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Stream Assessment Protocol — Anne Arundel County, Maryland

I. INTRODUCTION

Anne Arundel County Department of Public Works — Watershed, Ecosystems, and
Restoration Services, Maryland (County) and the U.S. Fish and Wildlife Service
(Service) — Chesapeake Bay Field Office have entered into a cooperative agreement
(Agreement # 1902-5041) to conduct stream assessments and investigations. Under the
conditions of the agreement, a Scope of Work (SOW) has been approved for the Service
to develop a stream assessment protocol for new and re-development projects and an
associated training module.

Currently, the Anne Arundel County Office of Planning and Zoning has review and
approval responsibility for new and re-development projects. Currently, there are
numerous methods used to assess stream stability conditions. The County has requested
that the Service develop standard protocols for stream assessment as required under the
County’s Stormwater Management Practices and Procedures Manual and to provide
instruction and training on applying the protocols.

This document contains a rapid stream assessment protocol and a detailed stream
assessment protocol. This document also provides guidelines and standard forms for
both protocols.

II. PROTOCOL OBJECTIVES

Objectives of Protocol
e To provide the County and its contractors with a standardized method for
determining existing stream character and stability condition.
e The protocol should allow for comparison between reviewers (e.g. county
regulators and developers).
e The protocol should be rapid, quantitative, and definitive.

III. ASSESSMENT OVERVIEW

The stream assessment protocol consists of three main components: 1) limits of
investigation, 2) rapid stream assessment, and 3) detailed stream assessment. The
intended use of this assessment protocol is to determine existing stream character and
stability condition.

The use of the rapid stream assessment protocol, as with most rapid methods, requires
well-experienced practitioners. While reducing subjectivity was a goal during the
development of the assessment protocol, some assessment parameters require skilled
practitioners to assess correctly. Assessors must be knowledgeable in fluvial geomorphic
and watershed processes and be well trained and experienced in identifying bankfull
geomorphic indicators.

U. S. Fish and Wildlife Service January 2009
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Stream Assessment Protocol — Anne Arundel County, Maryland

IV. POINT OF INVESTIGATION

The point of investigation defines the limits of the assessment, hereafter referred to as
Assessment Reach. The Assessment Reach should be from the proposed development
point of origin, downstream to the point where the influence of the proposed development
no longer affects the receiving stream. Many factors can influence how far downstream
impacts are realized by a proposed development. One of the methods to determine the
Assessment Reach is through hydrologic modeling. Hydrologic modeling can show
where increases of storm water runoff, from the proposed development, increases the
volume of stream flows. However, modeling is not required as part of the initial impact
assessment. Later in the assessment process, if the proposed development is determined
to have impacts on the stream, a hydrologic model is required to redefine the limits of
assessment.

Currently Anne Arundel County stormwater management regulations require a developer
to determine the limits of assessment based on a man-made or natural restriction point
downstream of the proposed development. While the stream reach within the restricted
area may remain stable, the increased impervious surfaces as part of the proposed
development could produce a significant flow regime change resulting in stream
adjustments of the reach below the restricted area. Research (Schuler 1994) has shown
that impacts can occur to streams with watersheds having as little as 6 to 15 percent
impervious surfaces.

Based on the potential for flow regime changes to impact stream condition, compute the
ratio of the proposed development project area to the watershed drainage area to
determine of the limits of assessment. The proposed development area cannot represent
greater than 10 percent of the watershed at the point where the proposed development
discharges into the stream. If the proposed development area is less than 10 percent of
the watershed, no further assessments are required. If the proposed development area is
greater than 10 percent of the watershed, then the limits of assessment is determined by
the point, downstream of the proposed development, where the proposed development
area no longer represents more than 10 percent of the watershed. For example, if the
proposed development is 10 acres and the watershed drainage area is 100 acres, then no
further assessments are required. However, if the proposed development is 10 acres and
the watershed drainage area is 50 acres, then further assessment is required to a point
downstream where the watershed is 100 acres. Assessment Reaches shall not extend into
stream reaches subject to tidal control.

V. RAPID STREAM ASSESSMENT

The rapid stream assessment has two components: stream characterization and stability
assessment. The data collected as part of the stream characterization includes general
watershed characteristics, bankfull determination, and stream classification. The data
collected as part of the stream stability assessment includes vertical stability, lateral
stability, and overall reach stability. The information within this section describes the
assessment parameters and the procedures to implement the assessment method. Each

U. S. Fish and Wildlife Service January 2009
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Stream Assessment Protocol — Anne Arundel County, Maryland

parameter section within the assessment form is shown in this section as part of the
parameter description. The rapid stream assessment forms are in Appendix A. A
checklist of the procedures is in Appendix B

A rapid assessment shall be completed for each Rosgen stream type and stability
condition existing within the Assessment Reach. If the Assessment Reach stream
characteristics are not homogenous, divide the Assessment Reach into sub reaches. For
example, two Rosgen C4 stream types may exist within the Assessment Reach. One C4
reach is stable and the other C4 reach has widespread instability. A separate assessment
form must be completed for each of these reaches. Assessors should determine if there
are areas within the Assessment Reach that have noticeable differences in the following
steam characteristics when determining when more than one rapid assessment is required
for the Assessment Reach:

Dominate streambank stability condition
Stream channel incision

Stream channel entrenchment

Sinuosity

Photo documentation is required with each rapid assessment form completed. The photo
documentation should support the assessment determinations recorded on the assessment
forms. At the minimum, the following items should be photographed:

e Overall assessment area

e Streambank stability conditions

e Head cuts and/or bed aggradation areas, if existing

e Infrastructure (e.g., utilities, bridges, etc.), if existing
e Adjacent land uses/vegetation

A.  Rapid Stream Characterization
l. Watershed Characterization

There are two primary purposes for the watershed characterization data. First, is to gain
an understanding of how land uses and land cover influence stream character and stability
through changes in flow regime. The second is to gain an understanding of how the
immediate land uses and land cover influence the stream within the Assessment Reach.

Flow regime can vary greatly depending upon the landscape character of the watershed.
The rate and volume of flow that reaches a stream system has a direct relationship to
stream characteristics, stream stability conditions, and bankfull discharge. A watershed
that is highly developed will have a different flow regime than a predominantly forested
watershed. The stormwater runoff from a highly developed watershed will reach the
stream rapidly, in a large volume, and have very little retention and groundwater
recharge. This type of flow regime increases stream energy and sediment transport

U. S. Fish and Wildlife Service January 2009
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Stream Assessment Protocol — Anne Arundel County, Maryland

capability. Consequently, streams in urban watershed are typically unstable and
characterized as deeply incised with a high width to depth ratio. While in a
predominantly forest watershed, runoff will reach the stream more slowly and in less
volume resulting in a lower stream energy and greater retention and groundwater
recharge.

WATERSHED CHARACTERIZATION

Land use/Land cover Data (from County, MBSS data, GIS Hydro, or Other):
% Urban: % Suburb: % Agr.: % Forest: % Imp.:

Valley Type or Description:

Adjacent LU/LC:

Significant Upstream Land Cover and/or Land uses that influence stream
character and stability:

Land uses and land cover adjacent to and upstream of the Assessment Reach also
influence stream characteristics and stream stability. Dense development upstream of a
stream can create concentrated flows, which in turn increases stream energy thus
resulting in the potential for stream erosion. Conversely, a well vegetated riparian
corridor provides stability support through the rooting systems of the vegetation.
Knowledge of adjacent land uses and land cover is required information to develop an
understanding of the overall character and stability condition of the stream.

The data collection for the percentages of land use and land cover is an office exercise.
Varieties of GIS sources exist to obtain this data. Some GIS sources include the County,
Maryland Department of Natural Recourses, Maryland State Highway GIS Hydro, and
Maryland Office of Planning. Record on the assessment form what source was used to
obtain land use and land cover percentages.

The valley type of the Assessment Reach influences the character of a stream as well as
the response of a stream to land use and land cover changes. Valley type description can
be obtained by using Rosgen’s valley type classification system (Rosgen 2006) or by
providing a brief narrative describing valley shape, slope, geology, etc.

U. S. Fish and Wildlife Service January 2009
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Stream Assessment Protocol — Anne Arundel County, Maryland

Use field observations and aerial photography to record adjacent land use and land cover.
If vegetation exists on the streambank and within the riparian buffer, provide a
description of the vegetation. The vegetation description should include the type of
vegetation (e.g., annual and perennial vegetation, grasses, vines, shrubs, understory, and
canopy) and location of vegetation. Describe the location of vegetation on the
streambank in relation to bankfull (e.g., entire bank, mostly on the upper portion of the
bank above bankfull, sporadically across the bank above and below bankfull, etc.),
provide a percentage of the bank covered by vegetation, and provide a percentage of the
banks within the Assessment Reach covered by vegetation. Provide the width and
density of the riparian buffer and the percentage of the reach assessment with a riparian
buffer. The density is a percentage of the ground covered by the vegetation within the
riparian buffer.

2. Bankfull Validation

BANKFULL VALIDATION

Regional Curve: Rural Coastal Plain Curve Urban Coastal Plain Curve
BF Cross Sectional Area BF Depth
BF Width BF Discharge

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 in characterizing a stream
and assessing stream stability. Bankfull discharge is also a critical parameter 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 validation of bankfull starts as an office exercise by using the regional curves
(Figures 1 and 2) developed by the U.S. Fish and Wildlife Service (McCandless 2003)
and Clear Creek Consulting (Powell 2007) (Figure 3). Use the Service regional curves if
the impervious surfaces of the watershed are less than 15 percent and the Clear Creeks
Consulting curve if the impervious surfaces of the watershed are greater than 15 percent.
Indicate on the assessment form which curve was used and record the bankfull stream
dimensions and discharge. Use this information to validate bankfull field measurements
taken as part of the stream characterization and classification section of the assessment
form. Note that the Assessment Reach bankfull channel dimensions and discharge may
not plot within the data of either curve. If this occurs, consider the drainage area
characteristics (i.e., percent imperviousness, basin size, shape, and slope, land use, etc.)
and its influence on the flow regime. A steep, narrow-shaped drainage area with high
imperviousness may result in a larger volume of storm runoff entering a stream. Whereas
a shallow, broad-shaped drainage area that is mostly forested may result in less storm
runoff entering a stream.

U. S. Fish and Wildlife Service January 2009
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Figure 1. Bankfull channel dimensions as a function of drainage area for Coastal
Plain survey sites (n = 14). (McCandless, 2003)
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Figure 2. Bankfull discharge as a function of drainage area for Western Coastal
Plain survey sites (n =5). (McCandless, 2003)
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Figure 3. Bankfull channel dimensions and discharge as a function of drainage
area for urban watersheds in the coastal plain hydrologic region, Maryland (n =
7). (Powell, 2007)

3. Stream Characterization and Classification

STREAM CHARACTERIZATION AND CLASSIFICATION

Channel:  Single Thread Braided | Entrenchment

BF Width Reach D50

BF Depth Riffle D84

WS Slope Sinuosity

BF Discharge Width/Depth Ratio

Dominate BF Feature

Rosgen Stream Type:

The classification of the Assessment Reach is used to standardize the characterization of
the stream. The stream classification uses the Rosgen Stream Classification system
(Rosgen 1996). This part of the assessment requires the collection of field measurements
in relation to the geomorphic feature associated with the bankfull discharge event. Refer
to Rosgen (1996) for a description of the required data and field collection procedures.

