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DRAFT

Basic manual for Fluvial Geomorphic review of landform designs
Introduction
This manual is written to fill a need for a step-by-step manual that can be used to evaluate any landform design using fluvial geomorphic principles for the design’s stability against erosion.  The manual presents the key elements that need to be incorporated into the design correctly to ensure stability.  

This manual is concerned with the dominant elements of stable landform design.  The phrase ‘dominant elements’ indicates that when these design elements are incorporated correctly, the landform can be expected to function similar to the surrounding stable landforms in regard to erosion.  Conversely, when these elements are not incorporated correctly, the landform will respond rapidly in the presence of flowing water to correct the problem by erosional processes.  

1)  Base level elevation

All land surfaces in a watershed grade to a local base level.   The ultimate base level is sea level and all land surfaces elevated above sea level are driven by erosion processes to reach sea level.  In this manual, the term ‘base level’ will be generally used for brevity when we are actually talking about the ‘local base level’.
What is a base level?  It is the elevation at the channel bottom at the point where all runoff from the watershed leaves the watershed.
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Five channels graded together in an integrated 3D channel network to a local base level elevation at the red arrowhead.
Why is the local base level important?   The stable fluvial geomorphic landform design begins at the base level and progresses upstream.  All channels in the drainage pattern form a network of channels connecting in a smooth concave upwards longitudinal profile grading to the base level.

If the constructed design upstream of the local base level is graded to an elevation higher than the base level, e.g., five feet, then the upstream surface will erode down five feet to the base level.  This erosion will be most pronounced at the base level, but will persist headwards until the entire surface grades to the correct base level elevation. 

Check point 1a – What is the local base level elevation?

Is it marked on the design?  If the base level elevation must be interpolated from topographic contours, be aware that the contour interval can introduce significant uncertainty.  For example, if the contour interval is five feet and the contours accurately represent surface elevations, the design depicts the local base level elevation within five feet.  

Check point 1b – What is the design base level elevation?

Is it marked on the design?  The design surface base level elevation should be the same as the local base level elevation.  If the design surface elevation is higher than the base level elevation, the design surface will have accelerated erosion.  If the design surface elevation is lower than the base level elevation, the design surface will deposit sediment and impound runoff water against the higher downstream base level elevation ground surface.

2)  Channel slope downstream of the base level  

This is the channel bottom slope (gradient) in the downstream direction from the base level.  

Check point 2a – What is the channel slope from the base level downstream?

The channel bottom slope is determined by dividing the change in elevation between two points by the distance between the two points, i.e., s = change in y / change in x, where s=slope, y=elevation, and x=channel bottom distance.  

The earth material that is present at the base level determines if the landform design upstream of the base level needs to grade smoothly into the downstream slope and longitudinal profile, or if a new slope and profile can be stable as discussed below.
Check point 2b – What is the earth material at the base level?

Is the material unconsolidated (loose material like gravel or spoil) or is it consolidated (resistant to erosion like bedrock)? 

The earth material characteristics at the base level determine whether the design’s longitudinal channel profile must use the slope downstream of the base level or not.  

a)  If the earth material at the base level is unconsolidated, the downstream channel longitudinal profile must continue upstream from the channel slope at the base level. 

Check point 2c – What is the slope downstream of the base level?
In the image below, assume that the cross hairs intersect the channel longitudinal profile at the base level.  When the channel is formed in unconsolidated material (loose material like gravel or spoil), it will connects the channel reaches up- and down- stream of the base level with a smooth concave longitudinal profile. 
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b)  If the earth material at the base level is consolidated, the upper end of the downstream reach’s longitudinal profile can end at the base level and a new and different longitudinal profile can grade upstream from the base level.  In the image below, the cross hairs could be on a sandstone ledge that creates a knickpoint in the longitudinal profile.  Note that there are separate longitudinal profiles up- and down-stream of the consolidated sandstone ledge.  This can be a stable channel profile as far as erosion in the vertical (z) axis (channel bed incision) is concerned, but the effect on the channel banks must be evaluated.
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To evaluate for lateral channel stability (bank erosion), consider how the channel flow crosses the consolidated knickpoint.  If the upstream channel ties into an existing channel incised into bedrock, and its cross sectional area is sufficient to convey the water and sediment discharged from the upstream area, the knickpoint can be expected to remain stable.  If on the other hand, the bedrock dips towards either bank, the bedrock may force the thalweg to flow against the down-dip bank and accelerate erosion there. 

