
1). 

-:::;::::-""!"'-=­
91Ji F ~"11 

~ 
~~ 

-~~~ 

~v. 

R-02-03 


CANAL-LINING DEMONSTRATION PROJECT 

YEAR 10 FINAL REPORT 


November 2002 

U.S. DEPARTMENT OF THE INTERIOR 

Bureau of Reclamation 


Pacific Northwest Region 

Water Conservation Center 


Technical Service Center 

Civil Engineering Services 


Materials Engineering Research Laboratory 




REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing 
data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information, Send comments regarding this burden estimate 
or any other aspect of this collection of information, including ~"-"- for reducing this burden to Washington Headquarters Services, Directorate for Information 
Operations and Reports, 1215 Jefferson Davis Highway, Suit Arlington VA 22202-4302. and to the Office of Management and Budget, Paperwork Reduction 
Report (0704-0188), Washington DC 20503. 

1. AGENCY USE ONLY (Leave Blank) 2. REPORT DATE 

November 2002 

3. REPORT TYPE AND DATES COVERED 

Final 
4. TITLE AND SUBTITLE 

Canai~Lining Demonstration Project Year 10 Final Report 
5. FUNDING NUMBERS 

6. AUTHOR(S) 

Jay Swihart and Jack Haynes 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Bureau of Reclamation Pacific Northwest Region 
Technical Service Center Water Conservation Center 
Civil Engineering Service Boise, Idaho 
Materials Engineering Research Laboratory 
Denver, Colorado 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

R-02-03 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

Same 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

DIBR 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION/AVAILABILITY STATEMENT 

Available from the National Technical Information Service, Operations Division, 
5285 Port Royal Road, Springfield, Virginia 22161 

12b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 words) 
The Deschutes Canal-Lining demonstration Project is a cooperative effort among the Bureau of Reclamation, 
several irrigation districts, and several geosynthetic lining manufactures. The purpose of this study is to develop 
low-cost canal-lining technologies to reduce seepage over severe rocky subgrade conditions. The 34 test sections 
include combinations of geosynthetics, soil, concrete grout, Shotcrete, roller compacted concrete, elastomeric 
coatings, and sprayed-in-place foam. This report assesses the performance of test sections after 1 to 10 years of 
service. This report also documents the construction of five of the newest tests sections . 

At this time, seven of the test sections have failed, while the remaining test sections are in fair to excellent 
conditions. Each test section covers about 30,000 square feet, and unit construction costs ranged from less than 
$1.00 to more than $4.00 per ff. The test sections are divided into four generic types: exposed geomembranes, 
fluid-applied membranes, geomembranes with concrete cover, and concrete alone. Preconstruction and 
postconstruction ponding test have shown effectiveness at reducing seepage between 70 and 95 percent. The 
most promising lining alternative demonstrate benefit/cost ratios between 3 and 4. 

14. SUBJECT TERMS 

geosynthetic/water conservation/geotextile/geocomposite/geomembrane/ponding 
tests/Benefit/Cost Analysis/life-cycle costs 

15. NUMBER OF PAGES 

230 
16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OF REPORT 

UL 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

UL 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

UL 

20. LIMITATION OF 
ABSTRACT 

UL 
NSN 7540·01-280-5500 	 Standard Form 298 (Rev. 2·89) 

Prescribed by ANSI Std. 239·18 
298-102 



I 

R-02-03 

CANAL-LINING DEMONSTRATION PROJECT 
YEAR 10 FINAL REPORT 

• 


by 

Jay Swihart 
Jack Haynes 

Denver Technical Service Center Civil Engineering Services 
Materials Engineering Research Laboratory Denver, Colorado 

Pacific Northwest Region 
Water Conservation Center 

Boise, Idaho 

November 2002 

UNITED STATES DEPARTMENT OF THE INTERIOR BUREAU OF RECLAMATION 



Mission Statements 

U.S. Department ofthe Interior 

The mission of the Department of the Interior is to protect and provide access to our 
Nation's natural and cultural heritage and honor our trust responsibilities to Indian tribes 
and our commitments to island communities. 

Bureau ofReclamation 

The mission of the Bureau of Reclamation is to manage, develop, and protect water and 
related resources in an environmentally and economically sound manner in the interest of 
the American public. 

Federal Disclaimer 

The information contained in this report regarding cotrunercial products or fnms may not 
be used for advertising or promotional purposes and is not to be construed as an 
endorsement of any product or frrm by the Bureau of Reclamation. 



ACKNOWLEDGMENTS 


The authors wish to thank the irrigation districts whose support was essential to the 
planning and implementation of this project. Reclamation particularly appreciates the 
support from the boards of directors of the Arnold, North Unit, Tumalo, Ochoco, Juniper 
Flat, Frenchtown, Lugert-Altus, Bitter Root, Buffalo Rapids, and Lewiston Orchards 
Irrigation Districts. Reclamation also wants to thank Mr. Rick Stone, a private landowner 
on the Twin Falls Irrigation District, for participating in the installation of a test section 
on his property. Water user support consisted of both a fmancial commitment and the 
acceptance of the risks involved with using unfamiliar technologies. 

