

July 2008


Phase I: Assessment of Vertical Channel Stability

To determine the feasibility of continued aggregate extraction in Oregon rivers, a two-phase approach to stream assessment was developed by federal and state agencies through the coordinated Gravel Technical Team.  Phase I includes a reconnaissance level geomorphic investigation to determine if the stream reach of interest is aggrading, degrading, or in dynamic equilibrium.  Phase II is a more in-depth analysis of the actual sediment budget including areas of sediment recruitment and storage.  Following is a brief outline of a proposed method for Phase I studies.

Investigator Qualifications:  The investigator shall be knowledgeable of local scour versus general scour on the river system upon which the studies are being conducted. Similarly aggradation may occur on a local and/or regional level.  The investigator’s study should at all times consider the end product use of their document as well as a reasonable temporal framework for the study (10-25 years depending on the limitations of the data set).
The use of sediment budgets and the geomorphic approach are reasonable measures to determine how much and potentially where to mine aggregate, however, they do not specifically address if mining should occur based on the vertical stability of the stream system.  The vertical stability of the stream, whether the stream is aggrading or degrading, is a direct surrogate for the water/sediment balance.  Degrading streams are generally deficient in sediment relative to stream flow, while aggrading streams are generally replete with sediment.  Those streams that are neither aggrading nor degrading are considered to be in “dynamic equilibrium”.
Determination of whether a stream system is aggrading, degrading, or is in a dynamic equilibrium is essential for determining whether in-stream mining is a viable option.  Mining should not occur in degrading stream systems because the degradation indicates that the stream is not in balance with its water/sediment supply and is sediment deficient.  On the other hand, aggrading streams may provide a reasonable source of aggregate if the material can be removed in a way that maintains natural fluvial processes and hence aquatic habitat.  Streams in dynamic equilibrium should be very carefully evaluated because any increased removal of sediment may initiate channel degradation. 

The river system should be carefully evaluated to address bed and bank composition and conditions. For example bedrock controlled channels may respond to gravel removal in a different fashion than an alluvial system or may not respond within the temporal confines of the study.  Similarly a channel may respond to gravel removal differently should the banks be composed of bedrock. The fluvial system should be addressed in a comprehensive fashion and the investigator should note not only the physical composition of the bed and banks but also certain extrinsic variables including other land development conditions which may affect channel response.
A variety of assessment tools are available to determine if a stream is aggrading or degrading that range from a reconnaissance level to an in-depth sediment budget approach. It is advisable to start with a reconnaissance level approach (Phase I) to determine the general trends of a stream system.  If the stream is determined to be aggrading, then a detailed sediment budget analysis can be performed to determine approximate quantities of sediment moving through the system and the primary sources of the sediment.  Following is a list of reconnaissance level, Phase I, techniques (from most rapid and least expensive, to more intensive) that will help to answer the broad question of aggradation or degradation (this list includes common techniques, but should not be considered a complete list).  The maximum number of techniques listed should be employed depending on feasibility and appropriateness to a given site.  This is a weight of evidence argument, so conclusions should not be drawn from a single approach.

· Analysis of stream gauge records, especially long-term comparison of individual flow measurements and rating curve shifts (the number of rating tables will give an indication of channel cross-sectional stability and a trend of aggradation and degradation).

· Comparative longitudinal profile analysis. This may incorporate FEMA data, recent and historic mapping, buried pipeline as-built data and bathymetric surveys.

· Analysis of bathymetry from bridge scour evaluations and/or analysis of bridge as-built conditions with current conditions. The reviewer should determine whether the constructed bridge is an actual constriction to the river or if it is a free spanning structure, which has limited affect on the river flood flows.
· Review of bridge maintenance records, specifically additional scour protection or dredging.  The reviewer should consider local scour, pier scour and the effect of revetment works on bridge maintenance issues.  This may require initial site review and contact with the local city or county engineer.
· Review of maintenance records associated with pipeline crossings.

· Review of permits issued by state and federal agencies for in-water work.  Permits for bank stabilization projects and repair are particularly useful.

· Review of survey data provided by the mining operators. As part of the permitting process, the operators are required to complete, pre-removal and post-removal topographic surveys of each bar.

· Examination of in-channel or channel-adjacent cultural features for evidence of scour, deposition or influences on local and regional channel stability (i.e. rip rap, levees, irrigation diversions, boat launches, pipelines, culverts).

· Examination of tributary confluences to see if there is an aggradation or degradational condition where the tributary enters the mainstem.

· Analysis of peak flow hydrology, including shifts in magnitude of index floods or flood patterns (extensive gravel exposure after flooding is often interpreted as aggradation, when in actuality it may just reflect a redistribution of the sediment).

· Review of dike/levee elevations, breaching, and flooding history.

· Evidence for cross-sectional change in shape and area, especially widening and shallowing of the cross-section, which can be evaluated even where cross-sections cannot be precisely re-located.

· Review of historical aerial photographs to address changes in plan form.

· Review of bar patterns and the number of bars following a review of historical aerial photographs.  Under this analysis the reviewer should address the characteristics and the population of medial bars, point bars, longitudinal bars and bars located at the outside of meander bends. The size and shape of the bars should be addressed over time recognizing that the air photos may reflect different water levels or river stage heights.
· Examination of streambank heights and relationship with geomorphic bankfull (the elevation of the depositional surface corresponding with the currently active floodplain, which may not be the same as the historic floodplain).

· Examination of floodplain and bank areas to determine if there is a buried soil horizon.

· Review of changes in points of diversion, any known saltwater intrusion (in tidal areas), and change in groundwater elevation.
· Review of aerial photos with ground truthing  to determine if riparian vegetation has been lost due to prolonged saturation, or if there has been a shift from drought tolerant to saturation tolerant species (or vice versa).

· Field investigation to characterize geomorphic features including tributary junctions, alluvial fans, floodplains, and exposed bedrock.

· Semi-quantitative field examination of streambed sediment patterns.  This may include textural analysis of the armor (pavement) and sub-armor (sub-pavement) layer.  Appropriate statistics may include Grain Size Distribution Curves, Sorting Indices, Measurements of Skewness or Assymetry etc.  The field examination may include, but are not necessarily limited to  the following:

· pavement to sub-pavement size relationships (lack of a coarsened surface layer may indicate heavy sediment load and inability to transport this load or may be influenced by recent historical flows., 
· matrix supported sub-pavement (i.e. the coarse grains do not touch each other, which may indicate a heavy sediment load),.  
· evidence for pool infilling (bars encroaching on pools, or buried pavement in pools), 

· buried pavement layers, 

· bi-modal pavement layers, 

· bimodal sediment distributions (i.e. peak in both the sand and gravel fractions, which can be an indication of heavy local sources such as eroding banks, as opposed to distal watershed sources).

None of these study elements alone is sufficient to conclude that a stream is aggrading or degrading, but taken together, they provide a strong basis for determining the trend in vertical stability and channel response to the removal of aggregate. The reviewer should also note other influences within the watershed that might influence channel behavior including channel straightening, dam construction, construction of levees, subdivision development, civil works etc. 
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