5.4 Calculations

The following pages contain calculations for Temporary Erosion and Sediment Control features

at the Amarillo Landfill.

References used can be found in Section 7.0.
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Rainfall value
120.0 for this area

Soil erodibility factor
0.3 conservative value

Slope length factor
(M72.6)"

A= horizontal slope length in feet

A= 2000 feet
m= slope length exponent

m= 036 for4% slope

with moderate rill to

interill erosion

3.30
Slope factor

(16.8 sin 0) — 0.5 for slopes

(10.8 sin ) +0.03  for slopes
0= slope angle
6= 286 degrees
0.050
z= slope (H:1V)
25

0.46
Cover Management factor
1.000
Support Practices Factor
Ratio of Soil Loss

Pe*Po*Prer
1*1%1
1.0

RUSLE Soil Erosion Calculations

>9%
<9%

Calculated Soils loss in tons/acre-year

RKLSCP
54.83 Tons / Acre / Year

4%

0% Cover

Fig. 1, Texas Natural Resource Conservation Commission, Municipal Solid
Waste Division, Use of the Universal Soil Loss Equation in Final
Cover/Configuration Design: Procedural Handbook, 1993.

~ Conservative value, F ig. 3-1, Page 92, ARS Agricultural

Handbook, #703
(1997)

Eqn. (4-1), Page 105, ARS Handbook #703 (1997).

A= 360 feet A 360 feet

=]
=]

slope length exponent slope length exponent

=]
=]

= 0.64 for 25% slope 0.67 for 33.33% slope
with moderate rill
with moderate rill to (interpolated) to
interill erosion interill erosion
Table 8.6, page 263 (Haan et al, 1994).
= 279 = 2.92

Egn. (4-5), ARS Agricultural Handbook #703 (1997).
Egn. (4-4), Page 107, ARS Agricultural Handbook #703 (1997).

6= slope angle 0= slope angle
0= 14.04 degrees 0= 18.43 degrees
= 0.245 radians = 0.322
z= slope (H:1V) z= slope (H:1V)
z= 4 z= 3
= 357 = 4.81

* See C-factor calculation sheet.

Conservative estimate used.
For any support practice with upslope and downslope tillage (worst case)

Conservative estimate used.

Il
Il

RKLSCP RKLSCP
Tons / Acre/ Tons / Acre /

= 358.56 Year = 506.50 Year

4H:1V 3H:1V
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C Factor Calculation - 0% Cover

C,= prior land use subfactor
= 1.0 for rangeland
C..= canopy cover subfactor
= 1-F.exp (-0.1H)
F.= fraction of surface covered by canopy
0.00

H= average canopy height (feet)

0
= 1.000
- Csc= surface cover subfactor
= exp{-bRc[6/(6+Rg]""}
b= constant
4.5
Re= fraction ground cover
= 0.00
Rg= surface roughness variable
(25.4 Ry -6)[1-exp (-0.0015Rg)][exp(-
= 0.14Py)]
Rg= random roughness
= 0
total root and buried residue
Rs- [Ib/acre]
= 0
P;= average yearly rainfall
= 19.4 inches
= 0.000
= 1.000
Cee= surface roughness subfactor
= exp (-0.026Rg)
Rg= surface roughness variable *
= 0.000
= 1.000
" Cgm = soil moisture subfactor
= 1.0 for rangeland *
C= Cover Management Factor
Cpluccccsccsrcsm
= 1.000

Table 8-10.B, page 271 (Haan et al, 1994).

Eqn. (8.52), page 270 (Haan et al, 1994).

Conservative estimate adjusted from value

of 1.00 for mature bermudagrass in Table 5-3, page 171,
ARS Handbook #703 (1997).

0.1 for mature bermudagrass in Table 5-3, page 171,
ARS Handbook #703 (1997).

Eqn. (8.53), page 270 (Haan et al, 1994).

Table 8-10.B, page 271 (Haan et al, 1994).

Conservative estimate adjusted from value

of 1.00 for mature bermudagrass in Table 5-3, page 171,
ARS Handbook #703 (1997).

Eqn. (8.55), page 272 (Haan et al, 1994).

Conservative estimate used from Table 5-6, page 174,

ARS Handbook #703 (1997).
Table 5-3, page 171, ARS Handbook #703 (1997).
Value for partial cover for bermuda grass

National Weather Service, National Climatic Data Center

Eqn. (8.62), page 273 (Haan et al, 1994).
* From Surface Cover (C,.) computation above.

* See page 273 (Haan et al, 1994).

City of Amarillo — Part III, Att. 6, App. 6D
Landfill Permit MSW 73A

15 HDR Engineering, Inc.
August 2008
Version 0



R

K

Il

L

1l

@

Il

[ (e B

Rainfall value
120.0 for this area

RUSLE Soil Erosion Calculations

60% Grass Cover

Fig. I, Texas Natural Resource Conservation Commission, Municipal Solid
Waste Division, Use of the Universal Soil Loss Equation in Final
Cover/Configuration Design: Procedural Handbook, 1993.

Soil erodibility factor : :
0.3 conservative value Conservatjve value, Fig. 3-1, Page 92, ARS Agricultural
Handbook, #703
(1997)
Slope length factor -
(M72.6)" Eqn. (4-1), Page 1035, ARS Handbook #703 (1997).

A= horizontal slope length in feet

A= 2000 feet A= 360 feet A= 360 feet
m
m= slope length exponent m= slope length exponent = slope length exponent
m
m= 036 for 4% slope m= 0.64 for25% slope = 0.67 for 33.33% slope
with moderate rill
with moderate rill to with moderate rill to (interpolated) to
interill erosion interill erosion interill erosion
Table 8.6, page 263 (Haan et al, 1994).
3.30 = 279 = 2.92
Slope factor

(16.8 5sin 8) — 0.5 for slopes

>9%

Eqn. (4-5), ARS Agricultural Handbook #703 (1997).

(10.8 5in 6) + 0.03 for slopes <9% Egn. (4-4), Page 107, ARS Agricultural Handbook #703 (1997).
6= slope angle 0= slope angle 0= slope angle
6= 2.80 degrees 0= 14.04 degrees 0= 18.43 degrees
= 0.050 0.245  radians = 0322
z= slope (H:1V) z= slope (H:1V) . z= slope (H:1V)
z= 23 z= 4 z= 3
0.46 ) = 357 = 4.81
Cover Management factor :
0.027 * See C-factor calculation sheet.

Support Practices Factor
Ratio of Soil Loss

Conservative estimate used.
For any support practice with upslope and downslope tillage (worst case)

PPy *Pye,
1*1*1
1.0 Conservative estimate used.
Calculated Soils loss in tons/acre-year
RKILSCP RKLSCP = RKLSCP
Tons / Acre / Tons / Acre /
1.50 Tons / Acre / Year 9.83 Year = 13.89 Year
4% 4H:1V 3H:1V
City of Amarillo — Part ITI, Att. 6, App. 6D 16 HDR Engineering, Inc.
Landfill Permit MSW 73A August 2008

Version 0



C Factor Calculation - 60% Grass Cover

Cyy = prior land use subfactor
= 1.0 for rangeland
~ C.c= canopy cover subfactor
= 1-F.exp (-0.1H)
F.= fraction of surface covered by canopy
0.60

H= average canopy height (feet)
= 0.1

= 0406
surface cover subfactor
= exp{-bRc[6/(61Rc]""}
b= constant
= 45

Re= fraction ground cover
= 0.60

CS C

Rg= surface roughness variable
(25.4 Rg -6)[1-exp (-0.0015Rs)][exp(-0.14P1)]
Ry = random roughness
= 0.7
Rg- total root and buried residue [lb/acre]
1200

Pr= average yearly rainfall

= 194  inches
= 0.650
0.069
surface roughness
C,.= subfactor
= exp (-0.026Rg)
Rg= surface roughness variable *
= 0.650
= 0.983

C;, = soil moisture subfactor

= 1.0 for rangeland *
Cover Management
C= Factor

= CpluCccCscCsrCsm
0.027

Table 8-10.B, page 271 (Haan et al, 1994).

Egn. (8.52), page 270 (Haan et al, 1994).

Conservative estimate adjusted from value
of 1.00 for mature bermudagrass in Table 5-3, page 171,
ARS Handbook #703 (1997).

0.1 for mature bermudagrass in Table 5-3, page 171,
ARS Handbook #703 (1997).

Eqn. (8.53), page 270 (Haan et al, 1994).
Table 8-10.B, page 271(Haan et al, 1994).

Conservative estimate adjusted from value
of 1.00 for mature bermudagrass in Table 5-3, page 171,
ARS Handbook #703 (1997).

Eqn. (8.55), page 272 (Haan et al, 1994).

Conservative estimate used from Table 5-6, page 174,
ARS Handbook #703 (1997).

Table 5-3, page 171, ARS Handbook #703 (1997).

Value for partial cover for bermuda grass

National Weather Service, National Climatic Data
Center

Egn. (8.62), page 273 (Haan et al, 1994).
* From Surface Cover (C,.) computation above.

* See page 273 (Haan et al,
1994).
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RUSLE Soil Erosion Calculations

Rainfall value
120.0 for this area

Soil erodibility factor
0.3 conservative value

Slope length factor

(M72.6)"
A= horizontal slope length in feet

A= 2000 feet
m= slope length exponent
m= 036 for4% slope

with moderate rill to
interill erosion

3.30
Slope factor

(16.8 sin0) — 0.5 for slopes >0%

(10.8 sin 6) +0.03 for slopes <9%
0= slope angle
0= 2.86 degrees

0.050
z= slope (H:1V)
z= 25
0.46
Cover Management factor
0.067

Support Practices Factor
Ratio of Soil Loss

PC*PSI*P[CF
1*1%*]1
1.0
Calculated Soils loss in tons/acre-year

60% Mulch Cover

Fig. 1, Texas Natural Resource Conservation Commission, Municipal Solid
Waste Division, Use of the Universal Soil Loss Equation in Final
Cover/Configuration Design: Procedural Handbook, 1993.

Conservative value, Fig. 3-1, Page 92, ARS Agricuhu.;di -

Handbook, #703
(1997)

Egn. (4-1), Page 105, ARS Handbook #703 (1997).

A= 360 feet A= 360 feet

m m

= slope length exponent = slope length exponent

m m

= 0.64 for25% slope = 0.67 for 33.33% slope

with moderate rill

with moderate rill to (interpolated) to
interill erosion interill erosion

Table 8.6, page 263 (Haan et al, 1994).
= 2.79 = 2.92

Eqgn. (4-5), ARS Agricultural Handbook #703 (1997).
Egn. (4-4), Page 107, ARS Agricultural Handbook #703 (1997).

0= slope angle 0= slope angle
0= 14.04 degrees 0= 18.43 degrees
= 0.245 radians = 0322
z= slope (H:1V) z= slope (H:1V)
z= 4 z= 3
= 357 = 4.81

* See C-factor calculation sheet.

Conservative estimate used.
For any support practice with upslope and downslope tillage (worst case)

Conservative estimate used.

RKILSCP = RKLSCP = RKLSCP
Tons / Acre/ Tons / Acre /
3.69 Tons / Acre / Year = 2410 Year = 34.04 Year
4% 4H:1V 3H:1V
City of Amarillo — Part ITI, Att. 6, App. 6D 18 HDR Engineering, Inc.
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C Factor Calculation - 60% Mulch Cover

prior land use subfactor
1.0 for rangeland
canopy cover subfactor
1-F; exp (-0.1H)
F.= fraction of surface covered by canopy

= 0.00
H= average canopy height (feet)
= 0
1.000
surface cover subfactor
exp{-bRc[6/(6+Rg]"*}
b= constant
= 45
Rc= fraction ground cover
= 0.60
Rg= surface roughness variable
= (25.4 Ry -6)[1-exp (-0.0015Rs)][exp(-0.14P)]
Rr= random roughness
= 1.0
Rs- total root and buried residue [lb/acre]
= 0
Pr= average yearly rainfall

= 194  inches

= 0.000

0.067

surface roughness subfactor
exp (-0.026Rg)
Rg= surface roughness variable *
= 0.000
1.000 -
soil moisture subfactor
1.0 for rangeland *
Cover Management
Factor:

CpluCccCscCsrCsm
0.067

Table 8-10.B, page 271 (Haan et al, 1994).
Eqn. (8.52), page 270 (Haan et al, 1994).
Value reflects scenario without canopy cover

Value reflects complete lack of canopy cover

Eqn. (8.53), page 270 (Haan et al, 1994).
Table 8-10.B, page 271(Haan et al, 1994).

Estimate for 60% mulch cover

Egn. (8.55), page 272 (Haan et al, 1994).
Conservative estimate used from Table 5-6, page 174,
ARS Handbook #703 (1997).

Assumed for mulch

cover

National Weather Service, National Climatic Data Center

Egn. (8.62), page 273 (Haan et al, 1994).
* From Surface Cover (C,.) computation above.

Conservative estimate for soil loss

* See page 273 (Haan et al, 1994).
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RUSLE Soil Erosion Calculations

Rainfall value

120.0 for this area
Soil erodibility factor
0.3 conservative value
Slope length factor
(AM72.6)"
A= horizontal slope length in feet
A= 2000 feet
m= slope length exponent
m= 036 for 4% slope
with moderate rill to
interill erosion
3.30
Slope factor
(16.8 sin 0) — 0.5 for slopes 2%
(10.8 sin 8) + 0.03 for slopes <9%
0= slope angle
6= 2.86 degrees
0.050
z= slope (H:1V)
= 25
0.46

Cover Management factor

0.067

Support Practices Factor
Ratio of Soil Loss

60% Rock Cover

Fig. 1, Texas Natural Resource Conservation Commission, Municipal Solid
Waste Division, Use of the Universal Soil Loss Equation in Final
Cover/Configuration Design: Procedural Handbook, 1993.

Conservative value, Fig. 3-1, Page 92, ARS Agricultural
Handbook, #703
(1997)

Eqn. (4-1), Page 105, ARS Handbook #703 (1997).

A= 360 feet A= 360 feet
m m
= slope length exponent = slope length exponent
m m
= 0.64 for25% slope = 0.67 for 33.33% slope
with moderate rill
with moderate rill to (interpolated) to
interill erosion interill erosion
Table 8.6, page 263 (Haan et al, 1994).

= 2.79 = 2.92

Egn. (4-5), Page 107, ARS Agricultural Handbook #703 (1997).
Eqn. (4-4), Page 107, ARS Agricultural Handbook #703 (1997).

0= slope angle 6= slope angle
0= 14.04 degrees 0= 1843 degrees
= 0.245 radians 0.322
z= slope (H:1V) z= slope (H:1V)
z= 4 z= 3
= 3.57 = 4.81

* See C-fuctor calculation sheet.

Conservative estimate used.
For any support practice with upslope and downslope tillage (worst case)

P*Py*Prer
1*1*1
1.0
Calculated Soils loss in tons/acre-year
RKLSCP = RKLSCP = RKLSCP
Tons / Acre/ Tons / Acre /
3.69 Tons / Acre / Year = 2410 Year = 34.04 Year
4% 4H:1V 3JH:1V
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C Factor Calculation - 60% Rock Cover

prior land use subfactor
1.0 for rangeland
canopy cover subfactor
1-F. exp (-0.1H)
F.= fraction of surface covered by canopy
= 0.00
H= average canopy height (feet)
= 0
1.000
surface cover subfactor
exp{-bRc[6/(6+Rc]" "}
b= constant
= 45
Rc= fraction ground cover
= 0.60

Table 8-10.B, page 271 (Haan et al, 1994).
Eqgn. (8.52), page 270 (Haan et al, 1994).
Value reflects scenario without canopy cover

Value reflects complete lack of canopy cover

Egn. (8.53), page 270 (Haan et al, 1994).
Table 8-10.B, page 271 (Haan et al, 1994).

Estimate for 60% rock cover

Rg = surface roughness variable
= (25.4 Ry -6)[1-exp (-0.0015Rs)][exp(-0.14P7)] Eqn. (8.55), page 272 (Haan et al, 1994).
Rz = random roughness Conservative estimate used from Table 5-6, page 174,
= 0.7 ARS Handbook #703 (1997).
Rs- total root and buried residue [Ib/acre]
Assumed for rock
= 0 cover
Pr= average yearly rainfall
= 194  inches National Weather Service, National Climatic Data Center
= 0.000
0.067
surface roughness subfactor
exp (-0.026Rg) Eqn. (8.62), page 273 (Haan et al, 1994).
Rg= surface roughness variable * * From Surface Cover (Cy.) computation above.
= 0.000
Conservative estimate for soil
1.000 loss
soil moisture subfactor
* See page 273 (Haan et al,
1.0 for rangeland * 1994).
Cover Management
Factor
Cp!uccccsccsrcsm
0.067
City of Amarillo — Part III, Att. 6, App. 6D 21 HDR Engineering, Inc.
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Surface Flow Velocity Calculations

To effectively design temporary and intermediate erosion control structures, the sheet or surface
flow from precipitation off landfill cover was calculated. Rainfall intensity values were
calculated based on rainfall values from TXDOT’s Hydraulic Design Manual for Potter County.
Flow rates for 4%, 25% and 33% slopes were calculated using the longest run slope distance.
This distance is simply the longest length for surface flow for each slope. These distances are
illustrated on Figure 111.6D.2. The depth of flow was then calculated for a one-foot flow width.
From the depth of flow, the surface flow velocity was calculated. The permissible non-erodible

velocity for intermediate cover should be less than 5.0 ft/sec.
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Surface Flow Velocity (60% Vegetative Cover)

Surface flow velocity values for the intermediate cover design will be calculated.
Rainfall Intensity (I) is taken from TxDOT's Hydraulic Design Manual for Potter County.

where:

8
(t, +d)

I =

Rainfall Intensity (in/hr)

Coefficient for Frequency
Coefficient for Frequency
Coefficient for Frequency

Time of Concentration (min)

The time of concentration (t.) will vary for each watershed. For conservatism, a minimum

of 10 minutes was used.

Longest Run
Slope, s
Longest Run
Area (1' wide)
Flow Rate, Q

fvft

acre

b 93.0
d= 10.2
e= 0.841
t.= 10 min
%
(10 +10.2)**
I= 7.42 in/hr
C= 0.7
n= 0.027 (60% Vegetative Cover)
Q= CIA
Top Slope Side Slope Side Slope

4% 25% 33%

2000 360 360

0.05 0.25 0.33

0.046 0.008 0.008

0.239 0.043 0.043

The Longest Run for the top slope is to the diversion berm. The Longest Run for the

side slope is between benches.

By re-arranging the Manning's flow velocity formula, the depth of flow becomes:

O%n

y:[1.486*S°'5

;

cfs
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Depth of
flow, y = 0.094 0.021 0.019 ft

Surface
Flow
Velocity =

a1

where: A=1"flow width * depth of flow

Surface
Flow

Velocity = 2.54 2.07 2.26 ft/sec

The permissible non-crodible velocity should be less than 5.0 ft/sec on intermediate cover.