U. S. Fish and Wildlife Service January 2009
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Stream Assessment Protocol — Anne Arundel County, Maryland

Compare the field measurements with the stream dimension data derived from the
regional curve to ensure the appropriate geomorphic feature was identified as bankfull.
Record a description of the geomorphic feature associated with the bankfull discharge on
the assessment form. For a detailed discussion on bankfull geomorphic indicators, refer
to the report Maryland Stream Survey: Bankfull Discharge and Channel Characteristics
in the Piedmont Hydrologic Region (McCandless and Everett 2002).

B.  Rapid Stream Stability Assessment

1. Lateral Stability

There are five parameters used to determine lateral stability: 1) width/depth ratio, 2)
dominant bank erosion hazardous index (BEHI), 3) dominant near bank stress (NBS), 4)
presence of bank armoring, and 5) presence of specific lateral erosion causes. The
overall lateral stability is determined based on the findings of the individual assessment
parameters.

LATERAL STABILITY

Width/Depth Ratio: =~ Rating: Stable Unstable

Dominant BEHI: Score: _ Rating: VeryLow Low Moderate High
Very High  Extreme

Dominant NBS: Low Moderate High Extreme

Presence of bank armoring: Yes No Description:

Presence of specific lateral erosion causes: Yes No Description:

Overall Lateral Stability: Stable Unstable:  Localized Widespread

The key in determining whether lateral erosion is localized or widespread is whether the
lateral erosion is or has the potential to cause system-wide changes to the stream channel
dimensions, bed profile, and geometry pattern. If the erosion causes system-wide
changes then it is considered widespread lateral instability. Localized lateral instability
conditions are typically associated with a specific cause. For example, outfalls, culverts,
ford crossings, and localized removal of vegetation cause, in most situations, localized
bank erosion.

U. S. Fish and Wildlife Service January 2009
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Stream Assessment Protocol — Anne Arundel County, Maryland

The Assessment Reach has localized lateral instability if bank erosion is present and the
following reach conditions exist:

The width/depth ratio is stable;

The dominant BEHI rating is moderate or less;

The dominant NBS is moderate or less; and

Less than 20 percent of the streambanks lack vegetation or have site-specific bank
erosion within the Assessment Reach.

The Assessment Reach has widespread lateral instability if bank erosion exists and the
following conditions exist:

The dominant BEHI rating is high or greater;

The width/depth ratio rating is unstable;

The dominant near bank stress rating is high or extreme; and

Greater than 50 percent of the streambanks lack vegetation and/or are actively
eroding.

Definition of Individual Assessment Parameters

Width/depth Ratio — Width/depth ratio is the ratio of bankfull width to bankfull mean
depth in the riffle cross section. The stability rating of width/depth ratio is based on
Rosgen stream type. Use the following criteria to determine width/depth ratio rating
(Rosgen 1996):

e Rosgen stream type B — less than 20 is stable; otherwise unstable
e Rosgen stream type C — less than 28 is stable; otherwise unstable
e Rosgen stream types F, G, and D are unstable

Criteria is not listed for Rosgen stream types A and E because if the width/depth ratio is
higher than 12, than the stream would classify as a different Rosgen stream type.

Dominant Bank Erodibility Hazardous Index — The Bank Erodibility Hazardous Index
(BEHI) assessment method was developed by Rosgen (Rosgen 2001a) to predict the
potential for a bank to erode based on several physical parameters. Figure 4 shows the
assessment parameters and is the field form used to conduct a BEHI assessment. Table 1
shows the values of the assessment parameters. Refer to Rosgen (2006) for a description
on the BEHI data collection procedures.

The dominant BEHI is derived by the bank stability condition that represents the largest
portion of all the existing bank stability conditions within the stream Assessment Reach.
If there are two bank stability conditions equally representative, select the higher of the
two ratings.

Dominant Near Bank Stress — Near bank stress is associated with the shear stress
generated by the stream against streambanks. Use Figure 5 to determine the existing near

U. S. Fish and Wildlife Service January 2009
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Stream Assessment Protocol — Anne Arundel County, Maryland

bank stress conditions within the Assessment Reach. The dominant near bank stress is
derived by the near bank stress condition that represents the largest portion of all the
existing near bank stress conditions within the stream Assessment Reach. If there are
two near bank stress conditions equally representative, select the higher of the two stress

ratings. Consider the following factors when determining the NBS rating (Rosgen

2001b):

e The maximum depth location will influence the NBS rating. For example, a
cross section with the maximum depth located in the middle has a lower NBS
rating than a cross section with the maximum depth located in the outer one
third of the stream.

e Chute cutoff return flows and split channels converging against study banks
will cause a disproportionate energy distribution in the near bank region and
NBS ratings will be extreme.

e Depositional features such as transverse bars and/or central bars will also
create a disproportionate distribution of energy in the near bank region and

NBS estimate ratings should be adjusted upward due to high velocity

gradients. For central bars, estimate both outside banks.
e Evaluate the individual channels of a braided reach separately based on the

distribution of energy in the near bank region.

Table 1. BEHI Values (Rosgen 2006)

Bank Erosion Hazard Index Values

Erodibility Variable

Bank Erosion Potential

\lfg\r/?// Low Moderate High Very High | Extreme
Bank Height/ Value | 1.0-11 | 1.11-119 | 1.2-1.59 1.6-2.09 21-28 >2.8
Bankfull

Height Index | 1.0-1.9 2.0-39 40-59 6.0-7.9 8.0-9.0 10

Root Depth/ Value | 1.0-0.9 | 0.89-0.5 0.49-0.3 | 0.29-0.15 0.14 - 0.05 <0.05
Bank Height Index | 1.0-1.9 2.0-39 40-59 6.0-7.9 8.0-9.0 10
Weighted Value | 100 - 80 79 - 55 54 - 30 29-15 14 -5.0 <5.0
Root Density Index | 1.0-1.9 2.0-39 4.0-59 6.0-7.9 8.0-9.0 10

Bank Angle Value 0-20 21-60 61-80 81-90 91-119 >119
Index | 1.0-1.9 2.0-39 4.0-59 6.0-7.9 8.0-9.0 10

Surface Value | 100 - 80 79-55 54 -30 29-15 14 - 10 <10
Protection Index | 1.0-1.9 2.0-39 4.0-59 6.0-7.9 8.0-9.0 10

e If the stream slope directly upstream of a study bank is steeper than the

average reach slope, adjust the NBS rating upward one rating.
e Exclude depositional areas along the streambanks (e.g., point bars) when
determining the dominant near bank stress within the Assessment Reach.

U. S. Fish and Wildlife Service

Chesapeake bay Field Office

January 2009
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Stream Assessment Protocol — Anne Arundel County, Maryland

Stream: Location:
Station: Observers:
Date: Stream Type: Valley Type:
Study Bank Height / Bankfull Height (C) BEHI
Study Bankfull
Bank Height (A)/(B)=
Height (1) = (A) @)= (B) (©)
Root Depth / Study Bank Height ( E)
Root Study
Depth Bank (D)/(A)=
(ft) = (D)| Height (&) = (A) (E)
Weighted Root Density (G )
Root
Density (F)x(E) =
as % = (F) (G)
Bank Angle (H)
Bank
Angle
as Degrees = (H)
Surface Protection (1)
Surface
Protection
as% = (1)
............. Bank Material Adjustment: |
Bedrock (Overall Very Low BEHI) :> Bank Material :
Boulders (Overall LowBEH) = ————————————_ Adjustment |
Cobble (Subtract 10 points if uniform medium to large cobble)
Gravel or Composite Matrix (Add 5-10 points depending on percentage Stratification Adjustment |
of bank material that is composed of sand) Add 5-10 points, depending on !
position of unstable layers in relation !
Sand (Add 10 points) to bankfull stage !
Silt/Clay (no adjustment) [
Very Low [ Low ] Moderate | High | Very High ‘ Extreme AdjectiveRating i
| :> and !
5-95 | 10-19.5 | 20-29.5 | 30-39.5 | 40-45 [ 46-50 Total Score |
Bank Sketch M‘
12 __C_\ Salatyl-
A STATE])  Root
1 — 34 | Depth (D)
10 E =
g 9 S E :
g 8 CE] N\ H
5 g } =
5 " =
= 5 B3
> 3 o
21— Start
1 —— of
ol Bank
0 1 2 3 4 5 6
Horizontal distance (ft)

Figure 4. BEHI Assessment Form (Rosgen 2006)
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Stream Assessment Protocol — Anne Arundel County, Maryland

NBS = Very High
(pool located along
a tight meander)

\ / NBS = Low (riffle located
along a straight reach)
\ / NBS = Moderate (transition
into a gentle meander)
NBS = High (pool located
\v/ along a gentle meander)

NBS = High (riffle with central bar
causing channel enlargement)

Y

NBS = Extreme
(pool located along a
tight meander with
chute cutoff and
converging flow)

N

Figure 5. Near bank stress conditions (Rosgen 2001b).
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Stream Assessment Protocol — Anne Arundel County, Maryland

Presence of Bank Armoring — Bank armoring can be natural (e.g., vegetation, boulders,
bedrock, etc.) or man-made (riprap, gabions, concrete, sheet piled walls, etc.). If
armoring exists, describe the type of armoring, the location of armoring, the percent of
bank armored, and the percentage of banks armored within the Assessment Reach. Note
whether or not if the armoring is effective in protecting the bank and provide reason for
effectiveness (e.g., bank armoring eroding at the toe and subject to failure in the near
future).

2. Vertical Stability

VERTICAL STABILITY

Incision Ratio: Rating: Not Incised Slightly Moderately Highly Extremely

|Presence of headcut: Yes No Description:

|Presence of bedcontrol: Yes No Description:

|Presence of deposition: Yes No Description:

IBed Features: Riffle/Pool  Riffle/Run Run/Pool Plane Step/Pool Cascade
Bed Definition:  Well Defined Moderately Well Defined Poorly Defined

Overall Vertical Stability: Stable Degrading Aggrading

There are five parameters to determine vertical stability: 1) incision ratio, 2) presence of a
headcut, 3) presence of bedcontrol, 4) presence of deposition, and 5) bed features. The
first four parameters are clear indicators of vertical stability and the fifth parameter is a
supporting indicator. The overall vertical stability is determined based on the findings of
the individual assessment parameters. The stream is vertically degrading if any one of
the following conditions exists:

e Incision ratio greater than 1.6;

e Presence of a headcut in any part of the stream reach, even if there is
bedcontrol located somewhere within the stream reach; or

e Incision ratio of 1.3 to 1.5 and poorly defined bed features.

