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Project Overview
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* 9.2 billion gallon upground reservoir

* 785-acre geosynthetic composite liner system
* 4.6 mil cy of embankment (5 miles)

* 50 year drought protection
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Composite Bottom Liner System

°* Geomembrane Selection

» 40 mil PVC or fPP (selected)
» Selected based on weight

° 1.0 mm (40 mil) fPP Geomembrane
> 0.0096 kPa (0.20 psf)
» Required Panel: 2,325.6 sq m (25,000 sq ft) 76.3 m by 30.5 m (250 ft by 100 ft)
> 22.2 N (5,000 Ibs)

° 1.0 mm (40 mil) PVC Geomembrane
» 0.0134 kPa (0.28 psf)
» Required Panel: 2,325.6 sq m (25,000 sq ft) 76.3 m by 30.5 m (250 ft by 100 ft).
> 31.1 N (7,000 Ibs)

° Enlarged 1.0 mm (40 mil) fPP Geomembrane
> Enlarged Panel: 2,907 sq m (31,250 sq ft) 76.3 m by 38.1 m (250 ft by 125 ft)
» 27.8 N (6,250 Ibs)
> Still less than PVC GM
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Factory Fabrication

* Single wedge fusion weld

* Panel size

> 250 ft x 100 ft at start

> 250 ft x 125 ft as work progressed
* All factory seams air-lance tested (ASTM D4437)
* Destructive testing required

° Automated Welder

> Not allowed, because
air-lance testing would have to
be performed after field deployment
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Construction

* Factory fabrication allowed:
- 9 panels/day
- 250 ft x100 ft = 25,000 sq ft
- 9% 25,000 sq ft = 225,000 sq ft/ day => everyday

® Could not have been completed in three (3) years
using field fabrication

* Field crew paid union wages
* Factory crew paid non-union wages
* Lower cost & achieved three (3) year schedule
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Construction

® Three construction seasons (2011, 2012, 2013). Most of
work completed in 2012.
® 2011 particularly wet year.
» Nearly flat bottom did not move surface water
> Needed to undercut CSL subgrade slowed schedule
* Winterization berm and flooding required to protect CSL

° 2012 — 12 panels/day to accelerate; 34,884 m? covered
» 12 panels/day to accelerate
> 76 m x 38 m panels
> 34,884 m? covered per day
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Construction — Aug 25, 2012

® 2011 winterization berm and
flooding
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Installation
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Material and Seam Properties

* Material properties:
> fPP: Tensile Break Strength 72 1b/in (80% = 57.6 1b/in)

* Specified Fusion Seams:
> Shear at Yield: 55 Ib/in ~ 76%
» Peel at Yield: 25 Ib/in

* Modified during project:
> Shear, only for field seams: 47 Ib/in ~ 68%

» Spec lowered b/c dirt could not be removed from the fPP (fine
clay particles embedded into the fPP geomembrane)

> GRI GM17 Spec = 30 Ibs/in for 40 mil fPP so 55 Ib/in is high
» Designer simply used 80% of tensile strength
» Lowering spec decreased repair & patching
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Seam Shear Strength

* Lowered Shear at Yield:
» 55 Ib/in
> 47 1b/in
* Cause:
» Clay-size soil particles embedded in fPP GM
> Particles contaminated weld
» Clay-size particles no
* Field Testing:
> All field seams air-channel tested according to ASTM D7408

T.D. Stark-Slides-©
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Factory v. Field Seam Peel Strength

* Field Peel A and B Datasets for a given Seam
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Summary of Factory v. Field Seaming

Average Standard
Values Deviation

N/mm N/mm
Field Peel A 7.41 0.59
Peel B 7.59 0.58
Shear 10.20 0.84
Factory |Peel 8.06 0.48
Shear 11.15 0.50
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Factory v. Field Seam Shear Strength

Field and Factory Shear for a given Seam

Field Shear Strength (N/mm)

® Ficld *  Average Factory
----- il Specificatson (Shear) = === Range Factory
= === = Muodified Specification (Field Shear)
14 T T T T T T T T T
13F E

9.63 N/mm

55 Ibs.fin

-| #.23 N/mm
47 Ibs./in

50 100 150 2000 250 300 350 400 450

Sample Number

T.D. Stark-Slides-©

Factory Shear Strength (N,

I -

w3

6 L L
0 200 400 ] 800

®— Factory +  Avemge Field
----- Tnutial Specification (Shear) - == = Range Field
----- Madafied Specification (Fiold Shear)

9.63 Nimm
35 |bs./in

1000 1200
Sample Number

15

16/47

Normal Distribution of Factory & Field Seams
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Factory v. Field Normal Distributions