Expected surface flow velocity is acceptable on the external intermediate cover slopes with
60% cover provided for the entire length of the surface flow.
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Surface Flow Velocity (60% Mulch Cover)

Surface flow velocity values for the intermediate cover design will be calculated.
Rainfall Intensity (I) is taken from TxDOT's Hydraulic Design Manual for Potter County.

where:

I=

(e +af

Rainfall Intensity (in/hr)

Coefficient for Frequency
Coefficient for Frequency
Coefficient for Frequency

Time of Concentration (min)

The time of concentration (t.) will vary for each watershed. For conservatism, a minimum

of 10 minutes was used.

Longest Run
Slope, s
Longest Run
Area (1' wide)
Flow Rate, Q

b 93.0
d= 10.2
e= 0.841
te= 10 min
~ 93
(10 +10.2)**
I= 7.42 in/hr
C= 0.7
n= 0.035 (60% Mulch Cover)
Q= CIA
Top Slope Side Slope Side Slope
4% 25% 33%
2000 360 360
0.05 0.25 0.33
0.046 0.008 0.008
0.239 0.043 0.043

The Longest Run for the top slope is to the diversion berm. The Longest Run for the

side slope is between benches.

By re-arranging the Manning's flow velocity formula, the depth of flow becomes:

a

Q*n -
1.486* 5§97

ft
fi/ft

acre
cfs
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Depth of
flow, y= 0.110 0.024 0.022 ft

Surface
Flow ;Q
Velocity = A

where: A =1"flow width * depth of flow

Surface
Flow

Velocity = 2.18 1.78 1.94 ft/sec

The permissible non-erodible velocity should be less than 5.0 ft/sec on intermediate cover.

Expected surface flow velocity is acceptable on the external intermediate cover slopes with
60% cover provided for the entire length of the surface flow.
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Surface Flow Velocity (60% Rock Cover)

Surface flow velocity values for the intermediate cover design will be calculated.
Rainfall Intensity (I) is taken from TxDOT's Hydraulic Design Manual for Potter County.

b

I=——
(t, +d)

where:

I= Rainfall Intensity (in/hr)

Coefficient for Frequency
= Coefficient for Frequency
e= Coefficient for Frequency

Time of Concentration (min)

The time of concentration (t.) will vary for each watershed. For conservatism, a minimum
of 10 minutes was used.

93.0

b
d= 10.2
e 0.841
t.= 10 min
93
(10 +10.2)"*
I= 7.42 in/hr
C= 0.7
n= 0.035 (60% Rock Cover)
Q= CIA
Top Slope Side Slope Side Slope
4% 25% 33%
Longest Run 2000 360 360 ft
Slope, s 0.05 0.25 0.33 fuft
Longest Run
Area (1' wide) 0.046 0.008 0.008 acre
Flow Rate, Q 0.239 0.043 0.043 cfs
The Longest Run for the top slope is to the diversion berm. The Longest Run for the
side slope is between benches.
By re-arranging the Manning's flow velocity formula, the depth of flow becomes:
- 0%n 0.6
1.486%*5%°
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Depth of
flow, y= 0.110 0.024 0.022 ft

Surface
Flow Q
Velocity = A

where: A =1'flow width * depth of flow

Surface
Flow

Velocity = 2.18 1.78 1.94 ft/sec

The permissible non-erodible velocity should be less than 5.0 ft/sec on intermediate cover.

Expected surface flow velocity is acceptable on the external intermediate cover slopes with
60% cover provided for the entire length of the surface flow.
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Temporary Erosion Control Calculations

Flow rates, normal flow depths and flow velocities for 4% top slope, 4:1 side slopes and 3:1 side
slopes were calculated for temporary triangular flow channels. See Figure I1I.6D.4 for

swale/berm details.
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Temporary Erosion Control Structures

Temporary structures will be designed to function during a 25-year storm event.
Calculate peak flow from a one-acre area.
Rainfall Intensity (I) is taken from TxDOT's Hydraulic Design Manual for Potter County.

b

I= pe—
(t, +d)

I= Rainfall Intensity (irvhr)
b= Coefflicient for Frequency
d= Coefficient for Frequency
e= Coefficient for Frequency

where:

t.= Time of Concentration (min)

The time of concentration (t;) will vary for each watershed. For conservatism, a minimum
of 10 minutes was used.

b= 93.0
d= 10.2
e= 0.841
t.= 10 min
B 93
(10+10.2)"**
1= 7.42 in/hr

The Runoff Coefficient, C, was conservatively based on information from TXDOT's Hydraulic
Design Manual, page 5-33, for a steep grassed slope.

A sample calculation for a one-acre drainage area:

C= 0.7
A= 1 acre

The Rational Method was used to determine the runoff.

Q= CIA
where:
Q= Runoff (cfs)
C= Runoff Coefficient
I= Rainfall Intensity (in/hr)
A= Drainage Area (acre)
Q= (0.7)(7.42 in/hr)(1 acre)
Q= 5.20 cfs
City of Amarillo — Part III, Att. 6, App. 6D 30 ‘HDR Engineering, Inc.
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Temporary Diversion Channel (4% Top Slope)

Calculate the normal depth for the temporary diversion channel (swale) for a drainage area of 1 acre
with a longitudinal slope of 2%.

Symbols:
Q =Flow Rate for channel, cfs
n = Manning's roughness coefficient
A =Flow Area, ft*
R = Hydraulic Radius, ft
S = Channel Slope, ft/ft
Qg = Design flow rate for channel, cfs
b = Bottom width of channel, ft
z, = Z-ratio (ratio of run to rise for channel sideslope) for right sideslope of
diversion berm
z;= Z-ratio (ratio of run to rise for channel sideslope) for left sideslope of
diversion berm
g = Gravitational acceleration, 32.2 ft/s®
T = Top width of flow, ft
d = normal depth of flow, ft
Inputs:
Q= 5.20 cfs
S= 0.02 fi/ft
b= 0 ft (triangular channel)
z, = 0.04 H:V
Zi= 2 H:V
n= 0.03

1.486
n

Q *A*RD.GT *SU.S

See Figure I11.6D.4 for details of swale.
Solve for R and A based on the geometry of the swale cross-section.

bd+ld2(zr +z,)
R 3 .
b+d((z,2 +1)7 (2, +I)D'5)
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Assume

Solve for

Q:

If Q is not equal to Qq, select a new d and repeat the above calculations.

d= 1.186 ft
0*1.‘186+1*1_1862*{0.04+z)
R= 2 .
0-+1.186% (22 41" + (0.0 +1)")
R= 0374 ft

A=bd+%d2(zr+z,)

A=0*1.186+%*1.1862 *(240.04)

A= 143 f

Q — 1486 *AggRU.ﬁ? *SO.S
H

Q= 520 cfs

(top
Solve for Velocityand T width)
Q=V*4
80,
y=£
A
V= 3.62 ft/s

T=b+d*(z,+z,)

T=0+1.186%(0.04+2)

P

2.42 ft
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Temporary Erosion Control Structure (4% Top Slope)

Diversion Diversion Flow | Bottom | Side Side | Manning's | Normal | Flow | Velocity
Channel Slope | Channel Area | (cfs) | Width | Slopes | Slopes | Number Depth | Area (ft/s)
(Acres) () | H:V) | (H:V) (n) (ft) (ft})
0.5 1 5.20 0 0.04 2 0.03 1.00 1.02 5.12
0.5 5 25.94 0 0.04 2 0.03 1.82 3.39 7.65
0.5 10 51.87 0 0.04 2 0.03 2.36 5.70 9.10
1 1 5.19 0 0.04 2 0.03 0.88 0.78 6.64
1 5 25.94 0 0.04 2 0.03 1.60 2.61 9.93
1 10 51.87 0 0.04 2 0.03 2.08 4.39 11.80
2 1 5.19 0 0.04 2 0.03 0.77 0.60 8.61
2 5 25.94 0 0.04 2 0.03 1.41 2.01 12.88
2 10 51.87 0 0.04 2 0.03 1.82 3.39 15.37
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Temporary Diversion Channel (4:1 on Side Slope)

Calculate the normal depth for the temporary diversion channel (swale) for a drainage area of 1 acre
with a slope of 2%.

Symbols:
Q = Flow Rate for channel, cfs
n= Manning's roughness coefficient
A= Flow Area, ft*
R = Hydraulic Radius, ft
S = Channel Slope, ft/ft
Qq = Design flow rate for channel, cfs
b = Bottom width of channel, ft
7, = Z-ratio (ratio of run to rise for channel sideslope) for right sideslope of
diversion berm
7= Z-ratio (ratio of run to rise for channel sideslope) for left sideslope of
diversion berm
g = Gravitational acceleration, 32.2 ft/s*
T = Top width of flow, ft
d = normal depth of flow, ft
Inputs:
Q4= 5.20 cfs
S= 0.02 ft/ft
b= 0 ft (triangular channel)
Z = 4 H:V
Z 2 H:V
n= 0.03
Q = 1.486 * 4% RO.G? * SU.S

h

See Figure I11.6D.4 for details
of swale
Solve for R and A based on the geometry of the swale cross-section.

bd+ld2(zr +2z,)
e ) .
b+a’((z,2 1) +(z,2 +1)0'5)
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Assume d= 0.7155 ft

0*0.7155%*0.71552 *(4+2)

R=
0+0.7155* (22 +1)° + (4> +1)"°)

R= 0338 fi

A=bd+%c¥2(z,+z,)

A=0*0.7155+% £0.7155% *(4+2)
A= 1.54 i

Solve for

Q:
Q - 1'486 *A*Rﬂ.ﬁ'." *Sﬂ.ﬁ

n

Q= 5.20 cfs

If Q is not equal to Q, select a new d and repeat the above calculations.

(top
Solve for Velocity and T width)
O=V*4
S0,

y=2
A

V= 3.38 ft/s

T=b+d*(z,+z,)

T =0+0.7155%(4+2)

T= 4.29 ft
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Temporary Diversion Channel (4:1 Side Slope)

Diversion Diversion Flow | Bottom | Side Side | Manning's | Normal | Flow | Velocity
Channel Slope | Channel Area | (cfs) | Width | Slopes | Slopes | Number Depth | Area (ft/s)
(Acres) 0 | H:V) | (H:V) (n) (ft) (ft)
0.5 1 5.20 0 4 2 0.03 0.60 1.09 4.79
0.5 5 25.97 0 4 2 0.03 1.10 3.63 7.15
0.5 10 51.94 0 4 2 0.03 1.43 6.11 8.51
1 1 5.19 0 4 2 0.03 0.53 0.84 6.21
1 5 25.97 0 4 2 0.03 0.97 2.80 9.28
1 10 51.94 0 4 2 0.03 1.25 4.71 11.03
2 1 5.19 0 4 2 0.03 0.46 0.65 8.05
2 5 25.97 0 4 2 0.03 0.85 2.16 12,03
2 10 51.94 0 4 2 0.03 1.10 3.63 14.31
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Temporary Diversion Channel (3:1 Side Slope)

Calculate the normal depth for the temporary diversion channel (swale) for a drainage area of 1 acre
with a slope of 2%.

Symbols:
Q = Flow Rate for channel, cfs
n = Manning's roughness coefficient
A = Flow Area, ft*
R = Hydraulic Radius, ft
S = Channel Slope, ft/ft
Qqa = Design flow rate for channel, cfs
b = Bottom width of channel, ft
z, = Z-ratio (ratio of run to rise for channel sideslope) for right sideslope of
diversion berm
z,= Z-ratio (ratio of run to rise for channel sideslope) for left sideslope of
diversion berm
g = Gravitational acceleration, 32.2 fi/s®
T = Top width of flow, ft
d = normal depth of flow, ft
Inputs:
Q4= 5.20 cfs
S= 0.02 fu/ft
b= 0 ft (triangular channel)
zZ,= 2 H:V
z1= 2 H:V
n= 0.03

_ 1.486
n

Q *A*RU.E'.' *SD.S

See Figure IIL.6D.4 for details of swale
Solve for R and A based on the geometry of the swale cross-section.

1
bd +—d*(z, +z,)
Re—_, 2 .
- 2 0.5 2 0.5
b+d(z, +1) +(zr +1)
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Assume d= 0.7149 fi

1

0='=0.719+5*0.7192 *(3+2)
R= N
0-+0.719%((2? +1)°* + (32 +1)’)
R= 0331 ft

A:bd+%d2(zr+z,)

A :0=3=0.719+%*0.7192 *(3+2)

A= 1.53 i

Solve for

1486

Q = *A*Rﬂ.ﬁ'f *SO.S

n

Q= 5.12 cfs

If Q is not equal to Qy, select a new d and repeat the above calculations.

(top
Solve for Velocityand T width)

Q=V*4
50,
y=£
A
V= 3.34 ft/s
T=b+d*(z,+z,)
T=0+0.719%(2+3)
T= 4.29 ft
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Temporary Diversion Channel (3:1 Side Slope)

Diversion Diversion Flow | Bottom | Side Side | Manning's | Normal | Flow | Velocity
Channel Slope | Channel Area | (cfs) | Width [ Slopes | Slopes | Number Depth | Area (ft/s)
(Acres) (| @H:V) | H:V) (n) (ft) (1)
0.5 1 5.20 0 3 2 0.03 0.65 1.05 4.96
0.5 5 25.94 0 3 2 0.03 1.18 3.50 7.42
0.5 10 51.87 0 3 2 0.03 1.53 5.88 8.82
1 1 5.19 0 3 2 0.03 0.57 0.81 6.43
1 5 25.94 0 3 2 0.03 1.04 2.70 9.62
1 10 51.87 0 3 2 0.03 1.35 4.54 11.44
2 1 5.19 0 3 2 0.03 0.50 0.62 8.35
2 5 25.94 0 3 2 0.03 0.91 2.08 12.47
2 10 51.87 0 3 2 0.03 1.18 3.50 14.83
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Temporary Letdown Chute Calculations

Temporary letdown chutes were designed to allow runoff a way to leave landfill slopes. The
temporary chutes were designed using the Rational Method and Manning’s Equation to
determine the chute capacity. These chutes will be constructed of numerous materials including
HDPE geomembrane lining, concrete, turf reinforcement, gabion, riprap, crushed stone, or

crushed concrete.
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Temporary Letdown Chute Flow Evaluation (4:1 Slope)

HDPE Geomembrane Lined Chute

Depth | Bottom | Letdown Chute Side Manning's | Area Wetted Hydraulic | Velocity | Flow
Width Slope Slope Coefficient Perimeter Radius Rate
d b S z n A wp R A% Q
(ft) (ft) (ft/ft) (ft:ft) (ft)) (ft) (ft) (fps) (cfs)
0.5 8 0.25 4:1 0.010 5 12.12 0.41 41.17 205.84
0.5 30 0.25 4:1 0.010 16 34.12 0.47 44.84 717.50
Manning's coefficient selected for a temporary HDPE Geomembrane lined chute.
Concrete Lined Chute
Depth | Bottom | Letdown Chute Side Manning's | Area Wetted Hydraulic | Velocity | Flow
Width Slope Slope Coefficient Perimeter Radius Rate
d b S z n A WP R A% Q
(ft) (ft) (ft/ft) (ft:ft) (ft}) (ft) (ft) (fps) (cfs)
0.5 8 0.25 4:1 0.015 5 12.12 041 27.45 137.23
0.5 30 0.25 4:1 0.015 16 34.12 0.47 29.90 478.33
Manning's coefficient selected for a temporary concrete lined chute.
Turf Reinforcement Lined Chute
Depth | Bottom | Letdown Chute Side Manning's | Area Wetted Hydraulic | Velocity | Flow
Width Slope Slope Coefficient Perimeter Radius Rate
d b S z n A WP R v Q
(ft) (ft) (ft/fe) (ft:ft) (fth) (ft) (ft) (fps) (cfs)
0.5 8 0.25 4:1 0.025 5 12.12 041 16.47 82.34
0.5 30 0.25 4:1 0.025 16 34.12 0.47 17.94 287.00
Manning's coefficient selected for a temporary turf reinforcement lined chute.
Gabion, Riprap, Crushed Stone, or Crushed Concrete Lined Chute
Depth | Bottom | Letdown Chute Side Manning's | Area Wetted Hydraulic | Velocity | Flow
Width Slope Slope Coefficient Perimeter Radius Rate
d b S z n A wP R v Q
(ft) (ft) (ft/ft) (ft:1t) (fth) (ft) (ft) (fps) (cfs)
0.5 8 0.25 4:1 0.035 5 12.12 0.41 11.76 58.81
0.5 30 0.25 4:1 0.035 16 34.12 0.47 12.81 205.00

Manning's coefficient selected for a temporary gabion, riprap, crushed stone, or crushed concrete lined chute.
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Temporary Letdown Chute Flow Evaluation (3:1 Slope)

HDPE Geomembrane Lined Chute

Depth | Bottom | Letdown Chute Side Manning's | Area Wetted Hydraulie | Velocity | Flow
Width Slope Slope Coefficient Perimeter Radius Rate
d b S Z n A wP R A% Q
(ft) ~ (ft) (ft/ft) (ft:ft) (ft?) (ft) (fo) (fps) (cfs)
0.5 8 0.25 SHil 0.010 4.75 11.16 0.43 42.04 199.67
0.5 30 0.25 3:1 0.010 15.75 33.16 0.47 45.23 712.35
Manning's coefficient selected for a temporary HDPE Geomembrane lined chute.
Concrete Lined Chute -
Depth | Bottom | Letdown | Chute Side Manning's | Area Wetted Hydraulic | Velocity | Flow
Width Slope Slope Coefficient Perimeter Radius Rate
d b S V/ n A WP R v Q
(ft) (ft) (ft/ft) (ft:ft) (fth) (ft) (ft) (fps) (cfs)
0.5 8 0.25 34 0.015 475 11.16 0.43 28.02 133.11
0.5 30 0.25 3:1 0.015 15.75 33.16 0.47 30.15 474 .90
Manning's coefficient selected for a temporary concrete lined chute.
Turf Reinforcement Lined Chute
Depth | Bottom | Letdown Chute Side Manning's | Area Wetted Hydrauliec | Velocity | Flow
Width Slope Slope Coefficient Perimeter Radius Rate
d b S Z n A Wwp R A\ Q
(ft) (ft) (ft/ft) (ft:ft) (ft%) (ft) (ft) (fps) (cfs)
0.5 8 0.25 3:1 0.025 4.75 11.16 0.43 16.81 79.87
0.5 30 0.25 3:1 0.025 15.75 33.16 0.47 18.09 284.94
Manning's coefficient selected for a temporary turf reinforcement lined chute.
Gabion, Riprap, Crushed Stone, or Crushed Concrete Lined Chute
Depth | Bottom | Letdown Chute Side Manning's | Area Wetted Hydraulic | Velocity | Flow
Width Slope Slope Coefficient Perimeter Radius Rate
d b S Z n wPp R A\ Q
(ft) (ft) (ft/ft) (ft:ft) (ft%) (f) (ft) (fps) (cfs)
0.5 8 0.25 3:1 0.035 4.75 11.16 0.43 12.01 57.05
0.5 30 0.25 3:1 0.035 15.75 33.16 0.47 12.92 203.53

Manning's coefficient selected for a temporary gabion, riprap, crushed stone, or crushed concrete lined chute.
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Temporary Letdown Chute Flow Evaluation

The temporary letdown chutes will be designed for the 25-year storm event. The flow rate calculated on
the previous page was inserted into the Rational Method to determine the maximum drainage area,

Rainfall Intensity (I) is taken from TxDOT's Hydraulic Design Manual for Potter County.
b

fu 2 _
(¢, +d)

where:
I= Rainfall Intensity (in/hr)
b= Coefficient for Frequency
d= Coefficient for Frequency
e= Coefficient for Frequency

t.= Time of Concentration (min)

The time of concentration (t;) will vary for each watershed. For conservatism, a minimum
of 10 minutes was used.

b= 93.0
= 10.2
e= 0.841
= 10 min
93

(10 +10.2)™*

1= 742 in/hr

The Runoff Coefficient, C, was conservatively based on information from TXDOT's Hydraulic 7
Design Manual, page 5-33, for a steep grassed slope.

