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TRI/ENVIRONMENTAL, INC.
A Texas Research International Company

Client: CP & Y TRI Log#:

Project: City of Laredo Test Method: ASTM D 6836, Methods B & D

Sample: TP-2

3.86

7.14

17.5

1.42

2.65 0.0

53.5 0.004

0.87 1.25

0.46

24.8

Saturated Hydraulic Conductivity (cm/s) 1.5E-05

8/27/2013

Avg. Sample Diameter (cm)

Initial Water Content (%)

Soil Water Characteristic Curve and Predicted Hydraulic Conductivity Function

E2377-30-06

Initial Sample Conditions

Avg. Sample Height (cm)

van Genuchten Model 

Parameters
qr (cm

3
/cm

3
)

a (cm H2O
-1

)

Dry Density (g/cm
3
)

Gs (Assumed)

Degree of Saturation, Sr, initial (%)

n

The testing herein is based upon accepted industry practice as well as the test method listed.  Test results reported herein do not apply

Note 1:  Specimens were prepared via kneading compaction utilizing a Harvard compaction tamper.

Note 2: The value of saturated hydraulic conductivity utilized in the prediction of the hydraulic conductivity function was detrmined

by ASTM D 5084.

Void Ratio, e

Porosity, n

Volumetric Water Content, q (%)

to samples other than those tested.  TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.

TRI observes and maintains client confidentiality.  TRI limits reproduction of this report, except in full, without prior approval of TRI.

Jeffrey A. Kuhn, Ph.D., P.E.,

Analysis & Quality Review/Date

Tested by: Olga Vasquez
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Soil Water Characteristic Curve, Drying Path, van Genuchten (1980) 

Predicted Hydraulic Conductivity Function, van Genuchten-Mualem (1980) 
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TRI/ENVIRONMENTAL, INC.
A Texas Research International Company

Client: CP & Y TRI Log#:

Project: City of Laredo Test Method: ASTM D 6836, Methods B & D

Sample: TP-3

3.73

7.14

18.4

1.44

2.65 0.0

57.6 0.008

0.85 1.19

0.46

26.4

Saturated Hydraulic Conductivity (cm/s) 8.1E-06

8/28/2013

to samples other than those tested.  TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.

TRI observes and maintains client confidentiality.  TRI limits reproduction of this report, except in full, without prior approval of TRI.

Jeffrey A. Kuhn, Ph.D., P.E.,

Analysis & Quality Review/Date

Tested by: Olga Vasquez

n

The testing herein is based upon accepted industry practice as well as the test method listed.  Test results reported herein do not apply

Note 1:  Specimens were prepared via kneading compaction utilizing a Harvard compaction tamper.

Note 2: The value of saturated hydraulic conductivity utilized in the prediction of the hydraulic conductivity function was detrmined

by ASTM D 5084.

Void Ratio, e

Porosity, n

Volumetric Water Content, q (%)

van Genuchten Model 

Parameters
qr (cm

3
/cm

3
)

a (cm H2O
-1

)

Dry Density (g/cm
3
)

Gs (Assumed)

Degree of Saturation, Sr, initial (%)

Avg. Sample Diameter (cm)

Initial Water Content (%)

Soil Water Characteristic Curve and Predicted Hydraulic Conductivity Function

E2377-30-06

Initial Sample Conditions

Avg. Sample Height (cm)

1.E-10 

1.E-09 

1.E-08 

1.E-07 

1.E-06 

1.E-05 

1.E-04 

1.E-03 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

1 10 100 1,000 10,000 100,000 

H
y
d

rau
lic C

o
n

d
u

ctiv
ity

, K
 (cm

/s) 

V
o

lu
m

et
ri

c 
m

o
is

tu
re

 c
o

n
te

n
t,

 q
  
(%

) 

Suction, y (kPa) 

Porosity 

Hanging Column 

Pressure Plate, Axis Translation 

Chilled Mirror Hygrometer, Total Suction 

Soil Water Characteristic Curve, Drying Path, van Genuchten (1980) 
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TRI/ENVIRONMENTAL, INC.
A Texas Research International Company

Client: CP & Y TRI Log#:

Project: City of Laredo Test Method: ASTM D 6836, Methods B & D

Sample: TP-4

3.86

7.14

13.9

1.53

2.65 0.0

50.1 0.004

0.74 1.26

0.38

21.2

Saturated Hydraulic Conductivity (cm/s) 2.3E-06

8/30/2013

Avg. Sample Diameter (cm)

Initial Water Content (%)

Soil Water Characteristic Curve and Predicted Hydraulic Conductivity Function

E2377-30-06

Initial Sample Conditions

Avg. Sample Height (cm)

van Genuchten Model 

Parameters
qr (cm

3
/cm

3
)

a (cm H2O
-1

)

Dry Density (g/cm
3
)

Gs (Assumed)

Degree of Saturation, Sr, initial (%)

n

The testing herein is based upon accepted industry practice as well as the test method listed.  Test results reported herein do not apply

Note 1:  Specimens were prepared via kneading compaction utilizing a Harvard compaction tamper.