The stream is vertically aggrading if the stream has a high width/depth ratio (use the
same width/depth ratio ratings outlined in Section V.B1. Lateral Stability), incision ratio
of less than 1.0, and there is a significant presence of depositional features. Significance
is determined by depositional features that are actively forming throughout the entire

U. S. Fish and Wildlife Service January 2009
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Stream Assessment Protocol — Anne Arundel County, Maryland

stream reach (e.g., lateral and mid channel bars) and not just point bars located on the
inside of a meander bend.

Definition of Individual Assessment Parameters

Incision ratio — Incision ratio is a ratio of the bankfull height to the top of lowest bank
height (Figure 6). The following is a list of incision ratios and their corresponding rating
based on Rosgen 2001:

1.0 — No incision

1.1 to 1.2 — Low incision

1.3 to 1.4 — Moderate incised
1.5 - 1.6 — High incision
>1.7 Very High incision

Headcut — A headcut is stream erosion represented by a retreat, vertical or nearly vertical
of the channel bed. If a headcut exists, describe the height and location (e.g., near the
downstream end of the Assessment Reach, in the middle of the Assessment Reach, etc.)
of the headcut.

Bed Control — Bed control can be natural (e.g., large woody debris, boulders, bedrock,
etc.) or man-made (utility crossings, dams, culverts, etc.). If bed control exists, describe
the type, location, and percent of the bed within the Assessment Reach controlled. Note
whether or not if the bed control is in potential jeopardy of failing (e.g., under cutting) in
the near future and whether it adversely impacts lateral stability (e.g., check dam redirect
stream flows towards streambanks).

Depositional Features — The characterization of depositional features is used to determine
bed aggradation. A stream that does not have sufficient power to transport sediment load
will aggrades. Figure 7 illustrates a variety of depositional features. Categories B1 and
B2 represent stable conditions. Categories B3 and B4 represent the beginning of an
aggradation problem. Categories B5, B6, B7, and B8 represent streams with moderate to
severe aggradation problems. Determine which category that best represents the reach
assessment depositional features and state whether the reach is aggrading. A lack of
depositional features could indicate vertical degradation and is addressed in the presence
of bed features below.

Bed Features — The definition of bed features (e.g., riffles, pools, runs, glides, etc.) is a
secondary indicator of streambed stability. A stream reach which pool areas are shallow,
because of deposition, is an indicator of aggradation. A stream which the bed features
are poorly defined, because of scour, is a potential indication of streambed degradation.

U. S. Fish and Wildlife Service January 2009
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Figure 6: Incision Ratio
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Stream Assessment Protocol — Anne Arundel County, Maryland

Describe what type of bed features exist within the Assessment Reach and how well they
are defined. Use the following criteria to determine how well the bed features are
defined:

o Well defined — greater than 95 percent of the streambed is well defined (pools two
to three times deeper, at bankfull, than riffles).

e Moderately defined — at least 50 to 70 percent of the streambed is moderately
defined (pools one and a half to two times deeper, at bankfull, than riffles).

e Poorly defined — greater than 50 percent of the streambed is poorly defined (pools
as deep, at bankfull, as riffles or there is no distinction between riffles and pools).

| B7

Figure 7. Example depositional areas (Rosgen 1996).
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3. Overall Reach Stability

OVERALL REACH STABILITY

Stream Sensitivity: VeryLow Low  Moderate High Very High Extreme
Potential Sediment Supply: Very Low Low Moderate High Very High Extreme
Recovery Potential: Excellent  Very Good Good Fair Poor Very Poor
Evolution Stability Sequence:

Evolution Stability Trend: Stable Degrading Aggrading Recovering

Overall Reach Stability: Stable Unstable:  Localized Widespread

Potential Cause of Instability:

There are four parameters used to determine overall reach stability: 1) stream sensitivity,
2) potential sediment supply, 3) recovery potential, and 4) evolution stability trend. The
first three parameters are based on Rosgen stream type and are used as support
information in determining overall reach stability. Each Rosgen stream type has a set of
specific characteristics that relate to stability condition. Table 2 assigns ratings to these
specific characteristics based on their stability conditions and stream type (Rosgen 1996).
Use Table 2 to select the appropriate ratings based on the Rosgen stream type of the
Assessment Reach. The stream sensitivity, potential sediment supply, and recovery
potential ratings of the Assessment Reach are useful pieces of information, along with the
vertical and lateral stability ratings, that can assist in determining the overall reach
stability rating.

Rosgen (1999, 2001b, 2006) has developed nine various stream type succession scenarios
that illustrate phases of stability, instability, and recovery (Figure 8). Knowing the phase
of stability and stream type succession of the Assessment Reach provides an
understanding of current stability conditions and allows for predictions of future stability
conditions. The central tendency of rivers is to seek stability. If a disturbance occurs that
results in stream disequilibrium, the central tendency of the stream is to under go
adjustments until the original stable form is reestablished (i.e., same Rosgen stream type).
This is true even if the stream base level has changed. However, sometimes there are
factors (i.e., non-erosive materials, vegetation, etc.) that will influence the direction of
stream adjustments and the stream will establish a new stable form (i.e., different Rosgen
stream type). Figure 9 is a graphic example that shows stream succession in a cross
section and plan view form. Use Figure 8 to select the evolution stability trend that best
represents the stability condition of the Assessment Reach based on the lateral and
vertical stability data collected. Consider the factors influencing stream adjustment and
whether the stream will reestablish its original stable form and establish a new stable
form. Then record which phase the Assessment Reach is within the trend (e.g., stable,
degrading, aggrading, and recovering).

U. S. Fish and Wildlife Service January 2009
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Table 2. Management interpretations of various stream types (Rosgen 1996)

Stream Sensitivity Recovery Sediment

type to potentialP supply®©
disturbance?

Al very low excellent very low

A2 very low excellent very low

A3 very high very poor very high

A4 extreme very poor very high

A5 extreme Very poor very high

A6 high poor high

B1 very low excellent very low

B2 very low excellent very low

B3 low excellent low

B4 moderate excellent moderate

B5 moderate excellent moderate

B6 moderate excellent moderate

C1 low very good very low

c2 low very good low

C3 moderate good moderate

c4 very high good high

C5 very high fair very high

Cé very high good high

D3 very high poor very high

D4 very high poor very high

D5 very high poor very high

D6 high poor “high

Da4 moderate good very low

DA5 moderate good low

DA6 moderate good very low

E3 high good low

E4 very high good moderate

E5 very high good moderate

E6 very high good low

F1 low fair low

F2 low fair moderate

F3 moderate poor very high

F4 extreme poor very high

F5 very high poor very high

F6 very high fair high

G1 low good low

G2 moderate fair moderate

G3 very high poor very high

G4 extreme very poor very high

G5 extreme Very poor very high

G6 very high poor high

a. Includes increase in streamflow magnitude and timing and/or sediment increases.

b. Assumes natural recovery once cause of instability is corrected.

Includes suspended and bedload from channel derived sources and/or stream adjacent slopes.

U. S. Fish and Wildlife Service
Chesapeake bay Field Office
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Figure 8. Various Stream Type Succession Scenarios (Rosgen 2001b)
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Figure 9. Examples of Stream Succession (Rosgen 1996).

Provide a narrative description of the potential cause of instability. Use the data from
both the stream characterization and stability assessment forms when recording the
description. The narrative should identify the potential cause of instability and clearly
explain, based on fluvial geomorphic processes, how the cause has resulted in the stream
instability.

The overall reach stability is determined based on the findings of the overall reach
stability assessment parameters and the vertical and lateral stability assessment findings.
The stream has localized instability conditions if any one of the following conditions
exists:

e The overall lateral stability has a rating of localized instability;
e The evolution stability trend has a rating of recovering.

The stream has widespread instability if any one of the following conditions exists:

e The overall lateral stability has a rating of widespread instability;
e The overall vertical stability has a rating of aggrading or degrading; and
e The evolution stability trend has a rating of aggrading or degrading.

VI. DETAILED STREAM ASSESSMENT

The detailed stream assessment follows the assessment methodology developed by
Rosgen (Rosgen 2006). It has main four components to characterize and assess streams:
1) bankfull determination, 2) stream characterization, 3) reference reach survey, and 4)
stability condition assessment. This report will briefly describe the data collection and
analyses for each of the components. Refer to A Stream Channel Stability Assessment

U. S. Fish and Wildlife Service January 2009
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Methodology (Rosgen 2001) for description of survey and assessment procedures. Data
collection and analysis forms used for each component are in Appendix A. Additionally,
a checklist of the procedures and products of the detailed assessment are in Appendix B.

A.  Detailed Stream Assessment Methodology

Bankfull Determination — Section V.A.2. Bankfull Determination outlines the procedures
to determine bankfull. However, if a U.S. Geologic Survey (USGS) gage station is near
the Assessment Reach, survey the gage to further verify the bankfull determination as
part of the detailed assessment. Complete the USGS gage station form in Appendix A.
Refer to McCandless et al (2002) for detailed description of survey procedures.

Stream Characterization — The stream characterization data not only describes the
existing morphological character of the Assessment Reach, it is required for the departure
from potential analysis conducted as part of the stability condition assessment.

Therefore, conduct a characterization survey of the assessment stream reach and classify
the stream using the Rosgen Stream Classification System. The survey should include
channel dimensions, planform dimensions, flood prone dimensions, longitudinal profile,
and channel substrates. Enter this data into Stream Channel Classification and Reference
Reach Summary Data forms in Appendix A.

Reference Reach — The reference reach data is used as a basis of comparison in relation
to the Assessment Reach. Therefore, collect the same data for the reference reach survey
as the data collected for the stream characterization and complete the same data forms.

Stability Condition Assessment — The stability condition assessment determines the
extent and magnitude of instability through a departure from potential analysis. The
departure from potential analysis uses data collected as part of the stream characterization
and reference reach survey as well as field measurements of vertical and lateral stability
indicators. The vertical and lateral field data collected includes:

e BEHI (lateral stability) e Stream evolution

e NBS (lateral stability) e Incision ratio (vertical stability)
e Pfankuch (channel stability) e Stream channel scour/deposition
e Meander patterns potential

e Deposition patterns e Sediment Capacity Model

e Debris/channel blockage (PowerSed)

e Bank erosion summary e Bar sampling

e Sediment supply

B.  Stream Stability Condition Rating

Complete the Stability Summary form and all of the supporting stability forms (located in
Appendix A) to determine the stability condition and stability rating of the assessment

U. S. Fish and Wildlife Service January 2009
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stream reach. The sediment supply (channel source) rating at the bottom of the Stability
Summary form equates to stability condition. If the sediment supply rating is very high,
then the stream stability condition is very high. Conversely, if the sediment supply rating
is low, then the stream stability condition is stable.

Prepare a detailed narrative that describes the stability condition of the Assessment
Reach. Base the narrative on the data collected and analyses conducted as part of the
detailed stream assessment and describe the relationship of the fluvial geomorphic
processes to the stability condition of the Assessment Reach. Use the departure from
potential analysis to assist in relation description.

