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1.0 Introduction  

Piping proposed for use at the Ameren Missouri Labadie Utility Waste Landfill (UWL) was 
reviewed for capacity and resistance to crushing and buckling under various conditions. First, 
capacity for leachate collection piping in the cells and the leachate force mains is estimated. 
Second, several scenarios representing a pipe element of the leachate collection system at 
some phase of the UWL development was checked for resistance to crushing and buckling. 
Sketches of each scenario are included in Section 3.5.  

2.0 Pipe Capacity  

2.1 Leachate Force Main  

Leachate will be pumped to storage or treatment.  Leachate pump and pipe requirements are 
estimated in this appendix.  

Assumptions: 

 The worst case flow of 13.4 gpm is in the 31.4-ac Cell 1 (see Appendix O, Table O-1, 
Sub Appendix O-11).  Prorating this over the 166.5 acres, the flow is 71 gpm.  

 The longest run of pipe is anticipated to be 2500 ft (the length of the furthest Cell 3 sump 
in southeast corner from Pond 2).  

 Leachate will be pumped to a 12-ft diameter, horizontal tank on top of the perimeter 
berm and a 3-ft saddle. The elevation difference will be from the bottom of the sump to 
15 ft above the top of berm:  

488 elevation + 15 ft - 464.2 elevation = 38.8 ft.  

The head loss is estimated using the Hazen-Williams formula  

Hf = [(0.00208 x L) / (DI
4.8655)] x (100 x Q / C)1.85 

Where:  
hf is the head loss (ft),  
L is the length (2500 ft),  
DI is the inside diameter of the pipe (in), 
Q is the rate of flow (71 gpm), and  
C is the friction factor (150 for HDPE).  

The inside diameter 4-in nominal diameter DR17 pipe is 3.939 in. The head loss is  

Hf = 0.00208 x 2500 / 3.9394.8655 x (100 x 71/150)1.85 = 8.3 ft 
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The total head is: 8.3 ft + 38.8 ft = 47.1 ft 

There are 2 sumps in Cell 1, so the typical pump would only need to handle a rate of 13.4 gpm / 
2 = 6.7 gpm (the sumps in the other cells have smaller drainage areas, and, therefore, will have 
smaller flows per sump). A review of leachate pump manufacturer's literature revealed that 
leachate pump models are available that can produce 10 gpm or more of flow at 50 ft of head 
(e.g., EPG SERIES 8 SurepumpTM).  

2.2 Leachate Collection Pipe 

The leachate collection pipes in each cell are intentionally oversized. The following calculations 
estimate the full-flow capacity of a nominal 6-in DR 11 HDPE pipe at a 0.5 percent slope using 
Manning's equation. 

Q = 1.49 / n x A x R2/3 X S1/2 

Where: 
Q is the flow (cfs),  
n is Manning's n (0.009 for HDPE),  
A is the cross-sectional area of the pipe (sq ft),  
R is the wetted perimeter (ft), and  
S is the slope (0.5 percent or 0.005 ft/ft).  

A =  x d2 / 4  

Where d is the inside diameter.  For a nominal 6-in HOPE DR 11 pipe, the inside diameter is 
5.348 in or 0.446 ft. 

A =  x (0.4457 ft)2 / 4 =  0.156 sq ft  

P =  x d =  x 0.446 ft = 1.4 ft 

R = A I P = 0.156 sq ft / 1.4 ft = 0.111 ft  

Q = (1.49 / 0.009) x 0.156 x 0.1112/3 x 0.0051/2 = 0.42 cfs  

0.42 cfs x 7.48 gal/cfs x 60 s/min = 190 gpm  

As previously estimated, the maximum flow in a sump is approximately 7 gpm, but the use of 
the lowest flow leachate pump capacity at 11.1 gpm, actual flow is significantly less than the 
capacity of the proposed pipe.  
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3.0 Crushing and Buckling Scenarios  

The methods used to estimate resistance to crushing and buckling follow those published by the 
Plastics Pipe Institute (PPI) in its Handbook for PE Pipe (2nd Edition).  A conservative CCP unit 
weight, 120 pounds per cubic foot (95% compaction of the Standard Proctor), was used for all 
crushing and buckling calculations.  This unit weight is higher than reported in the typical cell 
material profile provided in Scenario 2 (below) because 95% compaction of the CCP is not 
anticipated.  Therefore, the calculations and reported factors of safety are conservative. 

3.1  Scenario 1  

Scenario 1 represents a leachate collection pipe (DR 11) placed in a trench with rock bedding, a 
minimum 12 inches of aggregate protective cover, and live loads. An H20 truck, which is a 20 
ton truck with properties defined by The American Association of State Highway and 
Transportation Officials (AASHTO), is used for modeling live loads over the pipe.  

Determine Total Vertical Load  

1. Earth Load - Vertical prism loads  

Earth Load (PE)= wcoverHcover + wbeddingHbedding = (120 pcf  *1.0 ft) + (125 pcf *1.5 ft)  
 = 308 psf  

Where:  
wwaste = Density of Aggregate Cover = 120 pcf 
Hwaste = Depth of Aggregate Cover = 1.0 ft 
wbedding = Density of Bedding = 125 pcf 
Hbedding = Depth of Bedding = 1.5 ft  

2. Live Load - Determine loading for an H20 truck using Timoshenko's Equation 
for a load directly above the pipe and the Boussinesq Equation for a load 
straddling the pipe. Use the greater load to be conservative.  

