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Geomembrane Tensile Strength and
Anchor Trench Calculations



Liner Calc's

Calc. FOS for Tensile Fallure and Anchor Pull-out due to self-weight.
Based on methods presented In “Designing With Geosynthetics® 4 th edition w

Robert M. Koerner, 1998 Prentice-Hall

Project: CC&V Phase 5 2.5 Slope w/ 300 slope length

Date: August 2007
By: J. F. Lupo
HEKED, W TTWER 876707

Input Parameters

Height of Slope (ft):
Slope (Z:1):

FML Thickness (mil):
FML Yield Stress (psi):
FML Specific Gravity:
Soil Friction Angle
Liner-Soll Interface Friction Angle (degrees):
Anchor Trench Depth (ft):
Anchor Trench Width (ft):
Anchor Set-Back (ft)

Soil Depth over Setback
Soil Unit Weight (pcf):

TENSILE FAILURE OF LINE!
FML Density =

Slope Length =

Slope Angle =

Liner Total Wt/ Unit ft. =

Max. Tensile Force From Self-Wt. =
Frictional Resistance =

Tensile Stress (neg. frictional resistance)
Tensile Stress (w/ frictional resistance)
FOS Tensile failure (MIN)

FOS Tensile failure (MAX)

Max. Heat/Cool Force:
Max. Tensile Stress Developed +
FOS Tensile Failure =

LINER FROM SELF-WT CALC'S

SMITH WILLIAMS CONSULTANTS, INC.

AS¢ FOS must be greater than 10 to pass

FOS must be greater than 10 to pass

»____FOS must be greater than 5 to pass

LINER ANCHOR CALC'S
R =

At Rest Coeff.

Active Pressure Coeff.

Passive Pressure Coeff.

Allowable Liner Force

Shear Force Above Membrane Due to Soil Cover
Shear Force Below Linsr Due to Soil Cover
Shear Force Below Liner Due to Liner Pull-Down
Active Pressure Anchor Backfill Side

Passive Pressure Anchor InSitu Side

Sum of Forces

FOS Pull-out

Geotech2005.xls

7/812007



Calc. FOS for Tenslle Failure and Anchor Pull-out due to self-weight.
Based on methods presented in "Designing With Geosynthetics" 4 th edition

Robert M. Koerner, 1998 Prentice-Hall

Project: CC&V Phase $ 2.0 Slope w/ 300 slope length
Date: August 2007
By: J.F. Lupo

checkeo: witrwER Herop

Ingut Parameters
Height of Slope (ft):

Slope (Z:1):

FML Thickness {mil):
FML Yield Stress (psi):
FML Specific Gravity:
Soil Friction Angle
Liner-Soil interface Friction Angle (degrees):
Anchor Trench Depth (ft):
Anchor Trench Width (it):
Anchor Set-Back (it)

Soil Depth over Setback
Soil Unit Weight (pcf):

Liner Total Wt/ Unit ft. =
Max. Tensile Force From Self-Wt. =
Frictional Resistance =

Tenslle Stress (neg. frictional resistance)
Tensile Stress (w/ frictional resistance)
FOS Tensile failure (MIN)

FOS Tensile failure (MAX)

Max. Heat/Cool Force:
Max. Tensile Stress Developed +
FOS Tensile Failure =

Liner Calc's

SN

SMITH WILLIAMS CONSULTANTS, INC.

_FOS must be greater than 10 to pass
FOS must be greater than 10 to pass

PASS FOS must be greater than 5 to pass

LINER ANCHOR CALC'S
At Rest Coeff.
Active Pressure Coeff.

Passive Pressure Coeff.

Allowable Liner Force

Shear Force Above Membrane Dus to Soil Cover
Shear Force Below Liner Due to Soil Cover
Shear Force Below Liner Due to Liner Puli-Down
Active Pressure Anchor Backfill Side

Passive Pressure Anchor InSitu Side

Sum of Forces

FOS Puli-out

Geotech2005.xls

7/5/2007
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"
Phases | Through 5 Primary Solution Collection Pipe Burial
Calculations



SAC

SMITH WILLIAMS CONSULTANTS, INC.

