2.4.2 STREAM RESTORATION CHANNEL DESIGN AND CONSTRUCTION GUIDELINES (CDCG)

Purpose

This action includes the design and construction of new channels or the modification of existing constructed channels for optimum flood flow conveyance, channel stabilization, fish passage improvements, and creek restoration to simulate natural conditions. An open channel or waterway collects runoff from its contributing area and conveys it to another point, usually a larger channel, and ultimately to the Pacific Ocean. 

These BMPs are intended to provide general design guidelines and design criteria to be used as a reference and used in conjunction with any existing City or County Hydrology or Hydraulic Design Criteria or Design Manuals. Where a county or other public agency  has published a Design Manual, then that manual will  normally take precedence in the design. 

Natural Channel Design 

A Natural Channel Design approach is recommended for the  design of stream restoration  projects. A “Natural Channel Design” approach utilizes a geomorphic characterization of an appropriate, functioning “reference reach” to establish the basic geomorphic stable channel design parameters. The geomorphic assessment of the project  design site should include an analysis of historic maps, a comparison of any surveyed channel profiles and cross sections with recent surveys,  and  a review of sequential aerial photographs,  to characterize and determine the change in channel planform, cross section detail, profile, and bedform.  Once these parameters are determined, a hydraulic assessment of  water surface elevations, critical velocities and shear stresses, and where appropriate,  sediment transport  should be  used to complete the design. Typically this includes completing a detailed hydraulic analysis that compares existing conditions at carefully selected and field surveyed cross sections, with  proposed design cross sections in an iterative process. A range of flow conditions should  be accessed, including  the 1.5 or 2-year channel forming flow, and the 10, 50, and 100-year discharges. Where there are indications of deep seated channel bank instability, a geotechnical investigation also needs to be completed. Natural Channel Design uses native vegetation to provide habitat enhancement, and soil bioengineering methods to provide channel stabilization.

Channel Design References

Reference Reaches

 USDA Forest Service General Technical Report (1994)  RM-245 Stream Channel Reference Sites: An illustrated Guide to Field Technique, provides guidance on the selection and characterization of reference sites. It should be noted that it is   important to select a reference site that represents the same stream and watershed  geomorphic characteristics and processes as the project design site. Stream geomorphic classification provides one way to assist in verifying that the selected reference reach is representative of the design reach. This is critically important in the coastal portions of the  Tri-County area, where many streams quickly move from high gradient bedrock controlled mountain streams, through steep stream alluvial and debris fans reaches, before entering an alluvial flloodplain portion where the 2 year flood and meandering planform stream processes occur,    Although there are several good stream classification systems, one that is commonly used was developed by D.L. Rosgen in 1994: A Classification of Natural Rivers.  The Montgomery and Buffington (1997) system (Channel-reach morphology in mountain drainage basins) is especially  useful as a means of characterizing mountain streams.   These and other useful stream assessment and design handbooks, and other references  are listed in the references section at the end of this BMP guide.    Some  Stream  reference site geomorphic characterization information is  available  in Hydrogeomorphic  (HGM)  Research completed in the Tri County area. (Lee, 2001)   Draft Guidebook for Reference Based Assessment of the Functions of Riverine Waters/Wetlands Ecosystems in the South Coast Region of Santa Barbara County, California.  HGM protocols are based on complex hydrogeomorphic models that describe and characterize  important  stream ecosystem functions primarily in terms of the degree to which natural channel morphology, aquatic biology,  and native plant communities have been maintained or altered  relative to reference  sites in similar geomorphic landscapes. The HGM  reference sites represent  relatively pristine conditions, and can also  be used as a source of information in Natural Channel design. 


Natural Channel Design References

USDA Natural Resource Conservation Service (NRCS), National Engineering Handbooks, (1998)  NEH 653,  Stream Corridor Restoration, Principles, Processes, and Procedures, and thr in-press (2007) NEH 654, Stream Restoration Design Handbook, provide methods and procedures for stream assessment and natural channel design, and should  be used as a basic design reference where a natural channel design approach is selected.  

Hydraulic Design References

The US Army Corps of Engineers step backwater hydraulic model, HEC-RAS is recommended for use in detailed  hydraulic analysis of stream restoration projects (Brunner, 2001, Copeland, 2001).  Cross section analysis using Mannings  equation or  other more  simplified analysis procedures may be appropriate for some projects. WinXSPRO is available from the US Forest Service Stream Team, and can be used to analyze stream channel cross-sections for geometrics, hydraulic, and sediment transport parameters. FishXing is also available from the Stream Team for use in the evaluation and design of culverts and for fish passage analysis. 