The authors wish to acknowledge the various material suppliers and contractors who 
were willing to participate in the project. In addition to making fmancial contributions, 
the participating cmnpanies provided invaluable technical support. These companies 
have also assumed risks by placing their products adjacent to those of their competitors 
under adverse conditions and often in new applications. 



1 

1 

1 

1 

1 

1 

l 
l1 
l1 
l1 
l1 
l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

l 1 

1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 




• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

CONTENTS 

Page 

EXECUTIVE SUMMARY . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . ES-1 


CHAPTER 1 -INTRODUCTION . • • • • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • . . . . . . . 1 

Environmental Assess1nent of Canal Lining . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Value of Conserved Water ........ o. o... o.................. 2
0 0 0 ••••• 0 0. 0. 0 

CHAPTER 2 -NEW TEST SECTIONS . . . . . . . . . • . . . • . • . . . . • . . . . . . . . . . . . . . . . . • 7 

Test Section TF-1.- ....... 8
0 • 0 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Test Section L0-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

Test Section 0-5.- .............................................. 37
0 • 

Test Section BU-1.- .. 0 51 

Test Section BI-1.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 


CHAPTER 3 - CONDITION ASSESSMENT ••....•...........................• 83 

Visual Inspections ..................................................... . 83 

Maintenance ......................................................... . 86 

Durability ........................................................... . 92 

Arnold Irrigation District-Main Canal ....... •••• o . o. o o o ..•........... 92
0 • 0 • 0 

Test Section A-1- . 0 92
•• 0 ••••••••••••••••••••••••••••••••••••••••••• 

Test Section A-2- 97 

Test Section A-3- 100 

Test Section A-4- 104 

Test Section A-5- ..................................................... . 108 

Test Section A-6-- .................................................... . 116 

Test Section A-7- ..................................................... . 120 

Test Section A-8- ..................................................... . 123 

Test Section A-9 and A-10- ............................................. . 127 


North Unit Irrigation District-Main Canal ....................................... . 128 

· Test Section NU-l and NU-2- ........................................... . 128 


Test Sections NU-3 and NU-4- .......................................... . 130 

Test Section N-5- ..................................................... . 131 

Test Sections NU-6 through NU-9- ....................................... . 132 

Test Section NU-6-- ................................................... . 135 

Test Section NU-7- 138 

Test Section NU-S­ 140 

Test Section NU-9- 142 


Tumalo Irrigation District-Bend Feed Canal ..................................... . 144 

Test Section T-1- ..................................................... . 144 

Test Section T-2- ..................................................... . 145 

Test Section T-3- ..................................................... . 150 


Ochoco Irrigation District-Main Canal ......................................... . 151 

Test Section 0-1 and 0-2- .............................................. . 151 

Test Section 0-3a and 0-3b- ............................................ . 156 

Test Section 0-4- ..................................................... . 159 

Test Section 0-5- ..................................................... . 163 


v 




CONTENTS .. continued 
Page 

Lugert-Altus Irrigation District . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166 

Test Section L-1- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166 


Juniper Flat Improvetnent Company . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169 

Test Section J-1- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169 


Frenchtown Irrigation District . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175 

Test Section F-1- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175 


Twin Falls-Rick Stone Ranch, Farm Lateral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178 

Test Section TF-1- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178 


Lewiston Orchards Irrigation District . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185 

Test Section L-1- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185 


Buffalo Rapids Irrigation District . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186 

Test Section BU-1a and 1b-.............................................. 186 


Bitter Root Irrigation District . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189 

Test Section BI-1- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189 


Coupon Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191 


CHAPTER 4- SEEPAGE ANALYSIS • • • . • . . • • • . • . • • • . • • • . . . . . . . . . . . . . . . . . . . . . . . • . . 193 

Preconstruction Ponding Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193 


Arnold ................................................................ 193 

North Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193 

Ochoco ............................................................... 193 


Postconstruction Ponding Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194 

Arnold Ponding Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194 

North Unit Ponding Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194 

Ochoco Ponding Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194 


Effectiveness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 


CHAPTER 5- BENEFIT/COST ANALYSIS ......................................... 203 


CHAPTER 6 - CONCLUSIONS . . . . . . . • • . • . • • • • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209 


CHAPTER 7 - FUTURE STUDIES . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211 

Tulelake Irrigation District- The Firs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212 


BffiLIOGRAPHY . . . . . . . • . . . . . . . . . • • . • • • • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 217 


APPENDICES 


Appendix A 
AppendixB 
Appendix C 
AppendixD 
Appendix£ 
AppendixF 

vi 




CONTENTS ... continued 

Tables 

1 Irrigation Districts that have participated in the Canal Lining Demonstration Project . . . . . 3 

2 Canal Lining Costs - Arnold and North Unit Test Sections . . . . . . . . . . . . . . . . . . . . . . . . . 4 

3 Canal Lining Costs - Tumalo and Ochoco Test Sections . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

4 Canal Lining Costs- Lugert-Altus, Juniper Flat, Frenchtown, Twin Falls, Lewiston, 


Buffalo Rapids and Bitter Root Irrigation District Test Sections . . . . . . . . . . . . . . . . . . . 6 