= 0.7

Using the letdown flow rate calculated on the previous page and by re-arranging the Rational formula,
the maximum drainage area is determined as follows:

Q= C(CIA
where:

Q= Runoff (cfs)

C= Runoff Coefficient

I= Rainfall Intensity (in/hr)

A= Drainage Area (acre)

A= Q/CI
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Temporary Letdown Chute Flow Evaluation (4:1 Slope)
HDPE Geomembrane Lined Chute

Bottom Width Flow Rate Maximum Drainage Area
(ft) (cfs) (acres)
8 205.84 39.68
30 717.50 138.33
Concrete Lined Chute
Bottom Width Flow Rate Maximum Drainage Area
(ft) (cfs) (acres)
8 137.23 26.46
30 478.33 92.22
Turf Reinforcement Lined Chute
Bottom Width Flow Rate Maximum Drainage Area
(ft) (cfs) (acres)
8 82.34 15.87
30 287.00 55.33

Gabion, Riprap, Crushed Stone, or Crushed Concrete Lined Chute

Bottom Width Flow Rate Maximum Drainage Area
(ft) (cfs) (acres)
8 58.81 11.34
30 205.00 39.52
City of Amarillo — Part III, Att. 6, App. 6D 44 HDR Engineering, Inc.

Landfill Permit MSW 73A

August 2008
Version 0



Temporary Letdown Chute Flow Evaluation (3:1 Slope)
HDPE Geomembrane Lined Chute

Bottom Width Flow Rate Maximum Drainage Area
(ft) (cfs) (acres)
8 199.67 38.49
30 712.35 137.33
Concrete Lined Chute
Bottom Width Flow Rate Maximum Drainage Area
(ft) (cfs) (acres)
8 133.11 25.66
30 474.90 91.56
Turf Reinforcement Lined Chute
Bottom Width Flow Rate Maximum Drainage Area
(ft) (cfs) (acres)
8 79.87 15.40
30 284.94 54.93

Gabion, Riprap, Crushed Stone, or Crushed Concrete Lined Chute

Bottom Width Flow Rate Maximum Drainage Area
(ft) (cfs) (acres)
8 57.05 11.00
30 203.53 39.24
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Reproduced from:
Texas Natural Resource Conservation Commission, Municipal Solid Waste Division,
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Slope Length and Steepness Factors (LS)

SLOPE STEEPNESS FACTOR (5)

Soil loss increases more rapidly with slope steepness than it does with slope
length. The slope steepness factor (8) is evaluated from (McCool et al, 1987)

¥ § =108 sin 6 + 0,03 § < 9% . [4-4]

# 8 = 16.8 sin 0 ~ 0.50 5 = 9% [4-51

Equation [4-5] is baséd on the assumption that runoff 1s not a funetion of slope
steepness, which is strongly supported by experimental data for steepness
greater than about 9%. The extent of the effect of slope on mnoff is highly
variable on cultivated soils. Runoff is assumed to be unaffected by slope .
steepness ont rangelands not recently treated with mechanical practices such as
ripping. The effect of slope on runoff and erosion as a result of mechanical
disturbance is considered ini the support practices factor (P) (ch. 6).

Melsaac et al, (1987a) examined soil-loss data from several experiments on
disturbed lands at slopes of up to 84%. They recommended an equation of a
form similar to that of equations [4-4] and [4-5]. Their coefficient of sin wasa
range that encompassed equations [4-4] and [4-5]. Thus these equations should
also be valid for disturbed-land applications.

Equations [4-4] and [4-53] are not applicable to slopes shorter than 15 ft. For
those slopes, the following equation should be used to evaluate S (McCoel et al.

1987):

§ = 3.0 (sin 8% + 0.56 [4-6]

This equation applics to conditions where water drains freely from the end of the
slope.

Reproduced from:
ARS Handbook #703, Predicting Soil Erosion by Water: A Guide to Conservation Planning With

the Revised Universal Soil Loss Equation (RUSLE), U.S. Department of Agriculture, 1997, p. 107.
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Table 8.4 Slope Length Exponent m in Eu. (8.43)

(after McCool et gl., 1993)°
Rillfimerrill ratio
Percantnge -
slope Law? Moderate® High?
02 0.02 064 - 0.07
0.5 0.04 0.08 0.16
1.0 0.0% 0,15 0.26
2.0 0.14 024 0.39
34 18 031 047
10 022 0,36 0.53
3% 50 025 [oan] 0.57
60 0.28 0.43 0.60
20 032 0.48 0,65
100 035 .52 0.5%
120 0.37 {.55 0.71
140 040 0.57 0.7%
160 0.41 0.59 0:74
20 0.44 061 .76
¥ 250 047 0.78
300 049 0,66 0.79
400 .52 0.68 0.81
500 0.34 0.70 0.82
6.0 0.55 07 043

“Yalues in table are not applicabile ia thawing soils, Seo
texi for explanation,

5 = 12 value from Eq. (8,45} in By, (844,

B =1 ¥ value from Eq. (8.45) in Eq, (8.44}.

4l = 7 3¢ value from Eq, (3,45} in g, (2.44).

*53.53% Slorpe m valwe  pwas ;‘«\W}DVQ‘}CA.

Reproduced from:
Haan, C.T., Barfield, B.J, Hayes, J.C., Design Hydrology and Sedimentology for Small

Catchments, Academic Press, 1994, p. 263.




Canopy Cover Subfactor :

The effects of canopy cover and height on energy
reduction of falling rain are given by the canopy sub-
factor. Raindrops cither fracture info smaller drops
with less energy or drip from leaf edges. The canopy
caver subfactor is : .

.2 Co =1— Fe~iH, {8.52)

where £ is the fraction of surface covered by canopy
and H is the average canopy height in feet, This is
the original relationship proposed graphically by
Wischmeler and Smith (1978) in which it was assumed
that the fraction of rainfall intercepted is equal fo tha
fraction of canopy cover. It was also assumed that
intercepted rainfall leaves the canopy at height A with
a drop size of 0.1 in, Quinn and Laflen (1983) reported
that the relationship gave satisfactory resulls for cover
although the assunmptions were not exactly correct, The
recommended values for H and F, are listed in Table
8.10A for selected crops. ‘

Sarface Cover Subfactor

The impacts of surface cover include a reduction in
soil exposed to rainfall energy, reduction in transport
capacity, and deposition in ponded areas. Included in
surface caver Iy residue, rocks, and other material in
contact with the ground surface. The surface cover
factor is

§ HE
¥ A ‘.:'m = eﬁ)[_bRﬁ{ﬁi-—RG) ], (8.53)

where R is the fraction of ground cover, Ry is a
variable to account for the effects of surface roughness
on the effectiveness of mulch, and b is a constant,

Reproduced from:
Haan, C.T., Barfield, B.J, Hayes, J.C., Design Hydrology and Sedimentology for Small
Catchments, Academic Press, 1994, p. 270.
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Catchments, Academic Press, 1994, p. 271.
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X  Rygm (354R, — 6)(1 — e~ 001SRs) o 0.14Py,
Rs =00 (8.55)

where Ry, Is the total random roughness (inches) after
a field operation, Py is the total rainfall {inches) after
the last field operation, and Ry is the total oot and
buried residue after tillage in the top 4 in. of soil
(pounds per acre). Selected values for the live root
mass component of Rg, Ry, are given in Table 8.10A.
The buried residue component of Ry, Ry, is discussed
under the prior land-use subfactor, Total random
roughness is the standard deviation of land suifaco
elevation after furrows and slopes are removed from
calculations, Example values for random roughness are
given in Table 810D for rangeland and in Table 8.11
for tillage operations.

Reproduced from:
Haan, C.T., Barfield, B.J, Hayes, J.C., Design Hydrology and Sedimentology for Small
Catchments, Academic Press, 1994, p. 272.




Surface Roughsiess Subfactor

The direct impact of surface roughness on erosion is
given by the surface roughness subfactor. The indirect
impacts of surface roughness on the effectivencss of
mulch and residue as 4 surface cover are inclided
under the surface cover factor in Eq, (8.53). The sur-
face roughness subfactor is given by

¥ Cgf - EfD‘MlSﬁ’g’ (8.62)

where Ry is defined by Eg, (8.55). Rainfall decreases
surface roughness and thus decreases its impact on
erosion, Rainfall impacts are included i computation
of R in Eq. (8.55)

Hoil Moisture Subfactor

The soil moisture subfactor accounts for the cffects
of antecedent molsture on Infiltration. In general, the
effects of antecedent moisture on annual soil erosion
are accounted for by the seasonal vardation in the K
factor. For single storms, a correction may be needed.
When the soil is near field capacity, the soil moisture
subfactor, €, is 1.0, When soil moisture is near the

willing point to a depth of 6 1t, the value for C,, i30.0,
A conservative estimate i5 to assume a value of 1,0,

In the Western U.S., particularly the Pacific North-
west, K values are not varied with season; hence, soil
moisture corrections are in order, Information is given
in Appendix 8C, Table 8C3, on replenishment and
depletion rates for these lands. Moisture balance com-
putations are made on 13-day increments and com-
pared to field capacity and wilting point values to
determine C,. Yoder ef al. (1993} recommend that
linear relationship be used between 1.0 at field capacity
and 0.0 at the wilting point. Soil moisture factors are
not used for rangelands,

Reproduced from:
Haan, C.T., Barfield, B.J, Hayes, J.C., Design Hydrology and Sedimentology for Small
Catchments, Academic Press, 1994, p. 273.




Cover-Management Factar {C)

Tabls 5-3,
Typical values for established forage stands! ) 7
Roolmastinfopd in  Canopy cover just Effective fall Average annual yicld

Common name (bsacre?)  priortoharvest (%) height (ft) (tons-acre™)

Grasses:
Bahiaprass 1,900 95 0.1 4
Bermudagrass, 3,900 00 02 8
coaslal

) Bermudagrass, 106 0.1 3

cammaon
Bluegrass, Kentucky 4,800 100 0.1 3
Brome grass, smooth 4,500 104 0.1 5
Ballisgrass 2,500 §ili] 0.1 3
Feseue, tall 7,000 100 0.1 5
Orchardgrass 5,900 (0o 0.1 5
Timothy 2,900 23 0.1 5
Legumes:
Alfalfa 3,500 109 0.2 X
Clover, ladino 1,400 100 02 3
Clover, red Z,100 [ 0.1 4
Clover, sweat 1,200 20 2.0 2
Clover, white 1,400 160 0.1 2
Lespedeza, scricea 1,200 160 a5 3
‘refol, birdsfoot 2,400 100 0.3 4

I'Thesa values are for mature, (Il pure stands on well-drained ronirrigated soils with moderate-to-high available water-holding
capacity. These values hold for species shown only within thelr range of adaptation, Except for biennials, most forages do ot
attain a fully-developed root system until end of second growing season. Root mass valtes listed can be reduced by as much as
half on excassively draitied or shallow soils and in arcas where rainfall during growing season is less than {8 in, The values listed
are from Bennett and Doss (1960), Denisos and Perry (1990), Doss et ol. (1960}, Holt and Fisher (1960}, Kramer and Weaver
(1936), Lamba cf al. (1949), MacDonald (1946), and Paviyehienko (1943),

Reproduced from:
ARS Handbook #703, Predicting Soil Erosion by Water: A Guide to Conservation Planning With

the Revised Universal Soil Loss Equation (RUSLE), U.S. Department of Agriculture, 1997, p. 171.




‘Table 5-6.
Roughness values for rangeland field conditions

) Random roughness
Cenditicri_ _ (in)
California annual grassland 0.25
Tallgrass prairie | 0.30
Clipped and bare 0.60
Pinyon/Juniper interspace 0.60

3 Cleared
Natural shrub 0.80
Seeded rangeland drill 0.80
Shortgrasy, desert 4,80
Cleared and pitted 1.00
Mixed prass, prairic 1.00
Pitted .10
Sagebrush 1.10
Root-plowed 1.30

Reproduced from:
ARS Handbook #703, Predicting Soil Erosion by Water: A Guide to Conservation Planning With

the Revised Universal Soil Loss Equation (RUSLE), U.S. Department of Agriculture, 1997, p. 174.
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1.0 INTRODUCTION

Attachment 6 includes the existing and developed drainage area maps, design details of
temporary and permanent drainage appurtenances (including culverts), final cover drainage
downchutes, and drainage ditches. Appendix 6A includes the design calculations for drainage
structures referred to in this attachment. An erosion and sedimentation control plan for final
cover conditions is provided in Appendix 6B of this attachment, while Appendix 6C contains a
soil survey map for the landfill site. Appendix 6D includes the description of intermediate cover

for erosion and sediment control purposes.

This attachment has been prepared in compliance with the requirements of 30 TAC 330.15(h)
and 300.6-3(0). The addition of Appendix 6D updates this permit to comply with the provisions
of 30 TAC Chapter 330, Subchapter G as it pertains to Intermediate Cover. Sample calculations,
prepared as described in the regulations, are provided. These calculations demonstrate that
landfill development will not significantly alter natural drainage patterns’, and will not cause

significant impacts to flow velocities or flow volumes.

The City of Amarillo currently operates a Type I Municipal Solid Waste Landfill located
approximately four miles west of the City of Amarillo and about two miles north of IH 40. The site
operates in general compliance with permit No. 73A issued by the Texas Commission on
Environmental Quality on August 22, 2007. There is a 100-year floodplain delineated on or near

the permitted landfill, as seen on Figure I11.6.2.

New waste disposal cells to be constructed have been designed for groundwater protection, with
each cell containing a composite base liner and leachate collection system in accordance with 30
TAC 330.331(a)(2) and 330.333. The upper component of the base comﬁosite liner consists of
60-mil HDPE flexible membrane liner (FML) overlaying a geosynthetic clay liner (GCL), which
is in direct contact with the prepared subgrade. Liner and leachate collection system plans and
details are included in Part III Attachment 1. Final cover details are also included in Attachment

1. A more detailed discussion of the final cover can be found in Part III, Attachment 12 (Final

! “Natural drainage patterns” are defined as the drainage patterns of the currently approved permit design.
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Closure Plan). A discussion of the leachate collection system performance, along with
calculations for leachate quantity predictions and design adequacy, is included in Part III as

Attachment 15 (Leachate and Contaminated Water Plan).
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2.0 EXISTING CONDITIONS

2.1  Site Description

The City of Amarillo Landfill is located generally in the Southern High Plains Region of the Texas
Panhandle, at the fringe of the Canadian Breaks. The escarpment marking the transition from High
Plains to the Canadian Breaks is evident along the most northern edges of the permitted area. The
High Plains is a nearly level, treeless plain formed in Rocky Mountain outwash and an overlying

eolian mantle. The Soil Survey of Potter County, Texas (USDA SCS, February, 1980) maps the

majority of the site as various associations of Pullman and Posey clay loams. These soils are
described as being "...deep, well drained, brown soils formed in clayey eolian sediment." Surface
runoff patterns are generally poorly defined, although the location of the landfill along the transition
of the Breaks does provide adequate relief for drainage area delineation. Pre-development surface
runoff patterns are generally north from the site to an unnamed tributary of West Amarillo Creek,
which in turn feeds the Canadian River. A small portion of the permitted area drains southerly to a
"closed contour" surface depression. Since the area to the south is used for agriculture and the
permitted area draining that direction is minimal, landfill development should have no significant

hydrologic impact to the surrounding area.

The dry steppe climatology of Potter County precludes the likelihood of deep or excessive soil
moisture buildup on well drained/sloped surfaces due to the fact that the majority of the
approximately 20 inches of annual precipitation occurs as brief, intense thundershowers between
May and October. Therefore, most precipitation is lost to surface runoff with only an initial
infiltration penetrating the upper horizons of the solum. Adding to the rapid losses of soil moisture
regionally are the gusty winds that speed up the process of evapotranspiration. Average wind
speeds are over 15.5 miles per hour with gusts often in excess of 40 mph. The average annual
evapotranspiration is estimated to be 68 inches of water per year (more than three times the annual

precipitation).

The areas used for waste disposal prior to implementation of Subtitle D rules do not have a

constructed liner, but rely on TDH (predecessor to TCEQ) approved in-situ soils. The sandy clay
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soils were determined to have a permeability of between 2.3x107 to 8.1x10® cr/sec, liquid limit

from 33.6 to 38.9 %, and plasticity index from 14.9 to 18.2.

2.2  Existing Drainage Patterns

Existing drainage is defined in this permit application as the conditions that would be present if the active
disposal area were to be constructed to final elevations, grades, and cover conditions currently permitted
(MSW permit #73). Existing runoff flows and volumes were calculated using design information gathered

from the active permit (Permit No. MSW 73). Existing drainage patterns are shown in Figure I11.6.1.

The existing hydrologic model divides the permitted landfill into eleven contributing areas. See Figure
IM1.6.1. The stormwater runoff from the contributing areas travel offsite through eight discharge points
located along the northern, eastern, and western edges of the landfill. The relatively consistent, shallow
slopes of the developed landfill cover are expected to minimize concentration or channelization of the
overland stormwater runoff flows. Onsite stormwater runoff collection and routing are handled by
trapezoidal, roadside drainage ditches approximately two feet deep and twelve feet wide at the bottom. These
ditches are constructed within the site boundary buffer zone and are to flow from drainage breaks to the
discharge points depicted on Figure IIL.6.1. These ditches will not prevent fire vehicle passage.

