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).
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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.
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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

City of Amarillo — Part ITI, Att. 6, App. 6D
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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
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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
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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

City of Amarillo — Part ITI, Attachment 6 23
Landfill Permit Amendment Application




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
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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.
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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.

Landfill Permit Amendment Application

May 2006
Version 1



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
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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
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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]
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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
City of Amarillo — Part II1, Att. 6, App. 6A 32 HDR Engineering, Inc.
Landfill Permit Amendment Application May 2006

Version 1



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:
City of Amarillo — Part III, Att. 6, App. 6A 39 HDR Engineering, Inc.
Landfill Permit Amendment Application May 2006

Version 1



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
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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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Table II1.8.1: Closure Costs

City of Amarillo Solid Waste Disposal Facility

MSW Permit No. 73A

Item Quantity Unit | Unit Cost ] Total

Engineering

Topo Survey 1 LS* $7,500 $7,500

Boundary Survey 40 HR $80 $3,200

Site Evaluation and Development of Plans 1 LS $25,000 $25,000

Closure Plan 1 LS $10,000 $10,000

Construction Observation/Testing 400 HR §75 $30,000
Subtotal $75,700
Contingency 20% $15,140
Total Engineering $90,840
Construction

Plug and Abandon Wells 22 EA $8,000 $176,000

Plug and Abandon Piezometers 5 EA $5,000 $25,000

Fill to grade 1,129,333 CY $2.00 $2,258,667

Infiltration Layer (12 inches)

Placing/grading/compaction 848,013 CY $1.50 $1,272,020
Erosion/Vegetative Layer (24 inches) 1,697,227 CY $1.50 $2,545,840
Vegetation 526 | ACRE $1,000.00 $526,000
Backfill/grading/drainage 1 LS $100,000.00 $100,000
Methane Gas Control Wells 10 EA $1,000.00 $10,000

Subtotal $6,913,526
Contingency 20% $1,382,705
Total Construction $8,296,231
Total Closure Costs (2005) $8,387,071
5% increase for 2006 $8,8006,425
5% increase for 2007 $9,246,746
5% increase for 2008 $9,709,084

* LS = Lump Sum
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Table I11.8.2: Post-Closure Care Costs
City of Amarillo Solid Waste Disposal Facility
MSW Permit No. 73A

Description | Quantity | Unit l Unit Costs ] Total Costs
One-Time Costs
Site Post-Closure Plan Update 1 LS* | § 15,000 $15,000
Contingency 20% $3,000
Subtotal $18,000
Annual Costs
Site Inspections and Report 40 HR | § 80 $3,200
Correctional Plans & Specs 1 LS $ 3,500 $3,500
Site Monitoring Groundwater Wells**** 22 EA $ 1,250 $27,500
Site Monitoring Gas Probes 20 EA $ 50 $1,000
Maintenance™** 1 i $ 34,750 $34,750
Subtotal Annual Cost $69,950
Contingency 20% $13,990
Total Annual Costs $83,940
30-year Post-Closure Total***(2005) $2,536,200
5% increase for 2006 $2,663,010
5% increase for 2007 $2,796,161
5% increase for 2008 $2,935,969

* Lump Sum
ok

Maintenance may include leachate pumps, leachate collection system repairs, electrical, mowing, gate/fence repair,

erosion and access control, surface water control, seeding, monitor well maintenance, and methane gas system

repairs. See Table below.
Feokok

30-year Post-Closure Total includes the entire project site.

*#%* Site Monitoring assumed semi-annual and includes wells and probes around the entire site.

Total Estimated Closure and Post-Closure Costs $12,645,053
Itemized Maintenance Costs

Description Quantity | Unit Unit Costs Total Costs
Leachate Pumps 1 EA $2,750 $2,750
Leachate Collection System 1 YR $1,000 $1,000
Electrical 1 YR $500 $500
Mowing 526 AC $50 $26,300
Gate/fence Repair 1 YR $500 $500
lsizg‘sjii?;; and Access Control, Surface Water Control, 1 YR $1,000 $1,000
Monitor Well Maintenance & Pump Replacement 1 EA $2,500 $2,500
Methane Gas System Repairs 20 EA $10 $200
Subtotal Annual Cost $34,750
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Applicant’s Statement

As the authorized representative of the City of Amarillo in relation to the permit application to
operate a municipal solid waste landfill site, I offer the following statement pursuant to 30 TAC
330.56(i). The City of Amarillo is familiar with the engineer’s Site Development Plan, and is
aware of all commitments represented in that plan. Furthermore, the City is familiar with all
pertinent requirements contained in Title 30, Chapter 330 of the TAC regulations, and agrees to
develop and operate the site in accordance with the plan, the regulations, and any special permit

provisions that may be imposed.

Mr. Alan M. Taylor ~—

City Manager
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1.0 INTRODUCTION

1.1 General

This Soils and Liner Quality Control Plan (SLQCP) presents engineering and quality control requirements for
construction of the City of Amarillo Municipal Solid Waste Landfill composite liner system. The SLQCP shall be
used in conjunction with the Site Development Plan and final construction drawings and specifications. The SLQCP

shall address the following:

= A Construction Quality Assurance (CQA) Program and the CQA procedures to be implemented during the
composite liner construction including field observation, laboratory and field testing, and acceptance
criteria for constructed work.

» Recording and documenting procedures to demonstrate that the constructed composite liner meets the
requirements of project plans, specifications and this SLQCP.

» Lines of communication as well as responsibilities and role of the CQA team and other project related
personnel.

*  Report submittals required by the Texas Commission on Environmental Quality (TCEQ).

The liner for Cells 1-3 were designed and constructed prior to Subtitle D liner standards and relied on in-situ soils
with no system for leachate collection. For the vertical expansion, Cells 1-3 will utilize the impermeable clay cap of
the existing final cover system as a barrier layer and leachate management system. The cap will be graded to drain
into surrounding cells where a leachate collection and removal system has been installed. The remaining cells will

be lined with a geosynthetic clay liner, a HDPE flexible membrane liner, and a drainage geonet and protective cover.
1.2 Definitions

This section provides the definitions for terms used in this SLQCP.

Earthwork Contractor — The firm responsible for excavation and subgrade preparation during liner

installation. The firm may also be responsible for placing protective cover and granular drainage materials

over the installed liner system.

Geomembrane Lining (GML) — An essentially impermeable synthetic material used as an integral part of a
liner system. It is sometimes referred to as a geomembrane, sheet or panel. At this site, the GML will

consist of 60 mil High Density Polyethylene (HDPE) material.

Geosynthetics — A generic classification given to synthetic (man-made) materials used in geotechnical

engineering applications. Included are: geomembrane liner, geosynthetic clay liner, geotextiles, geonets,

geogrids, geocomposites, and geocells. —".'\E‘B}\}'\\\
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Geosynthetic Clay Liners (GCL) — Factory manufactured hydraulic barriers typically consisting

of bentonite clay or other very low permeability clay material which is supported by geotextiles

and/or geomembranes which are held together by needling, stitching, and/or chemical bonding.

Geosynthetics Contractor — The firm responsible for handling, storing, placing, seaming and all

other aspects of the installation of GML, geocomposite, and geotextiles as part of the composite

liner system.

Geotechnical Professional (GP) — Person(s) or firm(s) authorized by the Owner to manage and

oversee the execution of the work. This includes a professional engineer licensed in the State of
Texas who possesses professional experience in geotechnical engineering and testing. The
Geotechnical Professional or his representative must be on site full time during liner installation
and is responsible for observing, testing and documenting activities related to liner quality
assurance during the liner system installation and for issuing the final report. The liner system
includes liner components, leachate collection system and protective cover. All completed work

is subject to approval of the Geotechnical Professional.

Geotextile — A permeable synthetic textile used with soil, rock, sand, gravel or other similar
materials as an integral part of the composite liner system. It provides protection to the GML as a
geosynthetic cushion and also serves as a filter interface between two types of soil material.
Manufacturer — Firm(s) responsible for the production of geosynthetics.

Owner — The City of Amarillo

Project Documents — All contractor submittals, construction plans, “as-built” plans, construction

specifications, QA plan, safety plan, and project schedule.

Project Plans and Specifications — All project related plans and specifications including design

modifications and “as-built” plans.

Qualified Engineering Technician — The qualified representative of the Geotechnical Professional

who is NICET Certified in Geotechnical Engineering Technology at Level 2 or higher and who is
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an engineering technician with a minimum of four years of directly related experience or a

graduate engineer/geologist with one year of directly related experience.

Quality Assurance — Actions taken by the Geotechnical Professional (GP) to assure conformity of

the liner and leachate collection system production and installation with the Quality Assurance

Plan (QAP), SLQCP, project plans and specifications.

Quality Assurance Laboratory — Firm responsible for conducting tests on samples of liner system

components taken from the site. The laboratory shall be independent of the Owner,
Manufacturer, Lining Contractor and any party involved with the manufacture and/or installation

. of the geosynthetics.

Quality Control — Actions taken by the geosynthetics manufacturers and geosynthetics

installation contractor to ensure that the geosynthetic materials and workmanship meet the

requirements of the SLQCP, project plans and specifications.

Work — All tools, equipment, supervision, labor and materials or supplies necessary to complete

the project as specified herein and as shown in the project plans.
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2.0

2.1

GEOSYNTHETIC CLAY LINER (GCL)

General

This section includes the requirements for selection, installation and protection of the

geosynthetic clay liner (GCL).

2.2

2.2.1

Submittals

Pre-Installation

Submit the following to the Geotechnical Professional for approval prior to GCL deployment:

1.
2.
3.

2.2.2

The supplier or GCL manufacturer results for standard tests described in Table 1.

Written certification that the GCL meets the properties for standard tests listed in Table 1.
Written certification that the GCL manufacturer has continuously inspected the GCL for
the presence of needles and found the GCL to be needle free.

Written certification from the GCL manufacturer that the bentonite will not shift during

transportation or installation thereby causing thin spots in the body of the GCL.

Installation

Submit the following as installation proceeds: subgrade surface acceptance signed by the

Geosynthetics Contractor for each area that will be covered directly by GCL.

23

2.3.1

Delivery, Storage and Handling

Packing and Shipping

The GCL shall be supplied in rolls that are individually labeled and wrapped in relatively

impermeable and opaque protective covers. The GCL rolls shall be marked or tagged with the

following information:

1. Manufacturer’s name,

2. Product identification,

3. Roll number,

4, Roll dimensions,

5. Roll weight.
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2.3.2 Storage and Protection

The Contractor will provide an on site storage area for GCL rolls from the time of delivery until
installed according to manufacturer’s recommendations. The Contractor shall properly store and
protect the GCL from dirt, water, ultraviolet light exposure and other sources of damage. The

Contractor shall preserve the integrity and readability of all GCL roll labels.
2.4  Materials

The active ingredient of the GCL shall be natural sodium bentonite. The bentonite shall be

encapsulated between two geotextiles or attached to a geomembrane.

The geotextile-backed GCL shall provide sufficient internal shear strength for the slopes to be
lined. All GCLs shall be evaluated for stability prior to use on site and the evaluation included in

the GCLER/GLER submittal.

The bentonite shall be continuously adhered to both geotextiles to ensure that the bentonite will
not be displaced during handling, transporation, storage and installation including cutting,
patching and fitting around penetrations. The bentonite sealing compound or bentonite granules
used to seal penetrations and make repairs shall be made of the same natural sodium bentonite as
the GCL and shall be as recommended by the GCL manufacturer. The permeability of the GCL
overlap seams shall be equal to or less than the permeability of the body of the GCL sheet.

2.5 Manufacturer

2.5.1 Acceptable Manufacturers
The GCL shall be Cetco-Claymax or Cetco-Bentomat, or approved equal.
2.5.2 Manufacturer Experience

The Manufacturer of the GCL shall have a minimum of two years of continous experience in the
manufacture of similar GCL products. The Manufacturer must demonstrate, by submitting a list
of previous projects, a minimum of five million square feet (5,000,000 ft*) of manufacturing

experience of similar GCL products.
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2.6  Warranty

The Manufacturer shall provide a five-year warranty to the Owner against manufacturing defects. The
warranty shall include defective product not in compliance with the requirements of this SLQCP. The
warranty shall include the supply and shipping of the replacement GCL material. The warranty shall not

include the cost of reinstallation, defects or failures due to improper installation.
2.7  Execution

2.7.1 Examination
The Geotechnical Professional or his representative will collect samples of GCL to be installed
for conformance testing.

2.7.2 Subgrade Preparation

The subgrade shall be prepared in a manner consistent with proper subgrade preparation
techniques for the installation of geosynthetic materials and in accordance with the
manufacturer’s recommendations. The subgrade shall be properly compacted to prevent any
settling that would cause excessive strains in the GCL or other synthetic liner materials. Prior to
installation, the surface shall be free of debris, roots or angular stones larger than )2 inch
diameter. In addition, the subgrade shall be rolled to provide a smooth surface. During
installation, the contractor shall ensure that rutting or raveling of the subgrade is not caused by

installation equipment.

2.7.3 Installation

2.7.3.1 GCL Deployment
GCL shall be handled in a manner to ensure it is not damaged. Refer to GCL manufacturer
recommendations and, at a minimum, comply with the following:
1. Anchor the GCL securely at the top of slopes and deploy down the slope in a
controlled manner.
2. Weight the GCL with sandbags or equivalent in the presence of wind.
3. Cut GCL with a cutter (hook blade), scissors or other approved device. Protect
adjacent materials from potential damage due to cutting of the GCL.
4, Prevent damage to underlying layers during placement of GCL.
5. Do not entrap in or beneath the GCL any stones, trash, or moisture that could

damage GCL during GCL deployment.
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6. Visually examine entire GCL surface. Ensure no potentially harmful foreign
objects, such as needles, are present.

7. Do not place GCL during rain or at times of impending rain.

8. Do not place GCL in areas of ponded water.

9. Replace all GCL that is prematurely hydrated.

10.  Only deploy GCL that can be covered that same day with geomembrane.

11.  For needle-punched GCLs, add granular bentonite to the overlapped areas at the
manufacturer’s specified rate, using a minimum of 0.5 pounds per linear foot.

12.  Protective cover soil (including leachate collection media) shall be placed over
the liner as soon as practicable.

13.  The GCL shall be placed on slopes in the same orientation as the friction angle
testing.

14.  Avoid dragging the GCL on the subgrade.

15.  Vehicular traffic other than low contact pressure vehicles, such as smooth-tired
ATVs or golf carts, must not be allowed on deployed GCL.

16.  Deployed GCL must not be used as a work or storage area unless a protective tarp
or rub sheet is placed over the GCL.

17.  Deployed GCL panels should not contain folds or excess slack.

18.  Smoking is prohibited on the GCL.

19.  All handling and installation procedures will be performed by workers wearing
shoes with smooth soles. Shoes with soles that have patterns in relief shall be

prohibited.