Project: CC&V Phase 5 VLF Job No. 1125

Calculation Title:
Ore Loading Effects on soiution collection piping

Prepared By: JFL Date: March 14, 2008
Checked By: DTW Date: March 19, 2008
OBJECTIVE:

Assess the effect of ore loading on solution collection piping deformation for the Phase 5 VLF
extension, and existing pipes within the VLF (including underdrains).

METHOD:

The method for PE pipe deformation under high loads is based on the work presented in Lupo
(2001).

Traditional methods for pipe design are based on stress theory, whereby the stress conditions within
the pipe wall are evaluated based on assumed loading conditions. This design approach was initially
developed for concrete and steel pipe and has been extended for PE pipe design. The stress theory
method was developed assuming the pipe materials are very stiff compared to the pipe envelope
material (the material surrounding the pipe). Under these conditions, the loads are carried entirely
by the pipe, not by the pipe envelope.

Pipe design employing stress theory requires the pipe to be designed to account for the following
performance criteria:

e Wall Crushing : Wall crushing occurs when the wall stress exceeds the long-term
compressive strength of pipe material;

e Wall Buckling: Wall buckling occurs when the total soil pressure exceeds the pipe critical
buckling pressure; and

* Ring Deflection: Ring deflection is defined as the ratio between the vertical change in
diameter to the original pipe diameter. Typically, pipe deflection is calculated using the
Modified lowa method (USDA, 1990). The design limit for ring deflection is typically
assumed to be approximately 5 percent. Krizek (1990) reports that this value was derived
from the inspections of numerous pipe installations, where the average deflection before
failure was determined to about 20 percent of the pipe diameter. Assuming a safety factor of
4, results in design ring deflection of 5 percent.

For design, the applied stress on the pipe is based on an assumed prism of ore above the pipe, so the
vertical stress can be calculated as:

o,=y,*h
where:
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Yo = unit of ore, and
h = height of ore over the pipe.

This applied stress, plus any additional stresses, are applied as an external pressure to the pipe to

assess wall crushing and pipe buckling. The pipe-ore interaction is not accounted for in these
calculations.

The pipe ring deflection is typically evaluated using the Modified lowa method. This method relates
pipe deflection to the stiffness of the pipe and ore. In the modified lowa method, the pipe and ore
stiffness are addressed separately; the pipe-ore interaction is not accounted for in this method.

While the traditional approach can be used for PE pipe design, field and laboratory studies have
shown that the traditional approach for pipe design may result in overly conservative designs. For
leach facility design this can lead to limits on ore height over the pipe, or special pipe
bedding/trenching design.

The reason the traditional design approach may be overly conservative is that PE pipes are
significantly more flexible than steel or concrete pipes. Field and laboratory studies conducted by
Watkins and Reeve (1979), Watkins (1987), Watkins (1990), Sargand et al (1993) and Reeve et al

(1981) have shown that flexible pipe performance is strongly influenced by the pipe-envelope

interaction. A schematic illustrating the pipe-envelope interaction with respect to pipe performance
limits is shown in Figure 1.

Dense Envelope
wall i Wall
Buckling / \ Crushing

|
Flexible Pipe ~ & ‘ =em==Tw  SUiff Pipe

""" Wall Crackin}
Ring Loose Eavelo
Deflectio; osevelpe uging

Figure 1. Schematic of Pipe Performance Limits (after Watkins and Reeve, 1979).

Field and laboratory performance tests have shown that the primary performance limit for PE pipes
is ring deflection (Watkins and Reeve, 1979). Excessive ring deflection in PE pipes may lead to:
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* Restricted flow within the pipe, and
e Excessive dimpling leading to pipe buckling.