Timoshenko's Equation 

Llve Load (PL) = )
)(
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5.122
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= 3,366 psf 
Where:  
H = Total Depth of Cover = 2.5 ft  
If = Impact Factor = 3 (Typical for unpaved surface)  
Ww = Wheel Load = 16,000 Ib (Typical value for H20 truck 
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Ac = Contact Area = 1.39 ft2 (Typical value for H20 truck) 

r   = Equivalent Radius = 


cA
= 



239.1 ft
= 0.665 ft 

Boussinesq Equation  

Live Load (PL) = 
2

3

2

3

r

HWI Wf


=

2

3

)6.5(2

)5.2(*000,16*3*3

ft

ftlb


 = 65.0 psf 

The live load is 130 psf to account for two wheels. 

Where:  
H = Total Depth of Cover = 2.5 feet 
If = Impact Fator =3 (For an unpaved surface) 
Ww = Wheel Load = 16,000 Ibs (Typical value for H20 Truck)  
x = Horizontal distance from wheel to center of pipe = 5 ft. (assuming truck is 10 ft wide 
and centered over pipe)  

r = Diagonal distance from wheel to center of pipe = 22 Hx   = 22 )5.2()5( ftft   = 

5.6 ft 

3. Total Vertical Load  

Total Vertical Pressure (PTotal) = PE + PL = 308 psf + 3,366 psf = 3,700 psf 

Calculate Ring Deflection 

1. Ring Deflection – Determine whether the ring deflection is less than the allowable 
5% using Spangler’s Modified Iowa Formula. 
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1.6 % < 5 %, therefore the ring deflection is within the acceptable range. 

Where: 
KBED = Bedding Factor = 0.1 (Typical Value) 
LDL = Deflection Lag Factor = 1.5 (Typical Value) 
PE = 308 psf (Greater Value Calculated Above) 
PL = 3,366 psf (Calculated Above) 
E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)  
E' = Modulus of Soil Reaction = 3,000 psi  (Assume compacted crushed rock)  

Fs = Soil Support Factor = 0.85 (When: 
'

'

E

EN  = 0.2 and 
O

d

D

B
= 3) 

DR = Dimension Ratio = 11 

Crushing and Buckling Forces  

1. Compressive Stress - Determine whether the compressive stress is less than the 
allowable 800 psi.  

Compressive Stress (S) = 
288

* DRPTotal  = 
288

11*700,3 psf
 = 141 psi 

141 psi < 800 psi, the compressive stress value is within the acceptable range. 

Where:  
PTotal = 3,700 psf (Previously calculated)  
DR = Dimension Ratio = 11 

2. Allowable Constrained Buckling Pressure - Determine if the buckling pressure is 
greater than PTOTAL (3,700 psf) using Luscher’s Equation. 

Constrained Buckling Pressure (PWC) = 
3)1(12

'*'
65.5

DR

E
ERB

N
  

= 
3)111(12

000,21
*000,3*227.0*80.0

2

65.5


psi

psi  = 87.2 psi = 12,550 psf 

12,550 psf > 3,700 psf, the buckling pressure is within the acceptable range 

Where: 
N = Safety Factor = 2 
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R = Buoyancy Reduction Factor = 1 - 0.33
H

HGW  = 1 – 0.33
ft

ft

5.2

5.1
 = 0.80 

HGW = Groudwater Height Above Pipe = 1.5 ft assuming a maximum 1 ft allowed 
on liner plus an addition 0.5 ft. 
H = Cover Above Pipe = 2.5 ft 

B’ = Soil Support Factor = 
He 065.041

1


 = 
5.2*065.041

1
 e

= 0.227 

E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)  
E’ = Modulus of Soil Reduction = 3,000 psi (Assuming compacted crushed rock) 

3.2 Scenario 2  

Scenario 2 represents a leachate collection pipe as in Scenario 1, except under the loading 
conditions of the UWL at full capacity.  

Determine Total Vertical Load  

1. Earth load - Vertical prism loads  

Earth Load (PE)= wwasteHwaste + wsoilHsoil + wbeddingHbedding  

= psfftpcfftpcfftpcf 188,12)5.1*125()2*120()98*120(   

Where:  
wwaste = Density of Waste = 120 pcf 
Hwaste = Depth of Waste = 98 ft 
Wsoil = Density of Waste = 120 pcf 
Hsoil = Depth of Waste = 2.0 ft 
wbedding = Density of Bedding = 125 pcf 
Hbedding = Depth of Bedding = 1.5 ft 

2. Live Load – No Live Load Exists 

PL = 0 psf 

3. Total Vertical Load 

Total Vertical Pressure (PT) = PL + PE = 0 psf + 12,188 psf = 12,188 psf 
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Calculate Ring Deflection 

1. Rigidity Factor – Use the Watkins- Gaube Method to find Rigidity Factorm 
Deformation Factor, and Soil Stress.  From this, Ring Deflection can be found and 
should be less than the allowable 5%. 

Rigidity Factor (Rf) = 
E

DREs
3)1(12 

 = 
psi

psi

000,21

)111(*491,3*12 3
= 1,995 

Where: 

Es = Secant Modulus of Soil = 
)1(

)21)(1(







sM  = 
)3.01(

)3.0*21)(3.01(
700,4




psi   

= 3,491 psi 

Assuming, Ms = 4,700 psi and   = 0.3, based on typical values. 