In Stream Structures

National Cooperative Highway Research Program (NCHRP) (2006) Report 544, Environmentally Sensitive Channel-and Bank-Protection Measures, and Rosgen,(1996)  Applied Fluvial Hydrology provide design guidelines for channel bank protection, including the use of in-stream structures such as rock vanes and weirs. The NCHRP report also provides a software program, including a decision matrix, for selection of the most environmentally sensitive and appropriate bank protection measure.  

Soil Bioengineering References

NRCS Engineering Field Handbook, (1992)  Chapter 16, Streambank and Shoreline Protection                 and (1996) Chapter 18, Soil Bioengineering,  along with US Army Corps of Engineers, Waterway Experiment Station Technical Report EL-97-8, Bioengineering for Streambank Erosion Control, Report 1 Guidelines, provide  additional design guidance on streambank stabilization and bank repair and protection.

Stream Habitat Restoration References

The California Salmonid Stream Habitat Restoration Manual, prepared  by the Calif. Department of Fish and Game Inland Fisheries Division, in 1998, and periodically updated,   provides  design guidance for stream habitat restoration, including fisheries restoration. 

Design Philosophy
The overall design  philosophy of a Natural Channel Design approach  should be to prepare a stream restoration channel design that  meets project design objectives with a minimum of hardscape features, while allowing natural stream geomorphic processes to occur, (such as  channel migration and controlled overbank flooding where adjacent land uses allow) The final design should  minimize  the risk of excessive  bank erosion (and potential destabilization), while increasing  biological values and aesthetics. However, where valuable top of bank infrastructure occurs within the design reach and  must be protected, structural bank stabilization measures will be  necessary. Natural channel migration typically cannot be allowed in an urban setting. In these cases, the design should include use of an integrated approach to channel stabilization, that combines vegetation with hard structures, such as planted rock riprap. In some cases the hard structures can be   covered with soil and planted, with the underlying structure s,  serving as “insurance” against accelerated bank erosion  or bed scour.. 

It should also be emphasized that in  some highly urbanized settings where watershed hydrology and  stream channel processes  have been highly altered,  and where significant flood risk and channel stability problems occur, the use of a Natural Channel Design approach must be used cautiously,  and  the approach modified to reflect the reality of site conditions.  

The following general principles can serve to guide the  assessment and design of stable  channels for stream restoration projects.

Channel Grading

The  channel flowline should be graded so that it is  the lowest point across the riparian area and the channel banks, and any floodplains, and terraces  components should   slope upward  away from the channel.  Streambanks will be most stable if they are graded  to  be stepped as they rise away from the bottom of the channel. All  overbank areas should slope toward the stream.  Streambanks located on the outside of meander bends should be designed to rise more steeply than those on the inside, of bends  and  should still be terraced or  benched whenever possible. 

Roughness  Considerations 

Roughness consists of resistance to flow caused  by  dense vegetation, rough cobble and boulder-lined channel surfaces, large woody debris, and man made,  structures. Providing a channel design that increases  roughness away from the central part of the  channel tends to direct high flows and slows velocities against the often more erosive stream banks and terraces. Typically, the center part of the channel should be managed to be  relatively free of vegetation and other obstructions. The areas immediately adjacent to the channel, (the floodplains,)  should  be designed to include  dense thickets or forests  of shrubby vegetation (i.e., arroyo willows, etc) that bend with the flows, where  consistent with channel conveyance capacity goals, as the use of dense vegetation along the channel can decrease channel flow capacity. Areas further away from the channel (the floodplain terraces) can  be designed  to support more rigid woody riparian vegetation (cottonwoods, willow, sycamore,, oaks etc) that further slow flows. A hydraulic analysis should be completed for any channel reach  in  a flood prone area (designated as within a 100-year floodplain  on a  FEMA Flood Insurance Rate Map or FIRM), prior to  significantly increasing vegetation density and roughness.

In-stream Structures

Structures that  block or redirect flow across the floodplain terrace and channel should  generally be avoided. However, in some situations, rock groins, stream barbs, bendway wiers, and other in-stream training structures  can be considered as a way to redirect impinging stream flow away from a vulnerable streambank and towards a more stable point in the channel. In stream structures can also be used to enhance stream channel aquatic habitat, and certain structures such as rock step pools and constructed riffles, can be used to overcome fish passage barriers. 