5 10-Year Condition Assessment- Arnold Test Sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 

6 10-Year Condition Assessment - North Unit Test Sections . . . . . . . . . . . . . . . . . . . . . . . . . 84 

7 Condition Assessment - Tumalo, Lugert-Altus, and Juniper Flat Test Sections . . . . . . . . . 85 

8 Categories of the test sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 

9 Maintenance Assessment for the Arnold Test Sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 


10 Maintenance Assessment for the North Unit Test Sections . . . . . . . . . . . . . . . . . . . . . . . . . 89 

11 Maintenance Assessment for the Tmnalo Main Canal and the Ochoco Main Canal -


Tumalo Irrigation District and Ochoco Irrigation District . . . . . . . . . . . . . . . . . . . . . . . . 90 

12 Maintenance Assessment for the Lugert-Altus, Juniper Flat, Frenchtown, Rick 


Stone Ranch, Lewiston Orchards, Buffalo Rapids, and the Bitter Root Test Sections . . 91 

13 Coupon Testing ofExposed Geomembrane test sections . . . . . . . . . . . . . . . . . . . . . . . . . . . 191 

14 Arnold Canal Ponding Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195 

15 North Unit Canal Ponding Test............................................... 197 

16 North Unit Canal Ponding Test- Invert only . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198 

17 Ochoco Canal Ponding Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199 

18 Test section results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 

19 Effectiveness, durability, and maintenance requirements of generic types of 


canal linings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203 

20 Benefit/Cost Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204 

21 Benefit/Cost ratios of four types of canal linings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209 


Figures 
Figure Page 

1 Location map, Rick Stone Ranch Canal Lining Installation . . . . . . . . . . . . . . . . . . . . . . . . . 9 

2 Location map, Lewiston Orchards Irrigation District Canal Lining Project . . . . . . . . . . . . . 24 

3 Location map, Ochoco Main Canal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

4 Location map, Buffalo Rapids Main Canal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 

5 Location map, Bitter Root Irrigation District Main Canal . . . . . . . . . . . . . . . . . . . . . . . . . . 68 

6 Location map, Arnold Canal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 

7 Location map, North Unit Main Canal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129 

8 Location map, North Unit Main Canal1998 Ponding Tests.................... . . . . . 196 


vii 






GLOSSARY 

CSPE Chlorosulfanated polyethylene 
CSPE-R Reinforced chlorosulfanated polyethylene 
EPDM Ethylene Propylene Diene Monomer 
EVA Ethylene vinyl acetate 
GCL Geosynthetic clay liner 
HOPE High density polyethylene 
LLDPE Linear low density polyethylene 
mPE metallized polyethylene 
PE Polyethylene 
pp Polypropylene 
PVC Polyvinyl chloride 
RCC Roller compacted concrete 
uv Ultraviolet 
VLDPE Very low density polyethylene 

ix 





EXECUTIVE SUMMARY 


Reclamation has constructed 34 canal-lining test sections in 11 irrigation districts in four States to assess 
durability and effectiveness (seepage reduction) over severe rocky subgrades. The lining 1naterials 
include combinations of geosynthetics, shotcrete, roller compacted concrete, grout mattresses, soil, 
elastomeric coatings, and sprayed-in-place foam. Twenty-eight test sections are located in central 
Oregon, three are in Montana, two are in Idaho, and one is in Oklahoma. Each test section typically 
covers 15,000 to 30,000 square feet. The test sections now range in age from 1 to 10 years. Preliminary 
benefit/cost (B/C) ratios have been calculated based on initial construction costs, maintenance costs, 
durability (service life), and effectiveness (detennined by preconstruction and postconstruction ponding 
tests). The 34 test sections are divided into 4 generic categories as shown in the table below. 

Table ES-1 .-Test results for the 34 test sections 

Type 
of 

Lining 
Construction Cost 

($/ft2) 
Durability 
(years) 

Maintenance 
Cost 

($/ft2-yr) 

Effectiveness 
at Seepage 
Reduction 
(percent) 

8/C 
Ratio 

Fluid-applied 
Membrane 

$1.40 - $4.33 10- 15 yrs $0.010 90% 0.2-1.5 

Concrete alone $1.92- $2.33 40- 60 yrs $0.005 70% 3.0- 3.5 

Exposed 
Geomembrane 

$0.78- $1.53 10- 25 yrs $0.010 90% 1.9- 3.2 

Geomembrane with 
Concrete Cover 

$2.43 - $2.54 40- 60 yrs $0.005 95% 3.5- 3.7 

Each of the lining alternatives offers advantages and disadvantages. The geomembrane with concrete 
cover see1ns to offer the best long-term performance. 

Fluid--applied membrane- Many of these test sections have failed and have been removed from 
the study. Most of the problems were related to poor quality control because of adverse weather 
common to field construction in late fall and early spring. These types of linings may have 
potential for special niche applications such as lining existing steel flumes or existing concrete 
channels. 