2.3  Drainage Area Maps

The purpose of the drainage area maps is to determine existing 25-year and 100-year flows onto
the site (runon) and flow off of the site (runoff), in order to accurately compare existing flow
quantities with proposed quantities. The 25-year flows are required for design per 30 TAC
§330.55(b)(2), §330.55(b)(3), and §330.56(f)(4)(ii). The amount of flow calculated for the
existing model for the 25-year and 100-year storm events were calculated for each of the eleven

contributing areas. The flow peak discharge quantities are shown on Figure I11.6.1.
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24 Hydrologic Methods Used in the Existing Permitted Model

Hydrologic methods and criteria used in this permit modification application are in general
conformance with those used by the City of Amarillo and Potter County, as set forth in Storm Water
Management Criteria Manual, City of Amarillo, Texas (November, 1992). The HEC-1 model (US
Army Corps of Engineers, Hydrologic Engineering Center, September 1990 version) was used to
model the hydrology on and around the City of Amarillo Landfill drainage basin. Since HEC-HMS
(US Army Corps of Engineers, Hydrologic Engineering Center, HEC Hydrologic Modeling System
V:2.2.2, May 2003 version) was used to model the 2005 proposed model, the 1994 existing model
parameters were also entered into HEC-HMS. The results from the 1994 HEC-HMS model were
used in this permit amendment as the existing permitted model and were compared to the 2005
proposed model. The values from the 1994 HEC-1 model and the 1994 HEC-HMS model were
similar, with less than 10% difference. This difference is due to the different hydrologic
methodologies that each program uses. The 1994 HEC-HMS results were used as the existing
model in this permit amendment to ensure consistency between the two models (existing and

proposed).

Soil Conservation Service (SCS) curve number (TR-55) methods were used in conjunction with 25
and 100 year recurrence interval hypothetical storms to determine precipitation and stormwater
runoff. Rainfall depth/duration data were taken from US Department of Commerce, Weather
Bureau Technical Paper 40 (TP40) and National Oceanic and Atmospheric Administration
Technical Memorandum NWS HYDRO-35 (HYDRO35). The various contributing sub-basins are
delineated from the currently permitted final grades, reflecting topographic conditions at the end of
the currently permitted landfill development, see Figure III.6.1. These sub-basins were then
evaluated by soil type from the SCS Soil Survey for Potter County, 1980.

Appropriate, area weighted, curve numbers were assigned from USDA Natural Resources
Conservation Service publication TR-55, Urban Hydrology for Small Watersheds, chapter 2.
Resultant flows from the various sub-basins were routed to points along definable drainage

channels. As a check, the Rational Method as described in the Texas Department of Transportation
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(TxDOT), Bridge Division, Hydraulic Manual, was also used to generate peak 25 and 100-year

stormwater runoff peak flows.

2.5 Existing Water Bodies

No existing water bodies are located within the active disposal area or permit boundaries.

2.6 FEMA Flood Insurance Rate Map (FIRM)

The City of Amarillo landfill is not located within the regulated 100-year floodplain, and
therefore is not impacted by 100-year frequency flood levels. Figure I11.6.2 shows the current
FEMA map of the region including the site’s location.
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3.0 DEVELOPED CONDITIONS

3.1 Final Grading

HEC-HMS (US Army Corps of Engineers, Hydrologic Engineering Center, HEC Hydrologic
Modeling System) was used to model the hydrology for the proposed changes to the City of
Amarillo Landfill. HEC-HMS is a windows based precipitation-runoff modeling program that
supercedes the HEC-1 flood hydrograph package. The flows from the proposed final cover of the
landfill were calculated using HEC-HMS.

The Soil Conservation Service curve number method was used to determine precipitation and
stormwater runoff for the proposed condition. The rainfall data were taken from US Dept. of
Commerce, Weather Bureau Technical Paper 40 (TP40) and National Oceanic and Atmospheric
Administration Technical Memorandum NWS HYDRO-35 (HYDRO35). The various contributing
sub-basins are delineated from the final proposed contours for the proposed amendment for the
landfill site. Appropriate, area weighted, curve numbers were derived from USDA Natural
Resources Conservation Service publication TR-55, Urban Hydrology for Small Watersheds,
chapter 2. Resultant flows from the various sub-basins were routed to the eight outlets that are

shown on the existing permit drawings.

The curve number is based upon the assumption that the proposed two foot thick vegetation/erosion
layer in the final cover system will have only slightly less infiltration capacity than the existing
surface soil horizons. As the vegetated final cover will be maintained and foliage managed to
reduce erosion and promote evapotranspiration, the infiltration capacity of the final cover should be
at least as great as the existing, unmanaged surficial soils. As a check, the Rational Method as
described in the Texas Department of Transportation (TxDOT), Bridge Division, Hydraulic

Manual, was also used to generate peak 25 and 100-year stormwater runoff peak flows.

Sheet flow down side slopes of the landfill is allowed to flow into downchutes, perimeter
ditches, and detention basins. Figure I11.6.3 shows how berms are to be placed along the final

cover cap of the landfill, as well as slope interceptors on the side slopes to divert flows from the
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cap. This minimizes erosion potential by minimizing sheet flows down the side slope segments,
as well as providing sediment trapping between slope segments. Landfill top grades are no more
than 4% and the sideslope grades are no more than 25%. Developed conditions grading and final

contours are shown in Figures I11.6.3 and II1.7.1, respectively.

3.2 Existing and Proposed Subtitle D Liner and Final Cover Systems

The existing Subtitle D lined Cells 4A and 4B, and the remaining cells to be developed, cells 5-12,
will be lined with a Subtitle D compliant alternate liner system, consisting of a 60-mil HDPE
flexible membrane liner (FML) overlaying a geosynthetic clay liner (GCL), which is in direct
contact with the prepared subgrade.

The final cover over all portions of the landfillable area is proposed to consist of a 12 inch
compacted, density and permeability (K < 10”° cm/sec) controlled clayey soil overlain by a 24 inch
erosion layer, with at least the top six inches being suitable to sustaining native vegetation. This 24
inch erosion layer is essentially the same final cover system approved under the existing permit.
This top vegetative/erosion layer is anticipated to achieve a hydrologic condition similar to the

native surface soils.

Refer to the Leachate and Contaminated Water Control Plan, Attachment 15, for methods and

procedures for the handling of stormwater runoff in landfill phase excavations.

3.3  Drainage Area Map

Onsite developed conditions drainage basins are shown in Figure I11.6.3. Proposed grading and
drainage controls are included in this figure. Flows were calculated for the subbasins and at

discharge points A through H.
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34 Rational Method Peak Flow Calculations

Precipitation intensities for the Rational Method calculations were obtained from the TxDOT’s
Hydraulic Design Manual (TxDOT, April 2002). Times of concentration were developed from
the boundary survey for the site and the final landfill grades and footprint. The time of
concentration was broken up into three possible flow conditions depending on each individual
subbasin: sheet flow; shallow concentrated flow; and (open) channel flow. Any resulting T,
values less than 10 minutes were set to 10 minutes, in accordance with 30 TAC
§330.55(b)(5)(A). These calculations are included in Appendix 6A. Calculations of “C” values
for use in the Rational Method were revised to reflect the proposed landfill footprint. These
values were summarized for each subbasin, and along with a summary table showing the
Rational Method calculations are included in Appendix 6A. A table summarizing the time of

concentration values are found in Table 6.1.

Table 6.1: Time of Concentration and Lag

M2 0,28 16.66 10.0
* 10 minute minimum

The Rational Method of peak flow calculations was utilized for comparison of HEC-HMS
calculated onsite peak flows at discharge points in accordance with 30 TAC §330.55(b)5)(A).
The Rational Method peak flow results were taken as the design flows for the onsite drainage
controls (e.g. sideslope berms, channels, and downchutes). The Rational Method may be used
for calculation of flows at these points because the cumulative drainage areas for each discharge

point are less than 200 acres. Precipitation intensities utilized in the Rational Method calculations
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were obfained from the TxDOT’s Hydraulic Design Manual (TxDOT, November 2002) tables

for Potter County, Texas.

3.5  Drainage Controls

Drainage controls are incorporated into the site in order to reduce flooding and minimize the
amount of sediment carried off the site. Drainage controls include perimeter ditches, culverts, top
berms, and detention basins. Drainage control details are shown in Figure 111.6.4. Supporting

calculations for drainage controls are included in Appendix 6A of this document.

Runoff From Landfill Slopes

Sheet flows from the landfill cap will be interrupted by interceptor berms designed to channelize

flows and minimize erosion of the cap and side slopes. Diverted sheet flows from the landfill
cap are routed into downchutes, where the concentrated flows are dissipated at the bottom of the
landfill cap slope, then routed through rock down-chutes or gabion mattresses into a channel.

Each channel routes the subbasin flows to either a detention basin or an existing discharge point.

The final cover runoff interceptor berms have been designed using the following design
methodology:

1. Size berm using trial hydraulic section and Manning’s equation for open channel flow.

2. Check that nominal interceptor capacity is not exceeded at any location.

3. Design final outlet structure capacity at each location.

Interceptor Capacity by Manning’s Equation: Assuming that the grass-lined interceptors will
be constructed as variably-sloped triangular or trapezoidal channels with a minimum bottom

slope of 0.1%:

Where: Q= discharge (cfs)

n = Manning’s roughness coefficient (0.035 — 0.040 for grass lined channel)

A = cross-sectional flow area (ft%)

p = wetted perimeter (ft)

R = hydraulic radius (ft; A/P)

S o= channel bottom slope (%)
City of Amarillo - Part I, Attachment 6 i3 HDR Engineering, Inc.
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Berm hydraulic calculations were performed using Haestad Methods Flowmaster computer

program and are provided in Appendix 6A.

Drainage Structures: All drainage structures on the landfill, including berms, interceptors,

ditches, culverts, and appurtenances, are sized for the 25-year, 24-hour storm event.

Perimeter Ditches

Perimeter ditches collect stormwater runoff from landfill slopes and buffer areas and discharge
into the eight permitted discharge points. Each perimeter ditch has a 12 foot bottom width and
3H:1V side slopes. The ditch depth for each subbasin varies as needed to handle the computed
flow quantity. All ditches are grass-lined. Ditch locations are shown in Figure 11.6.3, with
typical profiles and cross-sections provided in Figures [I1.6.5 through IIL6.7. Ditch hydraulic
calculations were performed using Haestad Methods’ Flowmaster computer program and are

provided in Appendix 6A.
Downchutes
Downchutes were sized using Manning’s Equation in Flowmaster to determine the width and

depth of the downchutes based upon flow capacity.

Detention basins

The detention basins were designed to capture the on-site flow before it is discharged into the
outlet points. Each basin was sized according to existing permit flow constraints and the
topographic characteristics of each subbasin. The purpose of each detention basin is to ensure
that the discharge leaving each subbasin does not adversely impact downstream land owners. In
order to not adversely impact the outlet points and downstream landowners, the detention basins
were sized to store stormwater and regulate the outflow to conform with the permitted values.
The detention basins were designed with low level outlets, which control the outflow. Each
basin was designed with 3:1 interior side slopes, with the exception of basins G and H2 on the

eastern edge of the landfill. Due to limited space constraints on those basins, they were designed
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with 2:1 interior side slopes to maximize basin volume. The size of the low-level outlet pipes
varies with each detention basin. These outlet pipes were sized to ensure the outflow conformed

to the 1994 permitted flows.

3.6 Sequence of Development for Drainage Appurtenances

Perimeter ditches will be constructed prior to beginning landfill operations in a given area.
Generally, top berms, interceptors, and detention basins will be constructed as soon as
practicable after final grades are attained. Final cover downchutes, perimeter road low water
crossings, side slope rock chutes or revetment, and stream bank armoring will be constructed as
soon as practicable after final aerial elevations are met. Detention basins will be constructed

accordingly based on the design development of the landfill.

3.7  Maintenance of Drainage Appurtenances

The Landfill Supervisor is responsible for maintaining drainage appurtenances. Please refer to

Part IV, Site Operating Plan, for anticipated maintenance requirements.
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4.0 COMPARISON OF EXISTING AND DEVELOPED DRAINAGE PATTERNS

Existing drainage patterns will not be significantly altered by expansion of the landfill as
described in this permit amendment. A comparison of existing versus developed runoff flows
and volumes for the 25-year design rainfall at each designated discharge point is given in Tables
6.2 and 6.3. Supporting data and calculations may be found in Appendix 6A of this attachment.
Peak discharges and volumes were calculated for both existing and proposed conditions for each

discharge point.

4.1 Peak Runoff Rates

Point A

Runoff from subbasin Al leaves the southwestern portion of the site to discharge point A.
Runoff from the sideslope is routed through sideslope benches, downchutes, and a perimeter
channel. The runoff is then routed through a detention pond before reaching the discharge point.
The detention pond was sized to handle the 100-year storm event. The 25-year volume that
leaves through discharge point A in the proposed conditions is slightly more than the volume of
discharge in the existing conditions model. More detailed discussion of volume is provided in
the section 4.2 of this attachment. The 25-year existing conditions permitted flow is 119 cfs
compared to the 25-year proposed flow of 108 cfs. Therefore, subbasin A1 results in no adverse

impact to the existing (permitted) drainage conditions.

Point B
Runoff from subbasin B1 leaves the western portion of the site through discharge point B. The
25-year existing conditions flow is 68 cfs compared to the 25-year proposed flow of 33 cfs.

Therefore, subbasin Bl results in no adverse impact to the existing (permitted) drainage

conditions.
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Point C

Runoff from subbasin C1 leaves the northwestern portion of the site to discharge point C.
Runoff from the sideslope is routed through sideslope benches, downchutes, and a perimeter
channel. The runoff is then routed through a detention pond before reaching the discharge point.
The detention pond was sized to handle the 100-year storm event. The flow volume that leaves
through discharge point C in the proposed model is less than the volume of discharge in the
existing model. The 25-year existing conditions flow is 66 cfs compared to the 25-year proposed
flow of 51 cfs. Therefore, subbasin C1 results in no adverse impact to the existing (permitted)

drainage conditions.

Point D

Runoff from subbasin D1 leaves the northwestern portion of the site to discharge point D.
Runoff from the top slope is routed through interceptor berms, which divert the runoff to a -
downchute. The runoff from the sideslope is routed through sideslope benches, downchutes, and
a perimeter channel. The runoff is then routed through a detention pond before reaching the
discharge point. The detention pond was sized to handle the 100-year storm event. The flow
volume that leaves through discharge point D in the proposed model is equal to the volume of
discharge in the existing model. The 25-year existing conditions flow is 84 cfs compared to the
25-year proposed flow of 74 cfs. Therefore, subbasin D1 results in no adverse impact to the

existing (permitted) drainage conditions.

Point B

Runoff from subbasin E1 leaves the northern portion of the site to discharge point E. Runoff
from the topslope is routed through interceptor berms, which divert the runoff to a downchute.
The runoff from the sideslope is routed through sideslope benches, downchutes, and a perimeter
channel. The runoff is then routed until it reaches the discharge point. The flow volume that
leaves through discharge point E in the proposed model is slightly less than the volume of
discharge in the existing model. A detention pond was deemed to be unnecessary for this basin.

The 25-year existing conditions flow is 198 cfs compared to the 25-year proposed flow of 199

City of Amarillo — Part ITI, Attachment 6 21 HDR Engineering, Inc.

Landfill Permit Amendment Application May 2006
Version 1



cfs. Therefore, subbasin El results in no adverse impact to the existing (permitted) drainage

conditions.

Point F

Runoff from subbasin F1 leaves the northeastern portion of the site to discharge point F. Runoff
from the topslope is routed through interceptor berms, which divert the runoff to a downchute.
The runoff from the sideslope is routed through sideslope benches, downchutes, and a perimeter
channel. The runoff is then routed through a detention pond before reaching the discharge point.
The detention pond was sized to handle the 100-year storm event. The flow volume that leaves
through discharge point F in the proposed model is less than the volume of discharge in the
existing model. The 25-year existing conditions flow is 97 cfs compared to the 25-year proposed
flow of 91 cfs. Therefore, subbasin F1 results in no adverse impact to the existing (permitted)

drainage conditions.

Point G

Runoff from subbasin G1 leaves the western portion of the site to discharge point G. Runoff
from the topslope is routed through interceptor berms, which divert the runoff to a downchute.
The runoff from the sideslope is routed through sideslope benches, downchutes, and a perimeter
channel. The runoff is then routed through a detention pond before reaching the discharge point.
The detention pond was sized to handle the 100-year storm event. The 25-year existing
conditions peak discharge that leaves through discharge point G is 112 cfs compared to the 25-
year proposed peak discharge of 81 cfs. Therefore, subbasin G1 results in no adverse impact to

the existing (permitted) drainage conditions.

Point H

Runoff from subbasin H1 leaves the southern portion of the topslope via interceptor berms to the
sideslope. The runoff from the topslope is then routed through interceptor berms, which divert
the runoff to a downchute. The runoff from the sideslope is routed through sideslope benches,
downchutes, and a detention basin, basin H1. The detention basin then discharges into a

perimeter channel, which routes the discharge to detention basin H2.
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The runoff from subbasin H2 is conveyed via interceptor berms to downchutes. The runoff from
the sideslope is routed through sideslope benches, downchutes, and a perimeter channel. The
runoff is then routed through a detention pond before reaching the discharge point. The
detention pond was sized to handle the 100-year storm event. The flow volume that leaves
through discharge point H in the proposed model is less than the volume of discharge in the
existing model. The 25-year existing conditions flow is 340 cfs compared to the 25-year
proposed new flow of 269 cfs. Therefore, subbasins H1 and H2 result in no adverse impact to

the existing (permitted) drainage conditions.

Table 6.2: Comparison of Runoff (Discharge Flows)

PEAK FLOWS [ft’/s]
Existing Flows Developed Flows
(1994 HEC-HMS) (2005 HEC-HMS)
Discharge Point 25 Year 100 Year 25 Year 100 Year
A 119 258 108 172
B 68 152 33 75
Cc 66 145 51 83
D 84 185 74 121
E 198 431 199 453
F 97 216 91 210
G 112 245 81 125
H 340 711 269 541

Both the 25-year and 100-year storm event analyses show that the contributing drainage area
runoff discharges developed for the proposed conditions have no adverse impact to the existing
(permitted) drainage conditions due to the grading changes associated with the landfill permit

amendment.

4.2  Runoff Volume Comparison

Runoff volumes for all existing and developed discharge points listed above were calculated

using HEC-HMS. A comparison of the volumes calculated is shown in Table 6.3.

HDR Engineering, Inc.
May 2006
Version 1
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Table 6.3: Comparison of Volumes

PEAK VOLUMES [acre-feet]
Existing Volumes Developed Volumes
Discharge Point 25 Year 100 Year 25 Year 100 Year

A 15 24 18 30
B 6 9 3 4
c 8 12 7 12
D 11 17 11 17
E 25 40 21 34
F 10 16 9 14
G 14 22 15 24
H 52 83 48 77

Analysis of the runoff volumes shows a total runoff volume of 142 ac-ft for the 25-year storm event and
224 ac-ft for the 100-year storm event for the existing permit. The runoff values for the proposed permit
are 132 ac-ft and 213 ac-ft, respectively. Discharge points A through F all drain to the same watershed
that drains to the north, while discharge points G and H discharge to a separate watershed that drains in an
easterly direction.  Because the existing and proposed values are nearly identical, the proposed
topographic changes included in the landfill permit amendment will not adversely affect the downstream

property owners.