Incorporate Floodplain Terrace Into the Design

Floodplain terraces, where they occur,  can often be used by both humans (for recreation and spaces to live), for wildlife (for life history functions)  and as part of the natural river or stream system.  These elevated areas are infrequently flooded and  can be used for agriculture, and  open space parks and  in urban areas for sports fields, and parking facilities. (Where parking facilities are used in floodplains, the design hydraulic analysis should verify that the parking areas will only expose people to infrequent, shallow depth and low velocity flooding.) However, in some situations, the lack of flow and open space resistance in overbank terrace areas can create high flow velocities and cause erosion and  sediment deposition. In some situations, for instance where a stream channel has become incised due to urbanization and altered watershed hydrology, the floodplain area adjacent to the creek can be lowered to create a new floodplain feature reconnected to the stream, if space allows  

Provide Smooth, Gradual  Transitions

To minimize the risk of lateral bank erosion, streamflow  should move smoothly through the stream corridor with gradual transitions. Although  meandering is a natural stream process, tight bends can lead to excessive shear stress applied to the stream banks, which can increase bank erosion. It should be noted that high  shear stress does not in itself weaken stream banks,  bank erosion  occurs only where high shear is focused on banks that do not have adequate shear protection  Meanders should be gradual and within the dimensions described in subsequent specific recommendations. Floodplains and terraces should not be sharply  narrowed (constricted)  by buildings or other structures. Such constrictions can result in increases in  stream velocity and flood water surface   elevations.. 

Start and End Bank Repair at Stable Points

Streambank repair designs should start and end at stable points within the channel. This is often challenging due to property line considerations. Coordinate planning and design with adjacent property owners whenever possible.

Channel Classification

 There are several types of channels, which occur in the Tri-Counties area. Engineering and planning studies may indicate that these channels may need to be altered from time to time to meet community needs or specific project objectives. Such alterations may be completed, subject to CEQA and/or NEPA review, public hearings, and appropriate government body review and approval, including acquisition of permits from various regulatory agencies.

The following kinds of channels are recognized in the Tri-County area and provide a means of classification for further discussion and review of channel design and management options: (SCWA, 1983, PWA, 1993, Questa Engr. Corp. 2002) 

1.        Natural Channels

            2.        Altered  Natural Channels
            3.        Modified Channels

            4.        Constructed Natural Channels

            5.        Closed Conduits

1.
Natural Channels. A Natural Channel is defined as an existing stream or waterway, which has been created by natural hydrologic and geomorphic processes. It has had a minimum of channel modifications in terms of widening and channel lining, and follows more or less the historic alignment. Natural Channels typically have a compound or multi-stage channel morphology, with areas of near vertical slopes and in-channel benches or natural terraces located at the approximate 1.5 to 2-year flow line. They typically have a channel bottom with significant aquatic habitat diversity such as pools and riffles, and often have a distinctive meandering pattern. Most often stream meandering, including bank erosion at outside channel bends, and pool:riffle:bar formation are a natural process that occurs in Natural Channels.  There are few completely Natural Channels in urban areas within the Tri-County area.

The criteria which makes a channel suitable for continued management and maintenance as a

Natural Channel includes the following:

· Part of an existing riparian corridor

· Nearby wetlands or other important habitat areas

· Adjacent areas requiring erosion protection

· High value existing natural conditions

· Adequate channel capacity to meet flood management objectives 

· Mostly stable channel banks, little or no downcutting or headcutting.

Management and maintenance of a Natural Channel consists of  such functions as removal of  invasive and exotic vegetation, selective thining and limbing of vegetation for improved flood conveyance and fire fuels reduction purposes,  additional stream bank and floodplain planting using native plant species to fill in openings in the riparian canopy and increase the age class, species, and structural plant community diversity.  Fish passage barriers can and do occur in Natural Channels in the Tri County area, and management also includes their modification, reconstruction, and/or  removal. Local bank stabilization (using primarily soil bioengineering methods), stormdrain facility maintenance, and sediment and debris removal needs also occur in Natural Channels, and should be completed consistent with other Tri County FISH Team recognized BMPs. Depending on channel ownership and channel maintenance responsibilities,  maintenance may be completed by cities, counties, the State of California, special districts, non-profit organizations, or private property owners and homeowners associations.

2.
Altered Naturalized Channel. An Altered Naturalized Channel has many of the attributes of a Natural Channel in terms of vegetation and aquatic features, but has experienced prior modifications.  The channel may not be geomorphically stable due to past disturbances and channel alterations. These channels therefore require a higher degree of maintenance and management than Natural Channels.

Altered Naturalized Channels are reaches that may have been straightened, confined, realigned, partially lined with rock rip rap and broken concrete slabs, or otherwise altered associated with adjacent land use.  In many cases, these channels have been straightened, increasing channel slope and accelerating erosion of the channel bed or instigating lateral migration of the channel (bank erosion), particularly during periods of unusually high creek flows. Despite this instability, many historically altered creek reaches have become vegetated or naturalized with willows and other native and non-native tree canopy cover, and provide important wildlife, fish, and aquatic habitat. Many stream channels in urban areas of the Tri Counties can be characterized as Altered Naturalized Channels.