Concrete- Excellent durability, but long-tenn effectiveness was only 70 percent because of 
random cracking. Irrigation districts are fa1niliar with concrete, and they can easily perform 
required maintenance. 

Exposed Geomembrane- The effectiveness is excellent (90 percent), but exposed geomembranes 
are susceptible to mechanical damage from animal traffic, construction equipment, and vandalism. 
Although exposed ge01ne1nbranes have the lowest initial construction costs, they have a limited 
service life (typically 15 to 20 years). Also, exposed geomembranes are often poorly maintained 
because irrigation districts are unfamiliar with the geomembrane material, and sometimes need 
special equipment and training to perform even 1ninor repairs. 

Concrete with Geomembrane Underliner- The geomembrane underliner provides the water 
barrier, and the concrete cover protects the geomembrane from mechanical damage and weathering. 
System effectiveness is estimated at 95 percent. Districts can readily maintain the concrete cover, 
but they do not have to maintain the geomembrane underliner. 

ES-1 



Effectiveness- Ponding tests showed a typical preconstruction seepage rate of about 1.0 foot per 
day. Postconstruction ponding tests showed effectiveness of 70 to 95 percent for the various lining 
alternatives. 

Maintenance- Over the course of 10 years, maintenance costs have been relatively low for all the 
lining alternatives. Generally, exposed geomembranes require about twice the maintenance of 
concrete linings. For all lining alternatives, benefit/cost analysis shows that every $1 spent on 
maintenance returns $1 0 in conserved water by increasing effectiveness and design life. Therefore, 
more emphasis should be placed on maintenance, especially for exposed gemnembrane linings. 

New Test Sections 

The newest test sections have been in setvice for only 1 to 2 years. While smne of these test sections look 
promising, more time is needed to evaluate them before estimating service lives and benefit-cost ratios. 
These test sections include: 

Wet-applied polyurethane geocomposite 

Exposed reinforced metallized polyethylene 

Exposed bituminous geomembrane 

Exposed white textured HDPE 

Exposed EVA geocomposite 


Coupon Testing 

Six of the exposed geomembrane test sections were satnpled for laboratory evaluation. Although many of 
the exposed geomembranes visually appear to be in excellent condition, the changes in physical 
properties suggest that many are beginning to degrade. Service life predictions are included in table ES-2. 

Table ES-2-Coupon Testing of Exposed Geomembrane test sections 

Test 

Section Material Age 

Visual 

Assessment Physical Property Testing 

Service Life 

Prediction 

A-3 80-mil Textured 

HOPE 

10 years Excellent Elongation down 90% 

OIT down 30% 

20-25 years 

A-4 30-mil PVC with 

Bonded 

Geotextile 

10 years Very Good Tensile up 30% 

Modulus up 140% 

Elongation down 70% 

10-15 years 

A-5 45-mil Hypalon 10 years Fair to Poor Tear strength down 60% 10-15 years 

A-6 36-mil Hypalon 10 years Fair Tear strength down 60% 10-15 years 

0-3 45-mil EPDM 2 years Excellent Elongation down 30% 

Tear strength down 50% 

15-20 years 

0-4 30-mil LLDPE 2 years Excellent Tensile down 10% 

Tear Strength down 10°/o 
10-15 years 

ES-2 



CHAPTER 1 

INTRODUCTION 


Traditional canal-lining materials typically include compacted clay, reinforced or unreinforced concrete, 
and (more recently) buried geomembranes. However for some jobs, these materials are not always viable 
for the following reasons: (1) they are not locally available (such as compacted clay), (2) they are too 
expensive (for example, reinforced concrete), (3) they require large rights-of-way for heavy consttuction 
equipment (such as mrreinforced concrete), or ( 4) they require extensive over-excavation and sub grade 
preparation (such as for buried geomembranes). This study looks at alternative canal-lining materials that 
are less expensive, easier to construct where access is limited, and compatible with severe rocky 
subgrades such as the fractured volcanic basalt typically found in the Pacific Northwest. 

To date, 34 test sections have been constructed on 11 irrigation districts (five irrigation districts on the 
Deschutes river in central Oregon, two in Idaho, three in Montana, and one in Oklahoma). The lining 
materials include combinations of geosynthetics, shotcrete, roller compacted concrete, grout mattresses, 
soil, elastomeric coatings, and sprayed-in-place foan1. The test sections now range in age from 1 to 
10 years. 

There are five previous reports in this series. The first report "Deschutes- Construction Report" 
(Reclamation Report R-94-06, 1994) documented the construction of the original18 test sections over 
severe rocky subgrades on the Arnold and North Unit Irrigation Districts near Bend, Oregon. The 
Construction Report detailed construction techniques, construction materials, unit construction costs, and 
ponding tests to detennine seepage rates both before and after construction of the test sections. Post­
construction seepage rates were 10 to 100 times lower than preconstruction rates. 

The second report, "Deschutes- Year-2 Durability Report" (Reclamation Report R-94-14, 1994), assessed 
the condition of the original18 test sections after about 2 years of service (through April1994). 

