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1.0  OBJECTIVE

Q=ciA
c = Rational runoff coefficient
i = rainfall intensity (in/hour)
A = drainage area (acres)
Q = Peak discharge (cfs)

c = 0.3 c = 0.3
i = 6.2 in/hr i = 5.6 in/hr

A = 5.27 ac A = 4.86 ac
Q = 10 cfs Q = 8 cfs

DETAIL DRAINAGE CALCULATION

Golder has designed the final cover system for Cells 10 through 15 of the North CAMU at the closed Exide Frisco 
Recycling Center in Frisco, Texas.  With this proposed design there is a need for drainage features.  A  perimeter 
drainage channel on the north that drains to the west and on the west that drains to the south have been 
proposed.  This drainage channel will extend 436 feet to the south and discharge into an existing tributary that 
leads to Stewart Creek.  A culvert at the proposed access road crossing is required.  This culvert will allow flow to 
pass under the landfill access road and continue to the tributary.  

The rational method equation is used to calculate the peak discharge for facilities serving a drainage area less 
than 200 acres.  

The runoff coefficient for a non-developed land is 0.30.  The rainfall intensity is 7.6 in/hr.  The runoff coefficient 
and time of concentration were taken from the Engineering Standards, The City of Frisco, Texas.  The Tc is put 
into the TxDOT spreadsheet for calculating Rainfall Intensity-Duration-Frequency Coefficients for Texas 
Counties.  The 25-year, 24-hour storm event is used to analyze the peak discharge.  The drainage area is based 
on the final site conditions.   

2.0  METHOD

3.0  CALCULATION

3.1 Discharge Flows

The rational method is used to calculate discharge flows in small areas.  The estimated flows are used to size the 
drainage channel using the Manning's equation.  The road crossing culvert(s) are sized with HY8 using the 
esimated flows.  
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1) Engineering Standards, The City of Frisco, Texas. Version August 2017
2) Hy-8 Program (version 7.5) Build date: July 28, 2016
3) Rainfall Intensity Duration Frequency Coefficients for Texas Counties,  Texas Department of Transprotation.
4) Atlas of Depth-Duration Frequency of Precipitation Annual Maxima for Texas-U.S. Geological Survey, 

TxDOT Implementation Report 5–1301–01–1 

3.2 Channel Sizing
The Mannings equation is used to size the perimeter channel.  Table 3, Channel Hydraulic Calculation, show 
the channel design geometry, velocity, and freeboard calculation.  

3.3 Culvert Sizing
Using Hy-8 (version 7.3) from the Federal Highway Administration and the site data (discharge, tailwater, 
roadway, etc.) the culvert was sized to pass the peak flows without overtopping the roadway.   

4.0  CONCLUSION
The ditch is designed to be grassed lined with a geometry of 2 feet deep and 1.5 feet wide with 
4H:1V sideslopes.  

The culvert size is 2-18" CMP culverts at 26 feet long.  A 5 ft by 5 ft by 12 in deep riprap inlet and 
outlet pad is required.    

5.0  REFERENCES
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TABLE 1A
COMPOSITE CURVE NUMBER CALCULATIONS 

Date: 8/28/18
Project Number: By: HH

Chkd: JBF
Design Storm 25 -Year Reoccurance Interval Apprvd: JBF

Storm Duration
(hours)

2-Year
Depth

(inches)

25 -Year 
Depth

(inches)

Storm 
Distributio

n
24 4.1 7.6 II

CN = 98 CN = 92 CN = 85

Subbasin ID

Subbasin 
Area
(ft2)

Subbasin 
Area

(acres)

Subbasin 
Area

(sq mile)

CONCRETE - 
PAVED AREAS 

OR POND AREAS 
(acres)

DIRT ROADS - 
UNPAVED AREAS 
-- HERBACEOUS 
GRASS/BRUSH 

(acres)

LANDFILL FINAL 
COVER AREAS 

(acres)

Composite 
SCS Curve 

No.