The criteria that make a channel suitable for continued management and maintenance as an Altered Naturalized Channel include the following:

· Part of an existing, often fragmented  riparian corridor

· Nearby wetlands or other important habitat areas

· Immediately adjacent areas are largely undeveloped

· High-value existing natural conditions

· Adequate channel capacity to meet flood management objectives, with continued maintenance
· Significant  portions of channel are unstable

Most of the management and maintenance requirements of a Natural Channel are also needed for an Altered Naturalized Channel. Channel bed and bank stabilization are a main focus of these kinds of streams,  along with exotic species removal and  riparian corridor restoration.  Channel stability is best addressed in a coordinated, reach wide basis for these channels, although it is recognized that property ownership, channel maintenance responsibilities, and lack of funding creates significant constraints to developing and implementing a creek reach management plan where there are significant channel stability issues.  

3.
Modified Channels. A Modified Channel is defined as a drainage facility designed for the principle purpose of collecting and conveying runoff in an efficient manner. It lacks many of the attributes of a Natural or Altered Naturalized Channel (in terms of having compound channel morphology, such as an in-channel terrace or bench located at the two year flow line). It may have a simple, relatively straight planform, largely lack a natural channel bottom, and have limited aquatic diversity. Modified Channels are often lined with rock rip-rap, concrete blocks, or concrete lining, gabions, or other means of providing erosion protection from flowing water, and may not be stable. Often they can become choked with cattails and tules.

There is a wide variety of Modified Channels that occur in the Tri County area, including channels that are completely lined with concrete, that are concrete lined only at channel bends,  that have vertical concrete  or gabion basket walls, or  that have sloping walls  lined with concrete or rock, and natural channel bottoms. These areas with natural bottoms provide for the interaction of  surface water with groundwater, but in some cases are conduits to local groundwater contamination, or allow  seepage and inflow that are both a resource to be protected and  enhanced, or can cause local stability and water quality problems.  Each of these kinds of Modified Channels  presents differing constraints and challenges  to channel restoration.  

Construction of new Modified Channels should be avoided, and existing Modified Channels should be reconstructed as Constructed Natural Channels wherever feasible, in association with new development or redevelopment projects, flood control projects,  stream restoration projects, or as mitigation for upstream and downstream hydraulic/geomorphic impacts. The restoration of a Modified Channel to a stable, Constructed Natural Channel is often constrained by the availability of adjacent  undeveloped land, and the high cost  and other considerations of the  acquisition of adjacent developed land.  

The criteria, which make a channel suitable for continued management and maintenance as a Modified Channel includes the following:

· Long stretches armored with concrete, grouted rock, or other hard, inflexible lining;

· Not part of an existing continuous, riparian corridor; habitat is fragmented;

· Very low biological value and low potential for enhancement/restoration without significant, and costly  modification;

· Little room at top of bank; top of bank urbanized; and

·  Significantly inadequate channel capacity to meet flood design objectives, if altered or naturalized

Management and maintenance of Modified Channels is not necessarily triggered only by the need to restore or improve channel conveyance capacity. Damage to these facilities, including sedimentation and bank erosion,  occurs routinely and need repair. 

4. Constructed Natural Channel. A Constructed Natural Channel (also sometimes called a Landscaped, Constructed Channel) may be constructed from an Altered Naturalized or Modified Channel, (but not usually a Natural Channel) where it has been shown that the channel lacks a specified or approved design flow conveyance capacity, is geomorphically unstable, or reconstruction is necessary to meet an approved project flood control requirement. The waterway should be designed in accordance with the design criteria applicable to Constructed Natural Channels. Typically, this will include construction of a compound channel utilizing an in-channel bench or terrace whenever feasible, considerations of stable channel planform geometry, use of setbacks and buffer strips at top of bank, planting using native plants, slope stabilization giving preference to use of biotechnical erosion control methods, and where appropriate, incorporation of aquatic habitat enhancement elements within the stream bottom, such as boulder clusters for pool formation,  rock vanes and  rock weirs,  constructed riffles, and root wads. Correction of existing fish passage barrier problems, restoration of a riparian corridor, and developing channels that avoid creation of new barriers, should  be a major focus of Constructed Natural Channel design. 

The criteria, which make a channel suitable for management and maintenance as a Constructed Natural Channel includes the following:

· Not extensively armored with concrete, grouted rock, or other hard, inflexible lining

· High potential for enhancement/restoration

· Adequate room at top of bank for alteration and management

· Existing channel unstable or has inadequate capacity to meet flood conveyance objectives and requires substantial modification.