3)  Channel longitudinal profile

The image below is of natural topography broken into a series of smaller valleys, with all slopes and valleys graded to stable longitudinal profiles.  Note that, although it is steep, active erosion is not occurring and it is a stable landform.  
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Natural watershed showing network of slopes and ephemeral channels with concave longitudinal profiles

The second attached image is a screen capture of a channel network that has a smooth, continuous concave longitudinal profile from the headwaters of any channel in the watershed to the base level.
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All the channels in a stable landform in unconsolidated material are connected in a continuous concave longitudinal profile as shown in this 3D view.  The view has 6:1 vertical exaggeration to help the user view the profiles.  Any of the channels in the stable landform will have a concave longitudinal profile as typified below. 
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Note in the channel longitudinal profile above that the concave longitudinal profile is steeper in the headwaters reaches where there is less discharge and erosive energy and flatter in the lower reaches where discharge is greater and has more erosive energy.  This is an important functional characteristic of stable landforms in unconsolidated material.

Check point 3 – Are the channel longitudinal profiles appropriate for a stable landform?

The channel longitudinal profiles can be plotted by hand on graph paper, by using a simple computer graphics program like Excel, or by using computer design software like Carlson Software’s Natural Regrade.

To plot the profiles by hand, make a line along the valley bottom along the channel centerline for the channel reach that you want to examine.  Then measure the distance along the line and note the distance to elevation changes at contour lines.  Plot the elevation changes on the ‘y’ axis and the distance along the channel bottom on the ‘x’ axis.  

The process for collecting the ‘x’ and ‘y’ axis data is the same when using a program like Excel, but the program will plot the points.  The image below is made from data points from the profile as described above and plotted using Excel.  Note that the smooth and concave profile is appropriate for a channel in unconsolidated material. 
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The longitudinal profile below has knickpoints at points about 300 and 900 feet downstream.  The channel will erode through these knickpoints if the reclamation is constructed in unconsolidated material.  When the channel erodes downward, the landform to either side of the channel will also erode to adjust to the eroded channel bottom elevation.  If the knickpoints are solid rock, the channel can be stable with separate reach longitudinal profiles between the knickpoints.   


4)  Cross Section and Plan View Channel Geometry

The design’s channels must have dimensions that are within the observed ranges for stable channels.  The channel dimensions will continually change in the downstream direction as a function of increased watershed area.  
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Cross sectional and plan view channel geometry based on bankfull discharge and accommodating extreme events.

The stream channels must be able to convey both their water and sediment load discharges in hydrologic balance.  For example, if the channel cross sectional area is too great at some point, the velocity will drop and the sediment load will tend to stop moving and aggrade on the channel bed.  Conversely, if the channel cross sectional area is too small at some point, the velocity will increase and the flow will tend to degrade the bed and/or banks by erosion.  

The many different channels types have various dimensions that grade from one to another, but can be separated into two broad categories for initial review, the steeper channel types (>4%) and the lower gradient valley bottom channel types (<4%).  The following dimensional characteristics apply to these two broad categories of channels.

Channels greater than 4% have:

· W:D <10

· Sinuosity<1.2, expressed as a ‘zig-zag’ pattern

Channels less than 4% have:

· W:D >10

· Sinuosity > 1.2 (1.4 to 1.9 not unusual for some stable channel types)

Channel meander bends are defined by their radius of curvature, the constant radius from a point on the inside of the bend to the channel centerline that fits the bend.  The radius of curvature is approximately 2.5 to 3.2 times the bankfull width for a large number of channels; some channel types in certain regions may be stable slightly outside this range.