4.3 Runoff Velocities

Discharge points are not changed from existing conditions and the geometry of discharge points are
maintained to prevent changes in runoff velocities in the proposed permit conditions. With discharge
rates not being increased significantly, and often decreased, it can be stated that erosive velocities will not
be achieved or that existing velocities will be adversely impacted by the proposed permit amendment. In
general, due to the drainage controls proposed and the corresponding decrease in discharge rates,
velocities are lowered at the discharge points from the site. Velocities for existing and developed
conditions are provided on Figures II1.6.1 and I11.6.3, respectively. Appropriate erosion control and
prevention measures will be implemented and maintained where necessary. Some commonly used

measures include rock riprap, Gabion baskets, erosion mats, and other standard erosion prevention

controls.
* 4
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5.0 TEXAS POLLUTANT DISCHARGE ELIMINATION SYSTEM
CERTIFICATION

The National Pollutant Discharge Elimination System (NPDES) permit for discharges of
stormwater associated with industrial activities, the Multi-Cell General Permit (MSGP), expired
on September 29, 2000. Transfer of the federally administered NPDES permit program to the
State of Texas occurred during the year 2000, and the TCEQ issued its Texas Pollutant
Discharge Elimination System (TPDES) MSGP for industrial activities (TXR050000) on August
20, 2001.

The City of Amarillo filed an NOI in December of 1992 and was issued an NPDES storm water
permit on February 8, 1993, numbered TXR0O0D898.

City of Amarillo — Part III, Attachment 6 25 HDR Engineering, Inc.

Landfill Permit Amendment Application May 2006
Version 1



6.0 EROSION AND SEDIMENTATION CONTROL PLAN

An erosion and sedimentation control plan is included as Appendix 6B of this attachment.

Estimates of annual soil loss over the proposed development and 30 year post-closure period are

included in Appendix 6B.
City of Amarillo - Part III, Attachment 6 26 HDR Engineering, Inc.
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Part III — Attachment 6

Appendix 6A: Drainage Structures Design Calculations

for

City of Amarillo Landfill

Potter County, Texas
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Job No. Calc No. 00001

Computation m

lProject Amarillo Landfill Permit Application QComputed cwp
lSystem Att. 6 Surface Water Protection and Drainage Plan fDate 8/1/2005
!Componem Rational Method Flows {Reviewed
irask C factor Calculation lDate
Purpose Calculate the rational method C factor using the rural methodology outlined in the TxDOT Hydraulic
Drainage Manual. Apply the high frequency storm runoff coeffiecient to determine the C factor for both
the 25 year and 100 year frequency storms.
Find Description Variable Units
C factor C dimensionless
Given Description Value Source
Relief (C,) ‘varies TxDOT Hydraulic Design Manual
Soil Infiltration (C;) varies TxDOT Hydraulic Design Manual
Vegetal Cover (C,) varies TxDOT Hydraulic Design Manual
Surface (Cs) varies TxDOT Hydraulic Design Manual
25 year runoff Cys 1.1 TxDOT Hydraulic Design Manual
100 year runoff Crie 1.25 TxDOT Hydraulic Design Manual
Equations C=C,+Ci+C,+Cq Equation 5-6 from TxDOT Manual
Cu5=CpsC
Ci00 = Cr100C
Calculation
Subbasin C, C, C, C Cus Cioo
A1 0.11 0.10 0.05 0.08 0.37 0.43
B1 0.11 0.10 0.05 0.09 0.39 0.44
C1 0.11 0.10 0.05 0.09 0.39 0.44
D1 0.10 0.10 0.05 0.09 0.37 0.43
E1 0.10 0.10 0.05 0.09 0.37 0.43
F1 0.11 0.10 0.05 0.10 0.40 0.45
G1 0.10 0.10 0.05 0.10 0.39 0.44
H1 0.10 0.10 0.05 0.10 0.39 0.44
H2 0.10 0.10 0.05 0.10 0.39 0.44
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Job No. Calc No. 00002
Computation m
N
|Project Amarillo Landfill Permit Application | computed mrd
lSystem Att. 6 Surface Water Protection and Drainage Plan fDate 4/6/2006
!Component Rational Method Fiows ;Reviewed
[rask | Factor Calculation lDate
Purpose Calculate the rainfall intensity (I) for use in Rational method calculation.
Find Description Variable Units
rainfall intensity mm/hr
Given Description Value Source
time of concentration tc t; calculations located in a separate section
frequency coefficent 1 e TxDOT Hydraulic Design Manual
frequency coefficient 2 b TxDOT Hydraulic Design Manual
frequency coefficient 3 d TxDOT Hydraulic Design Manual
Equations
b b,d,e = frequency coefficients from TxDOT Manual
(tc . d)e t; = time of concentration (min)
Equation 5-4 from TxDOT Manual
Assumptions | DL Comment Value Source Verification
e factor (25 year) Potter County 0.841 TxDOT Manual
b factor (25 year) Potter County 2362 TxDOT Manual
d factor (25 year) Potter County 10.2 TxDOT Manual
e factor (100 year) Potter County 0.826 TxDOT Manual
b factor (100 year) Potter County 2769 TxDOT Manual
d factor (100 year) Potter County 10.6 TxDOT Manual
Calculation Subbasin t.[min] I [mm/hr) Lo [mm/hr)
A1 1.1 180 218
B1 10.0 189 228
Cc1 10.0 189 228
D1 13.9 163 . 197
E1 21.2 130 159
F1 15.3 155 188
G1 13.8 163 198
H1 214 129 158
H2 16.7 148 180
City of Amarillo — Part I1I, Att. 6, App. 6A HDR Engineering, Inc.
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Job No. Calc No. 00003

Computation I-m

|project Amarillo Landfill Permit Application | computed cwp
lSystem Ait. 6 Surface Water Protection and Drainage Plan iDate 8/1/2005
fComponent Rational Method Flows fReviewed
ITask Area Factor (A) Calculation ;Date
Purpose Calculate the area factor {A) used in the rational equation calculation for each watershed.
Find Description Variable Units
Area Factor A hectares
Given Description Value Source
Measured Area varies measured value [acres]
Equations 1 hectare = 2.471 acres unit conversion
Galculation
A1 92.2 37.3
B1 12.8 5.2
C1 35.8 145
D1 54.3 22.0
E1 105.4 42.7
F1 4.4 18.0
G1 75.3 30.5
H1 103.6 M9
H2 137.1 55.5
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Job No. | catc No. 00004

Computation m

lPruject Amarillo Landfill Permit Application lr‘ puted mrd
} Y Att. 6 Surface Water Protection and Drainage Plan (Date 4/6/2006
!r‘ P Rational Method Flows IRevlewed
1 Task Flow Calculation 2Date
Purpose Calculate the 25 year and 100 year peak flows for watersheds under 200 acres using the Rational Method. Methodology used is

outlined in the TxDOT Hydraulic Design Manual (Oct. 2001).
Find Description Variable Units

25 year flow Qzs cfs

100 year flow Qiop cfs
Given Description Value Source

25 year rainfall intensity I2s previous calculation

100 year rainfall intensity l100 previous calculation

25 year runoff coefficient Cas previous calculation

100 year runoff coefficient Cioo previous calculation

basin area A previous calculation
Equations Q25 = CaslosA/360 Q = maximum runoff rate (m“s)

Q100 = Ci00l100A/360 C = runoff coefficient

Equation 5-4 from TxDOT Manual | = average rainfall intensity (mm/hr}

A = drainage area (ha)

Assumptions | 1m%s=353cfs unit conversion
Calculation
Subbasin Ls[mmihr] g, [mmihr} Afha} Qps [M*IS] Qoo IM*s] Qs [cfs]
A1 0.37 0.43 180 218 37.3 7.0 9.6 247 339
B1 0.39 0.44 189 228 5.2 1.0 1.4 37 51
c1 0.39 0.44 189 228 145 29 4.0 103 141
D1 0.37 0.43 163 197 220 3.7 5.1 131 181
E1 0.37 0.43 130 159 427 58 8.0 204 283
F1 0.40 0.45 155 188 18.0 31 4.2 108 149
G1 0.39 0.44 163 198 30.5 5.3 7.3 188 259
H1 0.39 0.44 129 158 419 5.8 8.1 205 284
H2 0.39 0.44 148 180 55.5 8.8 12.2 310 429
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Appendix 6A-2: Time of Concentratidn Calculations
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Project: |Amarillo Landfill Permit By: mrd Date:| 6-Apr-06
Location: |Subbasin A1 Checked:] mwo Date:
Check one: I Present ¥ Developed
Check one: M T 73 T, through subarea
Sheet Flow (T onl
ID Side slope
Surface description Bare dirt
Manning's roughness coefficient, n 0.03
Flow length, L ft 300
25-yr 24-hr rainfall, P in 5.0
Land slope, s ft/ft 0.08
Travel time, T;= 0.007 (nL)*® / P®%s>* Compute Ty hr 0.05
ID Side slope
Surface description (paved or unpaved) unpaved
Flow length, L ft 230
Watercourse slope, s ft/ft 0.08
Average velocity, V ft/s 4.56
Travel time, T;=L/ 3600V Compute T, hr 0.01

ID Channel | SS Berm | Downchute

Cross sectional flow area, a ft? 78.8 36 16
Wetted perimeter, p, ft 34.1 24.7 20.25
Hydraulic radius, r = alp,, ft 2.307 1.457 0.790
Channel slope, s ft/ft 0.005 0.005 0.25
Manning's roughness coefficient, n 0.03 0.03 0.03
V=149r"%s"/n Compute V. ft/s 6.13 4.51 21.22
Flow length, L ft 1300 915 400
Travel time, T,=L /3600 V Compute T; hr 0.06 0.06 0.01
Watershed or subarea T.or T; Total hr 0.18 ]
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Project: |Amarillo Landfill Permit By: mrd Date:{ 6-Apr-06
Location: [Subbasin B1 Checked:| mwo Date:
Check one: I Present ¥ Developed
Check one: M T 7} T, through subarea

heet Flow (T onl

D Side slope
Surface description Bare dirt
Manning's roughness coefficient, n 0.03
Fiow length, L ft 300
25-yr 24-hr rainfall, P in 5.0
Land slope, s ft/ft 0.09
Travel time, T;= 0.007 (nL)*® / P*%s%* Compute Ty hr 0.05

Shallow concentrated flow

ID Side slope
Surface description (paved or unpaved) unpaved
Flow length, L ft 150
Watercourse slope, s ft/ft 0.09
Average velocity, V ft/s 4.84
Travel time, T, = L/ 3600 V Compute T, hr 0.01
Chamneifiow
) D Channel | Top Berm | Downchute
Cross sectional flow area, a - ft? 36 56.06 16
Wetted perimeter, py ft 24.65 56.42 20.25
Hydraulic radius, r = a/p,, ft 1.460 0.994 0.790
Channel slope, s ft/ft 0.005 0.005 0.25
Manning's roughness coefficient, n 0.03 0.03 0.03
Vv=1.49r**s"/n ' ComputeV  ft/s 4.52 3.50 21.22
Flow length, L ft 150 180 540
Travel time, T,=L/ 3600 V Compute T, hr 0.01 0.01 0.01
Watershed or subarea T.or T; Total hr 0.09
City of Amarillo — Part III, Att. 6, App. 6A 10 HDR Engineering, Inc.
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Project: |Amarillo Landfill Permit By: mrd Date:| 6-Apr-06

Location: |Subbasin C1 Checked:] mwo Date:
Check one: I Present I¥! Developed
Check one: VM T I T, through subarea
Sheet Flow (T onl
D Side slope
Surface description Bare dirt
Manning's roughness coefficient, n 0.03
Flow length, L ft 300
25-yr 24-hr rainfall, P in 5.0
Land slope, s ft/ft 0.04
Travel time, Ty= 0.007 (nL)*® / P*%s%* Compute Tc  hr 0.07
ID Side slope
Surface description (paved or unpaved) unpaved
Flow length, L ft 610
Watercourse slope, s ft/ft 0.04
Average velocity, V ft/s 3.23
Travel time, Ty=L /3600 V Compute T; hr 0.05
Chammelflow
ID Channel | Top Berm | Downchute
Cross sectional flow area, a ft? 63 56.06 16
Wetted perimeter, p,, ft 30.97 56.42 20.25
Hydraulic radius, r = a/p,, ft 2.034 0.994 0.790
Channel slope, s ft/ft 0.005 0.005 0.25
Manning's roughness coefficient, n 0.03 0.03 0.03
V=1.49r"%s"/n Compute V.  ft/s 5.64 3.50 21.22
Flow length, L ft 150 475 600
Travel time, T,=L /3600 V Compute T, hr 0.01 0.04 0.01
Watershed or subarea T.or T, Total hr 0.16 J
City of Amarillo — Part III, Att. 6, App. 6A 11 HDR Engineering, Inc.
Landfill Permit Amendment Application May 2006

Version 1



Project: |Amarillo Landfill Permit

By: mrd Date:| 6-Apr-06

Checked: mwo Date:

Sheet Flow (T only)

Location: |Subbasin D1
Check one: Il Present ¥ Developed
Check one: M T [} T, through subarea

ID Side slope
Surface description Bare dirt
Manning's roughness coefficient, n 0.03
Flow length, L ft 300
25-yr 24-hr rainfall, P in 5.0
Land slope, s ft/ft 0.04
Travel ime, T,= 0.007 (nL)*®/ P®%s>* Compute T,  hr 0.07

ID | Side slope
Surface description (paved or unpaved) unpaved
Flow length, L ft 1300
Watercourse slope, s ft/ft 0.04
Average velocity, V ft/s 3.23
Travel time, T,=L/ 3600V Compute T, hr 0.1
Channel fiow

ID Channel | Top Berm | Downchute
Cross sectional flow area, a ft? 63 56.06 16
Wetted perimeter, py, ft 30.97 56.42 20.25
Hydraulic radius, r = a/p,, ft 2.034 0.994 0.790
Channel slope, s ft/ft 0.005 0.005 0.25
Manning's roughness coefficient, n 0.03 0.03 0.03
v=1491"s"/n ComputeV  ft/s 5.64 3.50 21.22
Flow length, L ft 250 410 640
Travel time, Ty=L/ 3600V Compute T; hr 0.01 0.03 0.01
Watershed or subarea T, or T, Total hr 0.23 J

City of Amarillo — Part III, Att. 6, App. 6A 12 HDR Engineering, Inc.
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Sheet Flow T- onl

ID
Surface description
Manning's roughness coefficient, n
Flow length, L ft
25-yr 24-hr rainfall, P in
Land slope, s ft/ft

Travel time, T,= 0.007 (nL)*® / P%%s%* Compute T, hr

Project: |Amarillo Landfill Permit By: mrd Date:| 6-Apr-06
Location: |Subbasin E1 Checked:] mwo Date:
Check one: 7 Present ¥ Developed
Check one: V T [ T, through subarea

Top slope

Bare Dirt

0.03

300

5.0

0.04

0.07

hallow concentrated flow

ID Top slope
Surface description (paved or unpaved) unpaved
Flow length, L ft 1515
Watercourse slope, s ft/ft 0.04
Average velocity, V ft/s 3.23
Travel time, T;= L/ 3600V Compute T, hr 0.13
Chamnelflow
ID Downchute| Channel | Top Berm
Cross sectional flow area, a f2 16 78.85 56.06
Wetted perimeter, p,, ft 20.25 34.14 56.42
Hydraulic radius, r = a/py ft 0.790 2.310 0.994
Channel slope, s ft/ft 0.25 0.005 0.005
Manning's roughness coefficient, n 0.03 0.03 0.03
v=1.49r"%s"?/n Compute V. ft/s 21.22 6.14 3.50
Flow iength, L ft 615 350 1680
Travel time, T, =L /3600 V Compute T, hr 0.01 0.02 0.13
Watershed or subarea T or Ty Total hr 0.35
City of Amarillo — Part III, Att. 6, App. 6A 13 HDR Engineering, Inc.
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Project: |Amarillo Landfill Permit By: mrd Date:| 6-Apr-06
Location: |Subbasin F1 Checked:] mwo Date:
Check one: I3 Present ¥ Developed
Check one: VT I3 T, through subarea
Sheet Flow (T only)

ID Top slope
Surface description Bare Dirf
Manning's roughness coefficient, n 0.03
Flow length, L ft 300
25-yr 24-hr rainfall, P in 5.0
Land slope, s ft/ft 0.04
Travel time, T,= 0.007 (nL)*®/ P%%s%* Compute T, hr 0.07

Shallow concentrated flow

ID Top slope
Surface description (paved or unpaved) unpaved
Flow length, L ft 1140
Watercourse slope, s ft/ft 0.04
Average velocity, V ft/s 3.23
Travel time, T,=L/ 3600V Compute T; hr 0.10
Channel flow T
ID Downchute] Channel | Top Berm
Cross sectional flow area, a ft? 16 63 56.06
Wetted perimeter, p,, ft 20.25 30.97 56.42
Hydraulic radius, r = a/p,, ft 0.790 2.034 0.994
Channel slope, s ft/ft 0.25 0.005 0.005
Manning's roughness coefficient, n 0.03 0.03 0.03
V=1.49r*%s"/n ComputeV  ft/s 21.22 5.64 3.50
Flow length, L ft 310 1330 260
Travel time, T,=L /3600 V Compute T, hr 0.00 0.07 0.02
Watershed or subarea T, or T, Total hr 0.25)
City of Amarillo — Part ITI, Att. 6, App. 6A 14 HDR Engineering, Inc.
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Project: |Amarillo Landfill Permit By: mrd Date:] 6-Apr-06
Location: |Subbasin G1 Checked:| mwo Date:
Check one: I Present M Developed
Check one: V T I~ Ty through subarea
Sheet Flow (T onl

ID Top slope
Surface description Bare Dirt
Manning's roughness coefficient, n 0.03
Flow length, L ft 300
25-yr 24-hr rainfall, P in 5.0
Land slope, s ft/ft 0.04
Travel time, Ty= 0.007 (nL)*®/ P®%s** Compute T,  hr 0.07

Shallow concentrated flow
ID Top slope

Surface description (paved or unpaved) unpaved
Flow length, L ft 1250
Watercourse slope, s ft/ft 0.04
Average velocity, V ft/s 3.23
Travel time, T;=L/ 3600V Compute T, hr 0.11
Chamneiflow
: ID Downchute] Channel | Top Berm