5.
Closed Conduits. Closed conduits consist of pipe flow. Projects whose design discharge may reasonably be placed in a 122 cm (48 inch) or smaller pipe can be considered for placement in an underground conduit, except for existing natural waterways, constructed natural waterways, and allowable gutter and roadside ditches. Consideration should also be given to retaining an open channel for use as a bioswale for water quality. Generally waterways, which fall under the jurisdiction of the U.S. Army Corps of Engineers, cannot be undergrounded.  In addition, a closed conduit cannot be constructed that replaces a waterway that is under the jurisdiction of the Corps of Engineers without adequate mitigation. 

Best Management Practices: 

CDC 1.0
Design Flows. For purposes of designating Design Flows, when a channel does not have a designated design capacity,  and   design discharge requirements have not been established, the system of creeks and waterways in a watershed can be divided into major, intermediary, and minor waterways. Existing and proposed conveyance systems for these situations can be analyzed and designed using the peak flows for the hydrographs developed to meet the following design capacities:

Major Waterways – typically have a drainage area of over 10 km2 (4 mi2) (four square miles). These channels should be designed for an average stream discharge  recurrence interval of  100 years.

Intermediary Waterways have a drainage area of between 2.6 km2 and 10 km2 (1 and 4 mi2) and should be designed for a stream discharge recurrence  interval of  50 years, with 0.3 m (1 ft) of freeboard.

Minor Waterways have a drainage area of less than 2.6 km2 (1 mi2) and should be designed at minimum of a storm recurrence interval of 25 years, with 0.3 m (1 ft) of freeboard. 

A given waterway, therefore, can be classified both as to its existing and planned design condition (Natural Channel, Modified Channel), and for its Design Flow capacity. A waterway may be classified as minor in its upper reaches, then changed to the secondary or intermediary classification at a point where the drainage area exceeds 2.6 km2 (1 mi2) and changed again to the major classification at a point where the drainage areas exceeds 10 km2 (4 mi2), or joins a named reach, where a design capacity has been designated

CDC 2.0
Open Channel Design Criteria for Major and Intermediate Waterways. Once a design discharge has been computed and the appropriate level of protection, or channel design flow and conveyance capacity (i.e. 100-yr) is agreed upon, a channel conveyance system to meet these requirements can be designed. The design should be a collaborative effort involving civil and geotechnical engineers, hydrologists, geomorphologists, and biologists.

A conveyance system includes all portions of the surface water system, both natural and man-made, that transport or convey stormwater and surface water runoff, and any diverted water or intercepted shallow groundwater flow. The purpose of the conveyance system is to drain the surface water from properties up to a specific design flow and within a stable channel,  so as to provide protection to the public,  the property, and the environment.

· For open channel flow, the channel section should be sized to provide adequate capacity for the design flows while controlling erosion and maintaining channel stability, habitat protection, and where possible, providing additional enhancement.

· For closed conduit flow (pipe flow) the system should be designed to maximize hydraulic efficiency and minimize maintenance and repair by utilizing proper materials and construction methods, slope, and size.

· With the exception of closed conduits, all constructed conveyance systems are to be designed to emulate a natural conveyance system to the maximum extent feasible.

· Inflow and outflow should occur at the natural drainage points as determined by topography and the historic, “or existing” drainage patterns, and channel planform and grade should emulate nearby natural drainage systems.

CDC 3.0
Constructed Natural Channel Design. Natural channels are shaped by the forces of flowing water and erosional processes acting on the banks and adjacent floodplain areas.  Often   natural channels  in a similar  physiographic position in a watershed (i.e. lower, middle, upper reaches)   have similar characteristic shapes and cross-sections, which relate to the flow-frequency characteristics of the watershed and the climate,  geology, topography, soils and vegetation of the watershed.  In the Tri-County area, channels frequently grade from steep bedrock channels to a lower gradient, meandering main channel downstream.  Discharge, width, depth, and cross-sectional shape can change  significantly downstream. In natural channels, specific vegetation zones are typically  associated with various positions on the channel bank (upper bank, bank top, mid channel terrace, toe, etc.).

· Constructed or Modified Channels typically have much less complex shapes than natural channels, and are often linear or straight, vs. a curvilinear   or sinuous shape common to natural channels., are typically even or uniformly sloped, and often trapezoidal in shape. The effect of this simplicity  eliminates variability in flow characteristics,  thus also eliminating characteristic natural vegetation zones, flow complexity, and sediment transport important to aquatic habitat. Although this design maximizes hydraulic flow capacity in the cross section, it often requires extensive maintenance to maintain the design capacity, due to siltation, bank erosion, and growth of channel bottom vegetation. The flattened bank slopes of the constructed or engineered channel also makes shading of the channel more difficult, and often eliminates the occurrence of undercut banks, and associated pools which provide important fish habitat. These features should  be included in the re-design of the constructed or modified channel.