Note 2: The value of saturated hydraulic conductivity utilized in the prediction of the hydraulic conductivity function was detrmined

by ASTM D 5084.

Void Ratio, e

Porosity, n (Effective, 0.42 Total)

Volumetric Water Content, q (%)

to samples other than those tested.  TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.

TRI observes and maintains client confidentiality.  TRI limits reproduction of this report, except in full, without prior approval of TRI.

Jeffrey A. Kuhn, Ph.D., P.E.,

Analysis & Quality Review/Date

Tested by: Olga Vasquez
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Predicted Hydraulic Conductivity Function, van Genuchten-Mualem (1980) 
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CITY OF LAREDO

MUNICIPAL SOLID WASTE LANDFILL

LAREDO, TEXAS

WEBB COUNTY

ALTERNATIVE COVER DEMONSTRATION
SOIL LOSS CALCULATIONS

ATTACHMENT III.12 – APPENDIX B

TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

PERMIT NO.: 1693B

Applicant:

City of Laredo Municipal Solid Waste Landfill
Solid Waste Services Department

6912 Highway 359
Laredo, TX 78044

SEPTEMBER 2014

Prepared by:

CP&Y, Inc.
1820 Regal Row
Dallas, TX 75235

F-1741

bwaltenburg
Frank Seal




1820 Regal Row

Dallas, Texas 75235

214-638-0500

Client on

Project on

Subject on

A Required

B Method

C References

1

2

D Input

A = RKLSCP

Where: A = Soil Loss (tons/acre/year)

R = Rainfall/Runoff Factor

K = Soil Erodibility Factor

LS = Slope Length/Steepness Factor

C = Cover Management Factor

P = Erosion Control Practice Factor

Rainfall Factor

R = 225

Evaluate the expected soil loss from the Final Cover consistent with 30 TAC §330.305(d)(2).

The expected soil loss is calculated using the RUSLE. The annual soil loss is calculated for each slope

configuration. This total annual soil loss is compared to the permissible soil loss of 3 tons/acre/year for final

cover and 50 tons/acre/year for intermediate cover; as referenced from the TCEQ’s “Guidance for

Addressing Erosional Stability During all Phases of Landfill Operation”, as prepared March, 2013.

TCEQ, Guidance for Addressing Erosional Stability During all Phases of Landfill Operation, as

prepared March, 2013

United States Department of Agriculture, Agricultural Handbook No. 703

The R factor represents the average storm erosive index value over a 22-year record. R is an

indication of the two most important characteristics of a storm determining its erosivity: amount of

rainfall and peak intensity sustained over an extended period. Using Exhibit 1 - Average annual R

factor, The applicable R factor for Webb County, Texas is:

Permit Amendment Application Reviewed By FP 11/6/2013

Soil Loss Calculations Approved By FP 9/22/2014

Project # LARE1301

Laredo Municipal Solid Waste Landfill Prepared By BW 8/30/2013

City of Laredo
Landfill Permit Amendment ATT.12B - 1

CP&Y, Inc.
Version 0



Soil Eroidiblity Factor

K =

Slope Length and Steepness Factors

L =

λ =

m =

β =

θ =

1

2

S = Slope Steepness Factor

S = 10.8 sin θ + 0.03 for sin θ < 0.09

S = 16.8 sin θ - 0.50 for sin θ ≥ 0.09

1

2

Cover Management Factor

C = 25% vegetated cover

C = 75% vegetated cover

C = 95% rock cover (4" thick rock armor)

0.21

210

160

1.53

1.66

Top Slope

Sideslope

0.0505929

0.2419219

0.58

3.56

Top Slope

Sideslope

5%

25%

2.90

14.00

5%

25%

2.90

14.00

0.68

1.77

0.40

Slope Slope θ sin θ S

0.64

Slope Length Factor

Horizontal Projection of the Slope
(λ/72.6)m

Slope-Length Exponent

β/(1+β)

Ratio of Rill to Interrill Erosion

(sin θ/0.0896) / [3*(sin θ)0.8 + 0.56]
Slope Angle in Degrees

Slope θ βCase m λmax L

The K factor is soil erodibility factor which represents both susceptibility of soil to erosion as a

function of the soils physical and chemical properties. Using Exhibit 1, Table 1 - K Factor, Rock

free - Webb County, Texas, the applicable K factor for the Laredo Landfill area is:

The slope length factor, L, and the slope steepness factor, S, represent the erosion of the soil due to

both slope length and degree of slope.

