

















(C) COMPOSITE CHANNEL BOUNDARIES

l

STEP 4C
Estimate Future Incision Depth D,

| !

Hard Bedrock in Channel Bed Soft Bedrock in Channel Bed
Estimated future incision depth Estimated future incision depth = 2
assumed to be minimal D, =D times existing average depth D, = 2D

(see Figure 4.18A and C) (see Figure 4.18B)
STEP 5C

Measuring down from top of bank, delineate horizontal line as defined by estimated
future channel incision depth D, as shown in Figure 4.18

{

STEP 6C
Determine Erosion Hazard Zone boundary distance S based on using the
intersection of a combination of the projected sloped lines defining alluvium, soft
bedrock, and hard bedrock as shown in Figure 4.18. Plot boundaries on work maps.
(a minimum EHZ boundary distance of 20 feet is recommended)

Figure 4.18. Steps required for the Level 2 Erosion Hazard Zone calculations for channels
with composite (C) boundary materials.
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Figure 4.19. Erosion setback criteria concepts for channels with composite banks with
alluvium overlying: (A) hard bedrock; (B) soft bedrock; and (C) both soft

bedrock and hard bedrock.
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Step 6C: Determine and Delineate Erosion Hazard Setback Boundary - Beginning at the
intersection defined in the previous step (circled cross), project a line upward and away from
the channel at a slope of 3-horizontal to 1-vertical (3:1) for channels with hard bedrock in the
bed or 4-horizontal to 1-vertical (4:1) for channels with soft bedrock in the bed until it
intersects the contact between the lower bedrock unit and the next overlying bedrock unit or
alluvial unit as shown in Figure 4.19. For the purposes of calculating the EHZ boundary
distance, it can be assumed that the top of the bedrock unit is flat as it projects inward from
the bankline. The intersection of the sloped line with the bedrock-bedrock or bedrock-alluvial
contact is defined by the circled Xs.

Next, starting at the intersection defined by the circled X, project a line upward and away
from the channel at the appropriate slope for the overlying material until it intersects the
surface of the next bedrock-alluvium contact or the ground surface as shown in Figure 4.19.
A sloped line between contacts should be developed for each major bedrock or alluvial unit.
The intersection of the sloped line and the ground surface represents the EHZ boundary and
the distance of this intersection from the top of the lowest bedrock unit in the bank is the EHZ
boundary distance (S). The top of the lowest bedrock unit in the bank is used as the
reference point in this step because bedrock usually produces a relatively steep or nearly
vertical face. If the project reach encompasses both banks, this step should be conducted
for both banks at all locations with the same channel boundary conditions. In some cases,
the height of the bedrock unit in the lower bank and the thickness of the overlying alluvial unit
may vary significantly (more than 1-foot). Therefore, the setback should be calculated at
intervals of 5 to 7 channel widths along the reach. The minimum erosion hazard zone
boundary recommended is 20 feet from the top of bank as defined by Section 4.21. Once the
EHZ boundary has been defined, it should be plotted on the work maps relative to either the
bankline or the meanderbelt, whichever is applicable.

A 3-foot vertical offset shall be delineated below the incision depth (D)) line for the minimum
depth at which utilities may be placed. The intersection of the horizontal utilities offset line
with the vertical line projected downward from the EHZ boundary, as shown in Figure 4.19,
represents the subsurface expression of the EHZ boundary outside of which all utilities must
be placed.

Blank worksheet templates are provided in Appendix B that will allow engineers and
reviewers to "fill in the blanks" for the appropriate Level 2 analyses. The final worksheets
can be submitted to the City of Austin as part of the EHZ analysis requirements. Two case
studies showing the detailed application of the Level 2 Analysis are provided in Appendix D.

4.5 Sketching the Erosion Setbacks

Given the offset distances calculated from the Level 1 and Level 2 procedures presented
herein, the erosion hazard zone can be represented on the work maps and channel cross
sections. It is important to recognize that the final location of the erosion hazard zone and
channel setback will require engineering judgment and a general understanding of the
dynamic nature of alluvial channels.