2.7.3.2 Overlaps

Overlap GCL panels to the manufacturer’s requirements which may vary according to seam
location and climatic conditions. For needle-punched GCLs, apply granular bentonite to
overlapped area at a rate required by the manufacturer. At sumps, overlap GCL panels at least
one foot. At bottom of collection sumps, unroll an extra layer of GCL on top of previously

installed GCL. Avoid placing seams on top of underlying seams.
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In general, horizontal seams and mid-slope anchor trenches are not allowed on side slopes.
However, if prohibitive slope lengths cannot be overcome, horizontal seams on slopes less than
or equal to 3H:1V may be approved by the Geotechnical Professional. If installed according to
manufacturer’s recommendations, the GCL placed on a soil subgrade will not typically be in
tension. Thus the GCL will not be expected to slide downslope and horizontal overlaps may be

allowed.

The following conditions must be met as shown below:

2-in min, 0.5 Ibfif
bentonite strips

Horizontal GCL Sean

1. The upper (up-slope) GCL panel shall overlap the lower (down-slope) panel by a
minimum of four feet.

2. Granular bentonite strips not less than two inches wide at a rate of 1/2 pound per
linear foot shall be installed as shown above.

3. All horizontal seams shall be offset at least four (4) feet from the top or bottom of

horizontal seams in adjacent panels.

2.7.3.3 Defects and Repairs

Repair all flaws or damaged areas by placing a patch of the same material extending at least
one foot beyond the flaw or damaged area. For needle-punched GCLs, add granular bentonite

to the overlapped edges of the patch at the manufacturer’s specified rate.

2.7.3.4 Interface with Other Products

Ensure the following when deploying overlying material:

1. GCL and underlying materials are not damaged.

2. Minimal slippage of GCL on underlying layers occurs.

3. No excess tensile stresses occur in GCL.
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4, Approved adhesive may be required to keep overlap seams and patches in place

during placement of overlying materials.
2.8 Equipment

2.8.1 Storage
The GCL shall be stored according to manufacturer recommendations. Unused GCL shall be
covered with a heavy, waterproof tarpaulin.
2.8.2 Installation
1. Use a front-end loader, crane or similar equipment for GCL deployment with a
spreader bar to prevent slings from damaging edges.
2. A 15-foot long, 2.5-inch nominal diameter schedule 160 steel pipe will be inserted
into roll core for lifting.

Use sand bags for securing tarpaulin.

4. Use three-inch wide grips for moving GCL panels into place for each installation
technician.
5. Use bentonite sealing compound and/or granular bentonite for securing around

penetrations and structures as shown on the contract documents.
6. Use anchor bolts for securing around concrete structures, if required.

7. Use utility knives to cut GCL panels.
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3.0 GEOMEMBRANE LINING (GML)

3.1 General

This Section covers the work necessary to construct and test the geomembrane liner (GML) system,
which will consist of a 60 mil High-Density Polyethylene (HDPE) material. The overall objective is to

provide an effective liner system at the completion of the work.

3.2 Submittals

The Contractor shall submit written certification by the Manufacturer that the liner materials conform to
the requirements of the SLQCP, are similar and of same formulation as that for which certification is

submitted and has been demonstrated by actual usage to be satisfactory for the intended application.

The Manufacturer and the Contractor, each, shall submit a complete description of its quality control
program, as applicable, for manufacturing, handling, installing, testing, repairing and providing a
completed liner in accordance with the requirements of the SLQCP. The description shall include, but not
be limited to, polymer resin supplier, product identification, acceptance testing, fabrication and
production testing, installation testing, documentation of changes, alterations and repairs, retests and

acceptance.

The Contractor shall submit installation drawings, description of installation procedures, and a schedule
for performing/completing the Work. Installation drawings shall show a liner sheet layout with proposed
size, number, position, and sequence of placing of all sheets and indicating the location of all field seams.
Installation drawings shall also show complete details and/or methods for anchoring the liner at its

perimeter, making field seams and making anchors/seals to pipes and structures.

The Contractor shall submit for approval by the Geotechnical Professional samples of liner material(s)

and field seams prior to start of construction.

The Contractor shall submit six 8 inch x 10 inch samples of liner material(s) and six samples of field
seams. The field seam samples shall be fabricated by the Contractor using the same materials, equipment
and procedures for the liner. Samples shall measure 12 inches plus seam width in width and 18 inches in

length. The samples shall be numbered and dated.
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The Contractor shall submit a complete description of welding procedures for making field seams and
repairs. The welding procedures shall conform to the latest procedures recommended by the liner

Manufacturer and to the SLQCP.

The Contractor shall submit for approval by the Geotechnical Professional certification that the surface(s)
on which the liner will be placed is acceptable. Installation of the liner shall not commence until this

certification is furnished to the Geotechnical Professional.

The liner Manufacturer shall furnish a written liner material warranty on a prorata basis for a period of 20
years. The warranty shall be against manufacturing defects or workmanship and against deterioration due
to ozone, ultraviolet or other normal weather aging. The warranty shall be limited to replacement of
material only and shall not cover installation of said material. It shall not cover damage due to vandalism,

acts of animals or unusual acts of God.

The Contractor shall furnish a written guarantee that the entire liner work constructed by him is to be free
of defects in material and workmanship and installed pursuant to the SLQCP for a period of two years
following the date of acceptance of the work by the Geotechnical Professional. During the 23" month, a
pre-guarantee expiration inspection will be conducted to identify any necessary repair work covered by
the guarantee. The Contractor shall agree to make any repairs or replacements made necessary by defects
in materials or workmanship in the Work which become evident within said guarantee period. The
Contractor shall make repairs and/or replacements promptly, or the Owner may do so, and the Contractor

shall be liable to the Owner for the cost of such repairs and/or replacements.

3.3  Quality Assurance

Prior to start of work, both the liner Manufacturer and the Contractor shall submit for approval by the
Geotechnical Professional documented evidence of its ability and capacity to perform the Work. Each
shall have successfully manufactured and/or installed a minimum of two million square feet (2,000,000
ft*) of similar liner material in solid waste containment structures. The Contractor can meet these criteria

by teaming with a subcontractor who is identified in the bid along with the firm’s experience.
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The Contractor shall submit the name and qualifications of its project superintendent that will be on the
project whenever liner materials are being handled/installed plus the names and qualifications of senior

installation personnel on the project.

The Quality Control Plan(s) to be implemented for the Work by the liner Manufacturer and the Contractor
shall be in accordance with applicable paragraphs of the SLQCP.

The Manufacturer shall provide on-site technical supervision and assistance at all times during installation
of the liner system. The Manufacturer and Contractor, as applicable to each, shall submit for approval by
the Geotechnical Professional written certification that the liner system was installed in accordance with
the Manufacturers recommendation, the SLQCP, project specifications and drawings, and approved
submittals. The Geotechnical Professional will initiate a pre-installation meeting with the Manufacturer
and Contractor prior to installation of the liner system. Topics for review/discussion shall include, as a
minimum, project plans and specifications, approved submittals, training and qualification procedures for

Contractor personnel and demonstration of making a field welded seam(s) including peel and shear tests.

Prior to installation of the liner system, the Contractor shall instruct the workmen of the hazards of
installation, such as handling sheets of lining material in high winds, use of equipment, application of
solvents, adhesives and caulks and walking on lining surfaces. Work gloves, safety glasses, hard hats and
smooth-soled shoes are minimum safety wear requirements when working on the GML. Safety shoes

must be worn when handling heavy objects.

The Geotechnical Professional shall have authority to order an immediate stoppage of work because of

improper installation procedures, safety infractions, or for any reason that may result in a defective liner.

34  Delivery, Storage and Handling

The Contractor shall submit for approval by the Geotechnical Professional a method(s) for handling and
storage of liner material(s), which have been delivered to the project site. These materials shall be stored

in accordance with the Manufacturer’s recommendation.

Liner materials delivered to the site shall be inspected for damage, unloaded and stored with a minimum
of handling. The storage area shall be such that all materials are protected from mud, soil, dirt and debris.

The stacking of liner shall not be higher than two rolls.
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Under no circumstances shall the liner be subjected to materials, sandbags, equipment or other items
being dragged across its surface. Nor shall workmen and others slide down slopes atop the lining. All
scuffed surfaces resulting from abuse of any kind caused by the Contractor in performance of the Work
shall be repaired at the Geotechnical Professional's direction.

The Contractor shall be completely responsible for shipping, storage, handling, and installation of all liner

materials in compliance with the SLQCP.

3.5 Products

The High Density Polyethylene (HDPE) liner materials shall be new, first quality products designed and
manufactured specifically for the purposes of the Work and shall have satisfactorily demonstrated by
prior use to be suitable and durable for such purposes. The geomembrane shall be an unmodified HDPE
containing no plasticizers, fillers, chemical additives, reclaimed polymers or extenders. For ultraviolet
resistance, the GML material shall contain not less than two percent carbon black as determined by
ASTM D 1603. The only other compound ingredients to be added to the GML resin shall be antioxidants
and heat stabilizers required for manufacturing. The GML shall be supplied as a single ply continuous
sheet with no factory seams and in rolls with a minimum width of fifteen feet. The roll length shall be

maximized to provide the largest manageable sheet for the fewest field seams.

The GML liner materials shall be as manufactured by GSE Lining Technology Inc., Houston, Texas;
Poly-Flex Inc., Grand Prairie, Texas or approved equal.

The standard tests described in Table 2 will be performed on the GML material.

Extrusion resin used for fusion welding with extrudate to make field seams between GML sheets and for
repairs shall be HDPE produced from and of the same quality as the HDPE sheet resin. Physical
properties shall be the same as HDPE liner sheets and the tests described in Table 2 will be performed on
the extrusion resin. Spool number and resin lot shall be submitted for all extrusion rods used in welding
operations on site. Manufacturer’s QC test results as applicable shall be submitted for each resin lot

comprising extrusion resin used in welding operations.
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3.6 Installation Procedures

Prior to installation of the GML, a site inspection will be conducted by the Geotechnical Professional and

the Contractor to verify measurements, structures and surface conditions to support the GML.

The Contractor will provide written documentation to the Geotechnical Professional that surfaces to

receive the GML have been inspected and are acceptable for installation of the liner.

Before the work begins, the Contractor will inspect all liner materials for damage during transit. Materials

that cannot be repaired will be rejected and removed from the work area and site.

During unwrapping of liner materials for use and placement, the Contractor will visually inspect all
materials, particularly surfaces of liner sheets, for imperfections and faulty areas. All such defective

places will be marked and repaired in accordance with approved methods.

The GML will be installed as shown on the project plans and approved installation drawings. Placement
of the GML will be done such that good fit, without bridging, is provided on all covers and grade

changes. Excessive slack will be avoided to minimize rippling during the soil cover operation.

Sheets of GML materials will be of such lengths and widths and will be placed in such a manner as to
reduce field seaming to a minimum. The liner will be anchored in accordance with details shown on
approved plans and drawings. The liner will be anchored and sealed to structures, pipes and other types of
penetrations (if any), in accordance with details shown on approved plans and drawings. All changes in

approved installation drawings and procedures must be approved by the Geotechnical Professional.

Extreme care will be taken during installation of the liner to be certain no damage is done to any part of
the liner. Dragging of the GML material on the subgrade will be avoided. Smoking by installation
personnel will be prohibited. All handling and installation procedures will be performed by workers
wearing shoes with smooth soles. Shoes with soles that have patterns in relief shall be prohibited. No foot
traffic will be allowed on the GML except with approved shoes. No vehicular traffic will be allowed on
the liner. All motor driven equipment using fuel will have spark arrestors. No gasoline driven generators
or cans of gas or solvent will be placed directly on the liner material. Under no circumstances will the
liner be used as a work area to prepare patches or to store tools and supplies. If needed, a tarpaulin of

approved material will be spread out as a work area.
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During installation, the Contractor will be responsible for protecting the liner against adverse effects of
high winds such as uplift. Sandbags will be used as required to hold the liner material in position during
installation. Sandbags will be sufficiently close-knit to preclude fines from working through the bottom,
sides or seams. Paper bags, whether or not lined with plastic, will not be permitted. Burlap bags, if used,
must be lined with plastic. Bags will contain not less than 40 or more than 60 pounds of coarse sand
containing less than 5 percent fines and will be tied closed after filling, using only plastic ties. Metal or
wire ties will not be used. Bags that are split, tomn or otherwise losing their contents will be immediately

removed from the work area and any spills immediately cleaned up.

The GML material will not be installed under adverse climatic conditions, unless the Contractor can
demonstrate that his installation techniques adequately compensate for such adverse conditions and the
quality of workmanship is not compromised. Adverse climatic conditions occur when the air temperature
measured six inches above the GML surface is less than 32°F and decreasing, or more than 90°F; when
the relative humidity is more than 80 percent; when it is raining; when there is frost on the ground; or

during conditions of excessive winds.

GML field seams will be lap seams as shown an approved plans and drawings. The lap seams will be
formed by lapping the edges of GML sheets a minimum of four inches. The contact surfaces of the sheets
will be wiped clean immediately prior to welding to remove dirt, dust, moisture, and other foreign
materials. For fillet weld seams, bevel edge of GML and clean oxidation from surfaces to receive

extrudate by disk grinding or equivalent not more than one hour before seaming.

Lap seam intersections involving more than three thicknesses of liner material will be avoided, and all
seam intersections will be offset at least two feet. No horizontal field seams in the GML will be allowed
on the slope and sheets of liner material on the slopes will extend down slope out onto bottom a minimum

of five feet from toe of slope.

Field seams between sheets of GML material will be made using approved fusion welding systems,
equipment and techniques. Approved fusion welding systems include fillet weld using extrudate and lap

weld using single or double wedge welder.
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Any necessary repairs to the GML will be made with the liner material itself, using approved fusion
welding systems, equipment and techniques. The patch size will be four inches larger in all directions

than the area to be patched. All corners of the patch will be rounded with a one inch minimum radius.

All seams and seals of the GML will be tightly bonded on completion of the work. Any liner surface
showing injury due to scuffing or penetration by foreign objects or showing distress will be replaced or

repaired as directed by the Geotechnical Professional.

Cleanup within the work area will be an ongoing responsibility of the Contractor. Particular care will be
taken to insure that no trash, tools and other unwanted materials are trapped beneath the liner. Care will
be taken to insure that all scraps of liner material are removed from the work area prior to completion of

the installation.

3.7  Field Quality Control

Inspection and testing will involve the full time observation of the installation of the GML, including the
making and testing of liner seams and patches and periodic measurement of the liner material thickness to

insure compliance.

