


















































Rural and Urban Piedmont Regional Curves 
Figure 3.1 

Drrrlnage Area (mi ') 

Urban Data A Rural Data x Sib Creek bau  Vista Branch - Powa (Rural Data) - Urban Rqycssion 

Figure 3.1. Rural and Urban Piedmont Regional Curves with Surveyed Bankfull Cross- 
Section Areas for Project Reaches. (Project data points were not used in determining the 
regression line.) 
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North Carolina Piedmont Regional Curve 
Figure 3.2 

1 .o 10.0 

Dninage Area (sq mi) 

U h  Data A Rural Data . Silas C d  a Bums Vita E3ranc.h - Power (Rural Data) -Urban Rcgession 

Figure 3.2 Rural and Urban Piedmont Regional Curves showing bankfull discharge 
versus drainage area. The bankfull discharge predicted using HEC RAS is overlaid with 
the regional curve for comparison. 

Table 3.2. Bankfull discharge comparison of HEC-RAS and regional curve. 
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Reach 

Silas Reach 1 
Silas Reach 2 
Buena Vista 
Branch 

HEC-RAS Q 
(cfs) 
460 
600 

145 

Regional Curve 
Rural Q (cfs) 

300 
369 

113 

Regional Curve 
Urban Q (cfs) 

879 
1054 

376 
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Rural and Urban Piedmont Regional Curves 
Figure 4 3  

Drainage Area (mi ') 

Urban Data r Rural Data Silas C d  - Reference Lake Jeanette - Power (Rural Data) - Urban Rqess ion  

Figure 4.3. Rural and Urban Piedmont Regional Curves with Surveyed Bankfull Cross- 
Section Areas for Project Reference Reaches. (Project data points were not 
used in determining the regression line.) 

The reference reaches compare fairly well in terms of ratios; however, some stream 
geometry data are inappropriate for design. This is due to the fact that the reference 
reaches have floodplains with mature bottomland forest, while the design reaches will 
have a newly planted floodplain. For example, the radius of curvature ratios for the Type 
E reference reaches are less than 2. The design reaches should have a larger ratio 
because the banks will not initially have the necessary vegetation to prevent bank erosion. 
In addition, riffle slope ratios greater than 1.5 were used to maximize riffle habitat value. 

The final design ratios are shown in Section 5 and are based on bracketing the values 
from the reference reaches and applying professional judgment to ensure appropriate 
values are used. 
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b) If the ratio DSO/DASO is not between the values of 3.0 and 7.0, then 
calculate the ratio of Di/DSO 

Where: Di = Largest particle from the bar sample (or subpavement) 
DSo = median diameter of the riffle bed (from 100 count in the 

riffle or the pavement sample) 

If the ratio Di/DSo is between the values of 1.3 and 3.0, then calculate the 
critical dimensionless shear stress using Equation 2. 

(Equation 2) 

Entrainment analyses were conducted for the Silas Creek and Buena Vista reaches to 
ensure that the design streambed neither aggrades nor degrades during bankfull flows. 

6.2 Silas Creek 

Because the designs for both reaches are similar, they were grouped for the purposes of 
calculating sediment transport competency. The critical dimensionless shear stress for 
Silas Creek was calculated using bed material samples from a stable riffle. The 
cumulative frequency curves of the samples are shown on Figure 6.1. 

Data presented in Figure 6.1 were used to determine particle sizes for the various 
calculations. The D50/DA50 ratio is 4.1, so Equation 1 is valid. Critical dimensionless 
shear stress was calculated using Equation 1 as z*,; = 0.024. This value of dimensionless 
shear stress is used in the aggradation analysis presented below. 

Silas Creek 

I Pavement - Subpavement I 

Particle Size -Finer Than (rnrn) 

Figure 6.1. Silas Creek Pavement / Subpavement Analysis 
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(Data &om: LeopoiG W a h a ~ ,  andM#er 19&$ Rosgan, pars- co;rtlmrm.; and 
J-famw, ppersonal c-.) 

Figure 6.2. Modified Shield's Curve for Grain Diameter of Transported 
Particle in Relation to Critical Shear Stress. 