 DR = Dimension Ratio = 11 

E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F) 

2. Deformation Factor – For Rigidity Factor of 1,995 

Deformation Factor (DF) = 1.5 

3. Soil Strain 

Soil Strain (εs) = 
s

E

E

P

144
=

psi

psi

491,3*144

188,12
 = 0.024 or 2.4 % 

Where: 
PE = 12,188 psi (previously calculated) 
Es = 3,491 psi (previously calculated) 

4. Ring Deflection – Determine whether Ring Deflection is less than the allowable 
5%. 

Ring Deflection 






 

MD

X
 = εs(%)*DF = 2.4% * 1.5 = 3.6% 

Since 3.6% < 9%, the ring deflection is within acceptable range. 
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Calculate Hoop Stress 

1. Hoop Thrust Stiffness Ratio –  

Hoop Stress Stiffness Ratio (SA) = 
EA

rM centS43.1
 = 

inpsi

inpsi

60.0*000,21

095.3*700,4*43.1
= 1.65 

Where: 
E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F) 
A = Pipe Thickness = 0.60 in 
MS = 4,700 psi (Typical Value, From Table 3.12) 
rcent = radius to pipe centroid = 3.095 in 

2. Vertical Arching Factor – 

Vertical Arching Factor (VAF) = 











5.2

1
71.088.0

A

A

S

S
= 












5.265.1

165.1
71.088.0  = 0.769 

3. Hoop Stress – Determine if Hoop Stress is less than the allowable 800 psi using 
the radial directed earth pressure (PRD) 

Radial Directed Earth Pressure (PRD) = EPVAF* = psf188,12*769.0 = 9,373 psf 

Where: 
PE = Vertical Earth Load = 11,403 psf (calculated above) 

Hoop Stress (S) = 
288

)( DRPP LRD 
 = 

288

11*)0373,9( psfpsf 
= 358 psi 

358 psi < 800 psi, therefore the hoop stress is within the acceptable range 

Where: 
PL = 0 psf (No live load) 
DR = Dimension Ratio = 11 

3.3 Scenario 3 

Scenario 3 represents a sump riser (DR 17) on the side slope, bedded in a trench, and under a 
live load.  Loads were treated as if they were normal to the pipe.  This is a larger pipe that 
contains the sump and pump discharge pipe. 
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Determine Total Vertical Load 

1. Earth Load - Vertical prism loads  

Earth Load (PE)= wcoverHcover + wbeddingHbedding = (120 pcf  *1.0 ft) + (125 pcf *1.0 ft)  
 = 245 psf  

Where:  
wwaste = Density of Aggregate Protective Cover = 120 pcf 
Hwaste = Depth of Aggregate Protective Cover = 1.0 ft 
wbedding = Density of Bedding = 125 pcf 
Hbedding = Depth of Bedding = 1.0 ft  

2. Live Load - Determine loading for a 6,000 lb (3-ton) skid steer directly above 
the pipe using Timoshenko's Equation.  According to the PPI Handbook, the 
load of a wheel directly over the pipe will be greater than two wheels 
straddling the pipe when there is less than 4ft of cover.  

Timoshenko's Equation 

Llve Load (PL) = )
)(

1(
5.122

3

Hr

H

A

WI

c

wf






= )
])0.2()53.0[(

)0.2(
1(

89.0

500,1*3
5.122

3

2 ftft

ft

ft

lb


  

= 489 psf 
Where:  
H = Total Depth of Cover = 2.0 ft  
If = Impact Factor = 3 (Typical for unpaved surface)  
Ww = Wheel Load = 6,000 lb/ 4 tires = 1,500 Ib  
Ac = Contact Area = 0.66 ft * 1.33 ft = 0.89 ft2 

r   = Equivalent Radius = 


cA
= 



289.0 ft
= 0.53 ft 

3. Total Vertical Load 

Total Vertical Pressure (PT) = PL + PE = 489 psf + 245 psf = 734 psf 

Calculate Ring Deflection 

1. Ring Deflection – Determine whether the ring deflection is less than the allowable 
5% using Spangler’s Modified Iowa Formula. 
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Ring Deflection = 
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144

1
3
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psfpsf
= 0.010 or 1.0% 

1.0 % < 5 %, therefore the ring deflection is within the acceptable range. 

Where: 
KBED = Bedding Factor = 0.1 (Typical Value) 
LDL = Deflection Lag Factor = 1.5 (Typical Value) 
PE = 245 psf (Calculated Above) 
PL = 489 psf (Calculated Above) 
E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)  
E' = Modulus of Soil Reaction = 3,000 psi  (Assume compacted crushed rock)  

Fs = Soil Support Factor = 0.3 (When: 
'

'

E

EN  = 0.2 and 
O

d

D

B
= 1.5) 

DR = Dimension Ratio = 17 

Crushing and Buckling Forces  

1. Compressive Stress - Determine whether the compressive stress is less than the 
allowable 800 psi.  

Compressive Stress (S) = 
288

* DRPTotal  = 
288

17*734 psf
 = 43 psi 

43 psi < 800 psi, the compressive stress value is within the acceptable range. 