* Field and Factory Seam Shear Strength
Field ==-==-- Modified Specification (Field Shear)
Factory = ===~- Original Specification (Shear)
8.23 N/mm 9.63 N/mm
47 1bs./in 55 Ibs./in
90 T T T T T
80 -
T0F -
Foeof R
z's0t- -
5
s 40+ -
g
&30k -
20F -
10 -
n 1 1 1 1
4 6 8 10 12 14 16
T.D. Stark-Slides-© Shear Strength (N/mm)

17

----- Midsfied Specification (Field Sheark
= = = Omiginal Specification (Sheary

.23 N/mm 9.63 N/mm
47 Ibs./in 55 Ibs./in

Ficld ==ve= Modified Specification (Ficld Shear)
———Faclory == - - Chviginal Specification (Shear)
8.23 N/mm 9.63 N/mm

47 Ibs./in 55 Ibs./in

90 T T
R0 =
T n
Foor 1
250 =3
H
sS40 7
& - s0F
20 25.2% 7 70}
10} 1 Feof
0 L L 1 L :_[]
4 6 8 10 12 14 16 2°
Shear Strength (N/fmm) i-l[] ™
£k
20
10
0

0.96%

T.D. Stark-Slides-©

[ B 10 12 14
Shear Strength (N/mm)

18

3/24/2020




3/24/2020

Factory v. Field Seaming

* Comparison of Field Seam Peel and Shear Strength
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Factory v. Field Seaming

* Comparison of Field Seam Peel and Shear Strength
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Factory v. Field Seaming

* Comparison of Factory Seam Peel and Shear Strength
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Factory v. Field Seaming

° Estimate Field Seam Shear Strength based on Peel Strength

Factory Shear Strength B (N/mm) = 0.17 * Peel Strength (N/mm) + 9.76 N/mm 1)

Field Shear Strength A (N/mm) -= 0.6467 ’: Peel Strength (N/mm) + 5.41 N/mm 2)
Field Shear Strength B (N/mm) =0.756 *gPeel Strength (N/mm) + 5.41 N/mm 3)

® Seam Peel Tests => 500 mm/min = 20 inch/min
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Field Seaming

° ASTM D6392
- Average seam shear strength for five (5) specimens
- Some tests can fail but still the seam still “passes”

* Can have failing specimens within “passing” seam

Initial Seam Shear Strength Revised Seam Shear Strength
(55 Ibs/in or 9.63 N/mm) (47 Ibs/in or 8.23 N/mm)

One Failure Two Failures One Failure Two Failures

# of Field

Specimens
227 306 451 461

48.4 65.2 96.2 983
% Fail ) 0
51.6 34.8 3.8Vv.51.6% 1.7 v. 34.8%
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Factory v. Field Seam Length

°*Panels *Rolls
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Factory v. Field Seam Length

% Total Total
Factory Length of

Seams GM Seams
[meters (ft)] | [meters (ft)] (%) [meters (ft)]

Original Rolls 563,600 100 563,600
(1,849,112) (1,849,112)

Fabricated 340,888 126,709 72.9 271 467,597
Panels (1,118,400) (415,713) (1,534,113)

* Fewer factory seams than field due to panels & less detailing
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Panel Weight Calculator
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Pond Leakage Calculator
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Pond Leakage Calculator - October, 2019
By: Timothy D. Stark, Ph.D,, P.E., D.GE, F.ASCE

Fabricated Geomembrane Institute at

University of lllinios at Urbana-Champaign

STEP ONE (General Calculations & Summary,

For a pond with the following dimensions: Top Width

Pond Top Length

10 |Pond Depth,

#t_[Total/overall volume of the pond is:

f2_|with a compacted soil hydraulic conductivity of *

13_[and a geomembrane conductivity of **
14 _|Leakage through the compacted soil liner is: 5435 gallonsiday
15 |Leakage through a geomembrane is ONLY: 085 gallonstday

Cost of water is: tacre-foot $200t0$3 4Macrefoor 325,851 gallanstacre-foat
Lost Money due to Compacted soil Leakage: 100,232.3 Hiyear

Lost Money due to Geomembrane Leakage: | 0.0]styear

NOTES:
20 [FC soil hydraulic ivty is 1x10-7 cm/sec based on Subtitles D and € landfill requirements
**Geomembrane hydraulic conductivty ranges from 1x10-10 to 1x10-14 cm/sec for typical products based on vapor transmission testing

www.tabricatedgeomembrane.com
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Summary and Lessons Learned

° Connection detail
> Flat tie-in successful

* Field seams
> Fabricated seams are about 10% higher.
» Field seam shear strength was generally over 50 1b/in, most over 52 1b/in.
> 55 Ib/in was based on 80% film strength.
» Fine soil particles can contaminant weld; not present in factory
> 47 Ib/in ~ 68% film strength.

* ELLS

> Successful in locating defects
» More economical than imported fill or screening on-site materials.
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Post Construction

* Reservoir filled in 2014
* Normal operation
* No observed issues with bottom liner system
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