6.2.3 Dewadation Analvsis 

Degradation analysis was performed in order to assess whether the design cross sections 
would result in scour and bed downcutting. We evaluated the potential for degradation 
by examining the upper competency limits for design cross sections and by reviewing 
existing and design grade control at the site. 

The calculated shear stress discussed in Section 6.2.2 can be used to describe the upper 
competency limits for the design channel. The estimated boundary shear stress was 0.46 
lbslft2. Based on the Modified Shield's Curve (Figure 6.2), shear stress in this range will 
move particles up to about 105 rnrn in size, which corresponds roughly to the largest 
particle size of the reach-wide pebble count sample. Preferably, this stress would 
correspond to the D84, but the concern for degradation is addressed through existing and 
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Buena Vista Branch 
Pavement - Subpavement 

- Pawmenl - S- 

1 1 . 1 1 1 1 ,  

& 4 ,* ,9 to t? $9 t? ,' ,$. ,,$ #* 4 t9 c2 @ @ ,,o +% ,B$ &% *.$ @bP +tP 
0 . 0 .  -l 

Particle Size -Finer Than (mm) 

Figure 6.3. Buena Vista Branch Pavement 1 Subpavement Analysis. 

6.3.1 b r a d a t i o n  Analvsis Throu~h Critical Depth and Slope Calculation 

An aggradation analysis was performed to predict whether the channel depth and slope 
proposed in the design will cause the stream to aggrade. The aggradation analysis is 
based on calculations of the required depth and slope needed to transport large sediment 
particles, in this case defined as the largest particle of the riffle subpavement sample. 
Required depth can be compared with the design mean riffle depth and required slope can 
be compared to the design slope to verify that the stream has sufficient competency to 
move large particles and thus prevent thalweg aggradation. The required depth and slope 
are calculated by: 

(Equation 3) 

(Equation 4) 

Where: d, (A) = Required bankfull mean depth 
d, (ft)= Design bankfull mean depth 
1.65 = Sediment density (submerged specific weight) 

= density of sediment (2.65) - density of water (1 .O) 
T*,~ = Critical dimensionless shear stress 
Di (A) = Largest particle from bar sample (or subpavement) 
s, (Wft) = Required bankfull water surface slope 
s, (Wft) = Design bankfull water surface slope 
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U. I 
o.mi 0.m2 0.00s 0.01 0.02 0.05 0.1 0 2  0.5 1.0 2 s l o  

t, critical shear stress, Ibshq ft 

@ata &am: L e o p d 4  W o h w ,  andMNer 1964,- Rosgen, personal c-.; and 
j-kmiiw, ppersm! comrtllm.) 

Figure 6.4. Modified Shield's Curve for Grain Diameter of Transported Particle in 
Relation to Critical Shear Stress. 

6.3.3 Dewadation Analysis 

Degradation analysis was performed in order to assess whether the design cross sections 
would result in scour and bed downcutting. We evaluated the potential for degradation 
by examining the upper competency limits for design cross sections and by reviewing 
existing and design grade control at the site. 

The calculated shear stress discussed in Section 6.3.2 can be used to describe the upper 
competency limits for the design channel. The estimated boundary shear stress was 0.5 1 
lbs/ft2. Based on the Modified Shield's Curve (Figure 6.4), shear stress in this range will 
move particles up to about 125 mrn in size, which is significantly larger than any particles 
encountered in the reach-wide pebble count sample. Preferably, this stress would 
correspond to the D84, but the concern for degradation is addressed through existing and 
design grade control. Reach wide confidence in vertical stability of the streambed comes 
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Photo Log 3-Silas Reach 2 Downstream of Yorkshire Road 

I 
G .  ~onrluence or silas and Buena vista 

I. Bank Erosion on Silas Creek 

K. Bank Erosion on Silas Creek 

H. Sewer Llnes on Lett flank or 2 

J. Bank Erosion on Silas Creek 

3n Silas Creek 





Photo Log 4 - Silas Reach 2 Downstream of Silas Creek 
Parkway 

-' --T- 2. ,; c- i:. 37- . 
- .;..,:. . . ',:.: 2&&pJ 

k Bench on Reach 3 

C. Existing Vegetation on Reach 3 

E. Running Path along Reach 3 F. Cross Section 3, Riffle 
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