Cross sectional flow area, a ft? 16 63 56.06
Wetted perimeter, p,, ft 20.25 30.97 56.42
Hydraulic radius, r = a/p,, ft 0.790 2.034 0.994
Channel! slope, s ft/ ft 0.25 0.005 0.005
Manning's roughness coefficient, n 0.03 0.03 0.03
Vv=1.49r**s" /n ComputeV  ft/s 21.22 5.64 3.50
Flow length, L ft 330 150 560
Travel time, T, =L/ 3600V Compute T, hr 0.00 0.01 0.04
Watershed or subarea T.or T; Total hr 0.23 J
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Project: |Amarillo Landfill Permit By: mrd Date:| 6-Apr-06
Location: [Subbasin H1 Checked:] mwo Date:
Check one: I Present ¥ Developed
Check one: ¥ T [T T, through subarea
Sheet Flow (T only)
ID Top slope
Surface description Bare Dirf]
Manning's roughness coefficient, n 0.03
Flow length, L ft 300
25-yr 24-hr rainfall, P in 5.0
Land slope, s ft/ft 0.04
Travel time, T;= 0.007 (nL)*®/ P®%%* Compute Ty hr 0.07
Shallow concentrated flow
ID Top slope '
Surface description (paved or unpaved) unpaved
Flow length, L ft 1150
Watercourse slope, s ft/ft 0.04
Average velocity, V ft/s 3.23
Travel time, T;=L/ 3600V Compute T, hr 0.10
Channel flow
ID Downchute| Top Berm | Channel | SS Berm
Cross sectional flow area, a ft? 16 56.06 9 36
Wetted perimeter, py ft 20.25 56.42 37.3 247
Hydraulic radius, r = a/p,, ft 0.790 0.994 2574 1.457
Channel slope, s ft/ft 0.25 0.01 0.005 0.005
Manning's roughness coefficient, n 0.03 0.03 0.03 0.03
v=1.49r"*s"/n ComputeV  ft/s 21.22 4.95 6.60 4.51
Flow length, L ft 360 2120 670 660
Travel time, T;=L/ 3600V Compute T, hr 0.00 0.12 0.03 0.04
Watershed or subarea T or T, Total hr 0.36 |
City of Amarillo — Part III, Att. 6, App. 6A 16 HDR Engineering, Inc.
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Project: |Amarillo Landfill Permit By: mrd Date:| 6-Apr-06
Location: |Subbasin H2 Checked:] mwo Date:
Check one: 7 Present ¥ Developed
Check one: vV T, [ T, through subarea
Sheet Flow (T onl
1D Top slope
Surface description Bare Dirt
Manning's roughness coefficient, n 0.03
Flow length, L ft 300
25-yr 24-hr rainfall, P in 5.0
Land slope, s ft/ it 0.04
Travel time, T,= 0.007 (nL)*® / P%%s™* Compute T,  hr 0.07
Shallow concentrated flow
ID Top slope
Surface description (paved or unpaved) unpaved
Flow length, L ft 1500
Watercourse slope, s ft/ ft 0.04
Average velocity, V ft/s 3.23
Travel time, Ty=L/ 3600V Compute T, hr 0.13
Channel flow
ID Downchute| Top Berm | Channel
Cross sectional flow area, a ft? 16 56.06 96
Wetted perimeter, p,, ft 20.25 56.42 37.3
Hydraulic radius, r = a/p,, ft 0.790 0.994 2.574
Channel slope, s ft/ft 0.25 0.01 0.005
Manning's roughness coefficient, n : - 0.03 0.03 0.03
V=1.49r"*s"n ComputeV  ft/s 21.22 4.95 6.60
Flow length, L ft 250 740 900
Travel time, T,=L/ 3600V Compute T, hr 0.00 0.04 0.04
Watershed or subarea T.or T; Total hr 0.28
City of Amarillo — Part III, Att. 6, App. 6A 17 HDR Engineering, Inc.
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Appendix 6A-3: Perimeter Ditches, Channels, Top Berms and Slope
Interceptors
Manning’s Equation for Open Channel Flow
Calculations Using Flowmaster
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Worksheet for Sideslope Berms

Friction Method
Solve For

Manning Formula
Discharge

Roughness Cosfficient 0.030

Channel Slope 0.00500 ftiit
Normal Depth 250 ft

Left Side Slope 025 vH
Right Side Slope 050  fifft (V:H)
Bottom Width 1200

Discharge 24774 ft%s
Flow Area 4875 fi2
Wetted Perimeter 2790 ft
Top Width 2100 ft
Critical Depth 199 ft
Critical Slope 0.01193 ftfit
Velocity 508 fis
Velocity Head 040 ft
Specific Energy 290 ft
Froude Number 067
Flow Type Subcritical

»ﬁvwwwm
Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0

Upstream Depth 000 ft
Profite Description

Profile Head oss 000 ft
Downstream Velocity Infinity /s
Upstream Velocity Infinity  ft/s
Normal Depth 250 ft
Critical Depth 199
Channel Slope 0.00500 fift
Critical Slope 0.01193  fifft

8/4/2005 2:34:38 PM

y Sy , inc. |

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755.1666

Center FlowMaster [08.01.058.00]
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Channel

Friction Method
Solve For

Manning Formula

Discharge

Roughness Coefficient 0.030
Channel Slope 0.00500
Normal Depth 350
Left Side Slope 033
Right Side Slope 033
Bottom Width 1200

Worksheet for Subbasin A1

s

ftft

ft

VH

ftft (V:H)

Discharge 481.54
Flow Area 78.75
Wetted Perimeter 3414
Top Width 3300
Critical Depth 288
Critical Slope 0.01080
Velocity 6.11
Velocity Head 058
Specific Energy 408
Froude Number 0.70
Flow Typé Subcritical

Downstream Depth 0.00
Length 000
Number Of Steps 0
Upstream Depth 0.00
Profite Description

Profile Headoss 0.00
Downstream Velocity Infinity
Upstream Velocity Infinity
Nomal Depth 350
Critical Depth 288
Channel Slope 0.00500
Critical Slope 0.01080

8/4/2005 3:27:41 PM

Bentiey Systems, Inc. Haestad Methods Solution Center
27 Slemons Company Drive Suite 200 W Watertown, CT 06755 USA +1-203-755-1666

FlowMaster [08.01.058.00]
Page 1 of 1
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Worksheet for Subbasin

B1 Channel

Friction Method
Solve For

Manning Formula

Discharge

Roughness Coefficient 0.030
Channel Siope 0.00500
Normal Depth 2.00
Left Side Slope -0.33
Right Side Slope 0.33
Bottom Width 12.00

it

ft

VH

L (V:H)
ft

Discharge 162.30
Flow Area 36.00
Wetted Perimeter 2465
Top Width 2400
Critical Depth 156
Critical Slope 0.01268
Velocity 451
Velocity Head 0.32
Specific Energy 232
Froude Number 065
Flow Type Subcritical

ft¥s
ft2

fift
fifs

Downstream Depth 0.00
Length 0.00
Number Of Steps 0

Upstream Depth 000 ft
Profile Description
Profile Headloss 000 f
Downstream Veiocity Infinity  fuss
Upstream Velocity Infinity  ft/s
Normal Depth 200
Critical Depth 156
Channel Slope 0.00500 fisft
Critical Slope 0.01268 it
Bentley Systems, Inc. Haestad Methods Solution Center FlowMaster [08.01.058.00]
B/4/2005 2:35:44 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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Friction Method
Solve For

inp

Roughness Coefficient
Channel Siope
Normal Depth

Left Side Slope

Right Side Slope
Bottom Width .

Discharge

Flow Area
Wetted Perimeter
Top Width

Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

St £

)

Manning Formula
Discharge

0030
0.00500
2.50
033
0.33
12.00

24822
48.75
2781
27.00

1.98
0.01189
508
040
280
067
Subcritical

Worksheet for Subbasin C1 Channel

s

it
fi

VH

et (V-H)
ft

s
ﬁz

Downstream Depth

Length
Number Of Steps

0.00
0.00

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

0.00

0.00
Infinity
Infinity

250

1.99

0,00500
0.01189

ft/s
ft/s

ftft
it

B/4/2005 2:36:25 PM

Bentley Systems, inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

FlowMaster [08.01.058.00]
Page 1 of 1
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Friction Method
Solve For

Manning Formula
Discharge

Roughness Coefficient

Channel Slope
Normal Depth
Left Side Slope
Right Side Siope
Bottom Width

Discharge

Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

0.030
0.00500
250
033
033
12.00

24822
4875
27.81
27.00

1.99
0.01189
509
040
2.90
0867
Subcritical

ftft

VH
st (V:H)

ftfs
ftz

Downstream Depth

Length
Number Of Steps

Upstream Depth
Profile Description
Profile Headoss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channef Slope
Critical Slope

0.00

0.00
Infinity
Infinity

2.50

1.89

0.00500
0.01189

8/4/2005 2:36:49 PM

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

FlowMaster [08.01.058.00]
Page 1 of 1
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Friction Method
Solve For

Y S

Rt

s

Manning Formula

Discharge

Worksheet for Subbasin E1 Channel

Roughness Coefficient

Channel Slope
Normal Depth
Left Side Slope
Right Side Slope
Bottom Width
Resui
Discharge

Flow Area
Wetted Perimeter
Top Width

Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number
Flow Type

g
frs

Downstream Depth

Length
Number Of Steps

0030
0.00500 it
300
033 VH
033 At (VH)
1200

35421 fts

6300 fi*

3097

3000 ft
243

0.01128 fifit

562 fifs
048 ft
349 ft
068

Subcritical

Upstream Depth 000 ft
Profile Description
Profile Headoss 0.00 ft
Downstream Velocity Infinity  ftfs
Upstream Velocity Infinity  ft/s
Normal Depth 300
Critical Depth 243 1t
Channel Slope 0.00500 fifit
Critical Slope 0.01128 fifit
Bentley Sy , Inc. H Methods Solution Center FlowMaster [08.01.058.00]
B8/4/2005 2:37:22 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06735 USA +1-203-758-1666 Page 1 of 1

City of Amarillo — Part ITI, Att. 6, App. 6A
Landfill Permit Amendment Application

HDR Engineering, Inc.
May 2006
Version 1



F1 Channel

Friction Method
Solve For

Worksheet for Subbasin

Manning Formula
Discharge

72

Roughness Coefficient
Channel Slope
Normat Depth

Left Side Slope

Right Side Slope
Bottom Width

0.030
0.00500
250
0.33
033
12.00

Discharge

Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

248.22
4875
2781
2700

199
0.01189
508
040
290
067
Subcritical

Downstream Depth
Length
Number Of Steps

0.00
0.00

Upsiream Depth
Profile Description
Profile Headoss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

0.00

0.00
Infinity
Infinity

250

198

0.00500
0.01189

8/4/2005 2:38:08 PM

Bentley Systems, Inc. Haestad Metheds Seolution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

FlowMaster [08.01.058.00]
Page 1 of 1
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Friction Method
Solve For

oy

Manning Formula

Discharge

r Subbasin G1 Channel

Roughness Coefficient
Channel Slope
Nomnal Depth
Left Side Siope
Right Side Slope
Bottom Width

i

0.030
0.00500
3.00
033
033
12.00

Discharge

Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number
Flow Type

i
Downstream Depth
Length

Number Of Steps

s

ut D

Wutp

35421
63.00
3097
30.00

243
0.01128
562
049
349
0.68
Subcritical

e

0.00
0.00

fifit
ft/s

Upstream Depth 000 ft
Profile Description
Profile Headloss 0.00 ft
Downstream Velocity Infinity  ftfs
Upstream Velocity Infinity  ftfs
Normal Depth 300 ft
Critical Depth 243 #
Channel Slope 0.00500 fufft
Critical Slope 0.01128 it
v Sy ,Inc. B d Methods Center FlowMaster [08.01.058.00]
8/4/2005 2:38:33 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1

City of Amarillo — Part III, Att. 6, App. 6A
Landfill Permit Amendment Application

HDR Engineering, Inc.
May 2006
Version 1



Worksheet for Subbasin H1 Channel

Friction Method
‘Solve For

o

2

Manning Formula
Discharge

Roughness Coefficient
Channel Slope

Normal Depth

Left Side Slope

Right Side Slope
Bottom Width

Discharge 48154 fts
Flow Area 7875 ft2
Wetted Perimeter 314
Top Width 3300 ft
Critical Depth 288 ft
Critical Slope 0.01080 ftft
Velocity 6.11 ftfs
Velocity Head 058 ft
Specific Energy 408 ft
Froude Number 0.70

Flow Type Subcritical

i
Downstream Depth 0.00
Length 000
Number Of Steps 0

Upstream Depth 000 ft
Profile Description

Profile Head oss 000 f
Downstream Velocity Infinity  fis
Upstream Velocity infinity  ft/s
Normal Depth 350 ft
Critical Depth 288 ft
Channel Slope 0.00500 it
Critical Slope 0.01080 fifft

Bentley Systems, Inc. Haestad Methods Selution Center FlowMaster [08.01.058.00]

8/4/2005 2:39:03 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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Friction Method
Solve For

Manning Formula
Discharge

Worksheet for Subbasin H2 Channel

Roughness Coefficient
Channel Slope
Normal Depth

Left Side Slope

Right Side Slope
Bottom Width

0.030
0.00500
4.00
033
033
12.00

VH
At (V:H)

Discharge

Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Stope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

63147
96.00
37.30
36.00

334
0.01039
6.58
0.67
467
0.71
Subcritical

ftfs
h?
ft

ft

ft
/it
ft/s
ft

Downstream Depth

Length
Number Of Steps

utpit Dat

Upstream Depth
Profile Description
Profile Headoss
Downstream Velocity
Upstream Velocity
Normmal Depth
Critical Depth
Channel Slope
Critical Slope

0.00

0.00
Infinity
Infinity

400

334

0.00500
0.01039

ft
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Worksheet for Downchutes

Friction Method

Solve For Discharge

Manning Formula

Roughness Coefficient
Channel Slope
Normal Depth

Left Side Slops

Right Side Slope
Bottom Width

Discharge

Flow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

Supercritical

33870 ft%s
1600 f*
2025 ft
2000 ft

226 ft

0.01154 it
2147 fiss

6.96
796 it

417

Downstream Depth

Length
Number Of Steps

000
0.00 ft

Upstream Depth 000 ft
Profile Description
Profile Headoss 000 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 100 ft
Critical Depth 226 #
Channel Slope 0.25000 At
Critical Slope 0.01154 ftfit
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Friction Method
Solve For

Manning Formula
Discharge

Roughness Coefficient
Channel Slope
Normal Depth
Left Side Slope
Right Side Slope

0.030

0.00500
250
0.04
033

Discharge

Filow Area
Wetted Perimeter
Top Width

Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

S

Downstream Depth

Length
Number Of Steps

35447
87.59
7053
70.08

2.09
0.01304
405
0.25
275
0.64
Subcritical

ftAit
ft/s

Upstream Depth 000 ft
Profile Description
Profile Headoss 000 ft
Downstream Velocity Infinity  fi/s
Upstream Velocity Infinity  ft/s
Normal Depth 250 1t
Critical Depth 208 ft
Channel Slope 0.00500 ftfft
Critical Slope 0.01304  frifit
Bentley Sy  Inc. | Methods Center FlowMaster [08.01.058.00]
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Friction Method
Solve For

Manning Formula
Discharge

Roughness Coefficient
Channel Slope

Normal Depth

Left Side Slope

Right Side Slope
Bottomn Width

Discharge

Fiow Area
Wetted Perimeter
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

24771
4875
27.90
27.00

1.99
0.01183
5.08
040
290
067
Subcritical

ftAt
ft/s

Downstream Depth
Length
Number Of Steps
:’t"m’ﬁ“:%ls‘"’
AT
Upstream Depth
Profile Description
Profile Headloss

Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Stope
Critical Slope

0.00
Infinity
Infinity

250

1.99

0.00500
0.01193

ft/s
ftfs

ft
ft
fifft
At

8/4/2005 2:34:38 PM

Bentley Systems, Inc, Haestad Methods Solution Center
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25 Year Existing Conditions Velogcities Report

Discharge FoltA 008960 1650 128 11.36

Discharge Foint 8§ LA61E0 §8.00 &7e &n

Dcharge Polnt & 05050 600 253 403

Discharge Foint O £.03200 2400 £.50 322

Discharge Polnt E £.02000 128.08 108 a1

Déscharge Palnt F 018000 7.60 £ 1e.12

Dfecharge Palnt G 04200 19200 &2 547

Déscharge PointH GOYICD 340.09 157 5.44

HDR

i Y e ad Medhodk: Canter FlowMacler (0E¢1.06800]

HTLTO0E 14:35:28 AM 27 Stamant Sompany Drfve Sulls 200'W Walbertown, CT D8TEE WSS +1-208.755-9828 Fage tof 1
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25 Year Proposed Conditions Velocities Report

Discharge Foint & C.0E9E0 136.00 132 1457
Discharge Polnt 8 LDE1CD 2300 657 £33
Céscharge Foint C &ospoe =1 G4E E%rd
Discharge Foint 03250 7400 48 X3
Diecharge Point £ ©.02000 159.00 105 FRe]
Discharge Point F £.18000 1.00 paz 557
Descharge Faint G 504300 810 36 505
Dtecnarge Polnt B 509200 28800 7z 514
HDR
oilley Sycisms, wa. tad Masdhode Boi Conter FlowMagctar {0E.231.068.006]
LDLDODS ¥1:42:08 AM 27 Biemoms Company Drve Jus 200 W Watartown, CT 08788 ULA. »1.253-755.1828 Fags t o8 1
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Appendix 6A-4: Runoff Volume Calculations

SCS Curve Number Method
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HEC-HAS Project: 1994 Existing Permit Basin Model: 1994
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* gurmary of Results

Project s X004 Exioting Permit Pun Name » RFun 1
Start of Fun ¢ 20Jun®4 0000 Bapin Hedsel ¢ 1994 Amarille

End of Fum t 20Jund4 2400 Het. Modsl ¢ 15 Year Storm Event
Exscution Time : 215ap05 0406 Cemtrol Specoe @ Anarille

Hydrologic Dischargs Tine of Volune Drainage
Element Peak Pealk (17 Arsa
(ofa) ££) {eg al)
A 120.41 20 Jun 54 1225 15.622 0.114
A 120.41 20 Jun 94 1225 15.632 0.114
B 56.300 20 Jun 94 1220 6.6463 0. 048
- 56.300 20 Jun 94 1220 6.6462 0. 048
A{L) 70.910 20 Jun 04 1209 5.0621 0. 044
Al 70.210 20 Jun ¥4 1209 5. 0621 0. 044
oL 73.79% 20 Jun 94 1223 9. 2203 0.067
e 73.794 20 Jun 94 1223 5.2203 0. 057
51 111,893 20 Jun $4 1224 14.244 0.103
D-D 76.121 20 Jun 94 1226 10.061 0.073
D 187.55 20 Jun 94 1225 24.208 0.176
B1 $6.797 20 Jun 94 1216 10.312 0,075
E 95.797 20 Jus 94 1216 10.312 4.075
F1 111.57 20 Jun 94 1227 13.540 0.192
P 111,57 20 Jun 94 1223 13.540 0.102
(-4 116.17 20 Jun 84 1225 15.205 0.111
= 76.351 20 Jun 94 1233 11.330 0,083
G-G 158.55 20 Jum 94 1241 25.590 0.148
G 338.74 20 Jun 94 1233 52.124 0.301
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* gummary of Reosults