Compared to stiff pipe (i.e. steel and concrete), flexible pipe, such as PE, interacts differently with
the surrounding ore. PE pipe readily deforms under load, interacting closely with the ore.
Furthermore, PE material is a viscoelastic material, which has the beneficial property of creeping or
stress relaxation under load. This means that after the pipe is loaded, the stress in the wall of the
pipe will decrease (relax) over time as the pipe deforms.

The flexibility of PE pipe can lead to the development of a stress arch within the ore. A stress arch
transfers a portion of the vertical stress around the flexible pipe and into the adjacent ore. PE pipe
deformation and stress arch development are illustrated in Figures 2 and 3, respectively.

Ore loading
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Lateral

' ( :)r |

Preloadipe Condition =~ PostLoading Condition

Ore Compression/Strain

Figure 2. Flexible Pipe Deformation
Ore loading
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Figure 3. Stress Arch Development

Ore Compression/Strain

Several laboratory and field test programs have been conducted to assess the actual performance of
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PE pipes. The results of these test programs have been instrumental in the understanding of PE pipe
performance. A summary of pipe test results is presented in Figure 4.

PIPE PERFORMANCE
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Figure 4. Pipe Test Data

When reviewing the test data presented in Figure 4, it is important to note that none of the PE pipes failed in
these tests. All of the tests were terminated before failure of the pipes could be reached because of limitations
to the test apparatus or fill height.

The results from these tests clearly show that PE pipes can remain stable and functional with ring
deflections in excess of 20 percent. These results also agree well with observations from actual
leach pads, as illustrated in Figure 5 which shows a functional solution collection pipe from a leach
pad, with approximately 20 percent ring deflection.
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igure 5 unctioning Solun Collection ewf 20% Ring Deflection (Binocular Shape)

Watkins (1990) has shown that the pipe deflection is closely associated with the compression of the
material surrounding the pipe (termed the pipe envelope). Therefore, the pipe design approach
should account for the compression characteristics of the pipe envelope.

The recommended approach for flexible pipe design is based on the work of Burns & Richard
(1964) and Hoeg (1968), which present closed form plane-strain solutions for thin, circular, elastic
conduits buried in an elastic soil. These equations include the interaction of the pipe with the
surrounding material. To provide a more suitable solution for flexible pipe design, these equations
have been modified to account for the following:

¢ Non-linear compression of ore during loading,
® Viscoelastic nature of the PE pipe material, and
* A more thorough accounting for the stress arch effect due rotation of principle stresses.

ASSUMPTIONS:

* The corrugated PE pipe characteristics are defined by those presented by Advanced
Drainage Systems (ADS).

Solid PE pipe characteristics are defined by Drisco-Pipe.

* The pipe envelope behavior is based on compression tests conducted on actual Cresson
Project Drain Cover Fill (DCF). The compression curve is defined as that presented in
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Figure 6. The parameters of the ore/DCF were based on test data, and have the following

properties:
Property Value
Unit Wt. 118 pcf
Elastic Modulus Varies according to Fig. 6
Friction Angle 40 degrees

Stress-Strain Curve
4500 - e Tt S

4000

3500 /f
3000

v

F 2500 /
& o
]
= 2000 /|
I /

1500 7

1000 ///

500

00
0 002 004 0.06 008 0l 012
Strain (in/in)

Figure 6. DCF Compression Curve

CALCULATIONS:

Pipe deformation calculations were conducted for the following scenarios, which cover the Primary,
Secondary, LVSC, Leak Detection, and the Arequa Gulch Spring pipes under the maximum
applicable ore depths.
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Pipe Deformation Analyses

VLF Phase Pipe Ore Depth (ft)

5 Primary Pipe — 26” OD, DR 11 | 590
Solid HDPE Pipe

5 Secondary Pipe — 16" OD | 590
PCPE

5 Secondary Pipe - 12” OD | 590
PCPE

1A% Primary Pipe — 26” OD, DR 11 | 800
Solid HDPE Pipe

v Secondary Pipe — 18” OD | 800
PCPE

LII Primary Pipe — 15” OD PCPE | 800

LILIII LVSC, Leak Detection Pipe — | 800
4” OD PCPE

Arequa Gulch Spring Pipe 4” OD SDR 17 Solid HDPE 800

The results of the pipe deformation analyses are presented in Attachment A.