· Where detailed hydraulic studies indicate the need to modify or restore an existing Altered Naturalized Channel to improve flood conveyance, a Constructed Natural Channel design should be used wherever feasible. Constructed Natural Channels, which emulate the form and function of natural channels in design, should be part of a comprehensive flood management system, which place an equally high value on preserving natural systems and enhancing wildlife and fisheries habitat.

· The stability and maintenance requirements of the Constructed Natural Channel should be considered in the design, Where available room allows, the design would typically include a two-stage or compound channel (with benches or terraces) with a separate low flow channel within the overall flood channel.
· The design should emulate natural channel cross-section, as well as natural channel planform shape and bedform or channel bottom features, such as pools and riffles.

CDC 4.0
Cross - Section Design. Floodplain refers to the generally flat area immediately adjacent to a channel that is periodically flooded. Sometimes a specific recurrence interval is used to define the floodplain, such as the 2-year, 10-year, 25-year or 100-year floodplain.

In an alluvial formed system, the main channel occurs below the floodplain and is capable of carrying the “bankfull discharge” which typically recurs at the approximately 2-year peak flow along a natural channel. Often, the 2-year floodplain occurs as an easily recognizable but intermittent in-channel bench or terrace along the stream course, located about 1/3 to ½ of the way up the channel bank.

(Note: the concept of the 2-yr flood as the channel-forming discharge is only applicable to self-formed rivers in  low gradient alluvial systems, and is not  readily applicable to   high-gradient mountain streams (bedrock  controlled streams) as those streams that are closely connected to hillslopes and rather than having been self-formed, have cut down in many places through debris deposited from colluvial processes or in  mass movements.   Low-gradient alluvial streams are those streams whose channels are formed from the reworking of fluvially deposited sediment.  In the case of alluvial streams located in the Tri Counties, the correlation between the bankfull channel and the channel that contains the 2-yr flood is fairly close.   However,   along the coast, where the streams emerge  steeply and in a short distance from the  coastal mountains, many of the streams are not self-formed alluvial channels, and so the 2-yr flood and channel size correlation does not apply.)

Due to channel incision, channel modification and widening, and floodplain fill, the recurrence interval for flooding which escapes the banks has increased along many creeks  in the Tri County area..

The low-flow channel is typically well defined along most of the creeks in the Tri Counties area, although it may not be clearly associated with any specific recurrence interval peak flow or flow duration. It can be considered as the lowest elevation part of the channel, including the channel thalweg, and for design purposes shall be assumed as the portion of the channel that conveys the early summer (June) flow. The channel thalweg is defined as the line following the lowest bed elevation of a stream or river. Each of these sub-areas of the channel cross-section, the low flow channel and thalweg, in-channel bench or 2-year floodplain, main channel, and overbank floodplain play a different role and must be considered in designing a Constructed Natural Channel. 

The following are guidelines that are to be used in designing a Constructed Natural Channel:

· The adjacent lowest flood plain terrace should receive flow on the average of every 1.5 to 2.5 years. [This guideline is only applicable to alluvial rivers that have classic floodplains formed from sediment deposited by the river. Along many of the coastal streams, the “floodplain” is the top of debris flow or other mass movement deposits.]

· When designing natural channels, a channel Manning’s ‘n’ value of 0.050 to 0.06 for fully maintained channels and 0.065 to 0.075 for infrequently maintained channels should typically be used.

CDC 5.0
Low-Flow Channel. Unless the Constructed Natural Channel represents a relocation of the existing natural channel, channel modification work will occur above the low flow channel, and steps should be taken to preserve, protect, and enhance where possible the low flow channel.

· Where it is necessary to relocate the low-flow channel in the new channel design, and a reference site is not available to guide design, the low flow channel should typically have a cross-sectional capacity calculated to be roughly equal to ½ the depth of the 2-year peak flow depth. Low-flow channels can be sized to carry summer time flows in a relatively confined space with a width: depth ratio typically less than 5. This limits the wetted area, reducing the potential for growth of vegetation in the channel bottom where it can have an impact on hydraulic capacity. The confined shape will also help to transport sediment through the system, reducing siltation. Minimum depth of the low flow channel should typically be 0.75 m (2.5 feet), the maximum depth should typically not exceed 2.4 m (8 ft). Shallow depths should be used for smaller tributary streams.

· The low-flow channel should be graded into a natural meander pattern (where historical evidence suggests that the channel was sinuous). Determination of precise parameters such as amplitude and wavelength of the meanders is variable and depends on slope and local geology. Upstream and downstream plan forms should be analyzed. For severely degraded stream reaches, similar reference creeks in other near-by watersheds may be used to determine appropriate meander patterns. 

