b Was a model used to calculate sediment
transport described, including assumptions and Report P.21
applicability to project reach conditions? & P51
2.1c Was SAM, HEC-RAS modelling or other
tools used to determine stable channel and N
floodplain dimensions based on sediment 0
transport and/or resistance to shear stress?
2.1d Was a sediment transport analysis
completed upstream (supply) and within project Report P.17
reach using a range of sediment transport rates?
2.1e Was sediment transport measured? Report P.17
2.1f Were multiple discharges used to evaluate N
channel and floodplain stability? 0
2.1g Did the sediment analysis show the potential
for the stream channel and floodplain to aggrade N/A
or degrade after analyzing multiple discharges?
2.1h If the reach has a sediment supply, does the
design state how it will be addressed? Report P.34

Draft Natural Channel Design Review Checklist Page 1 of 3

September 9, 2014



Project Design Checklist Reviewer:
Date:

Project:  Plum Creek Stream Restoration
Engineer: Keith D. Moore (Frederick Seibert and Associates)

Submitted | Acceptable

Item Comments
(YIN) (Y/N) Page #

2.2 Goals and Restoration Potential

2.2a Does the project have clear goals and

measurable objectives? Report P.33

2.2b Was the restoration potential based on the

assessment data provided? Report P.29

2.2c Was a restoration strategy developed and

] ) 1o

explained based on the restoration potential? Report P.32
2.3 Design Criteria

2.3a Were design criteria provided and Report P.39-

explained? 41

2.3b Were multiple methods used to prepare

design criteria? Report P.34

2.3c Are the design criteria appropriate given the

site conditions and restoration potential? Report P.34

2.4 Conceptual Design

2.4a Was the conceptual channel alignment
provided and developed within the design
criteria? N/A
2.4b Were typical bankfull cross sections
provided and developed within the design
criteria? N/A
2.4c Were typical drawings of in-stream
structures provided and their use and location
explained? N/A

2.4d Was a draft planting plan provided? N/A

2.4e Overall Conceptual Design Comment(s)

3.0 Final Design
3.1 Natural Channel Design

3.1a Was a proposed channel alignment
provided and developed within the design
criteria? Plan Set
3.1b Were proposed channel dimensions
provided and developed within the design
criteria? Plan Set

3.1c Do the proposed channel dimensions show
the adjacent floodplain or flood prone area?

Plan Set
3.1d Was a proposed channel profile provided
and developed within the design criteria? Plan Set
3.1e If there is limited to no sediment supply, was
an analysis done to show that the stream bed
would not degrade during multiple flood flows? N/A

3.1f Did project constraints like right-of-ways or
flood control requirements affect the
width/depth/slope section? If so, was the risk of
instability described? Report P.41
3.1g Will the project tie-ins have no change to
upstream and downstream existing stability
conditions? Plan Set
3.1h Were specifications for materials and
construction procedures provided and explained
for the project (i.e., in-stream structures and
erosion control measures)? Report P.42

Draft Natural Channel Design Review Checklist Page 2 of 3 September 9, 2014



Project Design Checklist

Project:  Plum Creek Stream Restoration

Reviewer:
Date:

Engineer: Keith D. Moore (Frederick Seibert and Associates)

Item

Submitted
(Y/N)

Acceptable
(Y/N)

Page #

Comments

3.2 In-Stream Structures

in-stream structures necessary for lateral
stability?

3.2a Based on the assessment and design, were

Report P.42

3.2b Based on the assessment and design, were
in-stream structures needed for vertical stability?

Report P.42

3.2c¢ If needed, was the reason for their location
and use explained?

Report P.42

3.2d Will the in-stream structures provide the
intended stability?

Report P.42

3.2e Were in-stream structures (or changes to
geometry) needed to provide stability at tie-in
locations with the existing channel?

Report P.42

3.2f Were detail drawings provided for each type
of in-stream structure?

Plan Set

3.3 Vegetation Design

3.3a Was a vegetation design provided?

Plan Set

3.3b Does the design address the use of
permanent vegetation for long term stability?

Report P.47

3.3c Overall Final Design Comment(s)

4.0 Overall Design Review

4.0a Does the design address the project goals
and objectives?

4.0b Are there any design components that are
missing or could adversely affect the success of
the project?

4.0c Does the project have a high potential for
success?

Draft Natural Channel Design Review Checklist

Page 3 of 3

September 9, 2014
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