The third report, "Deschutes- Year 5 Durability Report" (Reclamation Report R-97-01), detailed the 
consttuction of 4 additional test sections. That report also assessed the condition of all 22 test sections 
after up to 5 years of service (through October 1996). 

The fourth report, "Deschutes- Year 7 Durability Report" (Reclamation Report R-99-06), details the 
construction of five new test sections and assesses the condition of all 27 test sections after up to 7Yz years 
of service (through March 1999). The test sections are evaluated for cost, durability, maintenance 
requirements, and effectiveness in reducing seepage. These factors are combined to calculate life-cycle 
costs for use in benefit/cost analysis. 

The fifth report, "Deschutes - 2000 Supplemental Report" (Reclamation Report R-00-0 1 ), details the 
consttuction of two test sections constructed in the fall of 1999. 

This sixth report details the construction of five new test sections and assesses the performance of all 
34 test sections after up to 10 years of service. Tables 1, 2, 3, and 4 show the initial construction costs for 
all 34 test sections. 

These costs should be used for comparison purposes only. Material costs are believed accurate, but 
should be verified with the geosynthetic manufacturers. These costs are based on a minimum job size of 
100,000 to 200,000 square feet (i.e., a minimum of one full truckload of lining materials). Actual 



construction bids may be somewhat higher, depending on additional items such as mobilization, design 
costs, additional subgrade preparation, attachment to structures, contingencies, and unlisted items. 

In addition to initial construction costs, the 34 test sections are evaluated for durability, maintenance 
requirements, and effectiveness at reducing seepage. These factors are combined to calculate life cycle 
costs. 

Environmental Assessment of Canal Lining 

Seepage from canals may contribute to groundwater and wetlands. The impact on groundwater and 
wetlands should be assessed prior to canal lining. This assessment may be mandated for projects using 
federal funding. 

Sometimes canal seepage does not return to the river or increase local groundwater. In this case, the canal 
seepage is lost to beneficial use, and the canal-lining can proceed without further environmental 
assessment. 

More often, canal seepage returns to the river or contributes to local groundwater. Other users may be 
using this water by diverting from the river or pumping from aquifers. These users may have a legal right 
to the water leaking from the canal. 

Short sections of canal are often lined to mitigate problems associated with canal seepage. These 
problems often include stability of the canal bank, flooding of nearby houses and basements, and flooding 
of adjacent farmland removing it from production. In these cases, short sections (typically a few thousand 
linear feet) of canal are often lined without further envirorunent assess1nent. 

Restoration to Original Condition Canals that were originally lined with concrete or compacted earth 
deteriorate over time and experience increased seepage rates. Concrete and cmnpacted earth canal linings 
have a typical service life of about 50 years. Over time, the concrete cracks, subsides and heaves. Earth 
linings are gradually removed as the canal is cleaned out each year. A district that over-excavates their 
canal1 inch each year, will completely remove a 3-ft compacted clay lining in only 36 years. The water 
lost to seepage belongs to the canal owner, and it is the owners right to re-line the canal to restore its 
original condition. 

Value of Conserved Water 

The B/C analysis uses $50 per acre-ft for the value of the conserved water. This value was selected as a 
reasonable price for water purchased on the open market. At the low end, farmers typically pay an 
assessment of $8 to $20 per acre-ft for the water delivered by their irrigation district. Additional water 
(when available) can usually be purchased for about twice this cost ($15 to $40 per acre-ft). These costs 
only reflect the costs for building and maintaining the infrastructure and for delivering the water. These 
costs do reflect the value of the water on the open market. When cities and developers need to purchase 
water on the open market, they typically pay $100 to $300 per acre-ft, with the higher prices paid in 
drought years and in areas where water is especially scarce. Based on this range ofprices, a value of $50 
per acre-ft seemed quite reasonable. 
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Table 1.- Irrigation Districts that have participated in the Canal Lining Demonstration Project 

Irrigation District Section 
Identifier 

Location 
{State) 

Original 
Test Sections 

Installed 
1991 & 1992 

Test 
Sections 
Installed 

1994 

Test 
Sections 
Installed 
1994 & 
1995 

Test 
Sections 
Installed 

1997 

Test 
Sections 
Installed 

1998, 1999 
&2000 

Test 
Sections 
Installed 

2001 

Test 
Sections 
Currently 

being 
Monitored 

Arnold ID A-1 thru 10 Oregon 10 8 

North Unit ID N-1 thru 9 Oregon 8 1 5 

Tumalo ID T-1 thru 3 Oregon 3 0 

Ochoco ID 0-1 thru 5 Oregon 5 4 

Juniper Flat 
Improvement Co. 

J-1 Oregon 1 1 

Lugert-Aitus ID LA-1 Oklahoma 1 1 

Frenchtown ID F-1 Montana 1 1 

Buffalo Rapids ID BU-1 Montana 1 1 

Bitter Root ID Bl-1 Montana 1 1 

Lewiston 
Orchards ID 

L0-1 Idaho 1 1 

Rick Stone Ranch TF-1 Idaho 1 1 

Note: Ten Irrigation Districts and One Individual Rancher. 