U. S. Fish and Wildlife Service January 2009
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Glossary

Aggradation: The vertical accumulation of sediment on the channel bed or lateral
accumulation of sediment on the stream bank.

Bank Erosion Curve: A graph that provides annual lateral erosion rates for
combinations of near bank shear stresses and bank erodibility conditions.

Bank Erosion Hazard Index: A measure of bank erodibility that uses bank height,
bankfull height, root depth, root density, bank angle, surface protection, bank

materials, and bank stratification.

Bank Height Ratio: A measure of the vertical containment of the stream represented by
the ratio of low bank height to maximum depth.

Bankfull: The discharge(s) that is responsible for maintaining the stream channel
dimension, pattern, and profile.

Belt Width (Meander Width): The linear amplitude(s) between two sequential
meanders, measured from outside of each meander.

Dominant Bank Erosion Hazard Index: The bank erodibility condition that is most
representative of the study reach.

Dominant Near Bank Shear Stress: The near bank shear stress that is most
representative of the conditions in a study reach.

Bar Deposition: An accumulation of sediment on the stream channel bed that rises above
baseflow.

Deposition Pattern: A planform characterization of the deposition location and form.

Degradation: The vertical loss of sediment on the channel bed or lateral loss of sediment
on the stream bank.

Drainage Density: A ratio of stream miles to drainage area that measures the
concentration of the drainage network of a stream.

Entrenchment: The horizontal containment of a stream that is measured by a ratio of
floodprone width to bankfull width.

Ephemeral Stream: A stream that flows only during and immediately after periods of
rainfall or snow melt.

Facet Feature: The bed forms of a stream typically consisting of riffles, runs, pools, and
glides.

U. S. Fish and Wildlife Service January 2009
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Floodplain: The riparian area that is flooded when the stream exceeds its bankfull
capacity, which is important in attenuating the erosive forces of stormflows.

Floodprone Width: The lateral distance between the two points on either side of the
stream that are at an elevation twice that of bankfull.

Glide: The transition between the bottom of the pool to the top of the riffle that is
represented by a rising channel bed.

Headcut: Channel erosion represented by a retreat, vertical or nearly vertical of the
channel bed.

Incision: A measure of the vertical containment of the stream represented by the ratio of
low bank height to maximum depth.

Inflection Point: The slope break(s) along the stream bank where the orientation of the
bank transitions from a vertical to horizontal angle.

Intermittent Stream: A stream that flows a considerable portion of the time, but ceases
to flow occasionally or seasonally when water demands exceed the available water

supply.

Land Use/Land Cover: A description of the land activities/natural resources within a
delineated area.

Lithology: A general description of the physical characteristics and properties of a rock.
Meander: A bend in the stream that is responsible for dissipating stream energy.

Meander Length: The linear distance between the meanders for an entire meander
wavelength, measured from the apex of each meander.

Meander Pattern: A planform characterization of the meander location and form.

Meander Wave: A series of three meanders starting at the apex of a meander, continuing
through another meander, and ending at the apex of the next meander.

Meander Wavelength: The linear distance between the apexes of an entire meander
wavelength.

Meander Width Ratio: A ratio of meander width to bankfull width.

Near Bank Shear Stress: The measured or estimated shear stress associated with the
third of the channel closest to the study bank.

U. S. Fish and Wildlife Service January 2009
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Perennial stream: A stream that contains water at all times except during extreme
drought.

Pool: The section of stream between the bottom of the run and the top of the glide that is
responsible for dissipating stream energy.

Radius of Curvature: The arc length to the outside of the meander, at the departure
points of meander.

Riffle: A facet feature that is steeper and shallower than a pool, and functions as a grade
control feature.

Run: The transition between the bottom of the riffle to the top of the pool that is
represented by a descending channel bed.

Scour: Channel degradation either along the bank or on the bed due to stormflows.

Shear Stress: The measured or estimated erosional forces associated with stream flow,
measured in pounds per square feet.

Sinuosity: The measure of how much a stream meanders represented by a ratio of stream
thalweg distance to straight valley distance.

Slope Break: The vertical intersection of two different slope angles along the bank
profile.

Soil Association: A soil classification with distinct soil characteristics and properties that
is identified by the United States Department of Agriculture — Soil Conservation

Service.

Stream Succession: The evolutionary stage(s) of a stream as it attempts to reach a stable
state described using the Rosgen stream classification types.

Undercut: A concave shaped scour along the stream bank, resulting from bank erosion.

U. S. Fish and Wildlife Service January 2009
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A-1 RAPID STREAM ASSESSMENT FORMS
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RAPID STREAM CHARACTERIZATION
Anne Arundel County, Maryland

Watershed: Stream:
Date: Crew:
Drainage Area:
Page 1 of 2
WATERSHED CHARACTERIZATION
Land use/Land cover Data (from County, MBSS data, GIS Hydro, Other):
% Urban: % Suburb: % Agr.: % Forest: % Imp.:

Valley Type or Description:

Adjacent LU/LC:

Significant Upstream Land Cover and/or Land uses that influence stream character and stability:

BANKFULL VALIDATION

Regional Curve: Rural Coastal Plain Curve Urban Coastal Plain Curve
BF Cross Sectional Area BF Depth
BF Width BF Discharge
STREAM CHARACTERIZATION AND CLASSIFICATION
Channel: Single Thread Braided Entrenchment
BF Width Reach D50
BF Depth Riffle D84
WS Slope Sinuosity
BF Discharge Width/Depth Ratio

Dominant BF Feature:

Rosgen Stream Type:

Cross Section Sketch:

A3




RAPID STREAM STABLITY ASSESSMENT
Anne Arundel County, Maryland

Watershed: Stream:
Date: Crew:
Rosgen Stream Type: Page 2 of 2
LATERAL STABILITY
Width/Depth Ratio: Rating: Stable Unstable
Dominant BEHI: Score: Rating: VeryLow Low Moderate High Very High Extreme
Dominant NBS: Low Moderate High Extreme
Presence of bank armoring:  Yes No Description:
Presence of specific lateral erosion causes: Yes No Description:
Overall Lateral Stability: Stable Unstable: Localized Widespread
VERTICAL STABILITY
Incision Ratio: Rating: Not Incised  Slightly Moderately Highly Extremely
Presence of headcut: Yes No Description:
Presence of bedcontrol: Yes No Description:
Presence of deposition: Yes No Description of Deposition Feature:
Bed Feature Type: Riffle/Pool Riffle/Run Run/Pool Plane Step/Pool Cascade
Bed Definition: Well Defined Moderately Well Defined Poorly Defined
Overal Veritcal Stability: Stable Degrading Aggrading
OVERALL REACH STABILITY
Stream Sensitivity: Very Low Low Moderate High Very High Extreme
Potential Sediment Supply: Very Low Low Moderate High Very High Extreme
Recovery Potential Very Low Low Moderate High Very High Extreme
Evolution Stability Sequence:
Evolution Stability Trend: Stable Degrading Aggrading Recovering
Overall Reach Stability: Stable Unstable: Localized Widespread

Potential Cause of Instability:

General Notes:
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A-2 DETAILED STREAM ASSESSMENT FORMS

e USGS GAGE STATION FORM

o STREAM CHANNEL CLASSIFICATION AND REFERENCE
FORMS

e STABILITY CONDITION ASSESSMENT FORMS
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USGS GAGE STATION FORM
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Worksheet 2-1. Sample form to record gage station and field data from The Reference Reach Field Book
(Rosgen and Silvey, 2007).

Summary....USGS GAGE STATION Data/Records for
STREAM CHANNEL CLASSIFICATION

| [Station Number: |

[Station NAME: |
[LOCATION: |
|

[Period of RECORD: lyrs | [Mean Annual DISCHARGE: | [cfs
[Drainage AREA: | lacres | [mz | |Drainage Area Mn ELEV: | [#t
|Reference REACH SLOPE: | |fuft | [Valley Type:

| | IS AV U ey

[Stream Type:

‘ "BANKFULL" CHARACTERISTICS ‘

| Determined from FIELD MEASUREMENT | |||  Determined from GAGE DATA Analysis |
‘ Bankfull WIDTH (W ) H | ft ‘ ‘ Bankfull WIDTH (W) H ” ft ‘
‘ Bankfull Mean DEPTH (0 ) H | ‘ ‘ Bankfull MEAN DEPTH (dyy) H K ‘
‘ Bankfull Xsec AREA (Ay ) H | ‘ ‘ Bankfull Xsec AREA (Ay) H | ‘
| Wetted PERIMETER (W) H | # [ ||| wetted PERIMETER (W,) H KN
‘ Bankfull STAGE (Gage Ht) H | ft ‘ ‘ Bankfull STAGE (Gage Ht) H ” ft ‘
| Est. Mean VELOCITY (u) I | wsec | ||| Mean vELOCITY () I | fusec |
\ Est. Bkf. DISCHARGE (Quy ) H | ofs \ \ Bankfull DISCHARGE (Quy ) H | o \
Bankfull DISCHARGE associated with "field-determined” Bankfull STAGE | ” ofs ‘
(From Gage Height reading at Staff Plate and tabular Stage-Discharge curvedata)
Recurrence Interval ( Log-Pearson ) associated witHfieId—detﬁrmined" Bankfull Discharge | ” yrs ‘
| From theAnnual Peak Flow Frequency Analysis data for the Gage Station, determine: |
‘ 1.5 Year R.I. Discharge......... = H ” cfs ‘ ‘ 10 Year R.I. Discharge......... = H ” cfs ‘
‘ 2.0 Year R.l. Discharge.......... = H ” cfs ‘ ‘ 25 Year R.l. Discharge......... = H ” cfs ‘
‘ 5.0 Year R.l. Discharge.......... = | | cfs 50 Year R.l. Discharge......... = H ” cfs ‘
| MEANDER GEOMETRY |
‘ Meander Length (L) H | ft ‘ ‘ Radius of Curvature (R¢) H:I
‘ Belt Width (W ;) H | ‘ ‘ Meander Width Ratio ( WydWoy )

HYDRAULIC GEOMETRY

|\:

Based on USGS Discharge Summary Notes data ( Form 9-207 ) and regression analyses of measured discharge Q) with the hydraulic
parameters of Width (W), Area (A), Mean Depth (d) & Mean Velocity (), determine the intercept coefficient (a) and the slope exponent (b)

b
values for a power function of the formY = aX", when Y is one of the selected hydraulic parameters andX is a given discharge value (Q).

Width (W) | Depth (d) | Area(A) |Velocity (u) |
@) | | | | |

e) | | | | |
‘ ft ‘ ‘ Manning's "n" at Bankfull Stage H:I

'h" = 1.4865 [( Area ) ( HydraulicRadius 23 ) (Slope V2 ) 1 Qo

‘ Intercept Coefficient:

‘ Slope Exponent:

‘ Hydraulic Radius: R=A/W, “

Copyright © 2008 Wildland Hydrology
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STREAM CHANNEL CLASSIFICATION AND
REFERENCE FORMS
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Worksheet 2-3. Field form for Level Il stream classification (Rosgen, 1996; Rosgen , 2006b).