Channel meander length is also a function of bankfull width and can be estimated as 4.53 times the radius of curvature for a large number of channels; some channel types in certain regions may be stable slightly outside this range.  

The meander belt width is also a function of bankfull width and can be estimated as 0.61 times meander length for a large number of channels; some channel types in certain regions may be stable slightly outside this range.  

Checkpoint 4a – Verify the width to depth ratio (W:D) at several places along channels of these two broad categories (<4% and >4%).

The steeper (>4%) channels have relatively low sinuosity, <1.2 as compared to the lower gradient valley bottom channels (<4%).  Sinuosity is calculated as channel centerline length divided by straight valley length, e.g., 120 (channel centerline) / 100 feet valley (straight line) = 1.2.

The design width to depth ration is set for each GeoFluvTM channel in Natural Regrade in Channels tab / Current Channel Settings / Geometry tab.   

Checkpoint 4b – Verify that channels >4% and <4% have appropriate sinuosity.

The channel cross sectional area must be designed to convey the water and sediment discharge.  The cross sectional area must continually enlarge in the downstream direction in response to increasing watershed area.  A receiving channel must enlarge at its confluence with a tributary to convey the combined discharges.  The velocity for stable channels in an area can be determined by dividing the bankfull cross sectional area into a measured or estimated discharge at a given point in the channel.  

The design sinuosity is set for each GeoFluvTM channel in Natural Regrade in Channels tab / Current Channel Settings / Geometry tab.   

Checkpoint 4c – Verify that cross sectional areas are adequate and consistent with the desired design velocity.
Discharge (Q) is defined as the product of velocity (v) and cross sectional area (a), Q=va.  In a stable channel in the area of interest, one can establish the width to depth ratio (W:D) in the field by determining bankfull elevation and measuring the area below the bankfull water surface.  If a stream gauging record is available, the bankfull discharge can be determined as about the 1.5 year recurrence interval event, although researchers in different locales may have identified slightly different values that can be used if available.  
When gauging records are not available, as is usually the case in upland ephemeral channels, the appropriate channel cross sectional area must be determined by other means.  A good indicator of bankfull elevation is the point on the channel bank above which the bank is vegetated.  Also, bits of grass can be wrapped around stems, rocks, etc. at the bankfull, and woody debris may be left at the bankfull elevation when the bankfull discharge subsides.  After identifying the bankfull elevation, the cross sectional channel area below this elevation can be determined through measurement and calculation of area using the appropriate geometric relationships.  

When the channel cross sectional area is known, it can be divided into the measured or estimated discharge at that point to determine the maximum stream velocity at that point and for that discharge, i.e., Q/a = v.  

The formula Wbkf = [(W:D)(A)]1/2 can be rearranged and used to solve for the cross sectional area that is appropriate for the width to depth ratio and bankfull width determined in the field.  The width to depth ratio should be within the range for stable channels of the type being evaluated, e.g., >4% W:D should be <10:1, and <4% W:D should be >10:1.   

The flood prone depth is approximately twice the bankfull depth for many stream types.  The default GeoFluvTM channels generally have flood prone depth slightly less than twice bankfull depth.   

The maximum design velocity is an input when using Natural Regrade.  It can be determined for the project site by using empirical methods combined with runoff relationships as described above, from theoretical formulas, etc.  The empirical method is recommended.  The maximum design velocity is specified in Channels tab / Current Channel Settings / Geometry tab.  When evaluating a GeoFluvTM design made with Natural Regrade the user can turn on the GeoFluv Channel Inspector tool from the drop-down Natural Regrade menu and, by moving the cursor over any channel, read the with, depth, and cross sectional area of the channel at any point directly from the drawing.  A report of channel dimensions at any user specified interval can be made by using the ‘Report’ button in channels tab and specifying the station interval desired in the edit box of the pop-up dialog box.