Where:  
PTotal = 734 psf (Previously calculated)  
DR = Dimension Ratio = 17 

2. Allowable Constrained Buckling Pressure - Determine if the buckling pressure is 
greater than PTOTAL (734 psf) using Luscher’s Equation. 
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Constrained Buckling Pressure (PWC) = 
3)1(12

'*'
65.5

DR

E
ERB

N
  

= 
3)117(12

000,21
*000,3*222.0*0.1

2

65.5


psi

psi  = 47.7 psi = 6,869 psf 

6,869 psf > 734 psf, the buckling pressure is within the acceptable range 

Where: 
N = Safety Factor = 2 

R = Buoyancy Reduction Factor = 1 - 0.33
H

HGW  = 1 – 0.33
ft

ft

0.2

0
 = 1.0 

HGW = Groudwater Height Above Pipe = 0 ft because there will be no standing 
water on the slope 
H = Cover Above Pipe = 2.0 ft 

B’ = Soil Support Factor = 
He 065.041

1


 = 
0.2*065.041

1
 e

= 0.222 

E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)  

E’ = Modulus of Soil Reduction = 3,000 psi (Assuming compacted crushed rock) 

Calculate Allowable Live Load Pressure 

1. Allowable Live Load Pressure – Calculate live load pressure for a shallow cover 
situation.  The pressure calculated should be less than the live load. 

Allowable Live Load Pressure (PLA) = 





 

A

HwD
S

CND

I

ND

KHw o

oo 288

)(2.7387)(12
2

2

  

= 





 

in

ftinpcf
psi

ininin

ftpcf

06.1*288

2*18*120
000,3

53.0*)18(*2

094.0*2.7387

18*2

)2*46.2(120*12
2

2

 

= 7,006 psf 

734 psf < 7,006 psf, the allowable live load is in the acceptable range 

Where: 
w = Average Density of Cover Material = 120 pcf 
H = Depth of Cover = 2 ft  
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K = Passive Earth Pressure Coefficient = 



sin1

sin1




 = 
)25sin(1

)25sin(1




 = 2.46 

  = 25° for a loose silty material 

 N = Safety Factor = 2 
 Do = Outside Diameter of Pipe = 18 in 
 A = Pipe Wall Thickness = 1.06 in (Based in DR of 17) 
 C = Outer Fiber Wall of Centroid = 0.5t = 0.5*1.06 in = 0.53 in 
 S = Material Yield Strength = 3,000 psi 

 I = Pipe Wall Moment of Inertia = 
12

2t
 = 

12

)06.1( 2in
 = 0.094 

3.4 Scenario 4 

Scenario 4 represents a pipe (DR 17) in the perimeter berm for carrying leachate to a holding 
tank. 

Determine Total Vertical Load 

1. Earth Load – Vertical prism loads 

Earth Load (PE)= wsoilHsoil = (120 pcf  *4.0 ft) = 480 psf  

Where:  
wsoil = Density of Soil = 120 pcf 
Hsoil = Depth of Soil Cover = 4.0 ft 

2. Live Load - Determine loading for an H20 truck using Timoshenko's Equation 
for a load directly above the pipe and the Boussinesq Equation for a load 
straddling the pipe. Use the greater load to be conservative.  

Timoshenko's Equation 

Llve Load (PL) = )
)(

1(
5.122

3

Hr

H

A

WI

c

wf






= )
])0.4()665.0[(

)0.4(
1(

39.1

000,16*3
5.122

3

2 ftft

ft

ft

lb


  

= 1,384 psf 
Where:  
H = Total Depth of Cover = 4.0 ft  
If = Impact Factor = 3 (Typical for unpaved surface)  
Ww = Wheel Load = 16,000 Ib (Typical value for H20 truck 
Ac = Contact Area = 1.39 ft2 (Typical value for H20 truck) 
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r   = Equivalent Radius = 


cA
= 



239.1 ft
= 0.665 ft 

Boussinesq Equation  

Live Load (PL) = 
2

3

2

3

r

HWI Wf


=

2

3

)4.6(2

)0.4(*000,16*3*3

ft

ftlb


 = 137.0 psf 

The live load is 274 psf to account for two wheels. 

Where:  
H = Total Depth of Cover = 4.0 feet 
If = Impact Fator =3 (For an unpaved surface) 
Ww = Wheel Load = 16,000 Ibs (Typical value for H20 Truck)  
x = Horizontal distance from wheel to center of pipe = 5 ft. (assuming truck is 10 ft wide 
and centered over pipe)  

r = Diagonal distance from wheel to center of pipe = 22 Hx   = 22 )0.4()5( ftft   = 

6.4 ft 

3. Total Vertical Load  

Total Vertical Pressure (PTotal) = PE + PL = 480 psf + 1,384 psf = 1,864 psf 

Calculate Ring Deflection 

1. Ring Deflection – Determine whether the ring deflection is less than the allowable 
5% using Spangler’s Modified Iowa Formula. 