Table 2.-Canal Lining Costs- Arnold and North Unit Test Sections 

Section 
No. Description 

Lining Material IGeotextile I Shotcrete 
Subgrade 

Preparation 
$Iff 

Installation 
$Iff 

Overhead and 
profit 
(%) 

Total 
$Iff 

Geomembrane 
$1 rf $Iff $Iff I Other cost 

$Iff 

A-1 4-mil PE Geocomposite IMth Shotcrete cover 
Unreinforced Shotcrete 
Polyfiber reinforced Shotcrete 

$0.30 $0.87 
$0.30 $0.87 $0.06a 

$0.26 
$0.26 

$0.65 
$0.65 

17% 
17% 

$2.43 
$2.50 

A-2 30-mil VLDPE textured geomembrane IMth 16-oz. 
geotextile cushion and unreinforced Shotcrete cover 

$0.25 $0.12 $0.87 $0.26 $0.65 17% $2.52 

A-3 Exposed 80-mil HOPE textured geomembrane $0.70 $0.12 $0.26 $0.10 17% $1.38 

A-4 Exposed 30-mil PVC IMth geotextile UV cover cushion $0.45 $0.07 $0.26 $0.12 17% $1.05 

A-5 Exposed 45-mil Hypalon INith 16-oz. geotextile cushion $0.45 $0.12 $0.26 $0.12 17% $1.11 

A-6 Exposed 36-mil Hypalon IMth bonded 8-oz. geotextile 
cushion 

$0.50 $0.26 $0.12 17% $1.03 

A-7 40-mil PVC IMth 3-inch grout-filled mattress $0.35 $0.65 $0.45 $0.12 $0.60 17% $2.54 

A-8 3-inch Unreinforced grout-filled mattress $0.65 $0.45 $0.04 $0.50 17% $1.92 

A-9 
and 
A-10 

60-mil VLDPE or HOPE IMth 12-oz. geotextile cushion and 
3-inch grout-filled mattress on side slopes only 

$0.55 $0.12 $0.21 $0.16 $0.04 $0.45 17% $1.79 

Section 
No. Description 

N-1 Spray-applied polyurethane foam IMth 
Urethane 500/550 protective coating 

$2.41 $0.04 $1.25' 17% $4.33 

N-2 Spray-applied polyurethane foam with 
Geothane 5020 protective coating 

$2.06 $0.04 $1.25 17% $3.92 

N-3 Tietex geotextile 'lllith spray-applied 
Geothane 5020 protective coating 

$0.07 $0.90 $0.04 $1.25 17% $2.64 

N-4 Phillips geotextile IMth spray-applied 
Geothane 5020 protective coating 

$0.07 $0.90 $0.04 $1.25 17% $2.64 

N-5 RCC invert + shotcrete side slopes Contract Bid Price $2.00 

N-6 Shotcrete- steel-fiber reinforced 
50 lbs. per cubic yard 
25 lbs. per cubic yard 

$1.08 
$1.08 

$0.22 
$0.11 

$0.04 
$0.04 

$0.65 
$0.65 

17% 
17% 

$2.33 
$2.20 

N-7 
and 
N-8 

Shotcrete polyfiber reinforced 
3 lbs. per cubic yard 
1-1/21bs. per cubic yard 

$1.08 
$1.08 

$0.12 
$0.06 

$0.04 
$0.04 

$0.65 
$0.65 

17% 
17% 

$2.21 
$2.14 

N-9 Unreinforced Shotcrete $1.08 $0.04 $0.65 17% $2.07 

a Cost of Polyfibers 



Table 3.-Canal Lining Costs- Tumalo and Ochoco Test Sections 

Section 
No. Description 

I 

Lining Material 

Subgrade 
Preparation 

$Iff 
Installation 

$/ ff 

Overhead and 
Profit 

% 
Total 
$Iff 

Geomembrane 
$Iff 

Geotextile Shotcrete 
$Iff $Iff 

Other Cost 
$Iff 

T-1 Liquid Boot over an existing concrete flume $1.20 $0.15 $0.10 17% $1.70 

T-2 Liquid Boot over a sandblasted steel flume $1.00 $0.15 $0.10 17% $2.16 

T-3 Liquid Boot over a broomed steel flume $1.00 $0.10 $0.10 17% $1.40 

0-1a Covered GCL - Bentomat ON $0.29 $0.26 $0.15 17% $0.82 

0-1b Covered GCL - Bentomat CL $0.33 $0.26 $0.15 17% $0.87 

0-2a Exposed GCL - Bentomat ON $0.29 $0.26 $0.10 17% $0.76 

0-2b Exposed GCL - Bentomat CL $0.33 $0.26 $0.10 17% $0.81 

0-3a Exposed 45-mil EPDM PondGard with 8-oz 
geotextile on side slopes only 

$0.30 $0.06 $0.26 $0.10 17% $0.84 

0-3b Exposed 45-mil EPDM PondGard with 8-oz 
geotextile on side slopes only and covered invert 