If subreaches are used to define different offsets along a channel, abrupt changes from one
reach to the next should be avoided. A gradual transition should always be provided,
allowing the channel adequate room to adjust within the defined boundary. Areas around
tributary confluences should also be carefully reviewed, to account for channel dynamics in
these areas.
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For reaches where bank protection already exists and is in good condition, well maintained,
and designed to survive a large flood, the setback may be adjusted with approval from the
City of Austin on a case-by-case basis.

If legal descriptions of the setback are required, the final setback location should be defined
as a series of offset tangent lines with distance and bearing descriptions.

4.6 Sediment Deposition Issues

The setback criteria outlined above are based on a channel reach that is experiencing a
deficit of sediment, resulting in erosion and channel migration that could endanger adjacent
property. However, a reach experiencing sediment deposition will also experience change
over time resulting in unexpected channel migration, flooding and potential damage.
Examples of areas where sediment deposition could be an issue include reaches upstream
of a constricted road crossing, at a sudden reduction in channel slope, or downstream of
extensively degrading or incising reaches.

If sediment deposition is significant and begins to fill existing channel conveyances, it is
possible that a new, radically different channel alignment may develop. The analysis of
historic aerial photography may adequately define the various paths that a channel has taken
over time, allowing definition of a channel migration offset line. However, such a boundary
would likely be quite large, and requires specialized knowledge to accurately define.
Furthermore, based on the typically large offsets required in these situations, this approach
may not be cost effective or desirable. Maintenance activities to maintain channel
conveyance and functionality may be the preferred approach in a sediment depositional
area.

4.7 Criteria for Development of Stream Stabilization Alternatives

Conceptual-level recommendations on accepted methods of stream bank and slope
stabilization, channel armoring, and grade control are provided in conjunction with the Level
1 and Level 2 Analysis criteria. Stabilization options may be provided to reduce the Erosion
Hazard Zone, but must be approve by the City of Austin on a case-by-case basis. The limits
of bank protection may extend beyond the limits of a particular development property since
the stabilization must be adequately keyed into the bank at a stable location upstream and
downstream.

Biedenharn and Hubbard (2001) state that: "Design considerations for siting grade control
structures include determination of the type, location, and spacing of structures along the
stream, along with the elevation and dimensions of structures. Siting grade control
structures is often considered a simple optimization of hydraulics and economics. However,
these factors alone are usually not sufficient to define the optimum siting conditions for grade
control structures. In practice, hydraulic considerations must be integrated with a host of
other factors, which vary from site to site, to determine the final structure plan."

In addition, Biedenharn and Hubbard (2001) indicate that: "...one of the most important
factors to consider when siting grade control structures is the determination of the equilibrium
slope (Sy). Unfortunately, this is also one of the most difficult parameters to define with any
reliability. Failure to properly define the equilibrium slope can lead to costly, overly
conservative designs, or inadequate design resulting in continued maintenance problems
and possible complete failure of the structures.”
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Biedenharn and Hubbard (2001) also state that: "...in some cases, the geotechnical stability
of the reach may be an important or even the primary factor to consider when siting grade
control structures. This is often the case where channel degradation has caused, or is
anticipated to cause, severe bank instability due to exceedance of the critical bank height
(Thorne and Osman 1988). When this occurs, bank instability may be widespread
throughout the system rather than restricted to the concave banks in meander bends.
Traditional bank stabilization measures may not be feasible in situations where system-wide
bank instabilities exist. In these instances, grade control may be the more appropriate
solution."

Fischenich and Allen (2000) indicate that: "Design guidance for revetments is well developed
in both fluvial and wave attack environments and whatever the material used the probability
of failure will be small provided that design criteria are followed rigorously. Experience
shows that where revetments do fail, this can usually be attributed to excessive and
unpredicted toe scour next to the revetment, flanking due to excessive bank erosion at either
or both ends of the revetment, or geotechnical instability associated with deep-seated failure
or adverse drainage in the bank. To guard against these dangers, it is important to load the
toe of the revetment with a launching apron to prevent undercutting; to ensure that the
revetment is sufficiently long to cover the entire reach of eroding bank; and to take great care
over the design of seepage filters within the revetment to retain soil, but allow free drainage.

