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abrasion is by sediment load, turbulent eddies, and other factors that influence how suspendec - | » it Wi i i

sediment particles hit the bed. A detailed study of form and hydraulic processes along a series of 1 Deterbmmeg]lo[:] ﬂOf g'OOd discharge and velocities from "’ Strsveilcr;:hzo&\ilglrjfeeg)tf nsltt:/;grt: gsvr\],ebrep(;uS;Ii?tvs%:rzocﬁéreeazr;d;in;gz tr?qic;%hdfém Z?i;rﬁ g@iﬁg;ed
knickpoints was conducted to evaluate the role of large bed particles in protecting the bed October 77-6 1100 2 the knickpoints. This allows for the conclusion that the boulder knickpoint is stable because the
influencing flow hydraulics. Bed and low flow water surface elevations were surveyed in a From the hydrograph of the 7" — 8t flood (figure 1), flood |5 ... power does not exist to move the particles that make up it.

longitudinal profile across a complex boulder and bedrock knickpoint. Measurements also included frequency graph normalized to drainage basin area (figure 2), |

the location of potholes, exposed bedrock, and the distributio_n and size of bed particleg. A major and calculated drainage basin area of the study site, a LI A N I A N I Upper Reach

flood occurred on Oct. 7-8, 2005 and water surface elevations and flood cross sections were discharge of 158 + 31 cubic meters per second was obtained. e e oo aw o mmaoemw The upper reach contains particles that are all oriented with their long axis parallel to flow,
surveyed for_the flood. From the discharge, cross section, and water surface eIevaﬂo_n data, flow f e AT R o Baots on o6 seas or RecomD which leads to the assumption that the particles have been in place long enough for flow to
depth, velocity, Froude number, local shear stress, local stream power, flow resistance, and From a sulr ace ]Ye OC'%’ meda_tfsfuremer!t or t s_ ?\0 a”f CfOSi Provisional Data Subjectto Revision orient them. A plot of dimensionless shear stress (ratio of fluid shear stress to grain resisting
dimensionless shear stress were calculated These hydraulic data were plotted as a function of izctlogl_a LSO UIEE dl erentbsn_es, da SN UEIOCO0E a0 s for Hyattsule e e forces) versus distance downstream indicates that large (D84) particles can not be moved at
longitudinal distance to evaluate the location of hydraulic features and bedrock morphology. The cublc meters per second was obtainea. . = 00769 fluid shear stresses produced by the October 8 flood (figure 7). The critierion for entrainment is
flood indicated one main knickpoint at a boulder step, which also created a transition from sub- Discharge charge through the reach is constant, error in the taken to be 0.045, a value supported by theory and empirical data for heterogeneous cobble
critical to sup_ercrltlcal flow. Thus the boulder knickpoint appears to control the site of most active estimation of this value is incurred from gauging station 400 - A beds (Wiberg 1991).
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Hypotheses . The lower reach contains particles that are randomly oriented in relation to flow. The largest
Figure 1 (above) Hydrograph of 10/7-8/05 Flood particles are form a boulder arc on the downstream rim of the plunge pool, suggesting that they
. . _ L _ _ _ _ _ o - o0 were originally part of the boulder knickpoint upstream. Using the same criterion for
1. Knickpoints erode an_d m_|grate _headward pnr_nanly through abrasion concentrated at narrow Figure 2 (below) Flood Frequency Normalized to Drainage Basin Area ccumence menval years entrainment, dimensionless shear stress values indicate that the majority of the large bed
PEUS Cif 112 SIEEm) (i lulgh [Ees Of POt tieiy) particles are at or above the threshold of motion for the Oct. 7-8 flood (figure 6).

2. Flood cross sectional surveys and calculation of flood velocity and Froude Number
2. Knickpoints erode and migrate headward primarily through pothole coalescence.

Calculations are made using the average of the flood measurements given above. Supercritical flow Is Grain Size Distributions Specific Stream Power
3. The position of a knickpoint can be controlled by the accumulation of large particles, which can achieved at bedrock constrictions and at the boulder knickpoint (M) (table 1). 500 y £ 1500
increase knickpoint height and hydraulics. 400 | *Ypper Reach = Lower Reach r 4 =
Distance | Upper/ Middle | Width Depth Area Discharge | Velocity | Froude Number g 300 ,. %
(m) Lower (m) (m) (m~2) | (cubicm/s) | (m/s) e = = 500 -
: 17.50 U 18.28 1.30 23.76 157.80 6.64 2.25 % 200 c"'”' = 3 -
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75.00 L 19.51 3.70 72.19 157.80 2.19 0.24
82.80 L 29.00 2.50 72.50 157.80 2.18 0.24 - | pimensioniess Shear Stress versus Distance
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At low flow, there are two major features bed features in the reach, a boulder knickpoint and a bedrock 0 5 10 15 20 o5 a 0 ; - 0 -
knickpoint (figure 3). High flow water elevations indicate only one area of plunging flow (over the Width (m) ¢ D50 = D84 Distance Downstream (m)

boulder knickpoint) and skimming flow (everywhere else). Calculations of Froude numbers suggest

the flow depth increases downstream of the knickpoints due to a hydraulic jump as flow transitions Figure 4 (top left) Grain sizes used to calculate shear stress  Figure 5 (top right) Stream power
from supercritical to subcritical flow. Figure 6 (lower left) T* for lower cross section Figure 7 (lower right) T* for upper reach

Conclusions
Surveys Boulder Knickpoint
1. There are multiple knickpoints in the channel bed, but only one hydraulic step at high flow.
P!cture T RElelE jam caus_,ed b_y Hieiin restriction. P!cture ZEhlee knl_ckpomt,_ AplFZEEoete! 16 Bedrock Knickpoint 2. The hydraulic step is located at the boulder knickpoint, which focuses bedrock erosion below the
Picture 3: Bedrock knickpoint with potholing. Picture 4: Lower section looking upstream. 14 - * PO A . / ' : !
ol B step.
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= SR . A < 3. The boulder knickpoint exists due to the stability of large particles in the upper reach as
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