STREAM Modules

STREAM Modules, are a suite of spreadsheets that as the acronym implies are Spreadsheet Tools for River Evaluation, Assessment and Monitoring.  The intent for them is to help facilitate these activities, first by being consistent with standard techniques.  Also, by crunching numbers that can be at times laborious.  And lastly, by presenting some rather challenging techniques in away some may find more understandable.  

Physical condition of rivers is assessed in a number of ways.  In an effort to organize the different modules the following scheme is used.  Starting with channel form.  This the static, form one can go out and look at and measure, RRSS managing the survey data.  Another approach is to look at big databases of the channel form others have gone out and measured, sometimes called the regime approach. The resulting empirical equations are organized in another module.  And one of the more challenging tasks regarding channel form is to define and communicate not only what may exist but also what is the desired target condition.  A couple more modules have been developed to help with this task.  However, channel form is only temporarily static.  Few, if any geologic features are as dynamic.  Predictions of channel process are the other group of modules.  

Channel Form

Measure what is there: The Reference Reach Spreadsheet
Surveying an existing channel is perhaps the most illuminating single step.  The closest we have to protocol is USFS.  Channel form is defined by: dimension, pattern, profile and bed materials. 

The profile serves as a framework or base line.  That is how a survey is typically organized and so to is the RRSS.  The profile, or longitudinal slope profile is measured from upstream down along the centerline of the bankfull channel.  At each station, bed elevation in the thalwag, water depth, and bankfull.  Also if a point is shot at the beginning of each bed feature the spreadsheet will provide the average length and slope of the features.  Also, by identifying the interception point of the profile with each of the cross sections allows the instrument height and bankfull elevation information to link to the cross section sheet.  

Bed material is obtained a number of different ways for a number of reasons.  The materials sheet of the RRSS is set up to accommodate pebble counts and bulk sieve samples. Pebble counts can be individual such as the mobile riffle surface material or a zig-zag count of a reach.  Also, weighted counts such as riffles representing specified portion of the reach and pool representing the remainder.  The spreadsheet is set up to accommodate most any combination of data collection.  The standard presentation of these data is a plot of the cumulative percent, and calculated D50 etc and percentage of the various size classes.  Because a semi-log scale is typically used the mathematical solution requires interpolation of the logs of the size values to get the various “percent smaller than” values.  

Pattern is the dimension least well defined by a site survey.  Often better information can be obtained by area photos, GIS, even topographic maps, all of which allow a greater length to be assessed.  This information can be entered in the RRSS.  Also, while surveying the profile, if an azimuth is obtained and entered with each corresponding distance then that information will be reduced and presented in plan form.  In addition the water depth information is presented on the plan form allowing a unique perspective of pool and riffle location through the meander pattern.

Cross sections are plotted and the various bankfull channel dimensions are calculated; area, width, depths, etc.  Determining bankfull is of course necessary; it is also one of the most challenging tasks in geomorphology.  The RRSS facilitates the determination of bankfull a number of ways.  First, using cross sections in conjunction with the channel profile is an established standard method for this task.  The spreadsheet facilitates links the two profile to the cross section and as a first iteration provides the value of a profile-bankfull trend line at each cross section. Refinement of the value can be based on local trends in the profile and details of the cross section.  

Another approach utilized in the spreadsheet is based on the idea that in gravel bed channels the particle at the threshold of motion at bankfull flow is generally D50 or in the range of D50 to D84.  Using Shield’s parameter the spreadsheet computes the size at the threshold of motion and presents it with the D50 and D84 values for comparison.  

Each cross section has calculated values for several standard dimensions and hydraulics from width-depth ratios to unit stream power.  All the equations are presented explained in comments attached to each cell.

To manage the information obtained from a channel survey values are typically reduced to dimensionless ratios.  This also facilitates comparisons between channels, particularly of different size.  The spreadsheet provides a summary of all the sheets including an average and range of all values.

Typical values measured by others - Regime Equations
Another way to understand channel form is to know typical values measured from many streams.  Like dimensionless ratios, this information is usually presented in the form of relationships between variables.   Several sources exist; perhaps the most extensive are the Williams equations.  Richard Hey also developed a set of regime equations and Luna Leopold defined some classic meander pattern relationships.  These and others are in the Regime module.   A refinement of this approach is break down typical values by channel types.  This is not presently available in the STREAM Modules but is in Applied Stream Morphology (Rosgen, 1998).   

Defining and communicating channel form – Pattern and Cross Section & Profile
For developing construction documents or for planning discussion, it is necessary to convey what is the desired channel form. Two modules have been developed to help with this task.  

The first, the Meander Pattern module, simply dimensions channel meander pattern.  It is based on the sound but awkward sine-generated curve, which is a function of the continuously changing direction of flow.  By integration a best fit of arcs and straight lines is calculated and put in standard dimensions of amplitude, radius of curvature and meander length.

The second module describing channel form, contrasts existing and desired cross sections.  In the module, Cross Section & Profile, the desired channel dimensions are represented by a compound cross-section, the proportions of which are adjustable values based on a regional curve.   A profile may be used for tracking elevation of proposed cross sections but is not necessary.  Survey data of existing cross sections is entered and plotted with the desired cross section.  The plots are especially useful for illustrating desired floodplain form.  They may be adequate as construction drawings for simple restoration involving lowering high terraces down to active floodplain.  They have been proven useful in two-stage ditch design projects and in discussions of channel evolution.

Channel Process

Unlike channel form which is conceptually simple, channel process is complex, particularly the process most influential in channel form, bed load sediment movement.   Two modules have been developed to make some approaches to understanding channel process more accessible.  The first module, Sediment Equations, has three different sheets with various equations pertaining to channel process one dealing with critical dimensionless shear, another on relative roughness and boundary resistance and the last on bed load equations.  The equations are presented in both an expanded format with explanations and constants shown and then in a condensed format with only input cells and answers.  

The second channel process module, Contrasting Channels, is an application of the first.  It allows a side-by-side comparison of processes given different channel forms or runoff conditions.  The main strength of this module is its evaluation of an entire flow regime rather than a single surrogate stage or recurrence interval.  Hydrology models developed by USGS are built into the spreadsheet and may be used or peak discharge values from another source may be entered.  Hydrographs for all storms are developed.  Bed load sediment is calculated by dividing the hydrographs into steps of given conditions existing for specific durations.  Each runoff event is then multiplied by the number of occurrences of over a 100-year period.  The calculations are performed for both channels.  The results are presented by contrasting the peak flow stage of the range of runoff events as well as the calculated bed load sediment movement. 