Test seams will be made to verify that adequate conditions exist for field seaming to proceed. At a
minimum each seamer will produce a test seam at the beginning of each shift (morning and afternoon) to
determine the peel and tensile strength of the seam. The Geotechnical Professional may require a sample
field seam be made at any time during seaming production to verify equipment/operator performance and
seam integrity. In addition, if a breakdown of the seaming equipment occurs, a test seam will be produced
prior to resumption of seaming operations. Trial welds will be performed on all GML material
combinations to be welded in a given session. GML installed in prior phases is considered a different

material even if it is from the same manufacturer.

The trial weld sample must be a minimum of three feet long and one foot wide, with the seam centered
lengthwise. The Geotechnical Professional must observe all trial welding operations, quantitatively test
each trial weld for peel and shear and record the results. A minimum of two peel and two shear tests will
be performed per trial seam. Double wedge weld trial seams shall have, in addition to the two shear tests,
two peel tests on the inner track and two peel tests on the outer track. The trial weld shall be completed

under the same conditions for which the panels will be welded. The trial weld must meet the requirements
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for peel and shear as stated in the following paragraph and the break must be ductile and exhibit film tear

bond (FTB) for all wedge welds.

During the field seaming operation, destructive samples will be removed from field seams by the
Contractor at locations selected by the Geotechnical Professional. Repairs to the field seams will be made
in accordance with repair procedures specified in this SLQCP. The samples will have a width of 12 inches
plus the seam width and length of 42 to 48 inches. A minimum of one stratified sample per 500 feet of
field seam will be made. For extrusion welds, a minimum of one destructive sample per 500 feet of weld
for each operator/welder combination shall be removed in a location selected by the Geotechnical
Professional. All extrusion welds in excess of 10 feet in length will be counted toward the 500 feet of
seam. Utilizing ASTM Standard D 6392, all field seams will have a film tear bond in peel and shear and a
minimum pound per inch width seam strength in shear when tested as specified in this SLQCP. At the
very least, the peel adhesion and bonded shear strength must be 62 percent and 95 percent, respectively,
of the strength of the parent material, but no less than 78 ppi and 120 ppi, respectively. A sufficient
amount of the seam must be removed in order to conduct field testing, independent laboratory testing, and
archiving of enough material in order to retest the seam when necessary. The archived material will be
kept at the independent laboratory. Field testing shall include two peel tests per sample (two inner and
two outer on dual-track fusion welded seams) and two shear tests. Independent laboratory testing shall
consist of five shear tests and five peel tests per sample (five inner and five outer for dual-track fusion
welded seams). Destructive seam-testing locations shall be cap-stripped and the cap completely seamed
by extrusion welding to the GML. Capped sections shall be non-destructively tested. Additional
destructive test samples may be taken if deemed necessary by the Geotechnical Professional or his

representative.

All field-tested samples from a destructive-test location must be passing in both peel and shear for the
seam to be considered as passing. The independent laboratory testing must confirm these field results.
The passing criteria for independent laboratory testing is that four of five samples must pass in shear and
four of five must pass in peel (four of five samples from each dual track fusion welded seam, when
possible to test each seam, must be passing) before the seam is considered as passing. Sample testing will
be conducted by an independent testing agency paid for by the Owner. The independent testing agency
will save all test samples, including specimens tested, until notified by the Geotechnical Professional

relative to their disposal. All specimens which have failed under test will be shipped immediately by
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express delivery to the Geotechnical Professional for determination of corrective measures to be taken,

which includes retest or repair of failed section.

For destructive samples which have failed the passing criteria, the Contractor will reconstruct all the field
seams between any two previous passed seam locations which include the failed seam or will go on both
sides of the failed seam location (10 feet minimum), take another sample each side and test both. If both
pass, the Contractor will reconstruct the field seam between the two passed locations. If either fails, the
Contractor will repeat the process of taking samples for test. In all cases, acceptable field seams must be
bounded by two passed test locations. The decision of the Geotechnical Professional will be final. In the
event of an extrusion weld failure, another two destructive samples shall be collected from extrusion
welds performed prior to and after the failed weld. The samples must be collected at least 10 feet of seam
distant from the failed location but, practically, will be collected from the first patch large enough for
collection of a representative destructive test (DT) on either “side”, chronologically, of the failure. All

extrusion welds completed between two passing test locations will be reconstructed.

In the event capping of a field seam is required, the Contractor will use a cover strip of the same thickness
as the liner (and from the same roll, if available) and of eight inches minimum width. It will be positioned

over the center of the field seam and welded to the liner using a fillet weld on each side.

All GML sheets, seams, anchors, seals and repairs will be visually inspected by the Contractor for defects.
Depending on seam welding equipment used, all seams and repairs will be tested by a vacuum testing

device, a spark testing device and/or air pressure.

A visual inspection of the liner sheets, seams, anchors and seals will be made by the Contractor as the
installation progresses and again on completion of the installation. Defective and questionable areas will

be clearly marked and repaired. Final approval of repairs will be given by the Geotechnical Professional.

If the fillet weld or single hot-wedge fusion lap weld is used to weld seams, the Contractor will test all
seams and repairs in the GML by vacuum box. All vacuum box testing will be done in the presence of the
Geotechnical Professional. The vacuum box test method is outlined in EPA/600/R-93/182 Page 164. The
area to be tested will be cleaned of all dust, debris, dirt and other foreign matter. A soap solution will be
applied to the test area with a paint roller and a vacuum of three psi will be induced and held at least 10

seconds to check repair for any suspicious areas as evidenced by bubbles in the soap solution.
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If the fillet weld is used to weld seams and these seams cannot be vacuum box tested, i.e. around
penetrations, the Contractor will test seams and repairs in the GML by using a high voltage spark
detector. The setting of the detector will be 20,000 volts. In order to conduct this test, all seams to be
tested will be provided with not less than 24-30 gauge copper wires properly embedded in the seams and
grounded. All spark testing will be done in the presence of the Geotechnical Professional. All defective

areas will be marked for repair.

If the double hot-wedge is used, the Contractor will further test all seams in the GML by using the air
pressure test method GRI-GM6 which consists of inserting a needle with calibrated gauge in the air space
between welds. Air will be pumped into space to 30 psi and held for five minutes. If pressure does not
drop more than four psi, then the seam is acceptable.

With the approval of the Geotechnical Professional, double hot wedge welds at butt seams may be
vacuum box tested. Butt seams occur where the end of a panel meets another panel end or where the end
of a panel terminates into the long side of a transverse panel. In the event that vacuum box testing is
approved for such seams, overlap flaps shall be carefully removed, T-joints shall be ground and an
extrusion bead laid down to seal air channels, and the seams/T-joints shall be vacuum box tested as
previously outlined. In any case, destructive testing will be conducted as described above and the

Contractor will not remove any flaps until that area has passed required destructive testing.

All costs of retesting of the GML, including reruns of field weld tests and all repairs, will be at the

Contractor’s expense.

The Contractor will retain responsibility for the integrity of the GML system until acceptance by the
Geotechnical Professional. The GML will be accepted by the Geotechnical Professional when:
a) Written certification letters, including “as-built” drawings, have been received by the
Geotechnical Professional.
b) Installation is completed.
c) Documentation of completed installation, including all reports, is complete.
d) Verification of adequacy of field seams and repairs, including associated testing, is

complete.
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Acceptance of the completed work will include receipt of all submittals and all work completed to the

satisfaction of the Geotechnical Professional.
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4.0 LEACHATE COLLECTION SYSTEM

4.1 General

A leachate collection system (LCS) will be placed above the GML. In the floor and sidewall areas, the
LCS will consist of a geocomposite material with embedded leachate collection pipes extending from the
sump and pipe trench areas. The embedment layers will be extended through the protective cover soils

forming leachate chimneys.
4.2  Granular Drainage Media and Leachate Collection Pipes

The leachate collection pipes will consist of six-inch diameter pipe with 3/8-inch diameter holes on six-
inch centers. To avoid piping losses into the collection pipes, the granular drainage media shall consist of
rounded, river-run gravel meeting the requirements of ASTM C-33 for coarse aggregate. Crushed
material will not be acceptable. The gravel should meet the gradation requirements of Size No. 5 or
coarser. The maximum gravel size shall not exceed two inches. In addition, the gravel will have a
permeability of 1 x 107 cm/sec or greater and the percent of calcium carbonate by weight will not exceed
15 percent. At least one set of pre-construction tests will be conducted for each drainage media from each
proposed source. Gravel and sand sources will include a complete grain-size analysis, including percent
passing No. 200 Sieve, by ASTM D 422. Hydraulic conductivity may be correlated from the grain-size
distribution to determine the gravel or sand suitability. Granular drainage materials selected for use will
be tested for conformance during construction with at least one grain-size analysis for every 3,000 cubic

yards, or portion theréof, for each material being used.
4.3 Leachate Chimneys

The embedment layers around the pipes and sump shall be separately wrapped with a 12-ounce non-
woven polypropylene geotextile. The gravel inside the wrapped embedment layers, or leachate chimneys,

shall meet the specifications described above.
The 12-ounce geotextile wrap will completely encase the pipe embedment layer with a full width
geotextile overlap where the chimney daylights through the protective cover. The geotextile overlap will

be covered by a minimum six-inch thick layer of the granular material used in the pipe embedment.

The geotextile materials shall meet the standard test requirements in Table 3.
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4.4  Geocomposite

The geocomposite material used for the floor and sidewall drainage will consist of a HDPE geonet core
with 8-ounce non-woven needle punched polypropylene geotextile heat bonded to both sides of the
geonet. The geocomposite materials will meet or exceed the hydraulic capacity of the granular media
described above. The geotextile portion of the composite shall meet the standard test requirements in

Table 3. The geonet shall meet the standard test requirements in Table 4.
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5.0 PROTECTIVE COVER

5.1 General

A minimum two-foot thick protective cover will be placed above geocomposite drainage materials. The
maximum gravel size shall not exceed two inches by ASTM D 422. Protective cover does not require
compaction control; however, it should be stable for construction and solid waste disposal traffic. Care
will be exercised in placement so as not to shift, wrinkle or damage the underlying geosynthetic layers,
and the placement methods will be documented. Placement of protective cover will generally not proceed
when the temperature, at six inches above the liner, is either below 32° F or above 80° F. Placement
should be conducted at the coolest part of the day to minimize the development of wrinkles or folding of
the geosynthetic materials. Protective cover will be placed such that the top surface, while spreading, is at
least 2 ft above the geosynthetic layers at all times, unless low ground pressure dozers are used (i.e. track
pressure less than five psi) in which case at least 12 inches shall be maintained. A minimum four-foot
thickness will be maintained to support loaded hauling trucks and trailers and for turning areas. Drivers

will proceed with caution when on the overlying soil and prevent spinning of tires or sharp turns.

Protective cover will generally be placed in an up-slope direction for sidewalls as long as the same
material is being used. Where the top few feet of sidewall (typically less than five feet vertically) is to be
protected by a different soil type, such as clay for tying in the final cover soil liner, this material may be

placed from the top, if adequate care is taken to protect the synthetic liner components.

If leachate chimneys are used in accordance with Section 4.3 and extend through the protective

cover, permeability requirements of the protective cover are not applicable.

5.2 Thickness Verification

The required thickness of protective cover will be verified by survey methods on an established grid

system with not less than one verification point per 5,000 square feet of surface area.

5.3  Quality Assurance

The leachate collection system and protective cover installation must have continuous inspection

by the GP or his representative.
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6.0 MARKING AND IDENTIFYING OF EVALUATED AREAS

Red markers will be placed so that all areas for which the Geosynthetic Clay Liner Evaluation Report
(GCLER) and the Geomembrane Liner Evaluation Report (GLER) have been submitted and approved by
the TCEQ are readily identifiable. Such markers are to provide site workers immediate knowledge of the

extent of approved disposal areas.

Red markers will be steel or wooden posts and will extend at least six feet above ground level. Markers
will not be obscured by vegetation and will be placed so that they are not destroyed during operations.
Sufficient intermediate markers will be installed to show the required boundary. Lost markers will be
promptly replaced. Limits of the evaluated area will be referenced to the site grid system. Markers will

not be placed inside the evaluated area.
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7.0 GCLER, GLER AND CONSTRUCTION DOCUMENTATION

Upon completion of all required liner construction and evaluation, the Geotechnical Professional will
prepare and submit both the GCLER and GLER reports to the TCEQ for review and approval. These will
be submitted along with a constructioﬁ documentation report. Multiple submittals of the reports or
documentation during the project may be made, if they may facilitate review of the project by the TCEQ.
The GCLER and GLER will be signed and sealed by the Geotechnical Professional performing the

evaluation and counter-signed by the site operator or his authorized representative.

The construction documentation will contain a narrative describing the conduct of work and testing
programs required by the SLQCP, “as-built” or record drawings, and appendices of field and laboratory
data. Because the volume of data for these projects can be quite large, thé documents may be subdivided
for ease of review. The preferred document format will include the GCLER, GLER, narrative, as-built
drawings, and summaries of test results in a single volume. The remaining appendices will be placed in
accompanying volumes. GCLER/GLER submittals will include test documentation in a form as

recommended in TCEQ technical guides.

Specifically, the construction documentation report will contain or discuss the following information, at a

minimum, for geomembrane liners:

o Roll shipment and receipt information

. Manufacturer’s quality control certificates and results

. Storage and handling information

. Conformance test sampling and test results

. Seamers’ names and resume of experience and qualifications

o Subgrade acceptance

. Anchor trench preparation and backfilling

o Panel deployment, identification and placement

o Panel wrinkling, fishmouthing and manufacturer’s creases

. Seam preparation, orientation and identification

® Weather and ambient/sheet temperatures

° Equipment placed or operated on geomembrane

. Percent visual inspection for defects, damage, etc.