CDC 6.0
In-Channel Bench or Floodplain Terrace. Flood conveyance capacity can be increased in some creeks (where there is enough space at the top of the bank) by constructing an in-channel bench or terrace, which artificially enlarges the floodplain. Generally, only one side of the channel should be disturbed, although the channel terrace can be moved from side to side to permit construction of a more complex and meandering section, and to selectively avoid areas of more sensitive stream-side features. The terrace shall typically be constructed above Ordinary High Water (OHW), and above the 2-year peak flow. If the floodplain is already at the 2-year flow, then the floodplain can be enlarged by excavation and grading and the soil cut placed elsewhere.
CDC 7.0
Bank Slope. Earthen bank slopes should typically be designed at 2.5 Vertical to 1 Horizontal (2.5V:1H), or flatter,  unless geotechnical stability analysis indicates a different slope angle is possible, and/or special bank slope stabilization methods are included in the design. . A 2V:1H bank slope may be suitable where local design experience in similar soil conditions indicates stability, as a 2V:1H bank requires less area than a 2.5V:1H slope, allowing more room for vegetation and channel conveyance. Design slopes steeper than 2V:1H normally will require the inclusion of slope stabilization methods, such as rock toe support, geogrids, etc.      Infringement into the stream channel (by the toe of the reconstructed channel slope) should be avoided. Consider designing steeper banks on the outside of a meander, and flatter on the inside of the curve, wherever practicable. This may require the use of a retaining structure such as a planted rock riprap, or a live crib wall to provide overhanging cover and shade at a channel bend.
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CDC 8.0
Channel Planform. Channel planform refers to the shape of the channel as seen from overhead, or in plan view. Many natural channels in  low gradient alluvial systems typically show a meandering pattern with the channel looping back and forth across the valley bottom in a regular and sinuous sequence.  Natural channels may also be steep and straight or braided, which is the case for many of the natural channels along the south coast of  the Tri County area. , A pool:riffle sequence with point bars occurs in a meandering natural channel. This heterogeneity in the channel form and bed material creates beneficial aquatic habitat diversity. The meanders lengthen the channel relative to the distance traveled along the valley.

The degree of meander relative to main channel width tends to be the same for channels within a region that have similar watershed geology and climate, slopes, floodplain configuration, and bed material. Because the meanders and associated pools and riffles create habitat diversity, maintain channel storage, and are of a form that streams have adjusted to over time, it is desirable to replicate the natural channel meander configuration in planform in Constructed Natural Channels. This can be done by evaluating a natural channel section located upstream or downstream from the project area. Where a natural channel reference reach is not available for review, general channel geometric relationships can be utilized. Based on general information from other streams in California, the following ratios can be considered as the starting point in the design of a channel for a low gradient alluvial system :

· Radius of curvature = 2.7 x bankfull channel width at 2-year peak flow (Q2)

· Meander length = 10 to 14 times bankfull channel width at 2-year peak flow (Q2)

(Note: this planform geometry is not appropriate for a braided stream system)

CDC 9.0
Bypass Channels. If sufficient space is not available at top of bank to provide out-of-bank flood flow along the main channel and floodplain, and modification or disturbance of the main channel is precluded because of sensitive environmental features, another potentially acceptable design approach to consider is to create a secondary overflow channel or depressed secondary floodplain that is separated from the main channel by a vegetated berm. The existing waterway would carry a portion of the flow, with the bypass waterway carrying the remainder of the Design Flow.

[image: image2.emf]
The alignment of the bypass should generally be parallel to the natural waterway. Both ends of the constructed bypass and natural channel should be designed in such a manner that upstream and downstream waterways will not be degraded by erosion, sedimentation, or other undesirable effects.

Native vegetation should be preserved and enhanced within the zone of separation, creating a vegetated berm. It may be necessary in some cases to add to the height of the natural berm to confine the design flow to the main channel and secondary flow to the bypass area.

The bottom or invert of the secondary channel and alternate floodplain should typically be constructed well above the elevation of the 2-year peak flow to avoid interception of low flow. The vegetated berm is also necessary to confine the 2-year flow to the main channel and to maintain sufficient channel forming flows within the primary channel to preserve its functions and values and provide sediment transport.

The design engineer should consult with a geomorphologist to assess the potential for sediment accumulation in the bypass channel, and future channel maintenance obligations and needs.

CDC 10.0
Modified Channels. A Constructed Natural Channel may not be able to be built at some locations because of space constraints or unusual bank stability problems and erosive conditions. Certain geotechnical and geomorphic conditions may necessitate the use of hard channel linings, which generally preclude construction of a floodplain terrace. The design engineer shall submit a narrative to the respective City Engineer or County Public Works Director rationalizing the selection of a Modified Channel, or the use of hard channel lining for erosion protection. 

The following design criteria pertain to Modified Channels:
· Modified channels should typically be designed to convey the appropriate recurrence interval Design Flow event.