Additionally, Fischenich and Allen (2000) note that: "Increasingly, revetment is designed with
vegetation as an integral component either far environmental or structural reasons. The
appearance of almost any revetment can be improved using vegetation. Volunteer species
tend not to be desirable and a pro-active approach in which seeded soil or living plants are
introduced to the revetment are increasingly popular. In this respect, light revetments can
almost be considered as a type of hybrid protection. Problems do exist with vegetated
revetments and these must be borne in mind. They note that: "Vegetation obscures the
structure, making inspection much more difficult and the stems of woody species may breach
the protective armor either through mechanical disturbance or through generating local
turbulence during high flows. Usually, it is wise to limit vegetation on revetments to grasses,
reeds and shrubs rather than trees, and pollarding, coppicing or removal of woody species is
required. In this respect, the inspection and maintenance commitments for vegetated
revetments are much greater than for unvegetated ones."

The potential success of any stream bank or streambed stabilization measure is not only
dependent on the appropriate design and proper construction, but also on the evolutionary
stage of the urbanized stream channel in which it is placed. Often, bed and bank
stabilization measures fail because they do not account for the evolution of a channel
undergoing urbanization and, therefore, they are inappropriate or inadequately designed for
conditions that may occur in the future.

Any application of erosion and degradation countermeasures should first include an
assessment of the existing or future stability of not only the stream reach being evaluated,
but should also include an assessment of the stability of the stream both upstream and
downstream. For example, downstream degradation that is actively migrating upstream can
severely impact bank protection that does not include grade control or sufficient embedment
depth, and grade control may be inappropriate for a reach that is in the initial stages of
adjustment since aggradation may soon follow as a result of upstream incision and widening.
Nonetheless, bank protection embedment depth must be below the anticipated level of long-
term degradation and local scour (which may be reduced using grade control measures).

The causes and methods to control channel incision have been well documented (Watson et
al. 1984; Darby and Simon 1999), but the proper stage of evolution for a particular stream
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reach needs to be identified for stabilization to be effective (Schumm 1991). The
evolutionary stages of a single event of channel incision are shown in Figures 2.1 and 2.4.

The inadequate or inappropriate installation of grade controls and bank protection during
multiple episodes of incision can modify the evolutionary process and make stage
identification difficult. This often occurs when channel stabilization measures are designed
based on current channel geometry and without consideration of future channel geometry.
Often, grade control is designed based on the assumption that current channel geometry will
remain unchanged.

However, as a watershed continues to become urbanized, the magnitude and frequency of
flows increase and a channel with grade control may only be able to adjust laterally. Without
adequate bank protection, this leads to channel widening and lateral instability. In addition,
grade controls designed for existing conditions may not be adequate and could be
undermined in the future. Loss of one or more grade control structures can be devastating,
especially to structures, such as bridges and utility lines, that cross the channel.

Time is an important factor in the development of an incised channel and, therefore, it should
be an important variable in any stabilization scheme. Figure 4.20 shows the change in
sediment yield and incised channel drainage density (length of incising channels per unit
area) with time. As incision progresses in an urbanizing basin, the length of incising
channels increases resulting in an increase in sediment production. Figure 3.18 shows the
cycle of channel incision from initial instability (time 1) to a maximum length of incising
channels (time 4) to renewed stability (time 8), and an understanding of this cycle makes it
possible to select spans of time in the cycle when land management practices, installation of
bank protection, and structural control of channel incision will be most effective. Thus,
channels that are just beginning to incise (Stage | - times 1 and 2) and incised channels that
are nearly stabilized (Stage V - times 6, 7, or 8) will be the most easily controlled by
structural means. Countermeasures installed at times 1 and 2 will be most effective in
preventing erosion, whereas countermeasures installed at times 6 through 8 will have little
effect, since the channels are stabilizing naturally. At time 4 (Stage IlIl), control will be difficult
and expensive.