CONCLUSIONS:

The pipe deformation analyses indicate that the pipes, under the maximum ore load, will deform
between 10 to 22 percent, as summarized below. It is noted that pipes undergoing deformations in
the range of 20% should be sized for twice the flow capacity, as the pipe will likely take on a
binocular shape (see Figure 5). In the case of VLF (all Phases I-IV and 5), all pipes were sized
assuming a binocular shape, therefore the pipes will function as designed, even under 22% crown

deflection.
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VLF Phase Pipe Crown Acceptable (y/n)
Deflection
5 Primary Pipe — 26” OD, | 10-12% Yes
DR 11 Solid HDPE Pipe
5 Secondary Pipe — 16” | 18% Yes. Size pipe for twice the
OD PCPE flow to accommodate
deformation
5 Secondary Pipe — 12” | 18% Yes. Size pipe for twice the
OD PCPE flow to accommodate
deformation
v Primary Pipe — 26” OD, | 12-15% Yes
DR 11 Solid HDPE Pipe
v Secondary Pipe — 18” | 22% Yes. In original design, these
OD PCPE pipes were sized for twice the
flow assuming a binocular
pipe section.
LI Primary Pipe — 15” OD | 22% Yes. In original design, these
PCPE pipes were sized for twice the
flow assuming a binocular
pipe section.
LILIII LVSC, Leak Detection | 22% Yes. In original design, these
Pipe — 4” OD PCPE pipes were sized for twice the
flow assuming a binocular
pipe section.
Arequa Gulich Spring | 4” OD SDR 17 Solid | 16% Yes

Pipe

HDPE
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Attachment A

Pipe Deformation Analyses
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SAC

SMITH WILLIAMS CONSULTANTS, INC.

Appendix C.3.2

Phase 5 VLF Primary Solution Collection Pipe Burial
Calculations
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SMITH WILLIAMS CONSULTANTS, INC.

CALCULATION TITLE PAGE

CLIENT JOB NO. TASK NO. PAGE OF 3
Cripple Creek & Victor Gold Company 1128 A100
PROJECT CALCULATION No. REV. No.
Arequa VLF 1 1
SUBJECT/ TITLE
Primary Pipe Design —
REV. PREPARER/ DATE REVIEWER/ DATE QA REVIEWER/ DATE CONFIRMATION
NO. REQUIRED (Y/N)
1 Amanda L. Dolezal _ 1/8/08 Derek T. Wittwer _ 1/26/08 LELsor Y fPfF
CALCULATION OBJECTIVE
Size the primary collection pipes in order to handle the maximum flow.
CALCULATION METHODOLOGY/ LIST of ASSUMPTIONS
® Qo = 14,400 gpm, distribute flow to 3 pipes.
® Consider flow only in primary pipes, not the primary / riser interaction.
®  Add factor of safety of 25% for flow of 18,000 gpm for zero deformation.
¢ Distribute flow evenly between the three pipes for design flow in each pipe of 6,000 gpm.

REFERENCES

Watkins, R., “Plastic Pipes Under High Landfills”, 1990, Buried Plastic Pipe Technology, ASTM-STP.1093.
Lupo, J., “Stability of HDPE Pipes Under High Heap Loads”, 1991, SME, Denver, Colorado.

CONCLUSIONS

® 26" 0.D. pipe with SDR 11 will support the necessary quantities of flow and loads without any deformation.
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SMITH WILLIAMS CONSULTANTS. INC.