Stream:

. . 2
Basin: Drainage Area: acres mi
Location:

Twp.&Rge: Sec.&Qtr.:
Cross-Section Monuments (Lat./Long.): Date:
Observers: Valley Type:
Bankfull WIDTH (kaf)
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. ft
Bankfull DEPTH (dbkf)
Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a
riffle section (dps = A/ Why)- ft
Bankfull X-Section AREA (Ays)
AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle
section. ft2
Width/Depth Ratio (Wyy:/ dpys)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. ft/ft
Maximum DEPTH (dmbkf)
Maximum depth of the bankfull channel cross-section, or distance between the bankful
stage and Thalweg elevations, in a riffle section. ft
WIDTH of Flood-Prone Area (W)
Twice maximum DEPTH, or (2 x dy,) = the stage/elevation at which flood-prone area
WIDTH is determined in a riffle section. ft
Entrenchment Ratio (ER)
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wa/ W)
(riffle section). ft/ft
Channel Materials (Particle Size Index ) B,
The Ds, particle size index representsthe mean diameter of channel materials,as
sampled from the channel surface, between the bankfull stage and Thalweg elevationsg.
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. 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).
Stream See Classification Key
Type (Figure 2-21)
Copyright © 2008 Wildland Hydrology River Stability Field Guide page 2-50
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Worksheet 2-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen, 2006b; Rosgen
and Silvey 2007).

Stream: Location:
Observers: Date: Valley Type: Stream Type:
[ River Reach Summary Data ]
|Mean Riffle Depth (dy) I |Rifﬂe Width (W) | I |Rifﬂe Area (Au) i |
c |Mean Pool Depth (dhisp) i ift |Poo| Width (W) i ift |Poo| Area (Apkp) i iﬂz |
(@] .
2 d W . Apki/ A
g | |Mean Pool Depth/Mean Riffle 5/ ool Width/Rifle Width %/ |pool Area  Riffle Area o
S | |Depth (o Wkt bkt
IS - T T T T - - T
3 |Max Riffle Depth (daxif) i ift |Max Pool Depth (dhaxp) i ift |Max Riffle Depth/Mean Riffle Depth i |
E |Max Pool Depth/Mean Riffle Depth i |Point Bar Slope i |ft/ft |Inner Berm Width (W) i Eft |
o
f_—g |Inner Berm Depth (dy,) : it |Inner Berm Width/Depth Ratio! : iW,b/d,b| Inner Berm Area (Ap) | 1ft2 |
|Streamf|ow: Estimated Mean Velocity at Bankfull Stage (t) i ift/s |Estimati0n Method i |
|Streamﬂow: Estimated Discharge at Bankfull Stage (Qy) : chs |Drainage Area i Emi |
. Geometry Mean Min Max Dimensionless Geometry Ratios Mean Min Max
|Meander Wavelength (L) i i i ift |Meander Length Ratio (L/W ) i i i |
< T T T T - - - T T T
S |Radius of Curvature (R;) i | ! ift |Rad|us of Curvature/Riffle Width (R¢/W ) | | | |
s |Belt Width (W) i i i it |Meander Width Ratio (Wi/W ) i i i |
€ |[individual Pool Length it [Pool Length/Riffle Width § § |
® T T T T T
5 |Poo| to Pool Spacing i i i it |Poo| to Pool Spacing/Riffle Width i : : |
[Riffle Length | | | it [Riffle Length/Riffle Width § § § |
|Va||ey Slope (VS) i ift/ft |Average Water Surface Slope (S) i ift/ft |Sinuosity (vVs/Ss) i |
|Stream Length (SL) i Eft |Valley Length (VL) i Eft |Sinuosity (SL/VL) i |
Low Bank Height start ft Max Riffle start ft Bank-Height Ratio (BHR) start
(LBH) end ft Depth end ft (LBH/Max Riffle Depth) end
Facet Slopes Mean Min Max Dimensionless Slope Ratios Mean Min Max
2 |Rifﬂe Slope (Si) : : i Ht/ft |Rifﬂe Slope/Average Water Surface Slope (S;/ S) i i | |
& |Run Slope (Siun) : : : Hft/ft |Run Slope/Average Water Surface Slope (S,,/ S) i i i |
E |Poo| Slope (S,) i i i e/t |Poo| Slope/Average Water Surface Slope (§/S) ! | | |
c H H H H H H H
© - T T T T - T T T
5 |Gllde Slope (S) i : : Hft/ft |Gllde Slope/Average Water Surface Slope (§/S) i i i |
Feature Midpoint 2 Mean Min Max Dimensionless Depth Ratios Mean Min Max
|Max Riffle Depth (daxir) i i i ift |Max Riffle Depth/Mean Riffle Depth (yaxit/ o) i i i |
|Max Run Depth (dnaxrun) i i i ift |Max Run Depth/Mean Riffle Depth (Gaxrun / bk i i i |
|Max Pool Depth (dmaxp)i i i i Eft |Max Pool Depth/Mean Riffle Depth (Gnaxp / doks) i i i |
- |Max Glide Depth (hayg) i i i it |Max Glide Depth/Mean Riffle Depth (Gnaxg / dk) | | | |
b : © b : © ; . od
. Reach Riffle Bar Reach Riffle Bar Protrusion Height
|9 siluClay i | | IS i i i imm |
" H i i H i i i i
2 |2 Sand | [ D | |
g |% Gravel i i i | | Dso i i i i imm |
2 |[% Cobble | [ Ds | m_|
= T T T T T T T T
f_-g |% Boulder i : i | | Dos | i i i imm |
) o pedrock | (0w | ]

# Min, max, mean depths are ave. mid-point values except pools: taken at deepest part of pool.
b Composite sample of riffles and pools within the designated reach.

Copyright © 2008 Wildland Hydrology
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¢ Active bed of a riffle.

d Height of roughness feature above bed.

River Stability Field Guide pages 2-52 to 2-53
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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 |
| Site | | Location | |
| Date | | Stream Type | | Valley Type | |
[ observers | CETEE
| INPUT VARIABLES | OUTPUT VARIABLES
. A
Bankfull Cross-sectional AREA (f?;f Bankfull Mean DEPTH D(]E’t;‘f
Wetted PERIMETER
Bankfull WIDTH Wos d W, (f)
(ft) ~ 2% dps+ Wiy
Dy, @ Riffle Dia. Dg, mm / 304.8 = Das
(mm) (ft)
Bankfull SLOPE Sk Hydraulic RADIUS R
(ft/ t) Apii/ Wy (ft)
. g Relative Roughness
Gravitational Acceleration . 9
322 | wsed R (ft)/ D (1)
. Shear Velocit *
Drainage AREA Dﬁ y u
(mi) u* = \JgRS (ft / sec)
ESTIMATION METHODS Bankfull VELOCITY Bankfull
DISCHARGE
L. FriCtiOYRelative u=[283+566Log{ R/ Dy, } Jux ft/ sec ofs
Factof Roughness
2. Roughness Coefficient: a)Manning's 'n' from friction factor / relative it/ ¢
roughness (Figs. 2-18, 19) U = 1.4865*R?**SY?/n n = sec cts
2. Roughness Coefficient: u = 1.4865* RR**SY?n
PR R 38,-.16 — ft / sec cfs
b) Manning's 'n' from Jarrett (USGS ): n =0.39S°°R n =
Note: This equation is for applications involving steep, step-pool, high boundary
roughness, cobble- and boulder-dominated stream systems ;i.e., for stream types A1,
A2 A2 R1 R2 R2 C2 and ER
. K _ /3 ll2
2. Roughqess Coefficient: u = 1.4865* R'*+s?/n ft / sec cfs
¢) Manning's 'n' from Stream Type n =
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
| ft / sec cfs
3. Other Methods (Hey, Darcy-Weisbach, Chezy C, etc.)
| ft / sec cfs
4. Continuity Equations: a) Regional Curves u=Q/A ft ;
Return Period for Bankfull Discharge Q = Yr. sec crs
4. Continuity Equations: b) USGS Gage Data u=Q/A ft / sec cfs
Options for using the Oy, term in the relative roughness relation (R/R,), when using estimation method 1.
Option 1. For sand-bed channels: Measure the"protrusion height” (hgy) of sand dunes above channel bed elevations.
Substitute an average sand dune protrusion height (f in ft) for the Dg, term in est. method 1.
Option 2. For boulder-dominated channels: Measure several'protrusion heights” (hy,) of boulders above channel bed
elevations. Substitute an ave. boulder protrusion height ¢} in ft) for the Dg, term in est. method 1.
Option 3. For bedrock-dominated channels: Measure several”protrusion heights” (hy,) of rock separations/steps/joints/
uplifted surfaces above channel bed elevations. Substitute an average bedrock protrusion height,(lin feet) for the
Dg, term in estimation method 1.
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Figure 2-18. Relative roughness (R/Dg,) Vvs. friction factor (u//u*).
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u=|2.83+5.66 Lo (R )} uﬂ
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2 i X Limerinos (1970)
1 O Leopold, Wolman and
' Miller (1964), pg 160
0 | m==i()
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RELATIVE ROUGHNESS: R/Dgy
Ratio of Hydraulic Mean DEPTH or Hydraulic RADIUS (R)
to a Channel BED-MATERIAL SIZE Index (Dg,)
The relation of channel bed-particle size to hydraulic resistance, developed with river
data collected from a variety of Eastern and Western streams.
Resistance factors, u/u* and 1/Vf, are shown as a function of Relative Roughness;
i.e., a Ratio of Hydraulic Mean Depth ( d ), or Hydraulic Radius ( R), to a bed-material
size index ( Dg4 ), as taken from field measurements (Leopold, Wolman and Miller, 1964).
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Worksheet 3-1. Riparian vegetation composition/density used for channel stability assessment.

Riparian Vegetation

Bare ground

*Based on crown closure.
**Based on basal area to surface area.

Column total =
100%

Stream: Location:
Disturbed
Reference -
h (impacted
Observers: reac reach) Date:
Existing Potential
species species
composition: composition:
L . . Percent of total
Riparian cover Percent aerial | Percent of site . - .
. . o Species composition species
categories cover coverage -
composition
=
9
2
3 Canopy layer
O
—
100%
o
g
o
[}
3 Shrub layer
c
)
o
100%
Herbaceous
©
>
Qo
© 100%
5
Leaf or needle
g litter Remarks:
o Condition, vigor and/or

usage of existing reach:
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Worksheet 3-2. Flow regime variables that influence channel characteristics, sediment regime and
biological interpretations.