Ring Deflection = 






 

MD

X
 = 































'061.0
1

1

3

2144

1
3

EF
DR

E

PKPLK

S

LBEDEDLBED  

=






































)000,2*85.0*061.0(
117

1
*

3

000,21*2

)384,11.0()480*5.1*1.0(

144

1
3

psi

psfpsf
= 0.013 or 1.3% 

1.3 % < 5 %, therefore the ring deflection is within the acceptable range. 
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Where: 
KBED = Bedding Factor = 0.1 (Typical Value) 
LDL = Deflection Lag Factor = 1.5 (Typical Value) 
PE = 480 psf (Greater Value Calculated Above) 
PL = 1,384 psf (Calculated Above) 
E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)  
E' = Modulus of Soil Reaction = 2,000 psi (Assume compacted coarse grained soil)  

Fs = Soil Support Factor = 0.85 (When: 
'

'

E

EN  = 0.2 and 
O

d

D

B
= 3) 

DR = Dimension Ratio = 17 

Crushing and Buckling Forces  

1. Compressive Stress - Determine whether the compressive stress is less than the 
allowable 800 psi.  

Compressive Stress (S) = 
288

* DRPTotal  = 
288

17*864,1 psf
 = 110 psi 

110 psi < 800 psi, the compressive stress value is within the acceptable range. 

Where:  
PTotal = 1,864 psf (Previously calculated)  
DR = Dimension Ratio = 17 

2. Allowable Constrained Buckling Pressure - Determine if the buckling pressure is 
greater than PTOTAL (1,864 psf) using Luscher’s Equation. 

Constrained Buckling Pressure (PWC) = 
3)1(12

'*'
65.5

DR

E
ERB

N
  

= 
3)117(12

000,21
*000,2*245.0*0.1

2

65.5


psi

psi  = 40.9 psi = 5,890 psf 

5,890 psf > 1,864 psf, the buckling pressure is within the acceptable range 

Where: 
N = Safety Factor = 2 

R = Buoyancy Reduction Factor = 1 - 0.33
H

HGW  = 1 – 0.33
ft

ft

0.4

0
 = 1.0 

HGW = Groudwater Height Above Pipe = 0 ft because there will be no standing 
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water on the slope 
H = Cover Above Pipe = 4.0 ft 

B’ = Soil Support Factor = 
He 065.041

1


 = 
0.4*065.041

1
 e

= 0.245 

E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)  

E’ = Modulus of Soil Reduction = 2,000 psi (Assuming compacted coarse grained 
soil) 
 
 

3.5 Scenario Sketches  

Scenario 1 
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Scenario 2 
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Scenario 3 
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Scenario 4 
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Appendix Y(d) 

Flood Mitigation Calculations 
 

Pumping Rates for Flood Water Protection – Cell 3 

Known: 
Average Area of Cell 3 between floor and 480 ft. elev. = 49 ac 

 
Average Bottom Elevation of Cell 3 from CADD surface = 471.2 ft 

 
100-year Flood Elevation = 484 ft 

 
Depth of water is estimated using the method described in Figure 7 of Appendix J.  The density of 
water is substituted for the density of CCP to estimate the water fill depth need to protect against 
uplift during a flood.  The inside toe of the slopes where the gravel drainage layer terminates is 
considered the critical location in the liner system that is most sensitive to hydrostatic uplift.  The 
end-of-construction ballast against uplift at this location is equal to 2-feet of clay liner and 1-foot of 
protective cover.  With estimated densities of 115 pounds per cubic foot (pcf) and 125 pcf, 
respectively, the ballast of 355 pounds per square foot (psf) at this location is the lowest at any 
point on the liner.  Required elevations are determined by adding “H” values plus liner and cover 
thickness to elevation 466 feet. 
 

HInside Cell = (HOutside Cell x 62.4 pcf x 1.1 – 355 psf) / 62.4 pcf 
 

HOutside Cell = 484 ft – 466 ft (lowest bottom of liner elevation) = 18 ft 
 

HInside Cell = (18 ft x 62.4 pcf x 1.1 – 355 psf) / 62.4 pcf = 14.1 ft (elev. 483.1 ft) 
 

49 ac x 43,560 sf/ac x (483.1 - 471.2 ft) = 25,399,836 cf 
 

 25,399,836 cf x 7.48 gal/cf = 189,990,773 gal 
 
Assume pumping will occur for 10 days, 24 hours per day: 
 

10 days x 1,440 min/day = 14,400 min 
 

Pumping rate = 189,990,773 gal / 14,400 min = 13,194 gpm 
 
A pumping rate of 13,194 gpm, pumping 24 hours per day, is required to fill Cell 3 in 10 days for 
100-year flood protection.  High capacity pumps and power equipment necessary for pumping are 
readily available from equipment dealers and contractors within the St. Louis metropolitan area in 
the event of a major flood. 
 



Prepared by:  January 2013, Revised August 2013 
GREDELL Engineering Resources, Inc.  2

Fill Volume for Flood Mitigation 

For each cell of the UWL, when there is an impending flood event that creates floodwater levels 
that exceed the minimum elevation of CCPs  inside the active cell, CCPs will be placed at an 
accelerated rate in the active cell until it reaches an elevation sufficient to counterbalance uplift 
pressure during a flood.  Again using the method described in Figure 7 of Appendix J, the 
minimum elevation of CCP’s is determined as follows: 
 

HCCP = (HOutside Cell x 62.4 pcf x 1.1 – 355 psf) / 93.0 pcf 
 

HOutside Cell = 484 ft – 466 ft (lowest bottom of liner elevation) = 18 ft 
 

HCCP = (18 ft x 62.4 pcf x 1.1 – 355 psf) / 93.0 pcf = 9.5 ft (elev. 478.5 ft) 
 
A fill elevation of 478.5 feet provides sufficient ballast to resist the uplift pressure on the clay liner 
created by 100-year flood elevation of 484 feet, with a factor-of-safety of 1.1. 
  