PROJECT: JoB NO: SHEET_2 OF_2
Arequa VLF 1125
FEATURE: BY: DATE:
Primary Solution Collection Pipe ALD 1/8/08
DETAILS: CHKD BY: DATE:
Pipe Sizing DTW 1/26/08

® Criteria:

1) Use pressurized pipe flow calculation,
® Analysis:

Total length = 1200 feet
Average ground slope = 0.004 = 0.4%

Elevation Head = 1200 ft * 0.004 = 4.8 feet
Dif ferential Head = calculate to get Q = 6,000 gpm

Use modified pipe deformation method in Lupo (1991) to test pipe deformation for both
maximum and average ore height in PSSA.

Assume pipe is 26" O.D. with SDR of 11, check deformation, check flow, then verify SDR is appropriate.

Attached sheets have pipe deformation calculations for maximum ore height (590 feet).
Results indicate pipe crown deflection of between 10 and 12% (less than 15% threshold), and
crown pressures of between 260 and 418 psi. Tensile stresses are less than 1000 psi.

Ignore horizontal strains as these are over predicted.

Deformed pipe analysis indicates a 19% reduction in flow due to maximum crown deflection:
Quefimax) = 6,395 gpm * 0.81 = 5,180 gpm (greater than 4,800 gpm)

Deformed pipe analysis indicates a 16% reduction in flow due to minimum crown deflection:
Quef(min) = 6,395 gpm * 0.84 = 5,372 gpm (greater than 4,800 gpm)

Now verify SDR 11 is appropriate for loading. Use empirical approach using Watkins Equation,
oa=05P (1 +d) SDR  per Watkins (see Lupo, 1991)
Perfarmance of plastic pipe is governed by:
1) ring crushing
2) ring deformations
ring deflection = vertical strain of pipe envelope
g = ring compression (allowable is 1500psi - Driscopipe)
d = crown deflection (varies between 10 and 12%)
SDR = pipe SDR ratio
1500 psi = (0.5)*(420 psi)*(1+0.12)SDR

SDR = 6.4 ¥ 7 for maximum ore height

Therefore SDR 11 is suitable for this maximum condition in the PSSA.




) DRISCOPIPE
| ) DRISCOPIPE 1000 Series 3 PHILLIPS %
| Industrial Pipe PE3408 @

Effective 1/1/97

Nom. Weight Dimensions, Inches Coail/ Joint
Size(in)] DR | Ib/ooft | OD [ Approx. iD| Min.wall fest
22 9.0 6540 | 22.000 [ 17.112 | 2444 20/40/50
LAt 110 | sas2 [EEl 18000 | 2.000 20/40/50
o 135 4556 | ';; 18.740 1.630 20/40/50
17.0 3680 ol 19412 1.294 20/40/50

21.0 3018 19.904 | 1.048 20/40/50

260 | 2461 20.308 | 0.846 20/40/50

9.0 7785 18.666 | 2.667 20/40/50

1.0 6524 19.636 | 2.182 20/40/50

135 5421 20.444 1.778 20/40/50

170 | 4381 21176 | 1412 20/40/50

21.0 3591 21.714 1.143 20/40/50

26.0 2930 22154 | 0923 20/40/50

1.0 7657 212712 | 2364 20/40/50

135 6362 22148 | 1.926 20/40/50

170 5139 22942 | 1529 20/40/50

210 | 4214 23524 | 1.238 20/40/50

26.0 3439 24.000 | 1.000 20/40/50

1.0 8878 22910 | 2545 20/40/50

135 7378 23852 | 2074 20/40/50

170 5962 24.706 1.647 20/40/50

21.0 4886 25.334 1.333 20/40/50

26.0 3988 25.846 1.077 20/40/50

135 8469 25556 | 2222 20/40/50

17.0 6845 26470 | 1765 20/40/50

210 5612 27.142 1.429 20/40/50

26.0 4578 27.692 1.154 20/40/50

9335 26.830 |- 2333 20/40/50

7545 27790 | 1.853 20/40/50

6185 28496 | 1.500 20/40/50

5044 29.074 1.211 20/40/50

9635 27260 | 2370 20/40/50

7786 28236 | 1.882 20/40/50

6384 28952 | 1524 20/40/50

5210 29538 | 1.231 20/40/50

Page 4
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Typical Physical Properties* of Driscopipe® 1000 (PE 3408) Polyethylene Pipe Resin