Checkpoint 4d - Verify the radius of curvature of the design’s meander bends.

The radius of curvature of a meander bend on a drawing can be measured by using a drawing compass to find the radius that fits the bend and then scaling that distance from the drawing scale.

In a SurvCADD drawing, the command to draw a circle can be used to fit a circle into the bend and then the radius of the circle can be found using the Inq/Set menu and the List command.

When using Natural Regrade, the user can find the radii of curvature that are used in the specified station interval (which is another way of saying reach length), by using the Channels tab / Report tool.  The method using the circle as described above, can be used to determine the exact design value of a particular bend, if desired.  
Rc = 2.5 – 3.2 Wbkf, for many channel types

Checkpoint 4e - Verify the meander wavelength of the design’s channel meanders.

The channel’s design meander length can be measured with a scale on a drawing from the apex of a meander bend on one side of the valley to the apex of the next bend on the same side of the valley.  

In a SurvCADD drawing, the scale command can be used to measure the meander length.  The user pick the starting and ending points of the measurement by placing the cursor and clicking and the measurement can be read on the command line. 

When using Natural Regrade, the user can find the range of meander lengths that are used in the specified channel, by using the Channels tab / Report tool or the Output tab / Summary Report commands.  The scale command method described above can be used to determine the exact design value for a particular meander length, if desired.  

Lm = 4.53 Rc, for many channel types

Checkpoint 4f - Verify the meander belt width of the design channel.

The meander belt width is the distance from the outside of the channel meanders on the right side of the valley to the outside of the meanders on the left side of the valley.  It can be measured on a drawing by drawing a tangent line segment that connects adjacent meander bends on the left side of the valley and then drawing a similar line across the valley on the right side of the channel.  The distance between these line segments is the meander belt width for that reach.

Using SurvCADD, the same procedure can be applied to the drawing using the draw polyline command to draw the tangent line segments and the scale command to measure the distance.

When using Natural Regrade, the user can find the range of meander belt widths that are used in the specified channel, by using the Channels tab / Report tool or the Output tab / Summary Report commands.  The procedure described above can be used to determine the exact design value for a particular meander belt width, if desired.  

MBW = 0.61 Lm, for many channel types

Note: all the channel cross section and plan view dimensions are continually increasing in the downstream direction in response to increased discharge; the reviewer must check that they are suitably sized for the discharge at any point in the channel.  

5)  Drainage density 
An area of land will erode as water flows off of it until it has formed enough channels to carry all the water (rain and snowmelt), and the sediment that the runoff entrains, off the land area.  When the erosion reaches the point where runoff and sediment load are balanced and further erosion is minimal, the landform has reached stability.  Drainage density is a measure of how many valleys form in the land area. 
Drainage density =  length (valley length) / area (watershed area) , convenient US units are feet / acre 

It reflects how “broken up” the area is.  Breaking the watershed up into smaller subwatersheds means slope lengths are shorter and less water is flowing down any slope, for less erosion.

Drainage density varies regionally as a function of:  

· Slope, both steepness and aspect (direction the slope faces)

· Climate, rainfall intensity (inches / hour) and duration (hours)

· Earth materials (cohesiveness, how well it sticks together and how easily it comes apart)

· Vegetation, more holds earth together, intercepts rain, increases infiltration; less allows more runoff 

The channel pattern is the bird’s eye view of the valleys.  Note the differences between the two channel patterns in the drawing below.  The rectangular channel pattern on the left forms when runoff exploits fractures (joints) in the rock and the resulting valleys have structural control, i.e., their orientation follows the joint patterns in the rock.  The rectangular pattern often forms in sandstone or limestone rock. 
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Comparison of rectangular (left) and dendritic (right) channel patterns.