. Trial seam tests for each combination of seaming equipment and personnel
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] Seaming methods, times, temperature, equipment shutdowns and startups

. Continuous 100 percent non-destructive seam testing, methods, criteria and results
. Destructive testing methods, criteria and results
o Repairs, including preparation and procedures, failure delineation, patch size and shape,

and retesting

o Material properties and placement of drainage materials and protective covers

The report will also include pertinent record drawings including:

e Sectorized fill layout plan,

. Location of the subject trench or cell with GCLER/GLER markers,

. Previous filled and active areas,

. As-built panel layout drawings, showing location of destructive test samples, patches and

repairs, and

] As-built drawings showing elevations of protective cover to confirm its thickness.
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8.0 INTERIM STATUS REPORT

If placement of waste over the entire constructed area takes longer than six months, then an
Interim Status Report will be filed with the TCEQ. This report will document the status of the
protective cover over the liner, verifying that a minimum of two feet remains. If less than two
feet remains, additional protective cover must be placed and documented in the report.
Additional Interim Status Reports will be filed every six months or until the entire area is

covered with the first lift of waste.
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Table 1;: Standard Tests on GCL Material

TESTER TEST TYPE OF TEST | STANDARD TEST | FREQUENCY OF
METHOD TESTING
Supplier or GCL Bentonite"”) Free Swell'” ASTM D 5890 Per 50 tons and
Manufacturer Fluid Loss" ASTM D 5891 every truck or railcar
Geomembrane Density ASTM D 1505 Per 100,000 ft.°
Thickness ASTM D 5199 Per 200,0004t.”
Tensile Properties ASTM D 6693
GCL Manufacturer | GCL Product ® Clay(ll;;[ass/Unit ASTM D 5993 Per 40,000 ft.*
Area
Bentonite Moisture ASTM D 2216 or
Content ASTM D 4643
Grab Tensile ASTM D 6768 Per 200,000 ft.*
Strength®© A
Permeability"” ASTM D 5887 Per week for each
Index Flux ASTM D 5887 production line®
Independent GCL Product Clay Mass Unit ASTM D 5993 At least 1 test per
Laboratory Area® 100,000 ft* and
(Conformance ASTM D 4354
Testing) procedure A
Permeability ASTM D 5887 Per 100,000 ft.”
Index Flux ASTM D 5887
Direct Shear " ASTM D 6243 Per GCL/adjoining
material type
Notes:
A Tests to be performed on bentonite before incorporation into GCL. Free swell will have a minimum test

value of 24 ml. Fluid loss will have a maximum value of 18 ml.

Landfill Permit Amendment Application

B. Minimum test value of 0.8 Ib/ft* on an oven dry basis.

C. For geotextile-backed products only. Geotextiles should meet minimum manufacturer’s criteria.

D. 5 x 10® co/sec or as required by the permit. Not applicable for geomembrane-backed GCL. Manufacturer
of geomembrane-backed GCL must; however, certify that product will meet required permeability
standards based on prior testing.

E. Report last 20 permeability values, ending on production date of supplied GCL.

F. Test at confining/consolidating pressures simulating field conditions.

G. Not applicable for slopes of 7H:1V or flatter. Testing must be on material in hydrated state unless GCL is
to include geomembrane on both sides of GCL.

H. Manufacturer’s MQC data for the geotextile portion of the GCL shall be provided by the GCL supplier if it
is available.
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Table 2: Standard Tests on HDPE GML Material ¥

TEST TYPE OF TEST STANDARD TEST
METHOD FREQUENCY OF TESTING
Resin Density ASTM D 1505 Per 100,000 ft.° and every resin lot
Melt Flow Index ASTM D 1238 Per 100,000 ft.2 and every resin lot
Manufacturer’s Thickness ASTM D 5199 Per manufacturer’s quality control
Quality Control (smooth), ASTM D specifications
5994 (textured)
Density ASTM D 1505 Per 100,000 ft.2 and every resin lot
Carbon Black Content ASTM D 1603 Per 100,000 ft.2 and every resin lot
Carbon Black Dispersion ASTM D 5596 Per 100,000 ft.2 and every resin lot
Tensile Properties ASTM D 6693 Per 100,000 ft.2 and every resin lot
Tear ASTM D 1004 Per 100,000 ft.” and every resin lot
Puncture ASTM D 4833 Per 100,000 .2 and every resin lot
Conformance Testing | Thickness ASTM D 5199 Per 100,000 ft.* and every resin lot
by 3 Party (smooth), ASTM D
Independent 5994 (textured)
Laboratory Density ASTM D 1505 Per 100,000 ft.” and every resin lot
Carbon Black C ASTM D 1603 Per 100,000 ft.” and every resin lot
Carbon Black Dispersion ASTM D 5596 Per 100,000 ft.” and every resin lot
Tensile Properties ASTM D 6693 Per 100,000 ft.” and every resin lot
Notes:
A. Passing criteria for the tests outlined above are included in the job specifications.
B. Field thickness measurements for each panel must be conducted. Use ASTM D374 and perform one series

of measurements along the leading edge of each panel, with individual measurements no greater than five
feet apart. No single measurement shall be less than 10% below the required nominal thickness in order to

be acceptable.
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Table 3: Standard Tests on Geotextile Materials @

TEST TYPE OF TEST STANDARD TEST FREQUENCY OF TESTING
METHOD

Manufacturer’s Fabric Weight ASTM D 5261 Per 100,000 ft.°
Thickness ASTM D 5199 Per 100,000 ft.°
Grab Tensile Strength ASTM D 4632 Per 100,000 ft.”
Grab Elongation ASTM D 4632 Per 100,000 ft.°
Puncture Resistance ASTM D 4833 Per 100,000 ft.
Permeability ASTM D 4491 Per 100,000 ft.°
Conformance Testing | Fabric Weight ASTM D 5261 Per 100,000 fi.°
by 3" Party Thickness ASTM D 5199 Per 100,000 i
gliepe‘t‘dent Grab Tensile Strength ASTM D 4632 Per 100,000 ft.2
aporatory Grab Elongation ASTM D 4632 Per 100,000 ft.2
Puncture Resistance ASTM D 4833 Per 100,000 ft.
Permeability ASTM D 4491 Per 100,000 ft.”

Notes:

A. Passing criteria for the tests outlined above are listed in the job specifications.
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Table 4: Standard Tests on Geocomposite A Material ®

TEST TYPE OF TEST STANDARD TEST . FREQUENCY OF TESTING
METHOD
Resin Density ASTM D 1505 (GN)™® | Per 100,000 ft.” and every resin lot
Melt Flow Index ASTM D 1238 (GN) | Per 100,000 ft.2 and every resin lot
Manufacturer’s Thickness ASTM D 5199 (GN) | Per manufacturer’s quality control
Quality Control specifications
Mass per Unit Area ASTM D 5261 (GN) | Per 100,000 ft.2 and every resin lot
Polyethylene Content -- Report cert value
Density (black resin) ASTM D 1505 (GN) | Per 100,000 ft.2 and every resin lot
Carbon Black Content ASTM D 1603 or Per 100,000 ft.? and every resin lot
ASTM D 4218 (GN)
Melt Index ASTM D 1238 (GN) | Per 100,000 ft.2 and every resin lot
Tensile Strength ASTM D 5035 (GN) | Per 100,000 ft.2 and every resin lot
Peel Strength ASTM D 7005 (GC) | Per 100,000 ft.2 and every resin lot
Transmissivity ASTM D 4716 (GC) | Per 100,000 ft.2 and every resin lot
Conformance Testing | Thickness ASTM D 5199 (GN) | Per 100,000 ft.* and every resin lot
by 3™ Party (smooth)
Independent Mass per Unit Area ASTM D 5261 (GN) | Per 100,000 ft.% and every resin lot
Laboratory Carbon Black Content ASTM D 1603 or Per 100,000 ft.% and every resin lot
ASTM D 4218 (GN)
Tensile Strength ASTM D 5035 (GN) | Per 100,000 ft.2 and every resin lot
Peel Strength ASTM D 7005 (GC) | Per 100,000 ft.% and every resin lot
Transmissivity ASTM D 4716 (GC) | Per 100,000 ft.% and every resin lot
Notes
A. Geotextile portion shall be tested in accordance with Table 3.
B. Passing criteria for the tests outlined above are listed in the job specifications.
C. GN=Geonet / GC=Geocomposite
D Using site specific hydraulic gradient and normal compression
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1,0 INTRODUCTION

This groundwater sampling and analysis plan (GWSAP) addresses the grdundwater monitoring
and sampling program to be implemented at the City of Amarillo's Municipal Solid Waste
Landfill (MSWLF). The GWSAP is required by the Texas Commission on Environmental
Quality (TCEQ) Municipal Solid Waste Regulations and will meet the requirements of Title 30
Texas Administrative Code, Subchapter F “Analytical Quality Assurance and Quality Coptrol”
and Subchapter J “Groundwater Monitoring and Corrective Action.” Once approved by thé

TCEQ, this GWSAP will become part of the site operating record.

2.0 BACKGROUND SAMPLING

Background groundwater quality shall be established for monitored constituents by collecting
groundwater samples quarterly and analyzing the samples for the detection monitoring or
assessment monitoring constituents. Background sampling for inorganic and volatile organic
detection monitoring constituents shall be conducted quarterly for a two-year period [a total of
eight (8) sampling events]. This will allow the collection of groundwater data over the different
seasons of the year, which should demonstrate thé effects that seasonal and temporal changes

may have on groundwater quality.

As described in Section 4.2, background determinations will be required if Appendix II
constituents are detected at quantifiable concentrations during the initial assessment monitoring
event. Background sampling for assessment monitoring constituents shall be conducted

quarterly for 1 to 2 years [a total of four (4) to eight (8) samples].

If additional samples are needed for the statistical analysis of either detection or assessment

monitoring constituents, they will be collected no closer than 30 days apart.

At the conclusion of the background monitoring period for either detection or assessment

monitoring, all the results will be thoroughly reviewed, and a statistical evaluation of the
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background monitoring shall be performed as described in Section 7 to determine the

background limits for each constituent.

The background concentrations of monitored constituents may be reviewed and updated every
two vears by applying statistical methods described in Section 7 to data collected in the period
following the last update. Revision of background may be performed after receiving written

permission from TCEQ.

3.0 DETECTION MONITORING

Detection monitoring is the routine, periodic sampling that is conducted for purposes of‘detecting
a release relative to certain constituents. Regulations pertaining to Detection Monitoring are
codified at 30 TAC §330.407

31 Constituents

The constituents to be analyzed during the detection monitoring program are listed in Table 11.1.
At the request of the TCEQ (formerly the Texas Natural Resource Conservation Commission
[TNRCC]) during the initial preparation of this GWSAP, total alkalinity was substituted for
antimony, total dissolved solids for beryllium, dissolved iron for thallium, and dissolved
manganese for vanadium, In addition, ammonia was also added to the constituents to be
analyzed. The list of constituents includes 16 inorganics and 47 organics. The test methods to be
used for the constituents listed are presented in Table 11.2. If at a later date, the City determines
that any of these constituents are not being detected and are not expected to originate from the
waste contained in the MSWLF unit, the City may request a modification to the GWSAP for the

deletion, substitution, and/or addition of other constituents.

3.2  Frequency of Monitoring

Monitoring for the detection monitoring constituents will occur semiannually during the active
life of the MSWLF unit and the closure and post-closure care period, unless an alternate schedule

is approved by the Executive Director.
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3.3  Statistically Significant Increases Above Background

The determination of and responses to Statistically Significant Increases (SSIs) shall comply
with 30 TAC §407(b). A summary of this rule is follows.

Detection monitoring data shall be evaluated for indications of potential landfill releases by
comparing the sampling data with background concentrations for monitored constituents within
60 days after the end of each sampling event. A statistically significant increase (SSI} occurs
when the concentration of a monitored constituent is higher than its background concentration.
The TCEQ and any local pollution control agencies with jurisdiction must be notified within 14

days of this initial determination.

If an SSI is identified, field and laboratory quality control data should be examined. The
occurrence of the constituent in laboratory blanks or failure to meet other laboratory quality
control standards may suggest that analytical conditions contributed to the SSI and that re-
analysis of the sample may be required. The occutrence of a constituent in field quality control
samples may suggest field cross contamination or environmental sampling conditions which may

require re-sampling.

An SSI may be confirmed by collecting a verification sample from the affected well.
Verification sampling may be repeated for the affected well as long as all such sampling is

completed within 60 days of the initial determination.

If there is evidence that a source other than the landfill caused an SSI, or that én SST resulted
from error in éampling, analysis, statistical evaluation, or natural variation in groundwater
quality, then an alternate source demonstration report providing documentation to this effect may
be submitted. The Landfiil shall notify the TCEQ and any local pollution agency of the intent to
perform an alternate source demonstration within 14 days of identifying an SSI. The report must

be prepared and certified by a qualified groundwater scientist and submitted to the TCEQ within
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90 days of the initial determination of the SSI. Samples collected for the alternate source

demonstration shall not be filtered.

If an SSI is confirmed, or if a satisfactory alternate source demonstration is not made, a record

shall be placed in the site operating record, and Assessment Monitoring shall be initiated. .

3.4

Detection Menitoring Reports

An annual report documenting detection monitoring activities shall be submitted to the TCEQ

within 90 days following the last groundwater monitoring event of the calendar year.

This report shall include the following information determined since the last groundwater

~ monitoring report.

The results of groundwater monitoring, testing, and analysis obtained under requirements
of the permit, including a summary of monitoring analyses together with graphs or
drawings, as appropriate {(Data may be summarized on form TCEQ-0312, Appendix
11A);

A summary of background water quality values, presentation of statistical calculations, a
statement as to whether an SSI over background occurred during the monitoring period,
and the status of any related verification sampling events or alternate source
demonstrations; |

A contour map of piezometric elevations in the uppermost aquifer based on concurrent
measurements, together with data or documentation used to prepare the map;

The calculated groundwater flow rate and direction using data collected during the report
period, including documentation of all information used to make this calculation.
Recommendations for changes;

Other information requested by the TCEQ.
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3.5  Program Modification

If the Landfill determines that the Detection Monitoring Program no longer satisfies the
requirements of Title 30 Texas Administrative Code Section 330.407, then within 90 days of the
determination, the Landfill shall submit an application for a permit amendment or modification

to make appropriate changes to the program.

4.0 ASSESSMENT MONITORING

Assessment monitoring is triggered when a statistically significant increase (SSI) in one or more
detection monitoring constituents has been confirmed by 1 or more verification sampling cvents,
or cannot be rejected by an alternate source demonstration. Assessment monitoring will be

conducted in accordance with 30 TAC §409.

41  Regulatory Summary

The requirements for Assessment Monitoring are codified at 30 TAC §330.409 as follows:

. §330.409 (a) and (b) establish the assessment program,

e §330.409 (c) specifies a basis for modifying the frequency of sampling the full set of
Appendix II constituents; |

o §330.409 (d) establishes a semiannual monitoring program for detected Appendix II
constituents and requires determining background values and groundwater protection
standards;

o §330.409 (e) establishes the basis for discontinuing assessment monitoring;

o §330.409 (f) establishes the basis for continuing assessment monitoring;

e §330.409 (g) specifies actions to be taken when the gréundwater protection standard is
exceeded;

e §330.409 (h), () and (j) specify how groundwater protection standards are determined;

o §330.409 (k) specifies the requirements for the annual assessment monitoring report.
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42  Implementation

If an SSI has occurred, the Landfill shall immediately place a notice in the Site Operating
Record. An assessment monitoring program shall be initiated within 90 days of the notifying the
TCEQ that an SSI has occurred. The entire groundwater monitoring system, i.e. all monitor
wells, or an approved subset of wells, shall be sampled and analyzed for aill constituents listed in
40 CFR 258 Appendix II (effective July 14, 2005)[hereafier, EPA Appendix II].