S = 1000 - 
10
CN

Unit Runoff 
Q 

(in)

Runoff 
Volume 
(ac-ft)

Runoff 
Volume 

(ft3)
LANDFILL AREA

1 229,561 5.27 0.0082 5.27 CN = 85 1.76 5.84 2.56 111,673
2 211,702 4.86 0.0076 4.86 CN = 85 1.76 5.84 2.36 102,985

Total:  441,263 10.13 0.02 4.93 214,657

1302086-02

EXIDE RECYCLING CENTER
EXIDE TECHNOLOGIES 
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TABLE 1B
BASIN TIME OF CONCENTRATION CALCULATIONS

EXIDE RECYCLING CENTER Date: 8/28/18
EXCIDE TECHNOLOGIES By: HH
Project Number: 141302086.0 Chkd: JBF

Apprvd: JBF

Subbasin ID
Composite 

Curve Number

Total Lag 
(0.6*Tc) 

(min)

Total 
Travel 
Time
(min)

Type of 
Flow

Length
(ft)

Slope 
(ft/ft)

Typical Hydraulic 
Radius

(Channel Only)
(ft)

Travel 
Time
(min)

Type of 
Flow

Length
(ft)

Slope 
(ft/ft)

Typical Hydraulic 
Radius

(Channel Only)
(ft)

Travel 
Time
(min)

Type of 
Flow

Length
(ft)

Slope 
(ft/ft)

Typical Hydraulic 
Radius

(Channel Only)
(ft)

Travel 
Time
(min)

LANDFILL AREA
1 85 13.8 22.9 Sheet 221 0.032 F Dense Grass 19.6 Shallow 10.5 0.250 U Unpaved 0.0 Channel 736 0.016 G Grass-lined 0.58 3.3
2 85 16.7 27.8 Sheet 300 0.034 F Dense Grass 24.5 Shallow 274.0 0.034 U Unpaved 1.5 Channel 436 0.017 G Grass-lined 0.60 1.8

Notes:
1. Refer to Table 3 for Roughness Condition descriptions and Tc Coefficients.

Flow Segment 3

Roughness Condition(1) Roughness Condition(1)Roughness Condition(1)

Flow Segment 1 Flow Segment 2
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TR-55 (1986)
Sheet Flow Travel time (SCS Upland Method)

Where:  Tt = travel time (hr); n' = roughness coefficient; L = flow length (ft);

P2 = 2-yr storm depth (inches); s = slope (ft/ft)

flow velocity = L/(60Tt)

Flow Type Surface Type roughness n Surface Description
Short 

Description

A 0.011 Smooth surfaces (concrete, asphalt, gravel, bare soil) Smooth
B 0.05 Fallow (no residue) Fallow
C 0.06 Cultivated soils: Residue cover <= 20% Cover<20%
D 0.17 Cultivated soils: Residue cover > 20% Cover>20%
E 0.15 Grass:  Short grass prairie Short Grass
F 0.24 Grass:  Dense grasses Dense Grass
G 0.41 Grass:  Bermuda grass Bermuda Grass
H 0.13 Range (natural) Range
I 0.40 Woods:  Light underbrush Light woods
J 0.80 Woods: Heavy underbrush Heavy Woods

Shallow Concentrated Flow Velocity (SCS Upland Method)
v = mS0.5 Where:  v = velocity (fps); m = roughness coeffient; S = slope (ft/ft)

Flow Type Surface Type Roughness m Surface Description
Short 

Description

P 20.3282 Paved Surfaces Paved

U 16.1345 Unpaved Surfaces Unpaved

Channel Flow Velocity (Mannings Velocity)
v = 1.49/n Rh2/3S1/2 Where:  v = velocity (fps); n = roughness coeffient; Rh = Hydraulic Radius (ft), S = slope (ft/ft)

Lining Type
Mannings n 

for Depth
Mannings n 
for Velocity Material

Maximum 
Velocity

Maximum 
Shear Stress

A 0.026 0.026 ACB 25
C 0.024 0.020 CSP 50
E 0.025 0.022 Earth-lined 3
G 0.035 0.030 Grass-lined 5
I 0.017 0.013 Ductile Iron 50
P 0.012 0.009 Plastic 25
R 0.040 0.035 Riprap 15
T 0.035 0.030 Turf Reinf. 10 1.5
Z 0.060 0.005 Other 25
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Table 2
Time of Concentration and Mannings Flow Coefficients

 
  0.4

S
0.5
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Table 3
Channel Hydraulic Calculations

Exide Technologies Date: 8/29/18
Exide Recycling Center By: HH
Collin County, Texas Chkd: JBF
PROJECT NO.: 1302086-02 Apprvd: JBF

Reach Designation Q (cfs)
Storm 
Event

Approximate 
Channel 
Length

(ft)
Bed Slope

(ft/ft)

Left Side 
Slope
(H:1V)

Right 
Side 

Slope
(H:1V)

Bottom 
Width 

(ft)

Minimum 
Channel 
Depth

(ft)

Mannings 'n' 
for Capacity 

(Depth 
Calculation)

Mannings 'n' 
for Stability 

(Velocity 
Calculation)

Maximum 
Velocity
(ft/sec)

Maximum 
Normal Flow 

Depth
(ft)