FLOW REGIME

Stream: Location:
Observers: Date:
List ALL COMBINATIONS that
APPLY......cc....... =
General Category
E Ephemeral stream channels: Flows only in response to precipitation
S Subterranean stream channel: Flows parallel to and near the surface for various seasons - a sub-
surface flow that follows the stream bed.
Intermittent stream channel: Surface water flows discontinuously along its length. Often
I associated with sporadic and/or seasonal flows and also with Karst (limestone) geology where
losing/gaining reaches create flows that disappear then reappear farther downstream.
P Perennial stream channels: Surface water persists yearlong.
Specific Category
1 Seasonal variation in streamflow dominated primarily by snowmelt runoff.
2 Seasonal variation in streamflow dominated primarily by stormflow runoff.
3 Uniform stage and associated streamflow due to spring-fed condition, backwater, etc.
4 Streamflow regulated by glacial melt.
5 Ice flows/ice torrents from ice dam breaches.
6 Alternating flow/backwater due to tidal influence.
7 Regulated streamflow due to diversions, dam release, dewatering, etc.
8 Altered due to development, such as urban streams, cut-over watersheds or vegetation
conversions (forested to grassland) that change flow response to precipitation events.
9 Rain-on-snow generated runoff.
Copyright © 2008 Wildland Hydrology River Stability Field Guide page 3-11

A22




Worksheet 3-3.

Stream order and stream size categories for stratification by stream type.

Stream Size and Order

Stream:

Location:

Observers:

Date:

Stream Size Category and Order =

| . i |

STREAM SIZE: Bankfull | check (v)
Category width appropriate
meters feet category

S-1 0.305 <1 [

S-2 03-15 1-5 [

S-3 1.5-4.6 5-15 B
S-4 46-9 15 — 30 [

S-5 9-15 30— 50 B

S-6 15-22.8 50 — 75 [

S-7 22.8-30.5 75 — 100 B

S-8 30.5 — 46 100 — 150 [

S-9 46 — 76 150 — 250 [
S-10 76 — 107 250 — 350 [
S-11 107 — 150 350 — 500 B
S-12 150 — 305 500 — 1000 [
S-13 >305 >1000 I

Stream Order

Add categories in parenthesis for specific stream order of
reach. For example a third order stream with a bankfull width
of 6.1 meters (20 feet) would be indexed as: S-4(3).
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Worksheet 3-4. Meander pattern relations used for interpretations for river stability.

Meander Patterns

Stream:

Reach:

Observers:

Date:

List ALL CATEGORIES that APPLY =

REGULAR MEANDERS

Various Meander Pattern variables modified from Galay et al. (1973)

____DISTORTED MEA

M8 IRREGULAR MEANDERS with oxbows and
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Worksheet 3-5. Depositional patterns used for stabiilty assessment interpretations.

Depositional Patterns

Stream: Reach:

Observers: Date:

List ALL CATEGORIES that APPLY =

Various Depositional Features modified from Galay et al. (1973)

B6 Mam Channel Branchmg with Numerous
MID-CHANNEL BARS and Islands

RSN B7 SIDE BARS AND MID-CHANNEL BARS
B3 NUMEROUS MID-CHANNEL BARS with Length Exceeding 2 to 3 Channel Widths

B4 SIDE BARS B8 DELTA BARS
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Worksheet 3-6. Various categories of in-channel debris, dams and channel blockages
used to evaluate channel stability.

Channel Blockages

Stream: Location:
Observers: Date:
Materials that upon placement into the active channel or flood- Check (v)
Description/extent prone area may cause adjustments in channel dimensions or all that
conditions due to influences on the existing flow regime. apply
D1 None Minor amounts of small, floatable material. r
Debris consists of small, easily moved, floatable material, e.g., leaves,
D2 Infrequent : . r
needles, small limbs and twigs.
Increasing frequency of small- to medium-sized material, such as large limbs,
D3 Moderate branches and small logs, that when accumulated, affect 10% or less of the r
active channel cross-section area.
Significant build-up of medium- to large-sized materials, e.g., large limbs,
D4 Numerous branches, small logs or portions of trees that may occupy 10-30% of the r
active channel cross-section area.
Debris "dams" of predominantly larger materials, e.g., branches, logs and
D5 Extensive trees, occupying 30-50% of the active channel cross-section area, often r
extending across the width of the active channel.
Large, somewhat continuous debris "dams," extensive in nature and
D6 Dominatin occupying over 50% of the active channel cross-section area. Such =
9 accumulations may divert water into the flood-prone areas and form fish
migration barriers, even when flows are at less than bankfull.
D7 Beaver dams: | An infrequent number of dams spaced such that normal streamflow and -
Few expected channel conditions exist in the reaches between dams.
Beaver dams: Frequency of dams is such that backwater conditions exist for channel
D8 P i | reaches between structures where streamflow velocities are reduced and r
requen channel dimensions or conditions are influenced.
) Numerous abandoned dams, many of which have filled with sediment and/or
Beaver dams: o . . .
D9 Abandoned breached, initiating a series of channel adjustments, such as bank erosion, r
andone lateral migration, avulsion, aggradation and degradation.
Structures, facilities or materials related to land uses or development located
Human within the flood-prone area, such as diversions or low-head dams, controlled
D10 influences by-pass channels, velocity control structures and various transportation n

encroachments that have an influence on the existing flow regime, such that
significant channel adjustments occur.
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Worksheet 3-7. Relationship of Bank-Height Ratio (BHR) ranges to corresponding stream stability ratings.

Degree of Channel Incision

Low Bank Height: Bank-Height Ratio:

Max Bankfull Depth:

Degree of Channel Incision Stability Rating <

Degree of Channel Incision
2

1.9
o 18 /
T
0 17
9o
4(_—51 1.6 /
0 d
+ 15
<
o
(]__) 1.4+
T
v 13
c
©
m 121

1.1+

1 : ) \ . \ :
Stable Slightly Incised Moderately Incised Deeply Incised
Stability Rating
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Worksheet 3-8. Stability ratings based on departure of width/depth ratio from reference condition.

Width/Depth Ratio State

Existing Width/Depth Ratio: Ratio of existing W/d to reference W/d:

Reference Width/Depth Ratio:

Width/Depth Ratio State Stability Rating =

Width/Depth Ratio Stability Ratings

1.8

1.6

(Increase relative to reference w/d
ratio)

Only use "Decrease relative to
reference w/d ratio" for incising
channels (Bank-Height Ratio >1)
(Worksheet 3-7)

0.8

T

0.6

Ratio of w/d ratio to reference w/d ratio
(Decrease relative to reference w/d ratio)

0.4
0.2 i _
Stable Moderately Unstable Unstable Highly Unstable
Stability Rating
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Worksheet 3-9. Degree of confinement based on Meander Width Ratio (MWR) divided by reference
condition Meander Width Ratio (MWR ).

Degree of Confinement

Existing Meander Width Ratio (MWR): Ratio of MWR to MWR .

Reference Meander Width Ratio (MWR ):

Degree of Confinement Stability Rating =~

Degree of Confinement based on

Meander Width Ratio ( MWR ) / Reference Condition ( MWR, )

0.0

0.1 ~

0.2

0.3 A

0.4

0.5 A

0.6 -

MWR / MWR

0.7 A

0.8 -

0.9 A

0.80-1.00

<0.10

0.10-0.29

0.30-0.79

1.0

Unconfined

| Moderately Confined | Confined | Severely Confined

Degree of Confinement
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Figure 3-7. Streambank erodibility criteria showing conversion of measured ratios and bank variables to a BEHI
rating. Use Worksheet 3-11 variables to determine BEHI score.

Study Bank Height /
Bankfull Height

Weighted Root
Density %

Study Bank Height (A)/ Root Depth (D) /
Bankfull Height (B) S Study Bank Height (A)
3.5 1
/ Tog|
3 JéO_B
s 07
- 0.5
2 50.4
15 802
. 2o
0 £ 25 42 6 I gs9Mo o 0 § 2 5 4 =2 6 T 8590
"2 g ¢ Sz ¢ S 2 § & 2%
5 BEHI Rating Z 32 5 BEHI Rating & 3
2 = S =
Weighted Root Density Bank Angle
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80 100
w
40 > 0
8 40
20 20
OO%QEAIEGEBED:QTM OU§254252_E_3§9';("10
2 £ g S 23 2 £ 8 9 <3
c . I 3 g . T
&  BEHIRating & 3 ©  BEHIRating & @
Surface Protection
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=
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o
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Worksheet 3-11. Form to calculate Bank Erosion Hazard Index (BEHI) variables and an overall BEHI rating. Use
Figure 3-7 with BEHI variables to determine BEHI score.

Stream: Location:
Station: Observers:
Date: Stream Type: Valley Type:
BEHI Score
Study Bank Height / Bankfull Height ( C) (Fig. 3-7)
Study Bankfull
Bank Height (A)/(B)=
Height () = (A) (ft) = (B) (C)
Root Depth / Study Bank Height (E)
Root Study
Depth Bank (D)/(A)=
(ft) = (D)| Height () = (A) (E)
Weighted Root Density (G)
Root
Density (F)x(E) =
as % = (F) (G)
Bank Angle (H)
Bank
Angle
as Degrees = (H)
Surface Protection (1)
Surface
Protection
as% = (1)
Bank Material Adjustment: [
Bedrock (Overall Very Low BEHI) > Bank Material
Boulders (Overall Low BEHI) Adjustment
Cobble (Subtract 10 points if uniform medium to large cobble) I
Gravel or Composite Matrix (Add 5-10 points depending on Stratification Adjustment
percentage of bank material that is composed of sand) Add 5-10 points, depending on
Sand (Add 10 points) position of unstable layers in
Silt/Clay (no adjustment) relation to bankfull stage
Very Low| Low | Moderate | High | Very High | Extreme Adjective Rating
\ > and
5-95 | 10-195| 20-295 | 30-395 | 40-45 | 46-50 Total Score
Bank Sketch ] (7
ank Sketc ~ \/
12 --- o “~ Root
] g Depth
1; 1 g ()
- 19 . § Bank
= ] s Angle
8 8 5 N
g 7 \ =)
5 6] B ___Bankfull____________ oo S
S ] 85
g 0] £2
S 4 e
S 3 &
2 Start
1 : of
0 T T T T Bank
0 1 2 3 4 5 6
Horizontal distance (ft)
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Worksheet 3-12.
erosion rate.