After the initial sampling, the TCEQ may be petitioned to authorize a reduced subset of wells to
be sampled and analyzed for EPA Appendix TT constituents, and/or to authorize an alternate

sampling frequency.

If EPA Appendix I constituents are detected at quantifiable concentrations in point of
compliance wells at the initial sampling, then
s Implement monitoring for detected constituents on at }eaét a semi-annual basis. These
results shall be reported to TCEQ within 60 days after each sampling event.
» Establish background concentrations for the detected EPA Appendix II constituents using
4 to 8 background samples collected from the upgradient well(s), using statistical
methods described in Section 7.
¢ Establish groundwater protection standards for each EPA Appendix II constituent
detected in point of compliance wells in accordance with §409(h) or §409(i) or §409(3).

Detected EPA Appendix IT constituents shall be added to the detection monitoring list and shall
be sampled and analyzed on a semiannual basis. Annually, however, the wells shall be sampled
for all EPA Appendix IT constituents, unless the frequency is modified in accordance with
§330.409 (c).

43  Exceeding Groundwater Protection Standard

If the groundwater protection standard is exceeded, the City of Amarillo or the landfill operatbr

shall install additional monitor wells as necessary, including at least one additional monitor well
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between the next adjacent monitor wells along the point of compliance before the next sampling

event. These wells shall be sampled at the next assessment monitoring sampling event.

If contaminants have migrated offsite, the owner/operator shall notify owners and occupants of

land overlying the contaminant plume.

The City of Amarillo or landfill operator shall initiate assessment of corrective measures in

accordance with 30 TAC §330.411 within 90 days of notice to the TCEQ.

4.4  Assessment Monitoring Reports

Assessment monitoring results must be submitted to the TCEQ within 60 days after each

sampling event.

Not later than 60 days after a sampling event, the owner/operator shall determine if any EPA
Appendix II constituents were detected at concentrations above the groundwater protection
standard. If so, TCEQ and appropriate local agencies must be notified within 7 days of this

determination.

An annual report shall be submitted within 60 days after the second semiannual sampling event
each year. This report shall contain the following elements:

e A statement whether the groundwater protection standard has been exceeded,

e Groundwater monitoring data, including laboratory analyses, water level measurements,
summaries of background values and analytical data, and as appropriate, statistical
calculations, graphs and drawings;

¢ A contour map of the piezometric water levels in the uppermost aquifer;

¢ The groundwater flow rate and directions;

¢ Recommended changes;

¢ Other information requested by the TCEQ.
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4.5  Termination of Assessment Monitering Program

If detected EPA Appendix If constituents are shown to be at or below background concentrations
for two successive sampling events, TCEQ shall be notified with a request to resume detection

monitoring.

5.0 SAMPLING PROTOCOL
5.1  Groundwater Elevation Monitoring and Well Inspection

Prior to purging and sampling, ali groundwater monitor wells will be measured for depth to
water and total depth. To minimize the potential effects of water level fluctuation across the site,
the water levels in all the monitor wells will be measured first, then they will be purged and
sampled. During water level measurement events, each well will be inspected for damage to the
well casing, protective cover, lock, well cap, and concrete pad. In addition, the ground surface
around the well pads will be inspected for erosion. If any problems are discovered, they will be

addressed and the appropriate corrective action(s) will be rendered as soon as practicable.

Groundwater level meaéurements will be collected using an electric well sounder with a tape
marked in 1-foot increments with intermediate intervals marked in 0.01 foot. The groundwater
level measurement will be recorded tb the nearest 0.01 foot from an established survey mark on
toﬁ of the monitor well casing. When a measurement is collected, the electric well sounder will
be raised and lowered two to three times to be sure the correct reading is read off the tape
measure. Water level measurements collected for cach cvent will be recorded on the
Groundwater Sampling Report form (Form TCEQ-0312) or other form required by the TCEQ
(Appendix 11A).

52  Quality Assurance and Quality Control of Field Measurements

During each water level measurement event, the current measurements will be compared to the
readings recorded from the previous event, It is anticipated that the water levels in this area of

Texas should be fairly consistent for each monitor event. If an obvious discrepancy is
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encountered, the water level will be measured again to ensure the measurement was recorded

correctly.

Prior to collecting water level measurements, the electric sounder will be checked for damage,
including bends or kinks in the tape. To maintain consistency and precision, the same electtic

well sounder will be used during each measuring event.

Prior to conducting the well purging activities, the pH and conductivity meters will be calibrated.
Calibration of the instruments will be in accordance with the manufacturer's procedures for the
particular instrument. At a minimum, the pH meter will be calibrated using standard calibration
solutions consisting of an acidic solution (pH < 7), basic solution (pH > 7), and a neutral solution
(pH = 7). The conductivity meter will be calibrated using standard solutions as recommended or

supplied by the manufacturer.

5.3  Groundwater Sample Collection

5.3.1 Well Purging and Decontamination Procedures

Prior to each sampling event, the groundwater level in each well and the total well depth will be
measured as described in Section 5.1. The volume of water to be removed fron} the well will be
caleulated based on well casing volume. The wells will be purged of at least 3 well casing
volumes before collecting a groundwater sample. During purging, temperature, conductivity, and
pH will be measured in a separate glass, stainless steel container or flow cell. The parameters
will continue to be recorded throughout the entire purging of the well and until the feadings
stabilize and/or the required well volume of water is removed. Wells that dewater prior to
achieving the 3 well casing volumes will be evacuated vntil dry then allowed to recharge before
collecting a groundwater sample. For slowly recovering wells, a sample will be collected as soon
as practicable to reduce the péteﬁtial of volatilization in the well casing. Monitor wells that have
not sufficiently recovered after 7 days will be considered dry and not sampled. The
recommended recovery is 75% of the ﬁre—purging water level. However, the sampler(s) may
collect samples from a well with less recovery provided that the water level sufficient to supply

the réquired sample volume from the dedicated sampling system, and provided that, in their
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professional judgment, the recovery represents fresh formation water as opposed to filter pack
drainage. For monitor wells that recharge quickly, a sample will be collected within 24-hours
following purging. The calcﬁlated and actual purge volume achieved as well as the field
parameters will be recorded on the Groundwater Sampling Report form (Form TCEQ-0312,
Appendix 11A), or other form acceptable to the TCEQ.

The method of well purging will consist of using dedicated submersible pumps installed in the
well casings. The pump intake will be set approximately halfway into the water column in the
well casing. The discharge rate on the pump will be regulated to allow no more than 1-foot of
drawdown for wells that can sustain continuous pumping without dewatering. This procedure
will minimize any cascading effects that may volatilize constituents in the groundwater entering
the well casing and will also minimize agitating any residual sediment that is in the bottom of the
well. If the pump system fails, then the monitor well will be purged with a dedicated PVC or
stainiess steel bailer or back up submersible pump. If a bailer is used, a development rig will be
used to raise and lower the bailer. The bailer will be of sufficient size in order to efficiently
purge the well. The bailer will be lowered gently into the well casing and only submerged in the
upper half of the water column during purging. The bailer will not be lowered to the bottom of
the well. This procedure should minimize agitating any residual sediment that has collected in
the bottom of the well. In the event bailers are used, care will be taken to prevent the bailer from
coming into contact with the ground or potential contaminants that could be introduced into the
well. Any non-dedicated equipment used with the development rig-including the cable to raise
and the lower the bailer, will be decontaminated between wells to avoid potential cross

contamination.

The monitor wells will be purged in order from the well with the maximum groundwater
elevation to the well with the minimum groundwater elevation, unless historical analytical data
indicates the presence of volatile organic constituents (VOC) to be tested. If groundwater
contains VOCs, then the order of purging and sampling will proceed from the well with the

minimum to maximum VOC concentrations,
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Prior to beginning each sample event and between wells, all non-dedicated equipment including
the electric well sounder will be decontaminated thoroughly to minimize the potential for cross
contamination. For non-dedicated submersible pumps, the decontamination procedures will
consist of pumping a nonphosphatic detergent or solution with potable water through the pump
system. Then the pump equipment will be flushed with potable water and cleaned a second time
with the decontamination solution. Following the second cleaning, the pump equipment will be
rinsed with potable water and given a final rinse with deionized water. If non-dedicated bailers

are used, the same decontamination procedures will be used.

During the purging operations, a record of the climatic conditions, condition of the wells and
surrounding ground surface, water turbidity, color, odors, water level, depth of well and purge
rate will be maintained and recorded on the Groundwater Sampling Report form (Appendix
11A), or other form acceptable to the TCEQ. Additional sheets will be attached if necessary. The
information will be recorded in ink and a copy of the information will remain on site at the

landfill office and will become part of the site operating record.

5.3.2 Groundwater Sample Collection and Handling Procedures

During groundwater collection, disposable latex gloves will be worn to minimize cross
contamination of samples and to reduce the possibility of coming into contact with groundwater
containing VOCs. Prior to collecting a groundwater sample, the monitor wells will be purged of
groundwater as described in Section 5.3.1. Purge water will be handled as discussed in Section
5.6, The monitor wells will be sampled in the same order they are purged. Samples will be
collected within 24-hours following purging, but typicaily the day of the purging activities. For
slowly recharging wells, samples will be collected when sufficient water is present to fill the
appropriate number of containers. If sufficient recharge does not occur within 7 days following
purging, then the well will be considered dry and samples will not be collected. A notation will
be recorded in the site operating plan explaining why the well(s) was not sampled.
Recommended sample containers, preservation, and holding times for the analyses listed in this

GWSAP are presented in Table 11.3. The sample containers will be filled in the following order:
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1) VOCs,
2) semi-volatiles or other organics, if collected,
3) total metals and dissolved constituents, and

4) other'inorganics.

Samples will not be filtered in the field. In the case of analysis for dissolved constituents, the
sample will be filtered in the laboratory using a 0.45u membrane filter and will be preserved with

an appropriate acid such as nitric acid.

The samples will either be collected off the pump discharge or decanted from the bottom of the
bailefs, if used. The containers for the VOCs will be tilted slightly during the filling process so
that the water runs down the inside of the container. If a‘pum'p is used, the pump discharge will
be regulated at the time of sampling so as to maintain a slow enough discharge rate as possible to
minimize cascading and volatilization as the sample containers are being filled. Once the
discharge rate is set for sampling, it will be maintained at that rate for a few minutes so that the
sample collected will not be from the period of time when the pump was operating at a higher
discharge rate. The sample containers will be held as close to the pump discharge as possible
without touching to minimize the loss of volatiles. If bailers are used, the sample will be
decanted from the bottom of the bailer using a stop-cock to regulate flow. Once the sampling

program is initiated, the samples will be collected by the same method throughout the program.

Following the filling of each sample container, they will be labeled with the well number, date
and time collected, preservatives used, analyses to be performed, and sampler's initials. The
containers will be placed in zip-locked plastic bags. In addition, immediately after the sample is
collected, the temperature, pH, and conductivity will be measured again in either a glass or
stainless steel container or flow cell. The sample containers for each well will include as a
minimum, two-40 milliliter VOA glass vials with Teflon® septa screw caps for volatile organic
constituents (VOC), two-1 liter glass bottles for metals, and one-1 quart glass bottle with
Teflon® septa screw caps for inorganic and semi-volatile constituents. Sample containers for

VOCs (i.e., VOAs and quart glass bottles) will be completely filled and sealed carefully to
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prevent air bubbles. To check for air bubbles, invert the sample container and lightly shake it. If
an air bubble is present, then the sample will be discarded and the sample will be collected again.

All other sample containers for non VOCs will be filled as completely as possible.

Once the samples have been propetly sealed and labeled as described above, they will be
recorded on a Chain-of-Custody (COC), signed and dated by the sampling technician(s). An
example of a typical COC is presented in Appendix 11B. The COC will accompany the samples
to the laboratory the same day they are collected. The readings for temperature, conductivity, and
pH will be submitted to the laboratory with the samples. The samples will be placed in a plastic
ice chest (similar to an igloo ice chest) with ice, and will be maintained as close as possible to 4
degrees centigrade until the analyses are performed. Precautions will be taken to secure the
samples in the ice chest to prevent them from breaking during transport. The samples will be
delivered to the laboratory as soon as possible, generally the same day they are collected,
therefore it will not be necessary to preserve the samples in the field, except samples collected
for dissolved constituent analyses. Any samples, other than the samples collected for dissolved
constituent analyses, requiring overnight transport to the laboratory will be collected in pre-

preserved sample bottles prepared and provided by the laboratory.

54  Quality Assurance and Quality Control Samples

To provide screening of field procedures, additional samples will be collected. A trip blank will
be prepared by the laboratory and will also accompany the sample containers and collected
samples to and from the laboratory. The trip blank will consist of filling two-40 milliliter VOA
vials with appropriate liquid designated by the laboratory performing the analyses. The purpose
of the trip blank is to assess whether any of the sample containers or collected samples have been
impacted before or during sampling. At least one trip blank will be prepared for each shipment of
sample containers. The equipment and trip blank samples will be handled in a similar fashion as
the other samples and will be analyzed for VOCs. On occasion, blind duplicate samples will be
collected to assess the precision of the sampling and laboratory methods. If duplicates are
collected, the duplicate sample will be collected from the same bailer water as was used to fill

the original sample.
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Duplicate samples should not be collected off the pump discharge. If needed, additional samples
can be obtained with a bailer for the purpose of collecting duplicate samples. Thé duplicate
sample should be collected from the same bailer water used to fill the original sample containers.
The blind samples will usually be collected from well(s) with the maximum concentrations of
VOCs. When a blind sample is collected, it will be bandled in a similar fashion as the other
samples, but will be labeled in such a way that the laboratory does not know which sample is the

duplicate for QA/QC purposes.

5.5  Sampling in Adverse Weather Conditions

Sampling of the monitor wells will not be permitted during inclement weather, sandstorms, or
during periods when the temperature drops below freezing. Caution should be taken when the

temperature exceeds 100 degrees Fahrenheit.

5.6  Purge Water Handling Procedures

Purge and decontaminated water will be collected in approved Department of Transportation
(DOT) 55-gallon drums and stored onsite for subsequent disposal. The analytical data will be
reviewed to determine the proper disposal procedures. If needed, the TCEQ will be consulted to
assist in assessing proper disposal procedures. Purge and decontaminated water will be disposed

at an approved licensed facility.

6.0 ANALYTICAL TESTING
6.1  Laboratory Performing the Analyses

Analysis of landfill samples will be performed by either a NELAC accredited environmental
testing laboratory, or a non-accredited, in-house environmental testing laboratory meeting
requirements of 30 TAC §25.1(9) and §25.6. Presently, samples are analyzed by an in-house
laboratory, owned and operated by the City of Amarillo, which provides data only to City

departments for environmental compliance and enforcement, and for permits or authorizations
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issued to the City. In the event that the in-house laboratory ceases to qualify for the exception
under 30 TAC §25.6, then the City will use a NELAC-accredited laboratory having fields of

accreditation for the matrix, methods and analytes used for the landfill’s monitoring program.