Froude 
Number

Normal 
Depth Shear 

Stress

(lb/ft2)

Stream 
Power

(W/m2)

Top Width of 
Flow
(ft)

Top Width of 
Channel

(ft)

Perimeter Channels
Channel  Pre Culvert 10.0 25-year 776 0.0163 4.0 4.0 1.5 2.0 GL Grass-lined 0.035 0.030 3.5 0.73 0.95 0.74 37.38 7.4 17.5 1.27
Channel  Post Culvert 8.0 25-year 436 0.0100 4.0 4.0 1.5 2.0 GL Grass-lined 0.035 0.030 2.7 0.74 0.74 0.46 18.23 7.4 17.5 1.26

(1) Note: Comments and Warnings:
< 1.0 ft indicates freeboard is less than 1 foot.
< 1/2 Vel. Head indicates that the remaining freeboard is less than 1/2 the velocity head (V2/2g)

suggesting water may splash out.
Warning: VxD>9 indicates that the velocity times the depth is greater than 9 ft2/sec, which is undesirable and may be unsafe.
Unstable V indicates that calculated velocity exceeds the recommended maximum for the lining material.
Unstable T indicates that calculated shear stress exceeds the recommended maximum for the lining material.

Design Channel Lining

Channel Roughness Parameters

Available Freeboard
(ft)

Hydraulic CalculationsChannel Design Geometry Channel Evaluations
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1. Select your county.  2. Enter the time of concentration
Coefficient 2-year 5-year 10-year 25-year 50-year 100-year

e (in) 0.790 0.781 0.778 0.779 0.776 0.764
43 37 b 54 67 79 92 102 106

d (mins) 8.2 8.8 8.8 8.8 8.8 8.2
Intensity (in/hr)* 3.6 4.5 5.4 6.2 7.0 7.7

Coefficient 2-year 5-year 10-year 25-year 50-year 100-year
e (mm) 0.790 0.781 0.778 0.779 0.776 0.764

b 1372 1702 2007 2337 2591 2692
d (mins) 8.2 8.8 8.8 8.8 8.8 8.2

Intensity (mm/hr)* 90.8 114.4 136.3 158.2 177.3 194.8

22.9 mins* for time of Concentration =

Rainfall Intensity-Duration-Frequency Coefficients for Texas Counties

Collin
County

Channel Pre Culvert Tc Calculations



1. Select your county.  2. Enter the time of concentration
Coefficient 2-year 5-year 10-year 25-year 50-year 100-year

e (in) 0.790 0.781 0.778 0.779 0.776 0.764
43 37 b 54 67 79 92 102 106

d (mins) 8.2 8.8 8.8 8.8 8.8 8.2
Intensity (in/hr)* 3.2 4.0 4.8 5.6 6.2 6.8

Coefficient 2-year 5-year 10-year 25-year 50-year 100-year
e (mm) 0.790 0.781 0.778 0.779 0.776 0.764

b 1372 1702 2007 2337 2591 2692
d (mins) 8.2 8.8 8.8 8.8 8.8 8.2

Intensity (mm/hr)* 80.7 102.1 121.7 141.2 158.2 173.9

27.9 mins* for time of Concentration =

Rainfall Intensity-Duration-Frequency Coefficients for Texas Counties

Collin
County

Channel Post Culvert Tc Calculations



 I) Use revised universal soil loss equation.

A = R K L S C P Variables described below

Rainfall and erosivity index (R)

From Fig. 1, Ref.1, the average annual rainfall erosion index for the site

 is approx. 295

Soil Erodibility Factor (K)

Use K = 0.26

Cover and Management Factor [C]

C = 0.013

Support Practice Factor (P)

Surface tracked with dozer ‐‐ rough surface

Use P = 1

Length Slope Factor (LS) (Ref. 2)

For regular slopes > 15 ft long, the Slope Steepness Factor, S =

S = 10.8 sin Θ + 0.03;   sin Θ< 0.09  Eqn. 8.39 
   or 16.8 sin Θ - 0.50;    sin Θ 0.09  Eqn. 8.40

Where: Θ = slope angle

 Length Factor, L
L = [/72.6]m   Eqn. 8.43

 = slope length (measured as the horizontal projection of plot length)

     m is an exponent dependent upon slope given by

FINAL COVER EROSION SOIL LOSS CALCULATION - 
North CAMU

2.0  METHOD:

1.0  OBJECTIVE:

Assume a silty clay loam with an organic matter content of 4% and use Table 1, Ref. 1, to 

determine the K factor.

Assume 80% ground cover and interpolate C from values shown on Table 2, Ref. 1

Erosion loss was determined using the Revised Universal Soil Loss Equation (RUSLE), (UDSA,1997).