Various field methods of estimating Near-Bank Stress (NBS) risk ratings to calculate

Estimating Near-Bank Stress (NBS)
Stream: Location:
Station: Stream Type: Valley Type:
Observers: Date:
Methods for Estimating Near-Bank Stress (NBS)
(1) Channel pattern, transverse bar or split channel/central bar creating NBS........... Level | Reconaissance
(2) Ratio of radius of curvature to bankfull Width ( Rg / Wikt ). eeevvreeeiieiieeeeeeeiie e e e Level Il General prediction
(3) Ratio of pool slope to average water surface slope (Sp/ S )....ovvrvrirriiiniiiiieiniea Level Il General prediction
(4) Ratio of pool slope to riffle SIOPE ((Sp/ Syif ).v v vrveeservereeriieiiet it Level Il General prediction
(5) Ratio of near-bank maximum depth to bankfull mean depth (dpp / dpkf ) covveeeemveenneen Level Il Detailed prediction
(6) Ratio of near-bank shear stress to bankfull Shear StreSS ( Ty / Tiif )--«ceerveeeeerereeieraens Level Il Detailed prediction
(7) Velocity profiles / Isovels / Velocity gradient.............covveveeiiiieiiiiieee i eee e Level IV Validation
= Transverse and/or central bars-short and/or diSCONtiNUOUS............. cocevvviiiiininnenn. NBS = High / Very High
°>) (1) [Extensive deposition (continuous, Cross-Channel)... ... NBS = Extreme
hrt Chute cutoffs, down-valley meander migration, converging flow................cccccoiviiiiiiiinn... NBS = Extreme
Radius of Bankfull Near-Bank
5 Curvature | Width Wy, | Ratio R./ Stress
(2) R (ft) (ft) Wit (NBS)
= Near-Bank i
) 3 Pool Slope | Average Stress Dominant
& (3) Sp Slope S [Ratio S,/S| (NBS) Near-Bank Stress
-
) Near-Bank
4 Pool Slope | Riffle Slope | Ratio S,/ Stress
(4) S, St Siif (NBS)
Near-Bank Near-Bank
. Max Depth [ Mean Depth| Ratio dny/ | Stress
) | du(t) | dueti o (NBS)
E Near-Bank Bankfull
9 Near-Bank Shear Shear . Near-Bank
(6) | Max Depth Near-Bank | Stress 1.y, (|Mean Depth| Average | Stress o (| Ratio T, / Stress
dnp (ft) Slope Spp Ib/ft? ) ik (1) Slope S Ib/ft? ) Tout (NBS)
> Near-Bank
= 7 Velocity Gradient ( ft/ sec Stress
3 @) /ft) (NBS)
—
Converting Values to a Near-Bank Stress (NBS) Rating
Near-Bank Stress (NBS) Method number
ratings Q | @ [ ® [ @ | &6 | 6 | @
Very Low N/A > 3.00 <0.20 < 0.40 < 1.00 <0.80 <0.50
Low N/A 221-3.00 0.20-040 041-060 1.00-150 0.80-1.05 0.50-1.00
Moderate N/A 2.01-2.20 0.41-0.60 0.61-0.80 1.51-1.80 1.06-1.14 1.01-1.60
High See 1.81-2.00 061-080 081-100 181-250 115-119 1.61-2.00
Very High 1) 150-1.80 0.81-1.00 1.01-1.20 | 251-3.00 | 1.20-1.60 | 2.01-2.40
Extreme Above <1.50 >1.00 >1.20 > 3.00 > 1.60 > 2.40
Overall Near-Bank Stress (NBS) rating
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Worksheet 3-13.

Summary form of annual streambank erosion estimates for various study reaches.

Stream: Location:
Graph Used: Total Bank Length (ft): Date:
Observers: Valley Type: Stream Type:
@ 2 (©)] 4 ©)] (6) @) (8
Station (ft) BEHI rating [NBS rating |Bank Length of |Study bank |Erosion Erosion
(Worksheet [(Worksheet |erosion bank (ft) height (ft) |subtotal Rate
3-11) 3-12) rate (Figure [(4)x(5)%(6)] |(tonslyrlft)
(adjective) [(adjective) |3-9 or 3-10) (ft31yr) {[(7)/27] %
(ftiyr) 1.3/(5)}

2.
3.
4,
5.
6.
7.
8.
9.
10.
11.
12,
13.
14,
15.
Total
Sum erosion subtotals in Column (7) for each BEHI/NBS combination Erosion
(flyr)
Total
Convert erosion in ft*/yr to yds®/yr {divide Total Erosion (ft}/yr) by 27} Erosion
(yds®lyr)
Convert erosion in ydsglyr to tons/yr {multiply Total Erosion (ydsglyr) E-rr;;s)ln
by 1.3} (tonslyr)
Calculate erosion per unit length of channel {divide Total Erosion E::;iln
(tonslyr) by total length of stream (ft) surveyed} (tons/yr/ft)
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Figure 3-9. Relationship of BEHI and NBS to predict annual streambank erosion rates from Colorado data for
streams found in sedimentary and/or metamorphic geology.

Prediction of Annual Streambank Erosion Rates
using Colorado USDA Forest Service (1989) data for streams found in
sedimentary and/or metamorphic geology

10

EXTREME BEHI
BER = 0.0642¢" ("

—
|
|

HIGH & VERY
HIGH BEHI

BER = 0.109¢"50s

[ 4
MODERATE BEHI

BER = 0.0556¢°%7%s)

Bank Erosion Rate (BER) in ft/yr
e

/P L 2
LOW BEHI

BER = 0.0082e°7*"®5 | ¢

0.01 . 'Véry L:':w.;' ] .Low' ] .Hi.:rderété . .High' .\'fer"y Hi'gl'; .E:'ttrer;'le. -

0 1 2 3 4 5 6 7
Near-Bank Stress (NBS)
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Figure 3-10. Relationship of BEHI and NBS to predict annual streambank erosion rates from Yellowstone
National Park data for streams found in alpine glaciation and/or volcanism geology.

Prediction of Annual Streambank Erosion Rates
using Yellowstone National Park (1989) data for streams found in alpine
glaciation and/or volcanism areas

10 ;

EXTREME BEHI
BER = 0.8015g2061M8S)

14—

HIGH & VERY
HIGH BEHI

BER = 0.2561¢?*"®

MODERATE BEHI
BER = 0.0597%5!76(NBS)
0'1 : _____ o — — —

LOW BEHI
BER = 0.0073e’ 24"

L 4 4
*

Bank Erosion Rate (BER) in ft/yr

0.01 ————— ————— - ———— - EEEEEEEEN

VERY LOW BEHI
BER = (0.0007g"85%Nes)

0.001 M I At | A4 i M s i | .
VeryLow Low Moderate High Very High Extreme
0 1 2 3 4 5 6 7
Near-Bank Stress (NBS)
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Worksheet 3-14. Sediment competence calculation form to assess bed stability.

Stream: Stream Type:
Location: Valley Type:
Observers: Date:
Enter Required Information for Existing Condition
Dsg Riffle bed material Dgy (mm)
[fgo Bar sample Dsg (mm)
D Largest particle from bar sample (ft) (mm) 304.8
max mm/ft
S Existing bankfull water surface slope (ft/ft)
d Existing bankfull mean depth (ft)
1.65 ys Submerged specific weight of sediment
Select the Appropriate Equation and Calculate Critical Dimensionless Shear Stress
A
D /D Ca_ CoaE A -0.872
£o/Pry | Range: 3-7 Use EQUATION 1: 7" = 0.0834 ( D50 /D 50)
Dmax/Dso| Range: 1.3-3.0 Use EQUATION 2: T* = 0.0384 (Djyay/Dsg) 2%
T Bankfull Dimensionless Shear Stress EQUATION USED:
Calculate Bankfull Mean Depth Required for Entrainment of Largest Particle in Bar Sample
T*7Y.D _
d Required bankfull mean depth (ft) d = % (USe Dyay in ft)

Check: ™ Stable T Aggrading I Degrading

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

T * yS Dmax

S Required bankfull water surface slope (ft/ft) S = (use Dyax in ft)

Check: I Stable [ Aggrading I Degrading

Sediment Competence Using Dimensional Shear Stress

Bankfull shear stress T =ydS (Ibs/ftz) (substitute hydraulic radius, R, with mean depth, d )
Y = 62.4, d = existing depth, S = existing slope

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

Predicted shear stress required to initiate movement of measured Dy, (mm) (Figure 3-11)

Predicted mean depth required to initiate movement of measured D,,,, (mm) d T
T = predicted shear stress, Y = 62.4, S = existing slope - j/S
Predicted slope required to initiate movement of measured D, (mm) S T
T = predicted shear stress, Y = 62.4, d = existing depth - yd
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Figure 3-11. Critical shear stress required to initiate movement of bed-material grains following the Shields

relation, as modified by field data from Colorado.

01 A 10
1[}00 [ 1 [ | | | | [ | I
500
300 Colorado Data: Power Trendline
200 Dia. (mm) = 152.02 T,”**
R’=0.838
100
w
& 90
% 0
30
£
= 2
S
~ 10
0
E
= %
w 3
=
< 2
()]
z 1 !
é . i Power Trendline:
5 Q Leopold, Wolman & Miller (1964)
O 4 0 200 1 e @
3 Dia. (mm) = 77.966 T %4
2 R?=0.9336
P AL | il
g §88 o “®%s g 2345 9 2345 10
T = CRITICAL SHEAR STRESS (Ibs/ft?)
Laboratory and field data on critical shear stress required to initiate
movement of grains (Leopold, Wolman, & Miller, 1964). The solid line is the
Shields curve of the threshold of motion; transposed from the @ versus R
form into the present form, in which critical shear stress is plotted as a
function of grain diameter.
@ Leopold, Wolman & Miller (1964)
<) Colorado Data (Wildland Hydrology)
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Worksheet 3-16. Stability ratings for corresponding successional stage shifts of stream types. Check the
appropriate stability rating.

Stream: Stream Type:
Location: Valley Type:
Observers: Date:
Stream type changes due to Stability rating (check
successional stage shifts (Figure 3-14) appropriate rating)
Stream type at potential, (C—E),
[~ Stable
(Fo—B), (G—B), (F—B,), (F—-C), (D—C)
(E—C), (C—High W/d C) [~ Moderately unstable
(G—F), (F-D), (C—F) [ Unstable
(C—-D), (B—G), (D—G), (C—G), (E—G) [ Highly unstable
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Figure 3-14. Various channel successional scenarios.

Various Stream Type Succession Scenarios

C— G—F > C >'C >C
INCISED and AGGRADING to a FILL TERRACE
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Worksheet 3-17. Lateral stability prediction summary.

Stream: Stream Type:
Location: Valley Type:
Observers: Date:

Lateral Stability Categories

Lateral stability criteria Selected
(choose one stability : points
category for each criterion Stable Moderately Unstable Highly (from each
1-5) unstable unstable row)
W/d ratio state <12 12-14 1.4-1.6 >1.6
(Worksheet 3-8)
(2) (4) (6) (8)
5 Depositional pattern B1, B2 B4, B8 B3 B5, B6, B7
(Worksheet 3-5)
1) (2) (3) (4)
M2, M5, M6, M7,
3 Meander pattern M1, M3, M4 M8
(Worksheet 3-4)
(1) (3)
- LIVL, L/L, LIM, | MIL, MIM. M/H, M/VH, M/EX, H/L,| H/H, H/EX, EX/IM,
Dominant BEHI / NBS H/M, H/H, Ex/H, Ex/VH,
4 L/H, L/IVH, M/VL L/Ex, H/L VHIVL. Ex/VL VH/VH. EX/E
(Worksheet 3-13) g =X » EX/EX
(2) (4) (6) (8)
Degree of confinement 08-1.0 0.3-0.79 0.1-0.29 <0.1
5 (MWR/MWR,)
(Worksheet 3-9)
(1) (2) (3) (4)
Total points

Lateral stability category point range

Overall lateral stability
category (use total points
and check stability rating)

Stable
7-9
I

Moderately
unstable
10-12
n

Unstable
13-21
N

Highly
unstable
> 21
I
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Worksheet 3-18. Vertical stability prediction for excess deposition or aggradation.