6.2  Laboratory Procedures

The laboratory will analyze samples according to methods specified in “Test Methods for
Evaluating Solid Waste, Physical/Chemical Methods” (U. S. Environmental Protection Agency
Publication Number SW-846), 3" Edition, September 1986, as revised or updated, or by other
equivalent or better methods accepted by the TCEQ.

The PQL is defined as the lowest concentration reliably achieved within specified limits of
precision and accuracy during routine laboratory operating conditions and is analogous to the
limit of quantitation definition in the most recent available National Environmental Laboratory
Accreditation Conference (NELAC) Standard. The PQL is methbd, instrument, and analyte
specific and may be updated as more data becomes available. The PQL must be below the
groundwater protection standard established for that analyte as defined by 30 TAC Section
330.409(h) unless approved otherwise by the TCEQ, The precision and accuracy of the PQL
shall be initially determined from the PQLs reported over the course of a minimum of eight
groundwater monitoring events. The results obtained from these events shall be used to
demonstrate that the PQLs meet the specified precision and accuracy as shown in the Table 11.4
below. The PQL will be supported by analysis of a PQL check sample, which is a laboratory
reagent grade sample matrix spiked with chemica1$ of concern at conc.entrations equal to or less
than the PQL, At a minimum, a PQL check sample will be performed quarterly during the
calendar year to demonstrate that the PQL continues to meet the specified limits for precision

and accuracy as defined in the table below.

For analytes that the established PQL cannot meet the precision and accuracy requirements in the
table above, the owner/operator will ensure the faboratory will submit sufficient documentation

and information to the TCEQ for alternate precision and accuracy limits on a case by case basis.
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Non-detected results will be reported as less than the established PQL limit that meets these

precision and accuracy requirements,

6.3  Data Review and Laboratory Case Narrative

All analytical data submitted under the requirements of this permit will be examined by the
owner and/or operator to ensure that the data quality objectives are considered and met prior to
submittal for the commission to review. The owner or operator will determine if the results
represent the sample are accurate and complete. The qﬁality control results, supporting data, and
data review by the laboratory must be included when the dwner/operator reviews the data. Any
potential impacts will be reported such as the bias on the quality of the data, footnotes in the

report, and anything of concern that was identified in the laboratory case narrative summary.

The owner or operator will ensure that the laboratory documents and reports all problems and
observed anomalies associated with the analysis. If analysis of the data indicates that the data
fails to meet the quality control goals for the laboratory’s analﬁical data analysis program, the
owner or operator will determine if the data is usable. If the owner and/or operator determines
the analytical data may be utilized, any and all problems and corrective action that the laboratory

identified during the analysis will be included in the report submitted to the TCEQ.

A Laboratory Case Narrative (LCN) report for all problems and anomalies observed must be
submitted by the owner and/or operator. The LCN will report the following information:
1. The exact number of samples, testing parameters and sample matrix.

2. The name of the laboratory involved in the analysis. If more than one laboratory is used,
all laboratories shall be identified in the case narrative.

3. The test objective regarding samples.

4. Explanation of each failed precision and accuracy measurement determined to be outside
of the laboratory and/or method control limits.

5. Explanation if the effect of the failed precision and accuracy measurements on the results
induces a positive or negative bias,
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10.

Identification and explanation of problems associated with the sample results, along with
the limitations these problems have on data usability.

A statement on the estimated uncertainty of analytical results of the samples when
appropriate and/or when requested.

A statement of compliance and/or noncompliance with the requirements and
specifications. Exceedance of holding times and identification of matrix interferences
must be identified. Dilutions shall be identified and if dilutions are necessary, they must
be done to the smallest dilution possible to effectively minimize matrix interferences and
bring the sample into control for analysis.

Identification of any and all applicable quality assurance and quality control samples that
will require special attention by the reviewer.

A statement on the quality control of the analytical method of the permit and the
analytical recoveries information shall be provided when appropriate and/or when
requested. :

In addition to the LCN, the following information must be submitted for all analytical data:

1.

A table identifying the field sample name with the sample identification in the laboratory
report,

Chain of custody.

An analytical report that documents the results and methods for each sample and analyte
to be included for every analytical testing event. These test 1eports must document the
reporting limit/method detecnon limit the laboratory used.

A release statement must be submitted from the laboratory. This statement must state “I
am responsible for the release of this laboratory data package. This data package has
been reviewed by the laboratory and is complete and technically compliant with the
requirements of the methods used, except where noted by the laboratory in the attached
exception reports. By my signature below, I affirm to the best of my knowledge, all
problems/anomalies, observed by the laboratory as having the potential to affect the
quality of the data, have been identified by the laboratory in the Laboratory Review
Checklist, and no information or data have been knowingly withheld that would affect the
quality of the data.”

a. If it is an in-house laboratory, it must bave the following statement: “This .
laboratory is an in-house laboratory controlled by the person responding to rule.
The official signing the cover page of the rule-required report (for example, the
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APAR}) in which these data are used is responsible for 1eleasmg this data package
and is by signature affirming the above release statement is true.”

5. If'the data is from soil and/or sediment samples, it must be reported on a dry weight basis
with the percent solids and the percent moisture reported so that any back calculations of
the wet analysis may be preformed.

A laboratory review checklist shall be submitted with all groundwater analytical data documents.
An example laboratory review checklist is presented in Appendix 11C. For every response of
"No, NA, or NR" that is reported on the checklist, the permittee will ensure the laboratory

provides a detailed description of the “exception report” in the summary of the LCN.

7.0  STATISTICAL METHODS

The groundwater monitoring data will be evaluated to determine statistically significant increases
(SSIs) above background values for each constituent listed in Table 11.1. The statistical analyses
will be performed in accordance with 31 TAC 330407 (e) and (f), using commercially available
software, such as SANITAS. The statistical method currently used following establishment of
background data for the currently approved groundwater monitoring system (February 1995 through
October 1996) consists of two methods. One method is a contro! chart (CUSUM) and the other
method is intra-well parametric and non-parametric prediction limits (PL). The rationale for
utilizing these methods was presented in HDR’s October 9, 1997 response to comments letter to the
TCEQ. |

The Landfill may use statistical tests other than those approved by TCEQ in Section 330.405(e),
provided that the test meets the performance standards of Section 330.405(f) and provided that a
. satisfactory justification has been submitted to the TCEQ.
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Table 11.1: Detection Monitoring Constituents

Total Alkalinity
Arsenic

Barium

Total Dissolved Solids
Cadmium

Chromium

Cobalt

Copper

Lead

Nickel

Selenium

Shiver

Dissolved iron
Dissolved Manganese
Zing

Ammonia

Acetone

Acrylonitrite

Benzene
Bromochloromethane
Bromodichloromethane
Bromoform

Carbon disulfide

Carbon tetrachloride
Chlorcbenzene
Chloroethane

Chloroform
Dibromochloromethane
1,2-Dibromo-3-chloropropane
1;2-Dibromoethane
o-Dichlorobenzene,(1,2)
p-Dichlorobenzene (1,4)
trans- |,4-Dichloro-2-butene
1,1-Dichloroethane

1,2-Dichloroethane

1, 1 -Dichloroethylene
cis-1,2-Dichloroethylene
frans- 1,2-Dichloroethylene
I,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene

2-Hexanone

Methyl bromide

Methyl chloride
Methylene bromide
Methylene chloride
Methy! ethy! ketone
Methyl iodide
4-Methyl-2-pentanone
Styrene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachlorosthane
Tetrachloroethylene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Trichlorofluoromethane
1,2,3-Trichloropropane
Vinyl acetate

Vinyl chloride

Xylenes (fotal)

City of Amarillo — Part 11T, Attachment 11
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Table 11.2: Test Methods and Containers

CONSTITUENT METHOD
Volatile Organic Constituents| 8260B
Total Alkalinity 310.1, titration, sulfuric acid
Total Dissolved Solids 160.1
Arsenic ICP 6010C, ICPMS 6020A
Barium ICP 6010C, ICPMS 6020A
Cadmium ICP 6010C, ICPMS 6020A
Chromium ICP 6010C, ICPMS 6020A
Cobalt ICP 6010C, ICPMS 6020A
Copper ICP 6010C, ICPMS 6020A
Lead ' ICP 6010C, ICPMS 6020A
Nickel ICP 6010C, ICPMS 6020A
Selenium ICP 6010C, ICPMS 6020A
Sitver ICP 6010C, ICPMS 6020A
Dissolved Iron ICP 6010C, ICPMS 6020A
Dissolved Manganese ICP 6010C, ICPMS 6020A
Zinc ICP 6010C, ICPMS 6020A
Ammonia 350.3, ion electrode

Containers & Preservation

Volatiles - Method 8260B - 3, 40-ml VOA Vials)

Metals - Methods ICP 6010 and ICPMS 6020 - 2, 1-liter, plastic,
kept cold; one preserved with HNO; to pH <2; one with no
preservative.

Ammonia — Method 350.3 - 1, 500-ml, glass, preserved with H,SOy,

The above test methods are taken from EPA SW-846, Test Methods for Evaluating Solid
Waste, Third Edition, Update I1IB, November 2004, All samples shall be analyzed by SW846
methods or other methods accepted by the TCEQ.
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Table 11.3: Sample Containers, Preservation, and Holding Times

Parameter Recomn'lended Preservation Mammufn Holding Minimum
‘ Containers Time Volume
pH P.G None Analyze immediately 25 ml
Spec. Cond. P.G None Analyze immediately 100 ml
Temperature P.G None Analyze immediately :
Heavy Metals P.G *Acidify w/HNO; 6 months except 1 liter
(includes iron to pH<2, 4°C 28 days for Hg
and manganese)
Calcium, P.G 4°C 28 days 1 liter
Magnesium,
Sodium, Potassium,
Fluoride, Sulfate,
Chloride, and
Hardness
Total Dissolved P.G 4°C 7 days 1 liter
Solids (TDS) (may
be included with
above parameters)
Nitrate P.G 4°C 48 hrs 100 ml
Ammonia P.G 4°C; acidifyw/H,80,) 7 days; 28 days if 500 ml
‘ to pH<2, 4°C acidified
Alkalinity P.G 4°C 48 hrs 200 ml
NPOC G amber, T- 4°C; acidify 48 hrs; 28 days if 100 ml/
lined caps w/HCI to pH<2, acidified ‘replicate
4°C
Chemical Oxygen | P,G 4°C; acidify 48 hrs; 28 days if 100 ml
Demand (COD) w/H,S0,, to pH<2, acidified
4°C
Semi-volatile G, T-lined caps | 4°C 7 days until extraction, | 1 liter
organic constituents then analyze within 40
(SVOC) days
Biologicd Oxygen | P,G 4°C 24 hrs 1 liter
Demand (BOD) ,
Volatile Organic @G, T-lined septa | 4°C; acidify 14 days 2x40 ml
Constituents (VOCs) w/HC1 to pH<2,
4°C
P=Polyethylene, G=Glass, T=Teflon.
*If analyzing for dissolved metals, filter in the lab before acidifying.
City of Amarillo — Part 1], Attachment 11 21 Kleinfelder
Landfill Permit Amendment Application July 2009
93651/WACEBR045 Revised




Table 11.4 QC Specification Limits for the PQL and Lower Limit of Quantitation Check

Samples
COC Precision (% Accuracy (%
RSD) Recovery)
Metals 10 70-130
Volatiles 20 50-150
Semi-volatiles 30 50-150
City of Amarillo — Part 111, Attachment 11 22 Kleinfelder
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Appendix 11A: Groundwater Sampling Report, Form TCEQ-0312
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TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

Waste Permits Division;.

" Installation dafe -

8. Pﬁrginngamp{ng method
Ware loww-flow methads used? _
If yes whatvotume uas purged‘?

8. Wel! vatur os purged BT (entaH 2, 25 3 etc)

E'--[ }'-e-s- [ }no (checkane)

Laboratory: “19. Name

{ssgnature)

{signature}~ "

telative to mean ss
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ver .

Sit

Thallium ~© i

Vanadium

TCEQD&‘!Z(vaéfZ‘HM) page 2 of 4
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RTING LIMIT {ug/l3? ~ METHOD ..

: B_romcform,,
: »foériion d]sulﬂde

lch[orobenzene (1 2)
"h[arobenzene (1 4)

- 10081-01-5
L 10081-02-8
100414

; :59‘[‘-78"6, -1

_1' 1 1-Trlchloraethane
e 1 Z-Tnchloroethane

1330207

PQLsnr '
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RTING LIMIT
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Appendix 11B: Chain of Custody Form
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Appendix 11C: Example Laboratory Checklist
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Laboratory Data Package Cover Page

This data package consists of:

[l This signature page, the laboratory review checklist, and the following reportable data:
| R1  Field chain-of-custody documentation;

a R2  Sample identification cross-reference;

N R3 - Test reports {analytical data sheets) for each environmental sample that includes:

a) Hems consistent with NELAC 5.13 or ISQ/IEC 17025 Section 5.10
b} dilution factors,
¢) preparation methods,
d) cleanup methods, and
e) if required for the project, tentatively identified compounds (TICs).
0 R4 Surrogate recovery data mcluding;
a} Calcnlated recovery (%R), and
b) The laboratory’s surrogate QC limits.
] R5  Test reports/summary forms for blank samples;
[l R6  Test reports/summary forms for Iaboratory control samples (LCSs) mcludmg
a) LCS spiking amounts,
b} Calculated %R for each analyte, and
¢) The laboratory’s LCS QC limits.
0 R7  Test reports for project matrix spike/matrix spike duplicates (MS/MSDs) including:
a) Samples associated with the MS/MSD clearly identified,
b) MS/MSD spiking amounts,
¢) Concentration of each MS/MSD analyte measured in the parent and spiked s'tmples
d) Caiculated %Rs and relative percent differences (RPDs), and
¢} The laboratory’s MS/MSD QC limits
[ R8  Laboratory analytical duplicate (if applicable) recovery and preclslon
a) the amount of analyte measured in the duplicate,
b) the calculated RPD, and
¢) the laboratory’s QC limits for analytical duplicates.
O R9  List of practical quantitation limits (PQLs) for each analyte for each method and matrix;
L R10 Other problems or anomalies.
o The Exception Report for every “No” or “Not Reviewed (NR)” item in laboratory review checklist.

Release Statement: I am responsible for the release of this laboratory data package. This data package has
been reviewed by the laboratory and is complete and technically compliant with the requirements of the
methods used, except where noted by the laboratory in the attached exception reports. By my signature
below, I affirm to the best of my knowledge, all problems/anomalies, observed by the laboratory as
having the potential to affect the quality of the data, have been identified by the laboratory in the
Laboratory Review Checklist, and no information or data have been knowingly withheld that would
affect the quality of the data.