Project ¢ 1994 Dxiobing Permit

Bun NHame : Run 2

Stmrt of Run t 20JunS4 0000  Hasin Hodel ¢ 1994 Zmarillo
End of Run i 20Jun®d 2400 Met. Hodel + 100 Year Gtorm Bwvent
Exeoution Time ¢ 2USepls 1330 Comtrol Bpesee @ lmarille
Hydroloegia Discharge Tine of Volune Drainage
Element Feak Peak (ac Area
{afa) ££) {og mi)
X 257.99 20 Jun 4 1225 24.367 0.114
3 257.99 20 Jun $4 1225 24.367 0.114
Bl 144.87 20 Jun 54 1220 12.25} v.048
B 144.27 20 Jun 94 1220 12.25% 0. 048
iy 152.33 20 Jun 94 1209 9.2104 0. G444
A1 152.33 20 Jun 54 1208 9.2106 0. 044
el 194.9¢ 20 Jun 54 1223 16.694 0.067
[« 104, 9% 20 Jun 54 1223 16.694 G.067
k8 263.80 20 Jun %4 1223 24.118 0,103
D-D 167.88 20 Jun 94 1226 16.208 0.073
D 430.55 20 Jun 94 1224 40.31% 0.176
E1 216.24 20 Jun 84 1216 16.350 0.075
E 216.24 20 Jun 54 1216 16.350 6. 075
F1 244,61 20 Jun 54 1223 22.077 0.102
F 244.61 20 Jun 54 1223 22.077 0.102
&1 252.79 20 Jun 94 1225 24.104 G.111
H 166.57 20 Jun 34 1231 18.003 0.083
-G 327.10 20 Jun %4 1239 40.661 0.198
G 710.81 20 Jus 94 1231 B2.75¢ 0.381
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Basin: 2005 Amarillo v2
Description: 2005 Amarillo Permit Amendment
Last Modified Date: 18 November 2005
Last Modified Time: 14:52
Version: 2.2.1
Default DSS File Name:
C:\hmsproj\2005_Amarillo_HMS\2005_Amarillo_HMS.dss
Unit System: English
End:

Sink: A
Description: Outlet A - Southwest property boundary
Canvas X: -363.0098
Canvas Y: 337.064
Label X: 16
Label Y: 0
End:

Reservoir: Pond A
Canvas X: -205.759
Canvas Y: 337.253
Label X: -17
Label Y: -26
Downstream: A

Route: Modified Puls

Routing Curve: Storage-Outflow

Initial Outflow: 0

Routing Table in DSS: Yes

Storage-Outflow Table: Pond A(2005 Amarillo v2)
End:

Subbasin: Al
Canvas X: -42.579
Canvas Y: 333.333
Label X: 16
Label Y: 0
Area: 0.144
Downstream: Pond A

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS
Lag: 7

Baseflow: None
End:

Reservoir: Pond C
Canvas X: -213.220
Canvas Y: 643.958
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Label X: -16
Label Y: 18
Downstream: C

Route: Modified Puls

Routing Curve: Storage-Outflow

Initial Outflow: O

Routing Table in DSS: Yes

Storage-Outflow Table: Pond C(2005 Amarillo v2)
End:

Subbasin: C1l
Canvas X: -54.745
Canvas Y: 642.336
Label X: 16
Label Y: O
Area: 0.056
Downstream: Pond C

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS
Lag: 7

Baseflow: None

End:
Sink: C
Description: Outlet C- Northwest property boundary
Canvas X: -363.098
Canvas Y: 643.958
Label X: -17
Label Y: 17
End:

Subbasin: Bl
Canvas X: -47.445
Canvas Y: 498.783
Label X: 16
Label Y: 0
Area: 0.020
Downstream: B

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS
Lag: 6

Baseflow: None

End:
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Sink: B

Description: Outlet B- Western property boundary

Canvas X: -361.314
Canvas Y: 498.783
Label X: 16
Label Y: O

End:

Reservoir: Pond D
Canvas X: 61.566
Canvas Y: 1068.039
Label X: 16
Label Y: 6
Downstream: D

. Route: Modified Puls
Routing Curve: Storage-Outflow
Initial Outflow: 0
Routing Table in DSS: Yes

Storage-Outflow Table: Pond D(2005 Amarillo v2)

End:

Sink: D

Description: Outlet D - Northwest property boundary

Canvas X: 69.343
Canvas Y: 1148.418
Label X: -17
Label Y: 17

End:

Subbasin: D1
Canvas X: 69.343
Canvas Y: 956.204
Label X: 16
Label Y: 0
Area: 0.085
Downstream: Pond D

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS
Lag: 9

Baseflow: None
End:

Subbasin: El
Canvas X: 327.931
Canvas Y: 945.371
Label X: 16
Label Y: O
Area: 0.165
Downstream: E
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LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS
Lag: 13.600000

Baseflow: None

End:
Sink: E
Description: Outlet E - North property boundary
Canvas X: 324.599
Canvas Y: 1150.468
Label X: -17
Label Y: 17
End:

Reservoir: Pond F
Canvas X: 577.859
Canvas Y: 1060.827
Label X: 16
Label Y: 6
Downstream: F

Route: Modified Puls

Routing Curve: Storage-Outflow

Initial Outflow: 0

Routing Table in DSS: Yes

Storage-Outflow Table: Pond F(2005 Amarillo v2)

End:
Sink: F
Description: Outlet F - Northeast property boundary
Canvas X: 577.859
Canvas Y: 1150.852
Label X: -17
Label Y: 17
End:

Subbasin: F1
Canvas X: 577.859
Canvas Y: 956.204
Label X: 16
Label Y: O
Area: 0.069
Downstream: Pond F

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS

Lag: 10
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Baseflow: None
End:

Reservoir: Pond G
Canvas X: 1003.457
Canvas Y: 715.575
Label X: -20
Label Y: 15 -
Downstream: G

Route: Modified Puls

Routing Curve: Storage-Outflow

Initial Outflow: 0

Routing Table in DSS: Yes

Storage-Outflow Table: Pond G(2005 Amarillo v2)
End:

Subbasin: G1
Canvas X: 829.117
Canvas Y: 714.054
Label X: 16
Label Y: O
Area: 0.118
Downstream: Pond G

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS
Lag: 9.100000

Baseflow: None
End:

Sink: G
Description: Outlet A - Southwest property boundary
Canvas X: 1172.587
Canvas Y: 710.549
Label X: 13
Label Y: 16
End:

Reservoir: Pond H2
Canvas X: 987.759
Canvas Y: 517.833
Label X: -6
Label Y: 13
Downstream: H

Route: Modified Puls

Routing Curve: Storage-Outflow
Initial Outflow: 0

Routing Table in DSS: Yes
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Storage-Outflow Table: Pond H2(2005 Amarillo v2)
End:

Sink: H
Description: Outlet A - Southwest property boundary
Canvas X: 1173.171
Canvas Y: 517.574
Label X: 10
Label Y: 17
End:

Subbasin: H2
Canvas X: 801.921
Canvas Y: 517.574
Label X: 18
Label Y: 11
Area: 0.214
Downstream: Pond H2

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS
Lag: 11

Baseflow: None
End:

Subbasin: H1l
Canvas X: 581.619
Canvas Y: 411.883
Label X: 16
Label Y: 0
Area: 0.162
Downstream: Pond H1

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS
Lag: 14

Baseflow: None
End:

Reservoir: Pond H1l
Canvas X: 750.284
Canvas Y: 362.044
Label X: -12
Label Y: -37
Downstream: H1l Channel

Route: Modified Puls
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Routing Curve: Storage-Outflow

Initial Outflow: 0

Routing Table in DSS: Yes

Storage-Outflow Table: Pond H1(2005 Amarillo v2)
End:

Reach: Hl Channel
Description: Channel from Pond H1l to Pond H2
Canvas X: 987.759
Canvas Y: 517.833
From Canvas X: 750.284
From Canvas Y: 362.044
Label X: 3
Label Y: -16
Downstream: Pond H2

Route: Kinematic Wave

Shape: Trapezoid

Length: 2000

Energy Slope: 0.008

Width: 12

Side Slope: 3

Mannings n: 0.03

Number of Increments: 2
End:

Default Attributes:
Default Basin Unit System: English
Default Meteorology Unit System: SI
Default Loss Rate: Initial+Constant
Default Transform: Modified Clark
Default Baseflow: Recession
Default Route: Muskingum
Enable Flow Ratio: No
Enable Evapotranspiration: No
Compute Local Flow At Junctions: No
Missing Flow To Zero: No

End:
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HEC-HALS Project: 2008 Amarillo HMS Basin Model: 2005
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Project: 2005 Amarillo HMS  Simuiation Run: 25 Yr, 2005v2
Start of Rure  20Jun? 894, 00:00 Basin Modgl: 2005 Amarillo v2
Endof Run:  21Jun1984, 00:00 Mstaorologic Model: 25 Year Storm Event
Fxecution Tims: 14Apr2096. 12:48:47 Caonfrol Specifications: Amarille
Volume Units: ACFY
Hydrologic | Drainags Area | Peak Discharge| Time of Peak Volumes
Element (M2} {CGF8) {AC-FT}
A 4, 1940 10,02 20Jun1984._ 12:25 18.36
Al 0.1440 224 ER 20Jun1904, 1208 18.52
B 2.0200 4283 20Jun1964, 12:97 2.57
Bl __ 0.0200 3263 20Jun1994, 12:07 | 257
C D.D560 555 20dun1904, 1218|717
ci . 0.0560 .09 - 20dun1964, 12:08 7.20
D . D.0850 73.79 20dun1eB4, 12023 10.87
D1 - 0.0850 120,98 20Juntedn, 12111 10.82
E 0.1650 _ 158.93 nuniond, 1218|2147
(1 01650 119893 20Jurrivnd, 1218|2317
F 0.0680 19053 200un199d, 1214 |88
F1 0.0690 04.37 | 20Jun1994, 1292 |8/
& 0.1180 81.24 | 20Jun1994, 1233 |+5.05
G1 0.1180 167.34 | 20Jun1894, 1211 [“6.7
H 0.3760 269.23 H_.:'Z_y'un1 004, 12:33 47 85
H1 0,1620 192,95 _ ?,9:-15!1"1 b4, 12.16 20,78
H1 Channel | 0.162D 114.59 N \2‘99291 9084, 12:42 20.61
H2 0.2140 281485 20.]!:212@4'_1 2:13 27 48
Pond A ¢.1440 i04.02 20Junt _9_@&_1‘3:25 18,38
Pond € 0.0560 50.56 20.un1804, 1219 [7.17
Pand D 9.0850 73.7% 200uni994, 12:23 | 1067
Pond F $.0680 9056 20uvinod, 12:14 ) 8",§E
Pand G 2.1180 81.24 20Junt0Q4,12:33 1505 |
Pand H1 £.1620 114.61 20Juntfgd, 1238 2076 |
Pord H2 0.3760 263,23 20 lunt9RA, 12:33 4?.85. e
Paga 1
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Project: 2[}0\;) Amarillo HMS  Simulation Rum: 100 YR, 2Q05v2

Startof Run:  20Jun1894, 0000 Basin Model: 2005 Amarillp v2
End of Run: 21.Jun1984, 00:00 Meteorologic Model: 103 Year Siomn Event
Fxrocutinn Time: 08Apr2006, 13:44:27  Control Specifications: Amarillo
Valume Units: ACFT
‘Hydrologic  { Drainage Area | Peak Discharge] Time of Paak Yolume
Element (MI2) (CF3) {AC-F I
PR $71.85 200un1984, 12:27__| 2057
R X 511.79 20Jun1894, 12:09 | 70.76
B |oozo .52 200un1994, 1208|413
B _|oozo0 462 20Jun1994, 1208 ]4.13
¢ |oosso 8207 200unt994, 1224|1159
ct__ |oosE0 199.03 204un1994, 12:09 | 11.67
D _|o.g8s0 121,00 20Jun1094, 12:27 | 17.48
D1 B.OBEU 28,82 20Jun1994, 12211 17 .56
[ {1650 o £52.80 20Jun1924, 12-16 3404
E1 0.1650 _ | 45280 20bunlgsd, 12:16 [ 34.04
F 0.0880 ) _i209.99 200uniued, 1214 | 14.24
F1 D.0BIC 21581 20Junigid, 1212 [14.35
G D.114¢ 12490 204unistd, 1233 | 24.24
&1 0.1140 38253 _  __|20Jun1884. 12011 | 2437
H 0.376¢ 54120 |2CJun1S54, 1226 | 741
H1 0.1624 138.56 _ |20Jun1984,12:16  j43.42
H1 Channal | 0.1620 17212 | 2tJun1594, 1243 jua
H2 0.2140 84320 |z6uun1oma, 1213|4418
Pond A 0.1440 171.85 Z0JurtD9d, 12:27 | 2967
Pond C 0.0560 22.77 20Jurt0g4, 12:24 | 14.69
Pond D 0.0850 124.00 20Jur1994, 12:27 | 17.4¢
Pond F 0.0R20 239.99 20Jur1994, 12214 [14.22
Pord G 0.160 124.50 20Jun1994, 12:33 _[24.22
Ponr H1 D.1620 172,55 20Jun1994,12:40 13332
PPond H D.3760 541.29 20Jun1994,12:26 [ 77.11
Page 1
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Basin: 2005 Amarillo v2
Description: 2005 Amarillo Permit Amendment
Last Modified Date: 12 January 2006
Last Modified Time: 14:31:48
Version: 3.0.0
Unit System: English
Missing Flow To Zero: No
Enable Flow Ratio: No
Allow Blending: No
Compute Local Flow At Junctions: No

End:
Sink: A
Description: Outlet A - Southwest property boundary
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: -271.0778263959393
Canvas Y: 382.29425482233506
Label X: 16.0
Label Y: 0.0
End:

Reservoir: Pond A
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: -107.31311065989843
Canvas Y: 386.4891172588833
Label X: -17.0
Label Y: -26.0
Downstream: A

Route: Modified Puls

Routing Curve: Storage-Outflow

Initial Outflow: 0

Routing Table in DSS: Yes

Storage-Outflow Table: Pond A(2005 Amarillo v2)
End:

Subbasin: Al
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: 49.441173604060914
Canvas Y: 378.56325482233507
Label X: 16.0
Label Y: 0.0
Area: 0.144
Downstream: Pond A

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS

Lag: 7
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Baseflow: None
End:

Reservoir: Pond C
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: -111.99210253807101
Canvas Y: 640.71434263959%4
Label X: -16.0
Label Y: 18.0
Downstream: C

Route: Modified Puls

Routing Curve: Storage-Outflow

Initial Outflow: O

Routing Table in DSS: Yes

Storage-Outflow Table: Pond C(2005 Amarillo v2)
End:

Subbasin: Cl
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: 35.71550964467006
Canvas Y: 643.8956639593908
Label X: 16.0
Label Y: 0.0
Area: 0.056
Downstream: Pond C

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS
Lag: 7

Baseflow: None
End:

Sink: C
Description: Outlet C- Northwest property boundary
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: -272.63749035533
Canvas Y: 645.5176639593908
Label X: -17.0
Label Y: 17.0
End:

Subbasin: Bl
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: 45.533957360406134
Canvas Y: 511.2622340101524
Label X: 16.0
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L.abel Y: 0.0
Area: 0.020
Downstream: B

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS

Lag: 6
Baseflow: None
End:
Sink: B

Description: Outlet B- Western property boundary
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: -281.77113807106605
Canvas Y: 500.34266395939096
Label X: 16.0
Label Y: 0.0
End:

Reservoir: Pond D
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: -76.2299071590761
Canvas Y: 969.7584775791952
Label X: 16.0
Label Y: 6.0
Downstream: D

Route: Modified Puls

Routing Curve: Storage-Outflow

Initial Outflow: 0

Routing Table in DSS: Yes

Storage-Outflow Table: Pond D(2005 Amarillo v2)
End:

Sink: D
Description: Outlet D - Northwest property boundary
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: 62.69026091370563
Canvas Y: 1074.300923350254
Label X: -17.0
Label vY: 17.0
End:

Subbasin: D1
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: 58.42535228426395
Canvas Y: 889.1384497461929
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Label X: 16.0
Label Y: 0.0

Area: 0.085
Downstream: Pond D

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS
Lag: 9

Baseflow: None
End:

Subbasin: El1
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: 334.1696558375634
Canvas Y: 870.5071299492387
Label X: 16.0
Label Y: 0.0
Area: 0.165
Downstream: E

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS
Lag: 13.600000

Baseflow: None
End:

Sink: E
Description: Outlet E - North property boundary
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: 334.07178984771576
Canvas Y: 1078.9799152284265
Label X: -17.0
Label Y: 17.0
End:

Reservoir: Pond F
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: 602.8136233502538
Canvas Y: 964.1278345177666
Label X: 16.0
Label Y: 6.0
Downstream: F

Route: Modified Puls
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Routing Curve: Storage-Outflow

Initial Outflow: 0

Routing Table in DSS: Yes

Storage-Outflow Table: Pond F(2005 Amarillo v2)
End:

Sink: F
Description: Outlet F - Northeast property boundary
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: 613.2516385786803
Canvas Y: 1052.4656279187818
Label X: -17.0
Label Y: 17.0
End:

Subbasin: F1l
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: 602.8136233502538
Canvas Y: 859.5048345177665
Label X: 16.0
Label Y: 0.0
Area: 0.069
Downstream: Pond F

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS
Lag: 10

Baseflow: None
End:

Reservoir: Pond G

Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: 909.5877908629443
Canvas Y: 721.8168685279188
Label X: -20.0

Label Y: 15.0

Downstream: G

Route: Modified Puls

Routing Curve: Storage-Outflow

Initial Outflow: O

Routing Table in DSS: Yes

Storage-Outflow Table: Pond G(2005 Amarillo v2)
End:

Subbasin: Gl
Latitude Degrees: 0.0
Longitude Degrees: 0.0
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End:

Sink:

End:

Canvas X: 719.9405228426397
Canvas Y: 718.7329918781726
Label X: 16.0

Label Y: 0.0

Area: 0.118

Downstream: Pond G

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS
Lag: 9.100000

Baseflow: None

G

Description: Outlet A - Southwest property boundary
Latitude Degrees: 0.0

Longitude Degrees: 0.0

Canvas X: 1063.4105228426397

Canvas Y: 715.2279918781726

Label X: 13.0

Label Y: 16.0

Reservoir: Pond H2

End:

Sink:

End:

Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: 864.3575360406091
Canvas Y: 567.4101365482235
Label X: -6.0

Label Y: 13.0

Downstream: H

Route: Modified Puls

Routing Curve: Storage-Outflow

Initial Outflow: O

Routing Table in DSS: Yes

Storage-Outflow Table: Pond H2 (2005 Amarillo v2)

H

Description: Outlet A - Southwest property boundary
ILatitude Degrees: 0.0

Longitude Degrees: 0.0

Canvas X: 1037.480235532995

Canvas Y: 573.721902538071

Label X: 10.0

Label Y: 17.0

Subbasin: H2

Latitude Degrees: 0.0
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Longitude Degrees: 0.0
Canvas X: 666.230235532995
Canvas Y: 573.721902538071
Label X: 18.0

Label Y: 11.0

Area: 0.214

Downstream: Pond H2

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS
Lag: 11

Baseflow: None
End:

Subbasin: Hl
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: 445.928235532995
Canvas Y: 468.0309025380711
Label X: 16.0
Label Y: 0.0
Area: 0.162
Downstream: Pond H1

LossRate: SCS
Percent Impervious Area: 0.0
Curve Number: 78

Transform: SCS
Lag: 14

Baseflow: None
End:

Reservoir: Pond H1
Latitude Degrees: 0.0
Longitude Degrees: 0.0
Canvas X: 614.593235532995
Canvas Y: 418.1919025380711
Label X: -12.0
Label Y: -37.0
Downstream: H1l Channel

Route: Modified Puls

Routing Curve: Storage-OQutflow

Initial Outflow: O

Routing Table in DSS: Yes

Storage-Outflow Table: Pond H1(2005 Amarillo v2)
End:

Reach: H1 Channel
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End:

Description: Channel from Pond Hl1l to Pond H2

Latitude Degrees: 0.0

Longitude Degrees: 0.0

Canvas X: 864.3575360406091
Canvas Y: 567.4101365482235
From Canvas X: 614.593235532995
From Canvas Y: 418.1919025380711
Label X: 3.0

Label Y: -16.0

Downstream: Pond H2

Route: Kinematic Wave
Shape: Trapezoid
Length: 2000

Energy Slope: 0.008
Width: 12

Side Slope: 3

Mannings n: 0.03
Number of Increments: 2

Basin Schematic Properties:

End:

Last View N: 5000.0

Last View S: -5000.0
Last View W: -5000.0
Last View E: 5000.0
Maximum View N: 1150.852
Maximum View S: 333.333
Maximum View W: -363.098
Maximum View E: 1173.171
Extent Method: Elements
Buffer: 0

Draw Icons: Yes

Draw Icon Labels: Yes
Draw Gridlines: Yes
Draw Flow Direction: No
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Project: Amarillo Landfill Permit By: cp Date:| 26-Jun-05
Location: Entire Project Site Checked: srw Date:] 17-Aug-05
Check one: ™ Existing ¥ Developed
Area
. D sg. mi.
Soil Name Hyg:gl:’?'c Cover Description CN [ acres CN x Area
%
Estacdo Clay Two-ft thick erosion/vegetation
Loam Unknown layer 0|
Pullman Clay Two-ft thick erosion/vegetation
Loam D layer 84 43 3612
Posey Clay Two-ft thick erosion/vegetation
Loam B layer 69 31.5 2173.5
Veal-
paloduro Two-ft thick erosion/vegetation
assoc. B layer 69 2 138,
Potter-
mobeetie Two-ft thick erosion/vegetation
ASSOC ] layer 79 20 1580,
Totals 96.5 7503.5
CN (weighted) 78

HDR Engineering, Inc.
May 2006
Version 1
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Part III - Attachment 6

Appendix 6B: Erosion and Sediment Control Plan

for

City of Amarillo Landfill

Potter County, Texas
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1.0 INTRODUCTION

This Erosion and Sedimentation Control Plan was developed to provide structural and non-
structural erosion and sediment control measures for the City of Amarillo Landfill, which is
operated by the City of Amarillo, Texas. These control measures will provide for the appropriate

engineering and management mitigation of soil erosion and control of sedimentation

2.0 EROSION AND SEDIMENTATION CONTROL

The prevention of erosion provides the most effective means to reduce the amount of soil loss
during construction of the landfill. The primary goal of erosion control is to minimize the area of
disturbance through the phasing of construction activities, implementation of intermediate
erosion control practices, and the timely re-vegetation of inactive areas. This section describes
the structural and non-structural controls for erosion and sedimentation control that will be

employed at the Landfill throughout the life of the facility.

Silt fences or equivalent will be stationed downslope of all disturbed areas. If sedimentation builds
up in the on-site drainage ditches, it will be removed. After a phase has been completed, vegetation
will be maintained on the final cover. Vegetation will be compatible with the final cover system

and will be adequate to control runoff

The water erosion potential of onsite soils is moderate. Natural soil fertility is high, which gives rise
to favorable crop production with only minimum tillage. Any areas of the final cover or drainage

ways that become visually rutted or have large areas of bare ground will be corrected in a timely

manner.
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3.0 EROSION AND SEDIMENTATION CONTROLS

3.1 General
3.1.1 Channel stabilization

Natural channels along the west edge of the landfill will be left in their natural condition. Channel
improvements to the ditch are proposed to control the runoff from the last portions of the landfill to
be developed. These improvements will be stabilized by vegetation. Rock riprap protection will be
placed at all concentrated discharge points in natural and manmade channels onsite and at site
boundaries. The channels were designed so as not to exceed a velocity of 6 feet per second. Ditch

cross-sections and channel slopes are to be constructed accordingly.

3.1.2 Vegetation

Manmade channels will be revegetated with native grasses or other appropriate grass to control

erosion and provide channel stability.

3.2  Structural Controls
3.2.1 Description of Controls

Structural controls are those items that neéd to be constructed or installed to limit erosion.
Structural controls will be implemented as necessary during the developmental, operational, and
closure phases of the landfill life cycle. Structural controls used in the operation of the landfill
include water trucks for dust suppression, all-weather access roads into the landfill, diversion
ditches, perimeter ditches, silt fences, straw bales, stabilized construction entrances, rock filter

berms, earth diversion berms, rock riprap, and revegetation of landfill side slopes.

The design of structural drainage controls includes setting maximum grades when designing the
side walls, constructing diversion ditches, and limiting runoff to non-erosive velocities. The use of
several point discharge locations around the landfill perimeter helps to reduce the potential of large

concentrated flows.
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3.2.2 Installation and Removal Schedule for Controls

The structural controls mentioned above have been incorporated into the permanent operation of the
landfill. Temporary earth berms and interceptor ditches will be constructed as appropriate during
the landfill development process. Also, the initial filling operation will proceed in an uphill
direction in all cells that include a leachate collection system so that an "active" leachate collection
line is always available. Cells that do not have a leachate collection system will be developed in the
reverse direction, from the floor high point to the low point. Those cells will have contaminated
water control berms and uncontaminated water removal as appropriate to minimize the amount of

runoff that comes into contact with waste.

Interim and permanent structural controls will be constructed in accordance with the Sequence of
Development as provided in the Site Operating Plan. In general, the following types of erosion

controls will be used at the facility:

3.2.3 Soil Stockpiles

Soil stockpiled for interim and final cover will be placed as described in the Site Operating Plan.
Drainage controls will be placed around the stockpile areas to divert surface water run-on away

from the disturbed areas.

3.2.4 Drainage Channel and Diversion Berms

Perimeter drainage channels will be constructed to divert run-off around the landfill and into
stormwater detention basins and existing drainage conveyances. Drainage channels will be
designed to convey the computed 25-year 24 hour storm water flow without overtopping, while

maintaining non-erosive velocities.

Final cover diversion berms and side slope interceptors will be constructed to control stormwater
runoff, as well as to act as energy dissipators and sediment control structures. Details on
channels and berms may be found in the main text and drawings of Attachment 6, while design

calculations may be found in Appendix 6A of Attachment 6.
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3.2.5 Vegetation

Areas of the landfill that reach final design elevations will be vegetated as soon as practicable to
control runoff erosion. Intermediate slopes may also be vegetated depending on the length of
time the area is exposed prior to resuming filling operations. It is likely that some soil will
remain stockpiled for éxtended periods of time. Therefore, silt fences will be installed to prevent

erosion runoff.

Prior to establishment of vegetative erosion protection, several representative soil samples will
be collected and analyzed for nutrient content. Sample collection and analysis will be carried out
in accordance with the procedures recommended by the Texas Agricultural Extension Service. If
the soils are found to be nutrient deficient, provisions for appropriate fertilization will be made.
Seedbed preparation, in accordance with good re-vegetation practices, will be followed prior to

seeding.

Areas requiring intermediate vegetative cover for erosion protection during the cool seasons will
be mulched and seeded with a fast-germinating grass species such as Red and/or Winter Wheat,
Western Wheatgrass, and Tall Fescue or other species as recommended by the local Natural
Resource Conservation Service (NRCS), and/or Texas Agricultural Extension Service officials,

and/or other approved source.

Due to the drainage and erodibility characteristics of the onsite soils, combined with the need for
native vegetation to be established quickly, irrigation will only be administered at the time of
seedbed preparation and during extreme drought conditions. If intermittent irrigation is found to
be necessary, an appropriate watering device (e.g., sprinkling system) will be used. = Water

trucks may also be used to supply irrigation water.

3.2.6 Silt Fences and Other Interim Controls

Silt fences will be installed around the base of soil stockpile areas, active excavation and

construction areas, and other areas as necessary to control the accumulation of silt at stormwater

City of Amarillo — Part III, Att. 6, App. 6B 6 HDR Engineering, Inc.
Landfill Permit Amendment Application December 2005
Administrative Review Version 0



runoff control measures. It may be necessary to install silt fences, straw bales, or other controls

at interim locations, which will be determined as the landfill is developed.

33 Non-structural Controls
3.3.1 Description of Controls

Non-structural controls used in the daily operation of the landfill include material handling
requirements, i.e., covered loads, fully contained disposal trucks, cover of the active portion of the
landfill, vegetative buffer strips, graded waterways, housekeeping practices, wind blown waste

collection, vector control, and access control.

Non-structural controls also include maintenance of the landfill facilities with regard to soil loss
and sediment deposition. The cover system will be maintained by revegetating those areas that
have insufficient vegetation and/or by relocating silt fences as needed. Sediment will be
removed from diversion berms, slope interceptors, and perimeter channels as necessary to
maintain functional drainage facilities. Culverts will be maintained free of excess siltation,
inspected on a monthly basis and after representative storm events, and cleaned as required based
on the inspection. Vegetation in downchutes will be maintained at an appropriate height. The

channel linings will be inspected for damage on a monthly basis and after severe storm events.

Maintenance of erosion and sedimentation controls is an integral part of the daily operation of
the landfill. The Landfill Supervisor is responsible for the installation and maintenance of all

erosion and sedimentation controls.

To provide the Landfill Supervisor with further guidance in the selection, installation, and
maintenance of erosion control and sediment loss prevention devices, Section 9 of this Appendix
includes details taken from Stormwater Quality Best Management Practices for Construction
Activities, Section 4, Best Management Practices, (North Central Texas Council of
Governments, 1993) and Usage Guidelines and Details for Temporary Erosion, Sediment and
Water Pollution Control Measures, Sheets EC(1)-93 through EC(8)-93 (Texas Department of
Transportation, 1993).
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3.3.2 Installation and Removal Schedule for Controls
Employee training programs and special seminars are to be held periodically to educate personnel in
the proper manner in which waste is to be landfilled. The Landfill Supervisor and site operators will

also have direct control over operations to assure compliance with applicable regulations.
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4.0 MAINTENANCE OF CONTROLS

4.1 Schedule

A schedule of maintenance for the necessary controls is conducted on a daily and weekly basis. The
maintenance activities are considered an integral part of the daily operation of the landfill. As the
landfill progresses, these controls will be monitored for compliance with State and Federal Solid

Waste Regulations and TPDES regulations regarding storm water runoff.

4.2  Maintenance Requirements for Each Control

Equipment maintenance will be conducted in a covered workshop. All-weather access roads will be
inspected periodically for any damaged sections. Diversion ditches, perimeter channels will be
inspected periodically for erosion control problems, and ditches will be mowed on a regular basis.
Silt fences will be constructed as necessary for control of sediment laden runoff. Maintenance of
vegetation will be carried out continually on the landfill side slopes and in areas where permanent
drainage facilities have been constructed. Care will be taken with placement and construction of the

bottom, side and final liner materials.

4.3  Responsible Party for Maintenance

The responsible party for maintenance of erosion controls will be the Landfill Supervisor for the
landfill.
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5.0 DUST REDUCTION MEASURES

Water trucks will be used for dust suppression for access roads and haul roads around the landfill.

6.0 POLLUTION PREVENTION MEASURES

The pollution prevention measures mentioned above will be used during the course of landfill
operation. The projected life of the landfill is 110 years. The TCEQ and the U. S. Environmental
Protection Agency have oversight of the landfill operation. Both structural and non-structural

pollution measures will be used to control storm water run-on and run-off.

7.0 PERMANENT STABILIZATION MEASURES

Permanent stabilization measures include, but are not limited to, vegetation of the landfill side
slopes and drainage ditches, installation of rock riprap protection, construction of berms and ditches
for runoff diversion around the landfill excavations, and preservation of the natural buffer areas to

the greatest extent possible outside the landfill footprint.
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8.0 SOIL LOSS CALCULATION

TCEQ solid waste regulations require the demonstration of long-term erosion stability of the
landfill. This requires an estimation of annual soil loss. The Universal Soil Loss Equation
(USLE) is recommended by the regulations to determine the amount of soil loss expected at the
site. The Revised USLE (RUSLE), however, does a better job taking into account the length and
slope (LS factor) and cover (C factor) for different site and management situations. The
Agricultural Research Service (ARS) Agricultural Handbook Number 703 (USDA-ARS, 1997),
Predicting Soil Erosion by Water: A Guide to Conservation Planning with the Revised Universal
Soil Loss Equation explains the use of the RUSLE and how to adjust individual subfactors to
account for differences at individual sites. As the RUSLE method is still considered to be a
conservative estimate of soil erosion erring on the side of increased environmental protection, it

was followed for purposes of estimating yearly site erosion.

The slope length/steepness factor have been modified from the older SCS handbook method
using ARS Handbook Number 703 to provide more representative results for landfill side slopes
and top dome erosion estimates. The following soil loss calculations depict the various RUSLE
factors used to estimate soil erosion. The rainfall factor (R) was taken from the ARS Agriculture
Handbook Number 703. The soil erodibility factor (K) was determined utilizing an average
value given in the Potter County Soil Survey Manual. Using this soil survey, a conservative
average K-factor value was calculated to be approximately 0.32. The cover factor (C) was
determined using a modified subfactor approach for agricultural lands (Haan ef al, 1994; USDA-
ARS, 1997). The canopy cover subfactor (C.) of 0.115 is representative of a 0.17-ft (2 in) high
bermudagrass vegetative canopy cover of 90 percent. A pre-establishment intermediate cover
(e.g., hydromulch, cultipacked straw mulch, temporary erosion control blankets, etc.) over bare
soil for the first year after completion of the final landfill cover will be utilized to give an
effective surface cover of about 80 to 90 percent. A conservative estimate of 90 percent ground
cover after vegetative establishment was utilized to calculate a surface cover subfactor (Cs)
value of 0.018, which will apply for all subsequent years. The overall C factor computed using

the RUSLE was 0.002.
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Based on the revised LS and C factors utilized by the RUSLE, it is anticipated that a composite
average of approximately 2.45 tons per acre of soil will erode annually from the site. This is
based on modeling the final cover slope as three separate segments that combine to form a
convex cover slope. The value obtained from this analysis is very conservative and will
probably over-predict the actual amount of cover erosion each year, as it does not take into
account the deposition and sediment trapping that will take place at each cover segment due to
the diversion berms. The following calculation sheets show the RUSLE process used to

calculate the annual soil loss.

RUSLE SOIL EROSION CALCULATIONS

= 100 for this area Fig. 2-1, ARS Handbook #703 (1997).

A Po ey' ClayLoam o
Pullman Clay Loam, Potter-Mobeetie Association, and Veal-Paloduro Association
Soil Survey of Potter County, TX (1980).

Pages 263 - 266 (Haan et al, 1994).

bt

LS: S éﬁen;;ji Slope

Slope Slope Slope Slope Slope (Ifex Uniform SAF, Segment
Segment Shape  Length (ft) (%) Exponent (degrees) Slope LS Factor,
(m) LS Factor,
1 Convex 4050 4 0.36 2.29 34.69 1.30 45.09
2 Convex 320 25 0.64 14.03 41.87 1.50 62.81
3 Convex 1800 0.5 0.08 0.29 4.03 1.08 435
o= 6170 0= 11225
LS=  37.42

@ Eqn. (8.40) x Eqn. (8.43) (Haan et al, 1994).
b Interpolated from Table 8.7 (Haan et al, 1994).
¢ Product of Uniform LS Factor and SAF (Haan et al, 1994).

1.0 Conservative estimate used.

RKLSCP
= 245 Tons/Acre/Year
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RUSLE SOIL C-FACTOR CALCULATION

jor land us
1.0 for rangeland Table 8-10.B, page 271 (Haan et al, 1994).

SR

10p

1-F. exp (-0.1H) Egn. (8.52), page 270 (Haan et al, 1994).
F. = fraction of surface covered by canopy
= 0.90 Conservative estimate adjusted from value
of 1.00 for mature bermudagrass in Table 5-3, page 171,
ARS Handbook #703 (1997).

H = average canopy height (feet)

0.17 Conservative estimate adjusted from value
0.1 for mature bermudagrass in Table 5-3, page 171,
ARS Handbook #703 (1997).

R o
= exp{-bRc[6/(6+Ra]""}
b = constant
= 4.5 Table 8-10.B, page 271 (Haan et al, 1994).
R = fraction ground cover

= 0.90 Conservative estimate adjusted from value
of 1.00 for mature bermudagrass in Table 5-3, page 171,
ARS Handbook #703 (1997).

Rg = surface roughness variable
= (25.4 Ry -6)[1-exp (-0.0015R))[exp(-0.14P1)]  Egn. (8.55), page 271(Haan et al, 1994).
Ry = random roughness

= 0.8 Conservative estimate used from ARS Handbook #703, Table 5-6.
Rg. total root and buried residue [Ib/acre]
= 1200 Conservative estimate adjusted from value of 2400 taken

from Table 5-3, page 171, ARS Handbook #703 (1997).

P;= average yearly rainfall
= 19.7 inches National Weather Service, North Texas Weather Climate
=  0.758 Summary (NWS, 2001).

i

Eqn. (8.62), page 273 (Haan et al, 1994).

= exp (-0.026Rg)

Rg = surface roughness variable * * From Surface Cover (C ;. ) computation above.
= 0.758

= CpluCccCscCsrCsm

= 0.002
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9.0 BEST MANAGEMENT PRACTICES, USAGE GUIDELINES, AND DETAILS

Information contained in this section is reprinted from guidance documents and design details
produced by the North Central Texas Council of Governments and the Texas Department of
Transportation. The following sheet (Figure II1.6B.1) defines general guidelines and details for
construction and maintenance of erosion and sediment control structures (i.e., structural BMPs)

that may be needed for stabilization during landfill construction and operation.
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1.0 GENERAL

This section includes the Closure Cost Estimate (Table 111.8.1) and Post-Closure Cost Estimate
(Table II1.8.2) for the City of Amarillo Landfill.

1.1 Financial Assurance

In order to address financial assurance requirements, the City of Amarillo will submit
documentation to verify its compliance with Chapter 37, Subchapter R: Financial Assurance for
Municipal Solid Waste Facilities upon receipt of this amendment. The combined cost of closure
and post-closure is $12,645,053. This cost estimate is based upon Year 2005 dollars (escalated
by 5% per annum to 2008) and provision of service by a third party. The unit costs used are
based on previous projects in the area. This estimate also assumes that the largest landfill area
that would require final cover at one time is 526 acres. The City has built cells in approximately
10 acre phases. Worst case scenario is for final closure of the entire site (526 acres) with 70 feet

of depth for a 10 acre phase needing filling to maintain drainage.

Post-closure care estimates include activities associated with the entire site.
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