0.019

0.035

0.32

The C factor represents the effects of plants, soil cover, soil biomass, and soil disturbing activities

on erosion. For intermediate cover the City will seed or sod the cover. A conservative 25%

vegetative cover was assumed. For final cover the City will seed or sod after installation. A

conservative 75% vegetative cover was assumed. Since vegetation is hard to grow and sustain at

the Laredo Landfill and optional rock armor (190 tons per acre) on the final cover side slopes may

be used for erosion control. The top surface will remain 75% vegetated.

City of Laredo
Landfill Permit Amendment ATT.12B - 2

CP&Y, Inc.
Version 0



Erosion Control Practice Factor

P = Landslope 2% to 7%

P = Landslope 19% to 24%

E Calculation

F Conclusion

The above soil loss calculations represent the all scenarios in which erosion may happen on a

landfill cover system. As shown for all cases, the soil loss for both the top slope and sideslope is

less than the permissible soil loss of 50 tons/acre/year for intermediate cover and less than 3

tons/acre/year for final cover.

R L S C P A (tons/acre/year)

0.5

0.9

0.5

0.9

6.69

80.38

0.58

3.56

0.58

3.56

0.32

0.32

0.035

0.019

1.53

1.66

0.73

4.77

Case

Interim

Interim

Final

K

0.21

0.21

0.21

0.21

5% Slope

5% Slope

4H:1V Slope

75% Vegetated

Final

225

225

225

225

0.5

0.9

1.53

1.66

75% Vegetated

25% Vegetated

25% Vegetated

4H:1V Slope

Rock armor

The erosion control practice factor, P, measures the effect of control practices that reduce the

erosion potential of the runoff by influencing drainage patterns, runoff concentration, and runoff

velocity. For purposes of calculating soil loss, the P factor is:

Final
4H:1V Slope

225 0.21 1.66 3.56 0.035 0.5 4.88

City of Laredo
Landfill Permit Amendment ATT.12B - 3

CP&Y, Inc.
Version 0
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K Factor, Whole Soil—Webb County, Texas
(Laredo Landfill)

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

9/19/2013
Page 1 of 3
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K Factor, Whole Soil

K Factor, Whole Soil— Summary by Map Unit — Webb County, Texas (TX479)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

CaB Catarina clay, 0 to 2
percent slopes

.32 25.4 9.3%

CfA Catarina clay,
occasionally flooded

.32 25.1 9.2%

JQD Jimenez-Quemado
complex, undulating

.10 133.9 49.0%

MCE Maverick-Catarina
complex, gently rolling

.32 89.1 32.6%

Totals for Area of Interest 273.5 100.0%

Description

Erosion factor K indicates the susceptibility of a soil to sheet and rill erosion by
water. Factor K is one of six factors used in the Universal Soil Loss Equation (USLE)
and the Revised Universal Soil Loss Equation (RUSLE) to predict the average
annual rate of soil loss by sheet and rill erosion in tons per acre per year. The
estimates are based primarily on percentage of silt, sand, and organic matter and
on soil structure and saturated hydraulic conductivity (Ksat). Values of K range from
0.02 to 0.69. Other factors being equal, the higher the value, the more susceptible
the soil is to sheet and rill erosion by water.

"Erosion factor Kw (whole soil)" indicates the erodibility of the whole soil. The
estimates are modified by the presence of rock fragments.

Rating Options

Aggregation Method:  Dominant Condition

Component Percent Cutoff:   None Specified

Tie-break Rule:  Higher

Layer Options (Horizon Aggregation Method):  Surface Layer (Not applicable)

K Factor, Whole Soil—Webb County, Texas Laredo Landfill

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

9/19/2013
Page 3 of 3
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Cover Factor C Values for Established Plants (data from NEH chapter 3 and Wischmeier and Smith 1978)

Percent cover1 Plant type 0% 20 40 60 80 95+

C factor for grass, grasslike plants,

or decaying compacted plant litter.
0 Grass 0.45 0.2 0.1 0.042 0.013 0.003

C factor for broadleaf herbaceous

plants (including most weeds with

little lateral root networks), or

undecayed residues.

0 Weeds 0.45 0.24 0.15 0.091 0.043 0.011

Grass 0.36 0.17 0.09 0.038 0.013 0.003

Weeds 0.36 0.2 0.13 0.083 0.041 0.011

Grass 0.26 0.13 0.07 0.035 0.012 0.003

Weeds 0.26 0.16 0.11 0.076 0.039 0.011

Grass 0.17 0.1 0.06 0.032 0.011 0.003

Weeds 0.17 0.12 0.09 0.068 0.038 0.011

Mechanically prepared sites, with

no live vegetation and no topsoil,

and no litter mixed in.

0 None 0.94 0.44 0.3 0.2 0.1 Not given

1 percent cover is the portion of the total area surface that would be hidden from view by canopy if looking straight downward.

2 drop height is the average fall height of water drops falling from the canopy to the ground.

Percentage of surface covered by residue in contact with the soil:

Tall weeds or short brush with

average drop height2 of ≥20 inches

25
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