Grade controls can induce upstream aggradation, result in a decrease in channel slope, and
reduce critical bank heights. Because of the highly erosive nature of the bed and bank
sediments, bank erosion, widening, and channel migration may continue to occur following
the installation of grade control structures. Therefore, grade control structures should be
designed to account for significant downstream scour and potential threats from lateral
channel migration, bank erosion, and avulsions. Grade controls should be designed to
provide a stable bed slope and sediment transport continuity. Watson et al. (1999) and
Watson and Biedenharn (1999) provide detailed information on the types and applicability of
various methods of grade control and provide guidelines on the construction, installation, and
appropriate application of grade control structures. The U.S. Army Corps of Engineers or the
USDA Natural Resources Conservation Service have resources for additional information,
specifications, and guidelines for the design and construction of grade control structures.
Figure 4.21 shows two types of grade control structures constructed by the City of Austin
using limestone blocks that are readily available locally and inexpensive to obtain.
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Figure 4.20. Hypothetical change of sediment production and incised channel drainage
density with time (after Schumm 1991). Dashed lines indicate effect of
stabilization measures at various times during channel evolution.

Figure 4.21. View of grade control structures constructed by the City of Austin using readily
available limestone blocks.
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There are a variety of bank protection and stream stability countermeasures available.
Figure 4.22 provides a matrix of widely used countermeasures and their applicability. The
matrix is modified from the matrix provided in HEC-23 (Lagasse et al. 2001). In addition, a
number of other resources are available that provide design guidelines for both "hard" and
"soft" bed and bank stabilization measures (Lagasse et al. 2001; Gray and Sotir 1996;
Johnson and Stypula 1993; Newbury et al. date unknown; Bentrup and Hoag 1998; Waters
and Rivers Commission 2001; Johnson and Brown 2000; NRCS 1992, 1996; Fischenich and
Allen 2000; Biedenharn et al. 1998). Conceptual drawings and photographs of a number of
typical types of grade control and bank stabilization measures, including those containing
vegetative treatments, are provided in Appendix C. The U.S. Army Corps of Engineers
provides guidance for riprap in streamflow applications in USACE Engineering Manual 1110-
2-1601, "Hydraulic Design of Flood Control Channels" (1994).

Where bank protection is necessary or required, rock riprap, gabions, permeable dikes, and
longitudinal toe revetment can be effective and can be designed to include vegetative
treatments as well. Flexible permeable dikes are a cost-effective means of providing bank
protection in fine-grained fluvial systems and function by trapping sediment along the bankline
and stabilizing the bank at a particular location. Rock riprap or gabion dikes would also trap
sediment if properly spaced, but are susceptible to scour and bed degradation. Longitudinal
toe protection or dikes, which are also susceptible to scour and bed degradation, can provide
bank stabilization by protecting the toe and allowing the upper and mid-bank to retreat to a
stable slope. Ultimately, material from the upper and mid-bank area builds up along the toe,
reducing the critical bank height and stabilizing the bank toe area. The upper and mid-bank
gradually slopes back to a stable angle. Any bank stabilization measure should be keyed well
into the bed of the channel and into the banks of the channel to account for scour or bed
degradation and inhibit flanking.

Biotechnical stabilization without a "hard" toe is usually ineffective on incising streams because
of the highly flexible nature of the material used, the inability to key the material into the bed
and bank to any significant depth to withstand potential scour or incision, and the inability of the
material to withstand significant stresses. However, engineered solutions to channel
stabilization that incorporate vegetative treatments in the middle and upper bank positions can
be effective and provide upper bank stabilization while reestablishing native riparian vegetation.
For example, the City of Austin has stabilized eroding stream banks at a number of locations
using limestone blocks or gabion walls to stabilize the lower bank positions and installed
seeded or planted geogrids, welded wire baskets, and fabric encapsulated soil in the middle
and upper bank positions. Figure 4.23 shows a reach of channel before, during, and following
construction of stream bank stabilization using toe rock riprap, vegetated geogrid, and re-
graded and vegetated upper slope. Figure 4.24 shows a site recently stabilized using
limestone blocks as toe protection and a vegetated geogrid protecting the re-graded upper
slope.