Fill volumes for each cell are estimated in the attached Table.  Cell 3 has the largest estimated fill 
volume of 578,000 CY at elevation 478.5 ft.  At a rate of 10,000 CY/day, it would take 58 days to 
fill to elevation 478.5 ft. 
 
Flood Mitigation Culvert Design for Stormwater Ponds 
 
The maximum anticipated rate of floodwater rise is estimated at 5-feet in 24-hours at the 
proposed site.  To mitigate this flood risk, it is proposed to install pipe culverts with the capacity to 
intake water at a rate that will raise the pond levels at least 5-feet in 24 hours while limiting 
excess uplift head on the liner to less than 3-feet.  The proposed pipe culverts were modeled with 
their flowline at elevation 472 feet, and a maximum headwater at the inlet of 2-feet. 
 
The maximum volume in any 5-foot elevation interval in the stormwater ponds occurs in Pond 2.  
From elevation 478 feet to 483 feet, the volume is 19.8 acre-feet (see Table N-8, Appendix N).  
Based on a water elevation rise of 5 feet per day, the required inflow rate through a culvert in 
cubic feet per second (cfs) is: 
 

(19.8 acre-feet/day)*(43,560 ft2/acre)*(1 day/24 hours)*(1 hour/3600 sec) = 10.0 cfs 
 
Based on the assumption of 2 feet of headwater on the pipe inlet at all times and an inflow 
discharge value of 10.0 cfs, the proposed diameter for a HDPE pipe culvert is 24 inches.  Based 
on a pond berm design with a 12-foot top width at 488 elevation, 3:1 side slopes, and a culvert 
pipe at 472 elevation, the culvert pipe will be approximately 110 feet in length.  A “duckbill” 
elastomeric valve is proposed to be installed on the culvert outlet to prevent backflow and 
subsequent loss of water.  Additionally, a mechanical check valve is proposed to be installed in 
the pipe to control flow into the stormwater pond and to provide redundant backflow protection. 
 
Solution of culvert design is by determination of flow under given headwater and tailwater 
conditions.  The two critical conditions of flow through the proposed culvert are full pipe flow and 
partial pipe flow.  These two conditions can be analyzed by their controlling element; inlet and/or 
outlet control. 
 
Full pipe flow is a critical condition with submerged inlet and free fall outlet.  This condition can be 
defined through a capacity equation given by: 

 

q= a 2gH / KcLKdvKe1   
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Where: 
q=flow capacity (cfs) 
a=conduit cross-sectional area (ft2) 
H=head causing flow (ft.) = 2’ – 0.6*pipe diameter = 0.8’ 
Ke=entrance loss coefficient 
Kc=friction loss coefficient from pipe 
Kdv= duckbill valve friction loss coefficient 
L=length of conduit (ft.) 
g=acceleration due to gravity (32 ft/s2) 

 

q= π (1)2* .8*32*2 )/ 110*(0.01651.0.781  ) 

q=10.50 cfs 
 
Friction loss due to the mechanical check valve does exist, however the loss values are 
negligible.  Under the conditions of full pipe flow, a 24-inch diameter design culvert is acceptable 
since the pipe discharge, q (10.5 cfs) is greater than the calculated minimum pond inflow 
requirement of 10.0 cfs. 
 
Under submerged inlet and submerged outlet conditions, H=2 ft. and the outlet flow capacity 
using the above equation is 16.6 cfs, which exceeds the 10 cfs minimum pond inflow 
requirement. 
 

The second critical flow condition is orifice controlled partial flow.  This condition is illustrated by a 
submerged inlet and a free fall outlet.  This condition can be defined by a capacity equation given 

as:  

q=aC gh2  

Where: 
q=flow capacity (cfs) 
a=conduit cross-sectional area (ft2) 
C=coefficient for a sharp-edged orifice (0.6) 
g=acceleration due to gravity (32 ft/s2) 
h= head to the center of the orifice (ft.) 

 

q= π (1)2*0.6* 1*32*2  
q=15.1 cfs 

 
Under the conditions of orifice controlled partial flow, a 24-inch diameter culvert is acceptable 
since qoutflow (15.1 cfs) is greater than the required qinflow (10.0 cfs).  The value of h=1 foot is the 
minimum value for a 24” culvert under the specified condition.  As h increases, the outflow 
capacity increases, which continues to satisfy the condition of outflow capacity > inflow capacity. 
 
 

























PRODUCT DATA SHEET

AT THE CORE:
An HDPE geomembrane 

used in applications that 

require excellent chemical 

resistance and endurance 

properties.

GSE HD Smooth Geomembrane 
METRIC

GSE HD is a smooth high density polyethylene (HDPE) geomembrane manufactured 

with the highest quality resin specifically formulated for flexible geomembranes. This 

product is used in applications that require excellent chemical resistance and endurance 

properties.