$0.30 $0.06 $0.26 $0.12 17% $0.87 

0-4 Exposed 30-mil LLOPE Enviroliner with 8-oz 
geotextile on side slopes only 

$0.25 $0.06 $0.26 $0.10 17% $0.78 

0-5 Exposed 160-mil Coletanche $0.93 $0.26 $0.10 17% $1.51 



Table 4.-Canal Lining Costs- Lugert-Aitus, Juniper Flat, Frenchtown, Twin Falls, Lewiston, Buffalo Rapids, and Bitter Root Irrigation District Test Sections 

Section 
No. Description 

Lining Material 

Subgrade 
Preparation 

$Iff 
Installation 

$Iff 

Overhead and 
Profit 

% 
Total 
$Iff 

Geomembrane 
$/ff 

Geotextile Shotcrete 
$/ff $Iff 

Other Cost 
$/ff 

LA-1 Exposed 160-mil Teranap 
Exposed 120-mil Teranap 

$0.95 
0.80 

$0.12 
0.12 

$0.10 
0.10 

17% 
17% 

$1.53 
1.19 

J-1 Exposed 160-mil Teranap $0.95 $0.26 $0.10 17% $1.53 

F-1 Exposed 45-mil PP over a broomed 
steel flume 

$0.40 $0.12" $0.10 $0.15 17% $0.90 

TF-1 Exposed 40-mil Wet-applied Polyurethane 
Geocomposite over existing concrete 

$0.75 $0.15b $0.12 $0.20 17% $1.43 

L0-1 Exposed 45-mil Reinforced Metallocene $0.32 $0.10 $0.07" $0.26 $0.10 17% $0.99 

BU-1a Exposed 60-mil GSE V\ltlite Textured 
HOPE INith 1O-oz geotextile cushion 

$0.60 $0.12 $0.26 $0.10 17% $1.26 

BU-1b Exposed 60-mil GSE V\ltlite Textured HOPE $0.60 $0.26 $0.10 17% $1.12 

81-1 Exposed Geocomposite 
(12-oz geotextile- 30-mil EVA- 16oz geotextile) 
(8-oz geotextile - 20-mil EVA- 8-oz geotexttle) 

$0.53 
0.35 

$0.26 
0.26 

$0.10 
0.10 

17% 
17% 

$1.04 
0.83 

Cost for fabricating panels in the plant 
Cost of resin freight 



CHAPTER 2 

NEW TEST SECTIONS 


Five new test sections were constructed during the previous 2 years. The new test sections are: 

TF-1 Exposed, 40-mil, wet-applied polyurethane geocomposite 
• L0-1 Exposed, 45-mil, reinforced metallized polyethylene 
• 0-5 Exposed, 160-mil, bituminous geomembrane 

BU-1 Exposed, 60-mil, white textured HDPE 
BI-1 Exposed 20-mil EVA geocomposite 
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Test Section TF-1.­

Material: Exposed, 40-Inil, wet-applied polyurethane geocomposite over existing 
concrete 

Date Installed: June 2000 

Location: Twin Falls, Idaho- about 7 miles west of town near Filer, Idaho (figure 1) 
(1,920 linear feet, 11,500 square feet) 

Description: Liner consists of 2 layers of 3-oz, heat-bonded, non-woven geotextile saturated 
with liquid polyurethane resin for a total minimum thickness of 40 1nils. 
Geotextile is Linq Typar 3301 nonwoven, spunbonded, polypropylene 
geotextile (data sheet is in appendix A) 

Prime Contractor: Canal Lining Systems LLC with assistance from Ditch Line LLC 

Process Developed by: Payne Technology Companies 
Innovative Process Corporation (IPC) 

Material Supplier: Bayer Corporation 

Surface Preparation: The land owner was responsible for surface preparation, including digging a 
6-inch deep anchor trench on each side of the concrete ditch. The land owner's 
two to three 1nan crew cleaned the concrete ditch by scraping with a shovel or 
hoe to loosen dirt and then shoveled out all dirt and debris. This level of 
surface prep was similar to other IPC jobs, such as a job in Pueblo, Colorado. 

Canal Lining Systems personnel reviewed the work and requested additional 
surface preparation to aid the wet-applied polyurethane in bonding to the 
concrete. Therefore, a 2,000-gallon water truck was rented ($300/day), along 
with a high-pressure power washer ($50/day) and four additional laborers for 
1Y2 days. After jet cleaning, the dirt and debris were flushed through the canal 
into the drainage ditch. Final surface preparation looked very good. There 
remained only minimal dirt on the sidewalls and a few areas with some dirt in 
the ditch invert. 

On the morning of liner installation, a weed burner was used to remove any 
puddles or moisture left in the invert. The total cost for surface preparation is 
estimated at $0.12 per ft2 for a large job (a 1ninimum of 100,000 ft2

). 

Mobilization: Mobilization costs for this liner can be significant because the lining machine 
weighs approximately 40,000 pounds and has to been trucked onto the site. 
Also, six to eight skilled workers from Canal Lining Systems LLC and from 
Bayer Corporation were needed on-site full-time. The amount of skilled labor 
may be reduced as this process becomes further developed. 