Stacked limestone blocks or gabion baskets may be especially effective in reaches where
space for bank modification is severely limited or where structures are immediately
threatened (Figure 4.25). However, the effectiveness of this type of vertical bank
stabilization is greatly dependent on the vertical stability of the channel reach, and grade
control may be required in addition to the bank stabilization measures.
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INSERT 11"x17" FIGURE (Table)

Figure 4.22. Stream stability countermeasures matrix (after Lagasse et al. 2001).
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INSERT 11"x17" FIGURE (Table) (continued)

Figure 4.22. Stream stability countermeasures matrix (after Lagasse et al. 2001).
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Figure 4.23. View before, during, and following construction of stream bank stabilization on
a stream in the City of Austin.

Figure 4.24. Before and after views looking upstream showing a bank stabilized with
limestone blocks in the toe and vegetated geogrid in the upper bank.
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Figure 4.25. Views of stacked limestone blocks in channel reaches in the Austin area with
limited space available for bank stabilization measures.
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5. RESULTS OF BETA TEST OF LEVEL 1 AND LEVEL 2 CRITERIA

Under the initial contract SOW, Beta testing of the Level 1 and Level 2 criteria were to be
conducted to determine the applicability and usability of the criteria.

5.1 Level 1 Criteria Beta Test

The City of Austin WPRD has conducted a Beta test of several sites using historic cross-
section data obtained from surveyed wastewater line profiles and recent survey data. A
comparison was made of the historic and recent cross section to determine the enlargement
of the channel at that location and the results were compared with the predicted enlargement
for a given stream cross section using the Level 1 analysis criteria. Although the Level 1
analysis produced results that were relatively conservative in some cases, the predicted
channel geometry when compared with the actual channel geometry accurately predicted the
enlargement of the channel at all locations. Figure 5.1 is an example of one of these sites.

It was determined for those locations where the channel geometry predicted by the Level 1
analysis was conservative that the channel reach may still be in adjustment and the existing
channel geometry may not represent the final channel geometry.

Little Walnut Creek Wastewater Line 8751

30+
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Figure 5.1. Example cross section of Level 1 Analysis for a site on Little Walnut Creek
showing the relationship between the Erosion Hazard Zone and the pre-
and post-development channels.

5.2 Level 2 Criteria Beta Test

Although the Beta test of the Level 2 analysis was to be performed by the City prior to the
completion of this document, the test has yet to be performed at the time this document was
compiled and, therefore, there are no results to report.
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6. SUMMARY

The stepwise methodologies for developing the simple Level 1 and detailed Level 2 Erosion
Hazard Zone criteria described above are based on extensive experience with and
knowledge of the geomorphologic processes and impacts of urbanization on streams across
the country and in the Austin area. The enlargement of a number of streams in northeast
Texas has been well documented and, therefore, enlargement ratios have been incorporated
into the setback criteria as well. Knowledge of the general geologic and geotechnical
properties of the bank and bed materials commonly found along Austin streams and studies
conducted on the erodibility of bedrock materials in the region have also been used in the
development of the criteria. The City of Austin has applied the criteria to a number of
locations and found the criteria to accurately define an effective setback boundary that is not
excessive.

It is important to note that the erosion setback criteria are part of a number of setback criteria
developed for Austin streams. Primary among them are environmental and water quality
setbacks as well as the FEMA 100-year floodplain. If the Level 1 or Level 2 analyses results
in an erosion setback boundary that lies between the stream and another setback boundary,
the setback boundary farthest from the stream takes precedence unless otherwise approved
by the City of Austin. If the erosion setback lies within an existing FEMA 100-year floodplain
or a City of Austin Critical Water Quality Zone or Critical Environmental Feature Buffer, these
boundaries will take precedence.
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