Product Specifications These product specifications meet GRI GM 13

Tested Property Test Method Frequency Minimum Average Value

0.75 mm 1.00 mm 1.50 mm 2.00 mm 2.50 mm

Thickness, (minimum average), mm  
Lowest individual reading

ASTM D 5199 every roll 0.750          
0.675

1.00          
0.90

1.50           
1.35

2.00           
1.80

2.50        
2.25

Density, g/cm3 ASTM D 1505 90,000 kg 0.940 0.940 0.940 0.940 0.940

Tensile Properties (each direction) 
Strength at Break, N/mm
Strength at Yield, N/mm
Elongation at Break, %
Elongation at Yield, %

ASTM D 6693, Type IV
Dumbbell, 50 mm/min

G.L. 50 mm                     
G.L. 33 mm  

9,000 kg
20
11
700
12

27
15
700
12

40
22
700
12

53
29
700
12

67
37
700
12

Tear Resistance, N ASTM D 1004 20,000 kg 93 125 187 249 311

Puncture Resistance, N ASTM D 4833 20,000 kg 240 320 480 640 800

Carbon Black Content, % (Range) ASTM D 1603*/4218 9,000 kg 2.0 - 3.0 2.0 - 3.0 2.0 - 3.0 2.0 - 3.0 2.0 - 3.0

Carbon Black Dispersion ASTM D 5596 20,000 kg Note(1) Note(1) Note(1) Note(1) Note(1)

Notch Constant Tensile Load, hr ASTM D 5397,  
Appendix

90,000 kg 300 300 300 300 300

Oxidative Induction Time, min ASTM D 3895, 
200°C; O

2
, 1 atm

90,000 kg >100 >100 >100 >100 >100

TYPICAL ROLL DIMENSIONS

Roll Length(2), m 341 265 171 131 104

Roll Width(2), m 6.86 6.86 6.86 6.86 6.86

Roll Area, m2 2,341 1,819 1,171 899 711

NOTES:

• (1)Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1 or 2. No more than 1 view from Category 3.

• (2)Roll lengths and widths have a tolerance of ±1%.

• GSE HD Smooth is available in rolls weighing approximately 1,800 kg.

• All GSE geomembranes have dimensional stability of ±2% when tested according to ASTM D 1204 and LTB of <-77° C when tested according to ASTM D 746.

• *Modified.

This Information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this Information. 
Specifications subject to change without notice. GSE and other trademarks in this document are registered trademarks of GSE lining Technology, LLC in the United States and certain 
foreign countries. REV 3JULY2012

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve 
built a reputation of reliability through our dedication to providing consistency of product, price 
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow  
us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution.

For more information on this product and others, please visit us at 
GSEworld.com, call 800.435.2008 or contact your local sales office.



PRODUCT DATA SHEET

AT THE CORE:
An HDPE geomembrane 
used in applications 
that require increased 
frictional resistance, 
excellent chemical 
resistance and  
endurance properties.

GSE HD Textured Geomembrane
METRIC

GSE HD Textured is a co-extruded textured high density polyethylene (HDPE) 

geomembrane available on one or both sides. It is manufactured from the highest 

quality resin specifically formulated for flexible geomembranes. This product is used in 

applications that require increased frictional resistance, excellent chemical resistance and 

endurance properties.

Product Specifications  These product specifications meet GRI GM13

Tested Property Test Method Frequency Minimum Average Value

0.75 mm 1.00 mm 1.50 mm 2.00 mm 2.50 mm

Thickness, (minimum average), mm 
Lowest individual reading

ASTM D 5994 every roll 0.750 
0.675

1.00          
0.90

1.50           
1.35

2.00           
1.80

2.50        
2.25

Density, g/cm3 , (min.) ASTM D 1505 90,000 kg 0.940 0.940 0.940 0.940 0.940

Tensile Properties (each direction) 
Strength at Break, N/mm
Strength at Yield, N/mm
Elongation at Break, %
Elongation at Yield, %

ASTM D 6693, Type IV
Dumbbell, 50 mm/min

G.L. 50 mm                     
G.L. 33 mm  

9,000 kg
8
11
100
12

10
15
100
12

16
22
100
12

21
29
100
12

26
37
100
12

Tear Resistance, N ASTM D 1004 20,000 kg 93 125 187 249 311

Puncture Resistance, N ASTM D 4833 20,000 kg 200 267 400 534 667

Carbon Black Content, % (Range) ASTM D 1603*/4218 9,000 kg 2.0 - 3.0 2.0 - 3.0 2.0 - 3.0 2.0 - 3.0 2.0 - 3.0

Carbon Black Dispersion ASTM D 5596 20,000 kg Note(1) Note(1) Note(1) Note(1) Note(1)

Asperity Height, mm ASTM D 7466 second roll 0.40 0.45 0.45 0.45 0.45

Notch Constant Tensile Load(2), hr ASTM D 5397, 
Appendix

90,000 kg 300 300 300 300 300

Oxidative Induction Time, min ASTM D 3895, 
200°C; O

2
, 1 atm

90,000 kg >100 >100 >100 >100 >100

TYPICAL ROLL DIMENSIONS

Roll Length(3), m Double-Sided Textured 
Single-Sided Textured

253
308

213
238

158
165

122
125

101
101

Roll Width(3), m 6.86 6.86 6.86 6.86 6.86

Roll Area, m2 Double-Sided Textured
Single-Sided Textured

1,736
2,113

1,461 
1,633

1,084
1,132

837
858

693
693

NOTES:

• (1)Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1 or 2. No more than 1 view from Category 3.