Check, if applicable:, O "This laboratory is an in-house laboratory controlled by the person responding {o
rule. The official signing the cover page of the rule-required report (for example, the APAR) in which
these data are used is responsible for releasing this data package and is by signature affirming the above
release statement is true.

Mame (Printed) Signature Official Title (printed) Date
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Laboratory Review Checklist: Reportable Data

Laboratory Name: ) LRC Date;

Project Name: Laboratory Job Number:

Reviewer Name; Prep Batch Number(s):

#l

Al

Description

RI

o1

Chain-of-custody {C-0-C)

Did samples meet the Jaboratory’s standard conditions of sample acceptability upon receipt?

_|Were all departures from standard conditions deseribed in an exception repmt?

o1

Sample and quslity control (QC) identification

Are all field sample ID numbers cross-referenced to ihe laboratory 1D numbers?

Are all laboratory ID numbers cross-referenced to the coresponding QC data?

01

Test reports

Were all samples prepared and analyzed within holding times?

Other than those results < PQL, were all other raw values bracketed by calibration standards?

Were calculations checked by a peer or supervisor?

Were ail analyte identifications checked by a peer or supervisor?

Were sample quantitation limits reported for all analytes not detected?

Were all results for soil and sediment samples reported on a dry weight basis?

Were % moisture (or solids) reported for all soil and sediment samples?

If required for the project, TICs reported?

R4

Surrogate recovery data

Were surrogates added prior to extraction? -

Were surrogate percent recoveries in all samples within the Iaboratory QC limits?

ol

Test reports/summary forms for blank samples

Were appropriate typefs) of blanks analyzed?

Were blanks analyzed at the appropriate frequency?

Were method blanks taken through the entire analylical process, including preparation and, if
applicable, cleanup procedures?

Were blank concentrations < PQL?

Ré

Ol

Laboratory control samples (LCS):

Were all COCs included in the L.LCS?

Was each LCS taken through the entire analytical procedure, including prep and cleanup steps?

Were LCSs analyzed at the required frequency?

Were LCS (and LC8D, if applicable) %Rs within the laboratory QC limits?

Does the detectability data document the laboratory’s capability to detect the COCs at the MDL used
to caleulate the SQLs?

Was the LCSD RPD within QC limits?

R7

Ol

Matrix spike (MS) and matrix spike duplicate (MSD) data

Were the project/method specified analytes included in the MS and MSD?

Were MSMSD analyzed at the appropiiate frequency?

Were MS (and MSD, if applicable)} %Rs within the laboratory QC limits?

Were MS/MSD RPDs within laboratory QC limits?

RS

0Ol

Analytical duplicafe data

Were appropriate analytical duplicates analyzed for each matrix?

Were analytical duplicates analyzed at the appropriate frequency?

Were RPDs or relative standard deviations within the laboratory QC limits?

Ol

Practical guantitation limits (PQLs):

Are the PQLs for each method analyte included in the laboratory data package?

Do the PQLs correspond to the concentration of the lowest non-zero calibzation standard?

R10

Qa1

Are unadjusted PQLs included in the Jaboratory data package?
QOther prohlems/anomalies -

Are all known problems/anomalies/special conditions noted in this LRC and ER?

Were all necessary corrective actions performed for the reported data?

Was applicable and available technology used to lower the SQL minimize the matrix interference
affects on the sample results?
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Fal ol

Ttems identified by the letter “R” must be included in the laboratory data package submitted in required repori(s). Items identified by the leiter “S”

should be retained and made available upon request for the appropriate retention period.
= organic analyses; I = inorganic analyses (and general chemistry, when applicable);
NA = Not applicable; and NR = Not reviewed; .
ER# = Exception Report identification number (an Exception Report should be completed for an item if “NR” or “No” is checked on the
-LRC)
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Laboratory Review Checklist: Reportable Data

Laborafory Name: LRC Date:

Project Name: Laberatory Job Number:

Reviewer Name: Prep Batch Numnber(s):

#l

AZ

Description

51

01

Tnitial calibration (ICAL)

Yes [No [NA?

Were response factors and/or relative response {actors for each analyte within QC Hinits?

NRT JER#

Were percent RSDs or comrelation coefficient criteria met?

Was the number of standards recommended in the method used for all analytes?

Were all points generated between the lowest and highest standard used to calculate the curve?

Are ICAL data available for all instnunents used?

Has the initial calibration curve been verified using an appropriate second source standard?

9)}

Initial and continuing calibration verification (ICCV and CCV) and continuing calibration

Was the CCV analyzed at the method-required frequency?

Were percent differences for each analyte within the method-required QC limits?

Was the ICAL curve verified for each analyte?

Was the absolute value of the analyte concentration in the inorganic CCB < MDL?

Mass spectral funing;

‘Was the appropriate compound for the method used for tuning?

Were ion abundance data within the method-required QC limits?

Internal standards (IS):

Were IS area counts and retention times within the method-required QC limits?

85

Ol

Raw data (NELAC section 1 appendix A glossary, and section 5.12 or ISO/IEC 17025 section
4,12.2) (ONLY USE DATA FOR EPA LEVEL 3 Q4/QC REVIEW, IF RAW DATA NOT
APPLICABLE, THEN CHANGE APPROPRIATELY).

Were the raw data (for example, chromatograms, speciral data) reviewed by an analyst?

Were data associated with manual integrations flagged on the raw data?

Dual column confirmation

Did dual column confinnation results meet the method-required QC?

Tentatively identified compounds (TICs):
If TICs were requested, were the mass spectra and TIC data subject to appropriate checks?

Interference Check Sample (ICS) resulfs:

Were percent recoveries within method QC fimits?

Serial dilutions, post digestion spikes, and method of standard additions

Were percent differences, recoveries, and the linearity within the QC limits specified in the method?

o1

Method detection limit (MDL) studies

Was a MDL study perfonned for each reported analyte?

Ts the MDL either adjusted or supported by the analysis of DCSs?

9]

Proficiency test reports:

Was the laboratory's perfonnance acgeptable on the applicable proficiency tests or evaluation studies?

01

Standards decumentation

Are all standards used in the analyses NIST-traceable or obtained from other appropriate sources?

9]

Compound/analyte identification procedures

Are the procedures for compound/analyte identification documented?

Ol

Demonstration of analyst competency (DOC)

Was DOC conducted consistent with NELAC Chapter 5C or ISO/IEC 47

Is decumentation of the analyst’s competency up-fo-date and on file?

Ol

Verificationfvalidation documentation for methods (NELAC Chap 5 or ISO/IEC 17025 Section 5) B

Are all the methods used to generate the data documented, verified, and validated, where applicable?

9]

Laboratory siandard operating procedures (SOPs):

Are laboratory SOPs current and on file for each method performed?

o LN

Ttems identified by the letter “R” should be included in the laboratory data package submitted to the TCEQ in the required reporf(s). Items identified

by the letter “S™ should be relained and made available upon request for the apprepriate retention period.
O = organic analyses; 1= inorganic analyses {and general chemistry, when applicable),

NA = Not applicable.

NR = Not Reviewed.

ER# = Exception Report identification number (an Exception Report should be completed for an item if “NR” or “No™ is checked).
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Appendix A (cont’d); Laboratory Review Checklist: Exception Reports

Laboratory Name; LRC Date;
Project Name: Laboratory Job Number:
Reviewer Name: Prep Batch Number(s):

ER# |DESCRIPTION

ER# = Exception Report identification number (an Exception Report should be completed for an item if “NR™ or “No™ is checked

on the LRC
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Appendix 11D: Site Safety Plan
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This Site Safety Plan has been presented herein to provide guidance when conducting groundwater
and sampling activities at the site. Any other site specific health and safety procedures prepared by
the City of Amarillo shall be adhered to. Personnel designated to perform the groundwater
monitoring and sampling program should be trained in the operation, maintenance, and calibration of
the sampling equipment. There should be two people at all times performing the monitoring and
sampling activities. At the end of this plan is a site map that shows the well locations, routing to and
from the wells, and entrance/exit to the facility. In case of emergency, it is recommended that all
personnel meet at the landfill office located on the western side of the landfill, unless a specific
location has been selected by the City of Amarillo management. The following safety precautions

are recommended:

* During the monitoring and sampling activities, smoking and eating will not be permitted. These
activities should only be permitted in designated areas and after washing hands with soap and
water, _

J At a minimum Level D protection should be worn at all times. Because groundwater is involved
with this activity the protective gear should at least consist of coveralls, gloves, safety glasses or
goggles, boots, and hard hat.

o Because the potential for methane and other gases to build-up in the monitor wells, extra
precaution should be taken when opening monitor wells that have been closed for a period of
time. Any equipment that may be a spark hazard should be removed from the area before
opening the well. It is recommended to have a methane monitoring device, i.e. explosimeter,
during sampling to monitor the air space around the well head prior to opening the well. If
concentrations are within five percent or greater by volume of methane, then the well should be
vented until readings decrease to zero.

e While working around the wells, an adequate working area should be maintained to allow free
movement, In heavy traffic areas, the working area should be delineated with barriers or caution
tape. Personnel should be aware of construction equipment and refuse trucks around the area at
all times. In areas that are obstructed from view, adequate signs should be posted to warn on-

coming vehicles that personnel are working in the area and that caution should be taken.
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Since many of the constituents being analyzed are considered carcinogens, Material Safety Data
Sheets (MSDS) should be posted at the facility and consulted on a regular basis. For this type of
work the primary exposure routes will be by ingestion and skin absorption. Therefore, extra
precaution should be given to avoid coming into contact with groundwater that is potentially
impacted with volatile organic constituents, Personnel should thoroughly wash their hands with

soap and water after completing the sampling activities and before they leave the site.
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FINAL CLOSURE PLAN
§330.56(1)

1.0 GENERAL

This final closure plan has been prepared to address final closure requirements in compliance

with §330.250 through §330.256. The plan includes the following:

e A description of the final cover design, including the methods and procedures used to
install the cover.

e An estimate of the largest area requiring final cover at any time during the active life of
the landfill.

e An estimate of the maximum inventory of wastes on-site over the active life of the
landfill.

e A schedule for completing all activities.

e A final contour map depicting the proposed final entrance, site access roads, top and side
slope cover, proposed surface drainage features, and protection of any 100-year flood
plain. A _

e A detailed, written estimate of the cost of hiring a third party to close the largest‘area of
the MSWLF during the active life of the site.

Following receipt of the required ﬁnal' closure documents and an inspection report from the
Texas Commission on Environmental Quality (TCEQ) verifying proper closure of the MSWLF
facility in accordance with the approved final closure plan, TCEQ may acknowledge the
termination of operation and closure of the facility and deem it properly' closed. Post-closure care

maintenance will begin immediately upon the date of final closure as approved by the

Commission.
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2.0 DESCRIPTION OF FINAL COVER DESIGN

The City of Amarillo landfill consists of two closed Pre-Subtitle D Cells (Cells 1 and 2), one
partially closed Pre-Subtitle D Cell (Cell 3), one inactive and one active Subtitle D Cell (Cell 4A
and 4B), and eight proposed Subtitle D Cells (Cells 5-12). The City will complete the
installation of a final cover system, using a phased closure plan, within 180 days of the last
receipt of wastes for each designated phase area. The final cover system will be designed and
constructed to minimize infiltration and erosion. None of the Cells at the landfill have been filled
to the proposed final waste elevations. Theréfore, upon approval of this permit amendment, all

cells will require closure.

2.1 Pre-Subtitle D Area

An intermediate cap cover system design for the Pre-Subtitle D area (Cells 1, 2, and 3) will
consist of an infiltration barrier layer / clay cap and an erosion control layer. The barrier layer
will consist of a minimum 12-inch depth of earthen material placed to achieve a coefficient of
hydraulic conductivity (permeability) less than or equal to 1 x 10 cm/s. The erosion control
layer will consist of a minimum of 24 inches of earthen material capable of sustaining plant
growth and will be seeded or covered with sod to minimize erosion in the interim time period
between the time that Cells 1, 2, and 3 are capped, and the placement of subsequent waste lifts
on top of Cells 1, 2, and 3. Prior to placement of additional waste on these cells, the erosion
control layer will be removed and stockpiled for future use. The final cover system for the Pre-

Subtitle D areas will be the same as for the Subtitle D areas as discussed below.

2.2 Subtitle D Area

An Alternate Final Cover Plan was developed and approved by the TCEQ as a part of the April
1994 permit modifications. The Alternate Final Cover Plan is included in Part III, Attachment
15. The approved final cover system design for the Subtitle D areas (Cells 4 - 12), as well as the
final cap for the Pre-Subtitle D areas (Cells 1, 2, and 3) consists of 12 inches of compacted clay
material with a hydraulic conductivity of 1x10”° cmv/sec or less for the infiltration layer, and 24

inches of earthen material for the erosion/vegetative layer, with the upper 6 inches capable of
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sustaining vegetation, thereby meeting the réquirements of 30 TAC§330.253(b)(3). The erosion
layer will be seeded or sodded immediately following the application of the final cover to

minimize erosion.
2.3  Sequence of Final Cover Installation

The following provides a general sequence for the installation of final cover:
o Reach final approved waste elevations with solid waste and 6-12 inches of daily and/or
intermediate cover.
e Prepare cell or area for closure.
e Place and test barrier layer / clay cap material (12 inches).
e Place erosion control / vegetative layer (24 inches).
e Prepare seedbed.

o Seed, fertilize, mulch and water final slopes as needed to establish vegetative cover.

Site Preparation:

The site preparation activities will include the removal of grass/vegetation to the root zone, if
needed, in cells where intermediate cover has been placed. Prior to placing the clay cap material,
the subgrade will be prepared and graded. If required, additional clean fill material will be used
to bring grades to smooth final contours. The fill material will consist of native soil from on-site

or imported from another source.

Barrier Layer Placement:
The infiltration barrier layer / clay cap will be placed and Quality Assurance / Quality Control

(QA/QC) tested in accordance with current TCEQ guidelines, as specified in §330.253. Quality
control testing for the permeability of the final cover shall be completed at a frequency of no less
than one test per surface acre of final cover. The permeability data will be submitted to the
Commission as provided in technical guidelines. Placement of soils for the final cover
infiltration barrier layer / clay cap will be in accordance with the Final Cover Quality Control

Plan (FCQCP), dated May 2004, and included within Attachment 12 as Appendix 12B.
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Erosion/Vegetative Laver Placement:
The erosion layer will consist of a minimum of twenty-four (24) inches of earthen material, with

at least the top six (6) inches being capable of sustaining native plant growth, and will be
installed after completion of the infiltration barrier layer / clay cap in a given area. After the
erosion control / vegetative layer has been placed, the area will be vegetated as soon as possible
with a mixture of native grasses or other Natural Resource Conservation Service (NRCS,
formerly SCS) recommended grasses as described in the Erosion and Sedimentation Control
Plan. If the final cover is completed during the fall months, a nurse crop of winter wheat (or
other suitable species) may be seeded to prevent soil erosion until the permanent vegetation can

be established in the spring.