Stream: Stream Type:
Location: Valley Type:
Observers: Date:

Vertical stability criteria
(choose one stability
category for each
criterion 1-6)

Vertical Stability Categories for Excess Deposition / Aggradation

No deposition

Moderate
deposition

Excess
deposition

Aggradation

Selected
points (from
each row)

Sediment
1 competence
(Worksheet 3-14)

Sufficient depth
and/or slope to
transport largest
size available

Trend toward
insufficient depth
and/or slope-
slightly
incompetent

Cannot move Dag
of bed material
and/or D of bar
material

Cannot move D of]
bed material and/or
D1qo of bar or sub-
pavement size

)

(4)

(6)

)

Reduction up to

Reduction over

Sufflmgnt Trenq tpward 25% of annual 25% of annual
i i capacity to insufficient sediment yield of sediment yield for
2 Sediment capacity transport annual | sediment y y
(POWERSED) (e capacit bedload and/or bedload and/or
pactty suspended sand suspended sand
(2) (4) (6) (8)
3 WI/d ratio state 1.0-1.2 1.2-14 14-16 >1.6
(Worksheet 3-8)
(2) (4) (6) (8)
Current stream
type at potential .
) (C—High w/d C),
Stream succession or qoes not (E=C) (B—High W/d B), (CD), (F—D)
4 states (Worksheet 3- | indicate (C—F)
16) deposition/
aggradation
(2) (4) (6) (8)
¢ Depositional patterns B1 B2, B4 B3, BS B6, B7, B8
(Worksheet 3-5)
1) (2) (3) (4)
6 Debris / blockages D1, D2, D3 D4, D7 D5, D8 D6, D9, D10
(Worksheet 3-6)
(1) (2) (3) (4)
Total points

Vertical stability category point range for excess deposition /
aggradation

Vertical stability for
excess deposition /
aggradation (use total
points and check stability

rating)

No deposition
10-14
r

Moderate
deposition
15-20
r

Excess
deposition
21-30

r

Aggradation
> 30
-
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Worksheet 3-19. Vertical stability prediction for channel incision or degradation.

Stream: Stream Type:
Location: Valley Type:
Observers: Date:

Vertical stability

Vertical Stability Categories for Channel Incision / Degradation

L Selected
criteria (choose one Moderatel points (from
- N . . oderate .
stability category for Not incised | Slightly incised o y Degradation each row)
each criterion 1-5) incised
D t Trend to move Particles much
oes no .
i I th
Sediment indicate excess Srge(;fstlazaisor an D100 Oc: bed larger than D, of
1 competence competence D1oo f bed move bed moved
(Worksheet 3-14) g4 OT D€
(2) (4) (6) (8)
. Excess energy
Does not Slight e.xcess sufficient to Excess energy
. . indicat energy: up to . load transporting more
2 P n lca.te excess 10% increase lncg(e;z:/se foa upl than 50% of
(POWERSED) capactly above reference Ic?ad ootannuall - nnual load
(2) (4) (6) (8)
Degree of channel 1.00-1.10 111-1.30 1.31-1.50 > 1.50
3 incision (BHR)
(Worksheet 3-7) ) @ © &
Does not il el If BHR > 1.1 and

Stream succession
4 states (Worksheets

indicate incision
or degradation

stream type has
w/d between

stream type has
w/d less than 5

(B—G), (C—G),
(E—G), (D—G)

3-16 and 3-7) 5-10
2 4) (6) (8)
Confinement (MWR /| 55 _ 4 oo 0.30 - 0.79 0.10-0.29 <0.10
5 MWR,¢) (Worksheet
3-9)
(1) (2 (3 4)
Total points

Vertical stability category point range for channel incision /
degradation

Vertical stability for
channel incision/
degradation (use total
points and check
stability rating)

Not incised
9-11
I

Slightly incised
12-18
I

Moderately
incised
19 -27

I

Degradation
> 27
-
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Worksheet 3-20. Channel enlargement prediction summary.

Stream: Stream Type:
Location: Valley Type:
Observers: Date:

Channel enlargement
prediction criteria
(choose one stability
category for each criterion
1-4)

Channel Enlargement Prediction Categories

No increase

Slight increase

Moderate
increase

Extensive

Selected
points
(from each
row)

Successional stage

Stream type at
potential, (C—E),
(Fo—B), (G—B),

(C—High W/d C),

(G—F), (F—-D)

(C—-D), (B—G),
(D—G), (C—G),

17 (E-C)
shift (Worksheet 3-16) (F=Bq), (F=C), (E—=G), (C—F)
(D—C)
(2) 4) (6) (8)
- Moderately )
) Lateral stability Stable unstable Unstable Highly unstable
(Worksheet 3-17)
(2) (4) (6) (8)
Vertical stability Moderate
3 excess dgposition/ No deposition deposition Excess deposition Aggradation
aggradation
_Ver_tlfzal stability . Not incised Slightly incised |Moderately incised Degradation
4 incision/ degradation
(Worksheet 3-19)
(2) (4) (6) (8)
Total points
Category point range
Channel enlargement Moderate
prediction (use total No increase Slight increase increase Extensive
points and check stability 8-10 11 - 16 17 - 24 > 24
rating) - - - -
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Worksheet 3-21. Overall sediment supply rating determined from individual stability rating

categories.
Stream: Stream Type:
Location: Valley Type:
Observers: Date:
Overall sediment supply
prediction prlterlg (choose Stability Rating Points Se!ected
corresponding points for Points
each criterion 1-5)
Stable 1
Lateral stability Mod. unstable 2
(Worksheet 3-17) Unstable 3
Highly unstable 4
Vertical stability No deposition 1
, Excess deposition/ Mod. deposition 2
aggradation Excess deposition 3
(Worksheet 3-18) Aggradation 4
Vertical stability Not incised 1
3 channel incision/ Slightly incised 2
degradation Mod. Incised 3
(Worksheet 3-19) Degradation 4
No increase 1
Channel enlargement . -
- Slight increase 2
4 prediction (Worksheet .
Mod. increase 3
3-20) .
Extensive 4
. stabl
Pfankuch channel Sz;)i?'dmzszsstable ;
5 stability (Worksheet 3- :
10)
Poor: unstable 4
Total Points
Category point range
Overall sediment supply iah iah
rating (use total points and Low Moderate g iRy e
check stability rating) 5 6-10 11-15 16 - 20
— — r —
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Worksheet 4-1. Summary of annual data comparisons and time-trend change.

Stream: Reach:

Observers: Date (Yr 1): Date (Yr 2):

Riffle XS: Glide XS:

Year 1 Year 2 Year 1 Year 2

Width (W)

Mean Depth (d,;)

Width/Depth Ratio (W/d)

Cross-Sectional Area
(Apki)

Max Bankfull Depth (dya0

Cross-section
Dimensions

D35 (mm)

Dso (mm)

Dgs (Mmm)

Pebble Count

D100 (Mm)

Meander Length Ratio
(L Wiis)

Radius of Curvature to Pool to Pool

Riffle Width (Ry/W ) Spacing/Riffle Width
Meander Width Ratio
(Wi W)

Pool Length/Riffle Width

Riffle Length/Riffle Width

Revised Pfankuch Channel

Stability Rating D35 (mm)

Bank-Height Ratio Dso (Mmm)

Point Bar Slope Dg4 (mm)

Bar Sample

Sinuosity (k) D100 (Mm)

Max Riffle Depth
Ratio (dmaxif dokr)
Max Run Depth
Ratio (dmaxrunldbkf)
Max Pool Depth
Ratio (dmaxp/doks)
Max Glide Depth
Ratio(dyaxg/doks)

Riffle Slope Ratio (S;/S)

Run Slope Ratio (S,/S)

Pool Slope Ratio (S,/S)

Dimensionless
Slope Ratios
Dimensionless
Max Depth Ratios

Glide Slope Ratio (Sy/S)
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Worksheet 4-2. Bank profile and bank erosion summary data form.

Bank Profile Form
Stream: Observers:
Location: Date:
Cross-Section: BEHI Adjective Rating:
Bank: NBS Adjective Rating:
Toe-Pin Station (ft): Predicted Erosion (ft):
Toe-Pin Elevation (ft): Measured Erosion (ft):
Date: Date:
Horizontal | Vertical Notes Horizontal | Vertical Notes
Vertical Bank Profile
8 7
7]
E 6
9 ]
C 5 i
ol ]
s 3
a 41
S 33
S 2]
1]
03
0 2 3 4 5 6
Horizontal Distance (ft)
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Worksheet 4-3. Streambank erosion validation.

Stream: Reach:
Observers: Date - Yr 1: Date - Yr 2:
Year 2: Actual Values
Year 1: Prediction
(Observed Values)
BEHI Rating BEHI Rating
5
X NBS Rating NBS Rating
5}
: . .
E:: Egtie:lc;ed E;Ofi';r; (Cf:mr/\r,)e Measured Erosion from
g Approp . Bank Pins and Bank
(e.g., Colorado or Profile (ftiyr)
Yellowstone Curve) y
BEHI Rating BEHI Rating
o
X NBS Rating NBS Rating
5}
'c . .
6 Eg?:'czed E;Ofi';r; (Cf:tl?r/\r/)e Measured Erosion from
g Approp Bank Pins and Bank
(e.g., Colorado or Profile (ftiyr)
Yellowstone Curve) y
BEHI Rating BEHI Rating
pe NBS Rating NBS Rating
s} - .
8 Eg?:'czed E;Ofi';r; (Cf:tl?r/\r/)e Measured Erosion from
g Approp Bank Pins and Bank
(e.g., Colorado or Profile (ftiyr)
Yellowstone Curve) y
Plot Measured Erosion Values According to their Respective BEHI and NBS
Ratings on Appropriate Curve; e.g., Colorado Curve (Figure 4-8) or
Yellowstone Curve (Figure 4-9)
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Worksheet 4-5. Dimensionless shear stress validation.

Stream:

Observers: Date (Yr 1): Date (Yr 2):

Year 1: Prediction Year 2: Actual Values
(Values from Worksheet 3-14) (Observed Values)

Predicted Depth d (ft): Measured Depth d (ft):

Predicted Slope S (ft): Measured Slope S (ft):

Predicted z* Drmax from Scour Chain or

Predicted z* ds

Actual T = xRy <~
EQ. 2: T* = 0.0384 (Dax/Dso) %’ ystaX

Plot Actual z* and Year 1 Relative Protrusion of Bed Surface (Bar D,q/Riffle
Dsg) on Andrews Relation (1983)

Year 1: Riffle Bed Material Dsg

Year 1: Bar Sample D;qq (mm) (mm)

y = 0.0384x %%

— Andrews (1983) curve
® Wildland Hydrology Data (Colorado)

0.1 1
Bar Dqgo/Riffle Dsg

Relative Protusion of Bed Surface
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