The dendritic pattern on the right is the pattern that tends to form in unconsolidated, or loose, materials.  Examples of these earth materials can include alluvium (terraces, floodplains), landslide deposits, glacial deposits (till, moraines, kames), Aeolian deposits (loess), and colluvial materials (some clinker), etc.  

Mining can break up consolidated rocks that previously formed a structurally controlled channel pattern, e.g., rectangular, and replace unconsolidated spoil that will be stable with a dendritic pattern.  The author calls this drastic disruption of the earth materials at a site the ‘asteroid effect’.  The formerly consolidated rock is changed to unconsolidated material that will behave differently for a period on the geologic time scale.  Trying to force the channel made in unconsolidated material back to a structurally-controlled pattern that formed in consolidated material will be a futile exercise (or at the very least, expensive to construct and maintain).   
Reclaimed mining (or otherwise drastically disturbed) land generally needs greater drainage density than undisturbed land because near surface-bedrock (that was less erodible) is broken up and the reclamation consists of unconsolidated (loose) material that is more erodible.

In the attached SurvCADD drawing, both watersheds have the same area and the same length of valleys, so the calculated drainage densities are the same.  However, the watershed on the left has its dendritic pattern drawn to more evenly dissect (break up) the watershed into smaller parts and more uniformly convey the runoff and sediment from the watershed.  The watershed on the right has all its valleys drawn on the right and would tend to erode channels into the area on the left.  The drainage pattern on the left is better, because the drainage pattern on the right would tend to erode the land in the watersheds western area to develop the required drainage density there.
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Comparison of evenly dissected landscape (left) and landscape with valleys concentrated in one area 
Check point 5 – Calculate the drainage density for the design and compare it to the pre-disturbance drainage density and values for stable landforms in the design area.

a)  Using the dendritic drainage pattern on the left in the image above as an example, first measure the straight line length of the valley centerlines.  This can be done using a scale and measuring directly from a drawing.  The length of polylines in a SurvCADD drawing can be quickly determined by selecting the line and then using the ‘List’ command from the “Inq / Set” menu.  

Next, calculate the land area drained by these valleys.  This can be done using a planimeter on the drawing.  

Another method that can be used if a precision scale is available is to draw a geometric shape like a square with an easily calculated area on paper, and then cut out and weigh the paper.  This establishes a weight per unit area of the paper.   Then the irregular shape of the watershed can be drawn on paper using to the same scale as the previously drawn geometric shape, and it is cut out and weighed.  The weight per area of the regular shape is used as a conversion factor to determine the area from the weight of the second, irregular shape.  

The area enclosed by polylines in a SurvCADD drawing can be quickly determined by selecting the area boundary line and then using the ‘List’ command from the “Inq / Set” menu.   As mentioned above, Natural Regrade automatically calculates the drainage density for each subwatershed in a GeoFluvTM design when the channels are added in ‘Channels’ tab.

The drainage density for the proposed reclamation design should not be lower than the pre-disturbance drainage density.  If the reclamation design drainage density is lower, the site will erode until it achieves a satisfactory drainage density.  Also, if the site will be subject to the “asteroid effect”, the reclamation drainage density will need to be greater that the pre-disturbance drainage density because unconsolidated material tends to form a greater density than consolidated material.  (The drainage density needs to be measured for stable landforms in similar earth materials in the reclamation area to establish an upper end of range design value; pre-disturbed site values can be used for a lower-end of range design value.)        
6)  Ridge to head-of-channel distance

The channels and their valleys that form in a land area dissect the area until a drainage density is achieved that is sufficient to convey the water and the sediment from the area.  The channels erode upstream (head cutting) until the forces resisting this erosion (e.g., soil cohesion, soil particle size, vegetation cover, vegetation root density, etc.) balance the erosive forces.  When an unconsolidated material landform has achieved geomorphic maturity, the channel will not be headcutting at this headwater point, but will smoothly transition to a convex profile.