The United States Department of Agriculture Natural Resource Conservation Service (NRCS) in
Amarillo has suggested the following winter and summer seed mixtures for the City of Amarillo
Landfill. These mixtures are included for reference only. Other suitable seed mixtures may be

used to provide erosion control.

Winter crop:

Wheat 40-60 1bs/acre

Summer crop:

Sideoats Grama (40%) 4.5 Tbs/acre
Blue Grama (50%) 1.5 Ibs/acre
Green Sprangletop (10%) 1.7 Ibs/acre

In the event that final cover placement is completed during winter months, the winter crop will
be planted on the Landfill. Following the winter season, the summer crop will be planted as

soon as weather permits.
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The final cover may require a soil amendment such as compost or mulch to improve the texture,
moisture retention capacity, or nutrient value. Any soil amendments will be included in the final
six inches of the final cover. A soil amendment may be purchased from local seeding companies
or other sources. Amendment recommendations and procedures for applying the amendment will
be provided by the local Texas Agricultural Extension Service or NRCS agents prior to final

cover placement. TxDOT specifications for compost material may also be used.

The erosion layer will be graded to the elevations shown in Part III, Attachment 7. Figure
III.1.10 - Final Cover Details is included in Part III, Attachment 1. The erosion
control/vegetative layer will serve as the seedbed for the vegetation and will be prepared in
accordance with seed supplier specifications, or local agricultural recommendations as. described

in the Erosion and Sedimentation Control Plan in Part III, Attachment 6: Appendix 6C.

Temporary or permanent erosion control materials (i.e., mulches, containment meshes,
geomatting systems, etc.) may be used to minimize erosion and aid establishment of vegetation.
An alternate erosion layer may also be constructed (subject to TCEQ approval) consisting of
cobbles, riprap, or other hard-armor systems for areas where establishment of vegetative cover is

difficult due to climatic conditions.

When it is appropriate to do so, compost may be used to enhance the moisture holding and
erosion-resistant characteristics of the erosion control / vegetative layer. If used, compost will

conform to the Texas Department of Transportation (TxDOT) specifications for compost.

2.4  Final Cover Testing

Final Cover will be installed as specified in the site’s Final Cover Quality Control Plan (FCQCP-
Part III, Attachment 12, Appendix 12B). Testing will be performed to assure the cover is
properly installed. Testing for the clay component of the final cover will consist of at least one

coefficient of permeability test per surface acre of final cover.

The permeability data will be submitted to the Commission as provided in technical guidelines.
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3.0

LARGEST AREA REQUIRING FINAL COVER

It has been determined that the largest area requiring final cover will be approximately 526 acres.
This area consists of cells 1 through 12.

4.0

DISPOSAL CAPACITY

The City of Amarillo Landfill will place approximately 93,767,000 cubic yards of compacted solid
waste over the remaining life of the landfill.

5.0

SCHEDULE

The City will adhere to the following schedule for closure activities:

No later than 45 days prior to initiation of closure activities for any portion of the landfill,
the City will provide written notification to the executive director of the intent to close

that portion , and place this notice of intent in the operating record.

No later than 90 days prior to initiation of final facility closure, the City will publish a
public notice of final closure in the largest circulating newspaper in the vicinity of the
facility. The notice will include the name, address, physical location of the facility,
permit number, and the last date of intended final receipt of waste. Additional copies of

the closure and post-closure plans will be available for public access and review.

Closure of the last portion of the landfill to receive waste will begin no later than 30 days
after receipt of final wastes. If it is likely that the site will receive additional waste, the
site will close no later than one year after the most recent receipt of waste, unless an

extension is requested from the Commission.

Final closure activities will be completed within 180 days from initiation of final closure

activities for each portion of the landfill proposed to be closed.
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o A documented certification from an independent Professional Engineer will be submitted
to the Commission verifying that closure has been completed in accordance with the final
closure plan. The submittal will include all applicable documentation necessary for
certification of final closure. After the Commission has approved the certification, a copy

will be placed in the operating record.

e A sign will be posted at the main entrance and any other frequently used points of access
to the facility and at appropriate points around the site perimeter notifying persons of the

date of final closure, and the prohibition against the receipt of additional waste.

e Barriers will be installed at all gates or access points to prevent the unauthorized dumping

of solid waste.

e Within 10 days after final closure of the facility, the City will submit to the Commission
a certified copy of an "Affidavit to the Public" on a form provided by the Commission.
The affidavit will include an updated metes and bounds description of the extent of the
disposal cells. In addition, future land use restrictions/requirements will be identified and

described in accordance with §330.255 as follows:

(1)  any proposed construction activities or structural improvements on the closed
solid waste site shall not disturb the integrity and function of the final cover, any
liner(s), all components of the containment system(s), and any monitoring

system(s);

(2)  the post-closure activities or improvements shall not increase or serve to create
any potential threat to human health and the environment or the proposed
activities or improvements are necessary to reduce a potential threat to human

health and the environment; and
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(3) any proposed modification or replacement of existing construction activities or
structural improvements on any closed solid waste site that may disturb the
integrity and function of any portion of the final cover, any liner(s), any
components of the containment system(s), or any monitoring system(s) shall not
increase nor serve to create any potential threat to human health and the

environment.

e Any construction activities or structural improvements on any portion of a closed solid
waste site during the post-closure period will, at a minimum, meet the following

conditions.
(1) Enclosed structures are prohibited below grade.
(2)  Unauthorized pilings in or through the final cover or any liner are prohibited.

(3)  Unauthorized borings or other penetrations of the final cover or any liner are

prohibited.

Following receipt of the final closure documents and an inspection report from the
Commission’s district office verifying proper closure, the Commission may acknowledge the
termination of operations and closure of the facility and deem it properly closed. Post-Closure
maintenance will begin immediately upon the date of final closure as approved by the

Commission.

The owner or operator shall record a certified notation on the property deed which notifies a
potential buyer of the land use. The modified deed will be submitted to the Commission and placed

in the operating record at the site.
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6.0 FINAL CONTOUR MAP

A final contour map has been provided in Part III, Attachment 7 of this permit amendment
document. The map depicts final contours including top and side slopes, drainage areas, and on-

site structures. A copy of the final contour map is also included as Figure [11.12.1.
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7.0 ESTIMATED COSTS

The unit costs used are based on recent projects and prices. The estimated costs will be updated annually
or as required to reflect any increased or decreased costs in construction or materials or the closure of
particular cells. A copy of the revised closure costs will be submitted to the Commission.

Table HI.12.1: Closure Costs
CITY OF AMARILLO LANDFILL,
COST ESTIMATE FOR CLOSURE OF THE LARGEST AREA
(LARGEST AREA ESTIMATED AT 526 ACRES)
MSW Permit No. 73A

Iﬁem l Quantity Unit | Linit Cost l Total
Engineering - T S A A I R S
Topo Swrvey 1 LS* $7,500 $7,500
Boundary Survey 40 HR 380 $3,200
Site Evaluation and Development of Plans 1 LS $25,000 ' $25,000
Closure Plan 1 LS $10,000 $10,000
Construction Observation/Testing 400 HR $75 $30,000
Subtotal $75,700
Contingency 20% $15,140
Total Engineering = o0 i e [ s 890,840
Co_n'str_li__c't_ioil:"-"--' S _ _ > R B
Plug and Abandon We]is 22 EA $8,000 $176,000
Plug and Abandon Piezometers 5 EA $5,000 $25,000
Fill to grade CY $2.00 $2,258,667
- 1,129,333
Infiltration Layer (12 inches)

Placing/grading/compaction 848,013 CY $1.50 $1,272,020
Erosion/Vegetative Layer (24 inches) 1,697,227 CY $1.50 $2,545,840
Vegetation 526 | ACRE $1,000.00 $526,000
Backfill/grading/drainage 1 L3 $100,000.00 $100,000
Methane Gas Conirol Wells 10 EA $1,000.00 $10,000

Subtotal $6,913,526
Contingency 20% [ © $1,382,705
Total Construction : Coe N 88,296,231
Total Closure Costs (2005) S L R ' $.8,_387,0_71
5% increase for 2006 : ' ; - $8,806,425
5% increase for 2007 . $9,246,746
5% increase for 2008 | 9,709,084
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Part III — Attachment 12

Appendix 12A - Final Cover Quality Control Plan

(FCQCP)
for
City of Amarillo Landfill
Potter County, Texas
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CITY OF AMARILLO
POTTER COUNTY, TEXAS
CITY OF AMARILLO LANDFILL
MSW 73

FINAL COVER QUALITY CONTROL PLAN

PREPARED BY:
HDR ENGINEERING, INC.

May 2004

This document is released for the
purpose of review only under the
authority of Mitch R. Davison, P.E.
# 90908. It is not to be used for
bidding or construction.
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1.0 INTRODUCTION

1.1 PURPOSE AND SCOPE

This Final Cover Quality Control Plan (F CQCP) has been prepared as the basis
for the construction and quality assurance testing of the final céVer system at the City of
Amarillo Landfill and will be followed during such construction to \;erify that the final
cover system complies with applicable state regulations and provisioné contained in the

Closure Plan of the facility.

The FCQCP presented-herein is based on Texas Commission on Environmental
Quality (TCEQ) regulations and guidance. This FCQCP was developed to address the
construction and quality control testing of the final cover system as it applies to final
cover over municipal solid waste (MSW) disposal areas. Construction and testing of the
final cover system in these areas will be in accordance with this FCQCP.

A copy of the TCEQ approved document will be maintained in the site operating
record. The FCQCP will be 'aifailable for reference by TCEQ inspectors and construction -
quality assurance personnel. Revisions to this FCQCP will receive written approval from

the TCEQ prior to implementation.

12  LANDFILL DESCRIPTION

The City of Amarillo Landfill is a municipal -solid waste disposal facility
permitted by the TCEQ and operated by the City of Amaﬁllo. The permitted site consists
of approximately 662 acres of land and is operated under TCEQ Permit No. MSW 73. |
An Alternate Final Cover Plan was submitted to the TCEQ in April 1994. The alternate
final cover system approved for the facility allows the use of 12 inches of compacted clay
material with a hydraulic conductivity of 1x10” cm/sec or less for the infiltration layer
and 24 inches of earthen material for the erosion/vegetative layer; with the upper 6 inches

capable of sustaining vegetation.
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1.3  GENERAL RESPONSIBILITIES

The City of Amarillo is responsible for contracting with a qualiﬁed Quality
Assurance/Quality Control (QA/QC) Professional prior to the time of final cover
construction to ensure that this FCQCP is fully implemented.

Each phase of the final cover construction will be conducted by or under the
supervision of the QA/QC Professional. The QA/QC Professional will be an independent
third-party (indepéndént of City or Contractor) professional engineer (P.E.) experienced
in geotechnical engineering and-soils testing or a certified professional geologist (C.P..G.) ‘
whose education and/or experience is in engineering geology and geotechnical soils
testing. The QA/QC Professiqnal must be -currently registered in Texas. A qualified
A engineering technician performing routine QA/QC observation and testing will be under

the direct supervision of the QA/QC Professional and shall be NICET-certified in
Geotechnical Engineering Technology at level 1 or higher, an engineering technician
with a minimum of four years of directly related experience, or a graduate engineer or
geologist with one year of directly related experience. Quality assurance will be provided
by the QA/QC Professional or his/he} qualified representative(s) as necessary to ensure
construction in general accordance with this FCQCP.
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2.0 INFILTRATION LAYER SOILS

This section outlines generally acceptable construction practices and
specifications and quality coﬁtrol testing guidelines for the infiltration layer soils. An
infiltration layer will be constructed of natural soils which conform to the specifications
contained in this section. The overall objective of this layer is to provide an effective
infiltration barrier with a hydraulic conductivity less than or equal to 1x10° cm/sec. The
~ minimum constructed soil infiltration layer thickness, measured perpendicular to the

surface being covered, will be twelve (12) inches.

21 PRECONSTRUCTION MATERIAL EVALUATION

The first step in the construction of a final cover is to pre-qualify the soil
materials that are selected for infiltration layer construction. Final cover material will be
obtained from in-situ soil strata or excavated from a select borrow source. Representative

samples will be subject to the pre-construction testing program showﬁ in.Table 2-1.
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Table 2-1. Infiltration Layer Materials Preconstruction Testing Schedule

F’ar’ncleSnze .

Analysis ASTM D422 1 per soil type
Atterberg Limits ASTM D4318 1 per soil type.
Moisture Content ASTM D2216 -1 ber soil type
Hydraulic " ' .

Conductivity* ASTM D5084 1 per soil type

Standard Proctor ASTM D698, if light weight

Test compactor to be used . .
- 1 per soil type (select either

Standard or Modified Proctor Test)

. [Modified Proctor ASTM D1557, if heavy weight
Test : compagctor to be used

*  Condnct this test on a remolded sample that is compacted at or less than 25% of the maximum dry
density and at the optirium moisture content as determined from the Standard Proctor test or
commpacted at or less than 90% for Modified Proctor test at one (1) percent dry of the optimum. Once
a hydraulic conductivity less than or equal to 1x10° cr/sec is demonstrated through testing, the
percent compaction, moisture content, liquid limit, plasticity index, and percent passing the #200
mesh of the demonstration sample will be used as the standards for field control. However, in no
case shall the required compacticn be less than 95% of the maximum dry density as determined by
ASTM D698.

**  The two acceptable laboratory test methods for determining the hydraulic conductivity are the
' Falling Head and Constant Head (Appendix VII of the Corps of Engineers Manual EM 1110-2-1906
or ASTMD 5084)

Where soil types vary substantially and are not segregated, representative blends of
those soil types anticipated to be utilized for infiltration layer construction may also be
- sampled and tested. To ensure its adequacy as infiltration layer material, the material

tested should comply with thé material specifications provided below.

Plasticity Index >15
Liquid Limit " . - >30
Percent Passing No. 200 Sieve >30
- Particle Size <1 inch
Hydraulic Conductivity <1x107 cm/sec

Proctor moisture-density curves will be developed for each type of soil
determined suitable as final cover material and used during the construction 'phase as a

performance reference for compaction and moisture control. Separate but equivalent
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portions of sample will be used if both Standard and Modified Proctor tests are to be
performed for. a given soil type. Pre-construction samples to be tested for hydraulic
conductivity will be molded at or less than the optimum moisture content and at or less
than 95 perceht of the maximtiﬁx dry density according to the Standard Proctor test
(ASTM D698) or no greater than one (1) percent below optimum and at or less than 90
percent of maximum dry density according to the Modified Proctor test (ASTM DI557).
These points would represent reasonable worst c