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ABSTRACT:

Velocity and flow resistance of high-gradient, forested stream reaches in the Fraser Experimental Forest, Colorado, were characterized using Rhodamine WT dye tracing,
ground-based LIDAR scans and laser theodolite surveying. Travel time and average reach velocities were computed using a spatial harmonic mean travel time, and compared to
values computed using time between peaks and time between centroids. Peak velocities differed from harmonic by an average of 12.4 percent while centroid velocities differed
by -2.8 percent. Ma n n i mand Barcy-Weisbach ff were computed and related to numerous potential explanatory variables. Variables that quantified bed variability, such as the
relative ratio of average maximum depth to standard deviation of the residuals of the bed profile regression, were the best predictors of flow resistance in these cascade, step-
pool, and plane-bed streams reaches. Individual bed variability parameters explained 72 to 80 percent of the variance in the resistance coefficients.

METHODS
Field Area

AData collection was performed in the Fraser
Experimental Forest, Colorado, USA, on East
Saint Louis and Fool Creeks (Figure 1).

APrecipitation primarily in the form of snow
(average annual: 64 to 89 cm).

AFifteen stream reaches.

AStream reach elevations ranging from 2915

to 3217 m, with slopes varying from 1.5 to 20
percent.

ACascade, step-pool and plane-bed in form.

AReaches are just upstream of gaging stations
monitored by the U.S. Forest Service, using
sharp-crested weirs.

AlLarge woody debris present, with many of

the steps formed by clasts-anchoring debris
material.

Data Collection

Data collection was composed of bed, bank and floodplain
surveying; longitudinal water surface profiles, at high,
medium and low flows; average reach velocity
measurements; and bed material characterization.

RESULTS

Resistance coefficients computed from 59 sets of measurements in cascade,
step-pool, a transitional and a plane-bed reach, with primarily step-forming LWD.
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0 1.4 to 55.6 for low flow measurements

AAIl measurements indicated fully-subcritical reach-average conditions
0 Froude numbers: 0.13 to 0.77.

AFour of 15 reaches illustrated in Figure 6.

Prediction

A 30 potential predicting variables were explored through simple-linear regressions (Table 1).
Aln step-pool and cascade streams, spill resistance is typically dominant (Curran and Wohl
2003, MacFarlane and Wohl 2003, Wilcox and Wohl 2006).

AQuantifying relative bed morphology emphasized (mirroring R/Dg, in lower-gradient streams).
o Width variablility, bed material size and slope were also tested.

Table 1. Explanatory variables tested

AVariables that quantified bed variability, such as the relative ratio of average maximum depth to
standard deviation of the residuals of a bed profile regression, were the best predictors of flow
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AReach surveying was performed through the use of a tripod-mounted LiDAR (Light
Detection and Ranging) scanner for above-water features (Figures 2 & 3) and a gridded
laser theodolite survey for below-water features.

AA laser theodolite was used for measuring longitudinal profiles of the bed and water surface
during each resistance measurement, at the thalweg, left and right edge of water.

AA common coordinate system was established using a system of control points, to assure
geometric data compatibility.

ACross sections were developed from the pointcloud data at an interval of 0.75 to 1.50 m
over the 6 to 35 m reach lengths, for a total of 9 to 27 sections per reach (Figure 3).

AThe surveyed thalweg length followed the path of the estimated center of mass of the flow,
which provides the more hydraulically-representative reach length for a specific flow.

ABed gradation was measured using a 300-point, spatially-referenced pebble count.
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Figure 3: LIDAR pointcloud, reach ESL-9

Average Reach Velocity

A Characterized with Rhodamine WT dye tracing (Figure 4).

AFluorometers mounted on rebar in the thalweg, at the upstream and
downstream reach limits.

ARhodamine concentrations measured at a one second time step.
ADye was released as a slug in midstream (Figure 4).

A Single-pass three-point median smoothing methodology was applied to the
tracer data, to address data noise (Tukey 1974).

ASpatial harmonic mean travel time was computed (Walden 2004), as opposed
to difference between peaks or centroids.

Figure 4: Dye injection and equipment
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APeak differed from harmonic by an average of 12.4 percent (-13 to 114
percent).

A Centroid differed by -2.8 percent (-13 to 11 percent), (Figure 5).
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o With the identical dataset, harmonic velocities were more precisely oo RE e s B R Bt
computed, compared to values obtained using peak and centroid.

resistance in these stream reaches (Figure 7).

Alndividual bed variability parameters explained up to 76 percent of the variance in n and 80
percent of the variance in ff.
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—igure 6: Example reach illustrations, with measured parameters

Most-Effective Prediction Variables (individually explaining 54 to 80 percent of the variance)

Aaverage hydraulic radius divided by the standard deviation of the residuals of a bed profile regression (AveR/SDRes).
Aaverage maximum depth divided by the standard deviation of the residuals of a bed profile regression (AveMaxD/SDRes).
Aaverage flow area divided by the standard deviation of the flow area (AveA/SDA).

Aaverage maximum depth divided by the standard deviation of the maximum depth (AveMaxD/SDMaxD).

Aaverage hydraulic radius divided by the standard deviation of the hydraulic radius (AveR/SDR).
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Figure 5: Velocity computations comparison

Manning's n

n=0.470AveMaxDSDRe$-0.799
R”2 =0.75, F = 168, P = <0.0001
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Darcy- Weisbach ff

ff = 38.9AveMaxDSDRe¥'-1.78
R"2 =0.80, F 222 P = <0.0001
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» » wwswos | Log-transformations of predicted variables were required to honor the regression assumptions of linearity, homoscedasticity,
and independent and normally-distributed residuals.

ALog-transformation induces a systematic bias in predictions, which requires correction for prediction.

—igure 7: Regression fit, AveMaxD/SDRes