Property Test Method Unit Value
Materlal Designation PP1/ASTM seoemssa PE 3408
Material Classification ASTM D 3350 o= Type il); PE34
Cell Classification ASTM D 3350 —mmme 345464C
Density (3) ASTM D 1505 gms/cm® 0.955
Melt Flow 4) ASTM D 1238(2.16/190) gms/10 min. 011 ¢
Flex Modulus {5) ASTM D 790 psi 110,000
Tensile Strength 4) ASTM D 638 psi 3,200
PENT (6) ASTM F 1473 Hours >100
HDB @ 73.4°F (4) ASTM D 2837 psi 1,600
U-V Stabllizer (C) ASTM D 1603 %C >2
Hardness ASTM D 2240 Shore D 65
Tensile Strength @ ASTM D 638 psi 3,200
Yield (Type IV Specimen) (2"Imin.)
Tensile Strength @

Break (Type IV Specimen) ASTM D 638 psi 5,000
Elongation at Break ASTM D 638 %, minimum 750
Modulus of Elasticity (Young’s Modulus) ASTM D 638 psi 130,000
ESCR
(Cond A,B, C: Mold. Slab) ASTM D 1693 Fo, Hours >5,000
(Compressed Ring - pipe) ASTM F 1248 Fo, Hours >3,500
PENT ASTM F 1473 Hours >100
Impact Strength (1ZOD) ASTM D 258 In-ib/in. notch 42

(-125” Thick) (Method A)

Linear Thermal

Expansion Coeff. ASTM D 696 in/ in/ °F 12x10*

Thermal Conductivity ASTM D 177 BTU-In/ft/ 2.7
hrsi°F

Brittieness Temperature ASTM D 748 °F <-180

Vicat Softening Temperature ASTM D 1525 °F 257

“This list of typical physical properties is intended for basic characterization of the material and does not re
properties values reported herein ware determined on compression molded specimens prepared in accord

specimens taken from the pipe.

# Average Mett Index value with a standard deviation of 0.01

Distributed By:

This document reports accurate and rellable information to the

best of our k dedge but our suggestions and

cannot be guarantesd becauss the conditions of usa are beyond

our control. The user of such information assumes all risk con-

nedndwlﬂnﬂnmhreof Phillips 68 Company and Ra sub-
ponsibility for the use of information

presentad herein and hereby expressly disciaim all Gabiity in
regards to such use.

PLASTICS
L ' 9001
: CERTIFIED
To secure product information
or leave & message for a sales
engineer or technical service
representative;

Phone: 1-800-527-0862
Fex: 1-972-669-5959
www driscopipe.com

Effective: 5-18-99

present specific determinations or specifications. The Physical
ance with Procedure C of ASTM D-1928 and may differ from

PPFA ==

Phllllps Dnscoplpe

PHILLIPS PETROLEUM COMPANY



PIPEFLOW WORKSHEET

Pipe Inside Diameter

Pipe Inside Diameter
Upgradient Elv. (ft)
Upgradient Water Elv. (ft):
Downgradient Elv. (ft):

Pipe Elv. Change (ft):
Pipe Elevation Change
Hydraulic Elv. Change
Pipe Length

Slope of Pipe:

|C factor

Downgradient Water Elv. (ft):

Fittings Equivalent Length:

20.989 inches

Project Name: CCaV Arequa VLF S\ A t
Client: CcC&vV ol W
Date: 1/18/2008 SMITH WILLIAMS CONSULTANTS, INC.
Pipe Description: 3 primary pipes 14,400gpm total
FOS 1.25
Hazen-Williams
Parameter Units Units
Q 6000 gpm 379 1is
C factor 150

20.989 inches

9730 2966.5 m
9745 29710 m
9725 2964.9 m
9740 2969.5 m
5 1.5 m
5 1.6 m
5 1.5 m
1255 3826 m
0.004
150
0 feet
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Estimate Percent Flow Reduction of Deformed Pipe (Min.)