At this transition point, the concave longitudinal profile of the channel bottom can end and a convex profile can continue to the ridgeline.  After flowing this ridge to head-of-channel distance, the coalescing runoff has gained sufficient discharge to require a channel.  When a channel is not designed into the landform using this ridge to head-of-channel distance (or less), erosion will occur (headcutting) to adjust the channel to that distance.  Conversely, when the ridge to head-of-channel distance is appropriate, the channel will not headcut.

Check point 6 – Determine the ridge to head-of-channel distance and compare it to stable landforms in the design area.
Scale the distance from the head of the proposed design channel to the ridgeline above it.  Where the channel actually begins can be hard to determine on a contour map.  Plotting a longitudinal profile (as described above) from the ridgeline downstream along the channel centerline can show this inflection point from the convex profile (from the ridge to the head-of-channel) to the concave profile (from the channel’s head to its mouth).  

Do this same procedure for stable landforms in the project area.  Walking the landforms and pacing, taping, or surveying this distance is a preferred method as compared to estimating from maps.  The proposed design distance should be less than or equal to the ridge to head-of-channel distance for stable landforms in unconsolidated material in the project area.  

Natural Regrade will automatically design all ridgelines to meet the ridge to head-of-channel distance criteria that the user inputs in ‘Settings’ tab.  Note the transition from a convex profile in the upper portion of the longitudinal profile below to the concave profile in the downstream portion.  When the ‘GeoFluvTM Channel Inspector’ tool is toggled on in Natural Regrade, moving the cursor over any 3D polyline in the drawing will result in the slope at the point covered by the cursor being displayed on the screen.  The ‘View Longitudinal Profile’ button on DWG tab will display a profile viewer as shown below; it shows the station, elevation, and slope at any point the cursor covers on the profile and also simultaneously points an arrow to the point on the drawing.
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Complex longitudinal slope profile 

7)  ‘A’ channel reach length

The “ ‘A’ channel reach length” is one-half of a meander length for the steeper channels.  The channels that develop on steeper slopes (greater than 4 percent) have relatively low sinuosity, less than 1.2.  These steep channels do not develop meander bends with a long radius of curvature, but rather take on a zig-zag form.  The topographic drawing below has the valley bottom centerline shown on a steep channel reach and arrows point to the ends of the  ‘A’ channel reach length.  
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Topographic map showing steep channel reach upstream of valley bottom channel with arrows pointing to ends of ‘A’ channel reach length.

The bends of the channel are defined by subridges that extend from the channel to the main ridge that is the subwatershed boundary for the channel.  The channel ‘zigs’ from the point of a subridge on one side of its valley to the point of a subridge on the opposite side of its valley, and then ‘zags’ back to the point of the next subridge on the initial side of the valley.  The subwatershed is subdivided into smaller subwatershed units by these subridges and their intervening subwatershed valleys.  This ‘A’ channel reach length dimension is significant because it is this further subdivision of the channel’s subwatershed area into these smaller subwatershed units that reduces slope length and catchment area to values that are stable for the area’s surficial earth materials, vegetation, and climate.

Checkpoint 7a – Determine the sinuosity for channels with valley bottom slopes greater than 4 percent.

a)  Sinuosity - Determine the valley slope by measuring the distance between contour intervals and dividing this length into the elevation difference between the same contours.  The sinuosity will be measured for the channel reach greater than 4 percent.

After identifying the point at which the valley slope equals 4 percent, measure the straight-line valley length from this point to the head of the channel and measure the channel bottom length from this point to the head of the channel.  Determine the sinuosity for the steeper than 4 percent channel length by dividing the channel bottom length by the straight line valley length.  

This sinuosity should be less than 1.2; if it is greater than 1.2 the channel can be expected to jump its downstream bank and short cut to the next downstream reach. 