• (2)NCTL for GSE HD Textured is conducted on representative smooth geomembrane samples.

• (3)Roll lengths and widths have a tolerance of ±1%.

• GSE HD Textured is available in rolls weighing approximately 1,800 kg.

• All GSE geomembranes have dimensional stability of ±2% when tested according to ASTM D 1204 and LTB of <-77° C when tested according to ASTM D 746.

• *Modified.

This Information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this Information. 
Specifications subject to change without notice. GSE and other trademarks in this document are registered trademarks of GSE lining Technology, LLC in the United States and certain 
foreign countries. REV 03JULY2012

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve 
built a reputation of reliability through our dedication to providing consistency of product, price 
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow  
us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution.

For more information on this product and others, please visit us at 
GSEworld.com, call 800.435.2008 or contact your local sales office.



PRODUCT DATA SHEET

AT THE CORE:
A 6.3 mm thick GSE 
HyperNet HF geonet  
heat-laminated on one  
or both sides with a 
nonwoven needle-punched 
geotextile. 

GSE FabriNet HF Geocomposite  
METRIC 

GSE FabriNet HF geocomposite consists of a 6.3 mm thick GSE HyperNet HF geonet 

heat-laminated on one or both sides with a GSE nonwoven needle-punched geotextile. 

The geotextile is available in mass per unit area range of 200 g/m2 to 540 g/m2. The 

geocomposite is designed and formulated to perform drainage function under a range   

of anticipated site loads, gradients and boundary conditions.

Product Specifications  
Tested Property Test Method Frequency Minimum Average Roll Value

Geocomposite 200 g/m2 270 g/m2 335 g/m2

Transmissivity(2), m2/sec  
Double-Sided Composite 
Single-Sided Composite

ASTM D 4716 1/50,000 m2

5 x 10-4 
1.5 x 10-3

5 x 10-4 
1.5 x 10-3

3 x 10-4 
1 x 10-3

Ply Adhesion, g/cm ASTM D 7005 1/4,600 m2 178 178 178

Geonet Core(3) – GSE HyperNet HF

Transmissivity(2), m2/sec ASTM D 4716 3 x 10-3 3 x 10-3 3 x 10-3

Density, g/cm3 ASTM D 1505 1/4,600 m2 0.94 0.94 0.94

Tensile Strength (MD), N/mm ASTM D 5035/7179 1/4,600 m2 9.6 9.6 9.6

Carbon Black Content, % ASTM D 1603(6)/4218 1/4,600 m2 2.0 2.0 2.0

Geotextile(3,4)

Mass per Unit Area, g/m2 ASTM D 5261 1/8,300 m2 200 270 335

Grab Tensile, N ASTM D 4632 1/8,300 m2 710 975 1,155

Puncture Strength, N ASTM D 4833 1/8,300 m2 395 525 725

AOS, US sieve(1) (mm) ASTM D 4751 1/50,000 m2 0.212 0.180 0.150

Permittivity, (sec-1) ASTM D 4491 1/50,000 m2 1.5 1.3 1.0

Flow Rate, lpm/m2 ASTM D 4491 1/50,000 m2 4,480 3,865 3,050

UV Resistance, % retained ASTM D 4355
(after 500 hours)

once per 
formulation

70 70 70

NOMINAL ROLL DIMENSIONS

Geonet Core Thickness, mm ASTM D 5199 1/4,600 m2 6.3 6.3 6.3

Roll Width(5), m 4.5 4.5 4.5

Roll Length(5), m Double-Sided Composite 
Single-Sided Composite

70.1 
79.2

64.0 
79.2

64.0 
76.2

Roll Area, m2 Double-Sided Composite 
Single-Sided Composite

321 
362

293 
362

293 
348

 [Product specifications continued on back]



PRODUCT DATA SHEET

AT THE CORE:
A 250 mil thick HyperNet 
HF geonet heat-laminated 
on one or both sides with a 
nonwoven needlepunched 
geotextile. 

Product Specifications [continued] 
Notes:
•	(1)AOS	in	mm	is	a	maximum	average	roll	value.
•	(2)Gradient	of	0.1,	normal	load	of	10,000	psf,	water	at	70˚F	between	steel	plates	for	15	minutes.	Contact	GSE	for	performance	transmissivity	value	for	use	in	design.
•	(3)Component	properties	prior	to	lamination.
•	(4)Refer	to	geotextile	product	data	sheet	for	additional	specifications.
•	(5)Roll	widths	and	lengths	have	a	tolerance	of	\1%.
•	(6)Modified.

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve 
built a reputation of reliability through our dedication to providing consistency of product, price 
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow  
us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution.

For more information on this product and others, please visit us at 
GSEworld.com, call 800.435.2008 or contact your local sales office.

This	 Information	 is	provided	 for	 reference	purposes	only	and	 is	not	 intended	as	a	warranty	or	guarantee.	GSE	assumes	no	 liability	 in	connection	with	 the	use	of	 this	 Information.	
Specifications	subject	to	change	without	notice.	GSE	and	other	trademarks	in	this	document	are	registered	trademarks	of	GSE	Lining	Technology,	LLC	in	the	United	States	and	certain	
foreign	countries.	REV	23MAY2012