Project: CC&V Arequa
Date: January 2008
By: Dolezal

Max. Ore Helght = 590 feet

S/

C

SMITH WILLIAMS CONSULTANTS, INC.

Project #: 1125 AR? A = Flow Area
FlowFactor =AR?
Circular Pipe Flow
Inside Dlameter {inchas) Area Ft*2 Hyd. Radius ft. Flow Factor
16.00 1.40 0.33 0.67
18.00 1.77 0.38 0.92
20.00 2.18 0.42 1.22
22.00 2.64 0.46 1.57
24.00 3.14 0.50 1.98
26.00 3.69 0.54 245
28.00 4.28 0.58 2.99
30.00 4.91 0.63 3.59
32.00 5.59 0.67 4.26
34.00 6.31 0.71 5.01
36.00 7.07 0.75 5.83
Horizontal Deflection |
Ellipse-Shape Pipe Flow —— T
Max. Vertical Pipe Deflection (%): 10 Flow Reduction Vertical Deflection
Horizontal Deflection (%): 0 0.18
Vertical Axis  Horlizontat Axis Parimeter
Circular Pipe I.D. {inches) {In.} {in.) Area Ftr2 {full low) Hyd. Radius Flow Factor
16.00 144 16.0 1.26 4.19 0.30 0.56
18.00 16.2 18.0 1.59 4.71 0.34 0.77
20.00 18.0 20.0 1.96 5.24 0.38 1.02
22.00 19.8 22.0 2.38 5.76 0.41 1.32
24.00 21.6 240 2.83 6.28 0.45 1.66
26.00 23.4 26.0 3.32 6.81 0.49 2.06
28.00 25.2 28.0 3.85 7.33 0.53 2.50
30.00 27.0 30.0 4.42 7.85 0.56 3.01
32.00 28.8 32.0 5.03 8.38 0.60 3.58
34.00 30.6 34.0 567 8.90 0.64 4.20




Project: CC&V Arequa
Date: January 2008
By: Dolezal

|Max. Ore Height = 530 feet

Project #: 1125

e

Estimate Percent Flow Reduction of Deformed Pipe (Max.)

S/

C

SMITH VALLIAMS CONSULTANTS, INC

A = Flow Area
FlowFactor =
Circular Pipe Flow
inside Diameter (inches) Area FtA2 Hyd. Radius ft. Flow Factor
16.00 1.40 0.33 0.67
18.00 1.77 0.38 0.92
20.00 2.18 0.42 1.22
22.00 2.64 0.46 1.57
24.00 3.14 0.50 1.98
26.00 3.69 0.54 2.45
28.00 4.28 0.58 2.99
30.00 4.91 0.63 3.59
32.00 5.59 0.67 4.26
34.00 6.31 0.71 5.01
36.00 7.07 0.75 583
Horizontal Deflection |
Ellipse-Shape Pipe Flow om T
Max. Vertical Pipe Deflection (%): 12 Flow Reduction Vertical Deflection
Horizontal Deflection (%): 0 e
Vertical Axis  Horizontal Axis Perimeter
Cireular Pips 1.D. {inches) {In.) {in.} Area Ftr2 {full flow) Hyd. Radius Flow Factor
16.00 14.1 16.0 1.23 4.19 0.29 0.54
18.00 15.8 18.0 1.56 4.7 0.33 0.74
20.00 17.6 20.0 1.92 5.24 0.37 0.98
22.00 19.4 220 2.32 5.76 0.40 1.27
24.00 211 24.0 2.76 6.28 0.44 1.60
26.00 229 26.0 3.24 6.81 0.48 1.98
28.00 24.6 28.0 3.76 7.33 0.51 241
30.00 26.4 30.0 4.32 7.85 0.55 2.90
32.00 28.2 32.0 4.91 8.38 0.59 3.44
34.00 29.9 340 5.55 8.90 0.62 4.05