Estimate erosion soil loss under final closure conditions for the Class 2 Landfill (CL2LF) CAMU at the closed Exide 
Recycling Canter in Frisco, Texas.  

Exide Recycling Center
Final Cover System

Erosion Soil Loss
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Exide Recycling Center
Final Cover System

Erosion Soil Loss

  Eqn. 8.44

 for soils moderately susceptible to erosion is given by:

Eqn. 8.45

 is modified as follows for soils of low and high susceptibility to erosion:

low = (1/2)mod

high = 2mod

If sin Ɵ < 0.09, then S = 10.8 sin Ɵ + 0.03

If sin Ɵ ≥ 0.09, then S = 16.8 sin Ɵ - 0.50

In our specific calculation, the slope angles are as follows:

For the 4 (H): 1(V) slope, Ɵ = 14.04°

sin 14.04° = 0.24 ≥ 0.09, Use eq. 8.40

For the 3.2% slope, Ɵ = 2.29°

sin 2.29° = 0.03 < 0.09, Use eq. 8.39

where λ = horizontal projection of plot length

K was taken from the USDA soil Interpretation Records, Soil Conservation Services,

S = slope steepness factor (Haan, 1994),

There are three equations available to determine S.  If the length of the applicable slope is 

less than 15 feet, then equation 8.41 which is S = 3.0 (sin Ɵ)0.8+0.56.  If the applicable slope 
is greater than 15 feet then equation 8.39 or 8.40 would apply, depending on the angle of 
the slope.  These two equations are:

3.0  ASSUMPTIONS:
Facility slopes are 4H:1V on the sides, 3.2% on top,

R was taken from Figure 1, Average Annual Values of the Rainfall Erosion Index,

L = slope length factor 






1

m

56.0)(sin0.3

sin16.11
8.0mod 
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Exide Recycling Center
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Erosion Soil Loss

The equation for rill erosion applies to moderately erodible soils. 
C represents 80% ground cover without appreciable canopy - Table 2, USDA-SCS TR 52,

1)

2)

3) TCEQ Regulatory Guidance, "Guidelines for Preparing a Surface Water Drainage Report for a 
Municipal Solid Waste Facility.", August 2006

A RUSLE calculation was performed for a compound slopes.

RUSLE calculation for a compound slope is found in Tables 1.  Annual erosion is calculated to be 0.7 ton/ac/year. 

Haan C.T., B. J. Barfield, and J.C. Hayes. 1994. Design hydrology and sedimentology for small 
catchments. San Diego CA : Academic Press Inc.

5.0  CONCLUSION/RESULTS

6.0  REFERENCES:

A Summary of the RUSLE calculation is presented in Table 1.

4.0  CALCULATIONS

P was assumed to be 1.0 for long-range prediction & no maintenance. 

Use of the Universal Soil Loss Equation in Final Cover/Configuration Design,  Procedural Handbook," 
TNRCC, Permits Section, October 1993.
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R K Slope Length (l) rill susceptability beta m LS C P Ai

ft tonsf in/acre hr year Slope Segment
ton*ac-hr/hundredths ac-

ft*tonf*in (ft/ft) (ft) low, mod, high eq. 8.45

eq.8.44 or .5 (Foster & 
Wischmeier, 1978) ton/ac/yr

Final Cover - Top (80% cover)
295 1 0.26 0.03 221 mod 0.475 0.3222 0.513 0.013 1.00 0.5
295 2 0.26 0.25 10.5 mod 1.774 0.6395 0.235 0.013 1.00 0.2

Eff. LS: 0.75 0.7

NOTES: R was taken from Figure 1, Average Annual Values of the Rainfall Erosion Index
M was calculated from Eq. 8.37 (p. 256) - Design Hydrology and Sedimentology for Small Catchments 1
K was based on soil survey descriptions obtained from the USDA, Soil Interpretation Records, Soil Conservation Services 
LS was calculated from Eqs. 8.39-41 and 43 (p. 261) - Design Hydrology and Sedimentology for Small Catchments
C represents 80% ground cover without appreciable canopy - USDA-SCS TR 51
P was assumed to be 1.0 for long-range prediction & no maintenance

A = R * K * LS * C * P

where: A = soil loss, tons/(acre - year)
R = rainfall erosion index
K = soil erodibility factor

LS = slope length and steepness factor
C = vegetative cover factor
P = erosion control practice factor

TABLE 1.   EXIDE RECYCLING CENTER - ESTIMATED AVERAGE ANNUAL EROSION  
MAXIMUM EROSION LOSS
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