Checkpoint 7b – Determine the ‘A’ channel reach length for channels with valley bottom slopes greater than 4 percent.

b)  ‘A’ channel reach length - The ‘A’ channel reach length is the length of one ‘zig’ or one ‘zag’ (half of a meander length).  As stated above, these steeper channels do not develop long curving bends.   In stable landforms, the ‘A’ channel reach length will be such that the smaller subwatersheds to the sides of the channel have stable slopes and the stream flowing in the channel is relatively stable in its bed and banks. 

(Note:  An ‘A’ channel at 8 percent slope can have a cross section (width to depth ratio) similar to an ‘E’ channel on the valley bottom at less than 2% slope.  Although the channel cross sections would be similar, the steeper ‘A’ channel would not be expected to be as stable as the lower-gradient ‘E’ channel.  However, the ‘A’ channel could be relatively stable as compared to other steep ‘A’ channels.)  

Determine the ‘A’ channel reach length for stable channels in the area by measuring it.  The start and end points of the zig-zag pattern can be very difficult to measure from a topographic map or air photo; field measurement is much more dependable.  
In the field, take several measurements from channels draining similar slope lengths/areas in the stable comparison landform and observe the channel bank and bottom condition.  When many measurements are taken, the ‘A’ channel reach length will be seen to vary slightly about an optimum length for the area.  Identify the ‘A’ channel reach length that is associated with bank, bottom, and subwatershed slope stability in the stable area.  

Using SurvCADD, the measurements can be quickly taken from a topographic design using the scale command.  The reviewer will not be able to see bed and bank condition of a stable comparison area when measuring from a map, but will be able to get an approximation of the ‘A’ channel reach length and the range of values.  These can be compared to a proposed design for a first approximation of the suitability of the proposed values.  

When using Natural Regrade, the sinuosity and ‘A’ channel reach length for the Natural Regrade design are easily accessible using the dockable dialog box used in the ‘Design GeoFluv Regrade’ command.  The ‘Current Channel Settings’/Geometry tab displays the setting for design sinuosity for each channel.   The ‘Channel Summary Report’ for each channel will list the channel’s sinuosity.   The ‘A’ channel reach length is specified in the ‘Natural Regrade Global Settings’ dialog box accessed in by the “Settings’ button.

The ‘A’ channel reach length of the proposed design should be equal to or less than the value determined in the field for a stable landform.  

Summary of the basic Fluvial Geomorphic review of landform designs
When all of the above design values have been reviewed and found to be appropriate when compared with stable landforms in similar earth materials in the site locality, the landform constructed to the design can be expected to behave similarly to the stable landform.  
Fluvial Geomorphic Review Item Checklist

· Check point 1a – What is the local base level elevation?

· Check point 1b – What is the design base level elevation?
· Check point 2a – What is the channel slope from the base level downstream?

· Check point 2b – What is the earth material at the base level?

· Check point 2c – What is the slope downstream of the base level?
· Check point 3 – Are the channel longitudinal profiles appropriate for a stable landform?

· Checkpoint 4a – Verify the width to depth ratio (W:D) at several places along channels of these two broad categories (<4% and >4%).

· Checkpoint 4b – Verify that channels >4% and <4% have appropriate sinuosity.

· Checkpoint 4c – Verify that cross sectional areas are adequate and consistent with the desired design velocity.
· Checkpoint 4d - Verify the radius of curvature of the design’s meander bends.

· Checkpoint 4e - Verify the meander wavelength of the design’s channel meanders.

· Checkpoint 4f - Verify the meander belt width of the design channel.

· Check point 5 – Calculate the drainage density for the design and compare it to the pre-disturbance drainage density and values for stable landforms in the design area.

· Check point 6 – Determine the ridge to head-of-channel distance and compare it to stable landforms in the design area.

· Checkpoint 7a – Determine the sinuosity for channels with valley bottom slopes greater than 4 percent.

· Checkpoint 7b – Determine the ‘A’ channel reach length for channels with valley bottom slopes greater than 4 percent.
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