· Freeboard should typically be 0.3 meters (1 ft) above the design flow. A minimum freeboard of 1.0 m (3.3 ft) is typically required beneath new bridges and utility crossings.  Many jurisdictions may require   2- to 3-ft of freeboard due to bulking and debris.

· Design channel bottom slopes in alluvial stream systems  should typically be from 0.2 to 0.6 percent, steeper grades typically will require grade control structures designed to provide fish passage. However, design channel slopes will vary depending on whether the channel is a mountain stream or a low-gradient alluvial stream. When a reference reach is not available to serve as a guide, the designer should consult with a geomorphologist in selecting the design stream gradient. (Note: The mountain stream classification system by Montgomery and Buffington, (1997)  provides some additional guidance.)

· Design side slopes should typically be no steeper than 2:1 (two horizontal to one vertical [2H:1V] ) for rock lined channels, and 2.5H:1V for earthen, grass lined or vegetated channels. A geotechnical engineer should be consulted for input on special designs for steeper slopes. Channel Cross Section may be parabolic or trapezoidal. 

· Alignment- Sharp curves should not be used. Centerline curves should typically not have a radius of less than twice the design flow top width, and will typically be 3 times the average channel width, or 10 meters (33 ft), whichever is greater.

· Where a new low-flow channel or channel relocation is required, and a good reference reach is not available to provide guidance, bottom width should typically be 6 to 8 times depth of flow.

· Hydraulic Grade Line - The design hydraulic grade line, or water surface profile, should be shown on all improvement plans for open channels. Supporting calculations and hydraulic model runs should be attached.

· Velocity restrictions (permissible velocity) for channels varying with bank soil materials--use an appropriate hydraulic model to calculate stream velocity and bed and bank shear.  Correct for effects of channel bends.

Manning’s Values of the Roughness Coefficient “n”

	Type of Channel & Description
	Manning’s “n”

(Normal)

	A.
Constructed Channels
	

	
a.
Earth, straight and uniform
	

	
1. Clean, recently completed
	0.018

	
2. Gravel, uniform section, clean
	0.025

	
3. With short grass, few weeds
	0.027

	
b.
Earth, winding and sluggish
	

	
1. No vegetation
	0.025

	
2. Grass, some weeds
	0.030

	
3. Dense weeds or aquatic plants in deep channels
	0.035

	
4. Earth bottom and rubble sides
	0.030

	
5. Stony bottom and weedy banks
	0.035

	
6. Cobble bottom and clean sides
	0.040

	
c.
Rock Lined
	

	
1. Smooth and uniform
	0.035

	
2. Jagged and irregular
	0.040

	
d.
Channels not maintained, weeds and brush uncut
	

	
1. Dense weeds, high as flow depth
	0.080

	
2. Clean bottom, brush on sides
	0.050

	
3. Same, highest stage of flow
	0.070

	
4. Dense brush, high stage
	0.100

	B.
Natural Streams
	

	
B-1
Minor streams (top width at flood stage <100 ft.)
	

	
1. Clean, straight, full stage, no rifts or deep pools
	0.030

	
2. Same as above, but more stones and weeds
	0.035

	
3. Clean, winding, some pools and shoals
	0.040

	
4. Same as above, but some weeds
	0.040

	
5. Same as 4, but more stones
	0.050

	
6. Sluggish reaches, weedy deep pools
	0.070

	
7. Very weedy reaches, deep pools or floodways with heavy stand of timber and underbrush
	0.100

	B-1a
Mountain streams, no vegetation in channel, banks usually steep, trees and brush along banks submerged at high stages
	

	
1. Bottom: gravel, cobbles and few boulders
	0.040

	
2. Bottom: cobbles with large boulders
	0.050

	
B-2
Floodplains
	

	
a.
Pasture, no brush
	

	
1. Short grass
	0.030

	
2. High grass
	0.035

	
b.
Cultivated areas
	

	
1. No crop
	0.030

	
2. Mature row crops
	0.035

	
3. Mature field crops
	0.040

	
c.
Brush
	

	
1. Scattered brush, heavy weeds
	0.050

	
2. Light brush and trees
	0.060

	
3. Medium to dense brush
	0.070

	
4. Heavy, dense brush
	0.100

	
d.
Trees
	

	
1. Dense willows, straight
	0.150

	
2. Cleared land with tree stumps, no sprouts
	0.040

	
3. Same as above, but with heavy growth of sprouts
	0.060

	
4. Heavy stand of timber, a few down trees, little undergrowth, flood stage below branches
	0.100

	
5. Same as above, but with flood stage reaching branches
	0.12


Source:  “Open Channel Hydraulics”, V.T. Chow and King County Washington, Surface Water Drainage Manual, January 1990
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