8 



1 ,920' Exposed Wet Applied 
Geotextile I Polyurethane Composite 

Location Map 
1 Mile Rick Stone Ranch 

Canal Lining Installation 
0 

Figure 1 
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Construction: The polyurethane resin consists of a mixture ofpolyol and isocyanate 
(about 2: 1) with up to 10 percent accelerator, depending on the temperature. 
The Bayer chemists spent the first morning fme-tuning the mix proportions to 
achieve a gel time of 15-20 minutes, and settled on 5 percent accelerator to 
sta11 the day (the chemicals were cool after sitting outside oven1ight). As the 
temperatures rose through the course of the day, the accelerator was gradually 
cut back to about 2 percent. The double layer of geotextile was run through a 
resin bath (dip pan) where it was saturated with liquid polyurethane. The 
6-foot-wide membrane was then cut into lengths of approximately 16 feet. 
Four to six workers then carried the liner into the ditch and placed it over the 
existing concrete. The 6-foot width was perfect for this stnall ditch. The ditch 
perimeter was 5 feet, which allowed about 6 inches for placement into the 
anchor trench on each side. Although the machine can produce liner at speeds 
up to 16 feet per minute, the crew was capable ofplacing a 16-foot panel only 
every 2 minutes. Panels were shingled downstream and overlapped 
6-12 inches. Three to five workers (including one IPC employee) then roll the 
liner into place, working out any bubbles and wrinkles, and pressing together 
the seruns. The next day, batten strips were installed across the ditch every 
1 00-15 0 feet, and polyurethane patching compound (Peter Putty) was mixed in 
1-gallon baggies and used to patch around gated tum-outs and to perform 
minor repairs. A few gallons ofpolyurethane resin were left for the owner to 
perfonn any future repairs. The owner was also responsible for backfilling the 
anchor trenches. 

Difficulties: Areas of broken concrete were covered with a double layer ofpolyurethane 
liner. The liner will stop the water seepage, and may prevent further collapse 
of the canal. This lining technique was very labor intensive, requiring 
5-6 skilled workers from Canal Lining Systems, 1-2 chemists from Bayer 
Corporation, and 6-10 unskilled laborers who were hired locally. Once 
production began, the lining machine produced a 16-foot panel about every 
2 minutes. The crew had to really hustle to keep up and could not stop for 
breaks. The lining machine was operated for 2 to 2Y2 hours at a time. When 
shutting down for lunch and at the end of the day, the dip tank was flushed 
with acetone. Because of the hard physical labor, the crew could work only 
4-5 hours each day. Depending on carry distance, two crews might be needed 
per machine. Perhaps with four to six additional laborers, a full, 8-hour work 
day could be achieved. The polyurethane is quite messy and ruins the workers 
clothes; it is recommend that disposable coveralls and booties be provided. 

Unit Cost Estimate: Exposed 40-mil wet-applied polyurethane over existing concrete = $1.43 
($0.75 Polyurethane Liner+ 0.15 resin freight+ 0.12 surface prep+ 
0.20 installation + 17o/o OH and profit) 

Note: 	 This does not include costs of $5-$10,000 for the transport of the 
lining machine and IPC personnel. 

Advantages: The 6-foot panel width was ideal for installation in this small, 5-foot perimeter, 
farm ditch. This liner is best suited for use over existing concrete because it 
bonds to the concrete to resist uplift. Bayer laboratory data shows bonded peel 
strength to smooth, clean concrete of 6-8 pounds per inch (appendix B). In the 
field, the liner did not appear to be continuously bonded to the concrete, and 
the peel strength to concrete, when applied under field conditions, appeared 
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significantly lower (1 to 2 pounds per inch?). Reclamation data on laboratory 
testing of liner and seams prepared in the field is included in appendix C. 

Disadvantages: Because this liner is manufactured in the field, consistency and quality control 
are less than they would be for a factory manufactured liner. Field 
manufactured liners are subject to variations of weather. Because the 
polyurethane reacts with water (foatns), which reduces the bond and tensile 
strength, this liner absolutely cannot be installed in the presence of any rain or 
standing water. Wind also makes it very difficult to handle to the 6- by 16-foot 
wet panels, and the liner cannot be installed in winds above 20 mph. The 
40,000-pound lining machine required good access to the canal. 

The small panel size (6- by 16-foot) requires numerous field seams. Seaming 
is relatively easy, but Reclamation laboratory testing (appendix C) shows the 
seams are quite weak (peel strength of I to 2 pounds per inch). 

Photographs: 1 through 22 
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Stone Ranch Farm Lateral- Test Section TF-1 
Exposed 40-mil Wet-Applied Polyurethane Geocomposite over existing concrete 

Photograph 1.-Existing concrete ditch with numerous cracks in the invert. 

Photograph 2.-Some sections of the existing concrete are severely cracked with 
offsets up to 4 inches. 
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Stone Ranch Farm Lateral - Test Section TF-1 
Exposed 40-mil Wet-Applied Polyurethane Geocomposite over existing concrete 

Photograph 3.-Power washing the ditch to remove dirt and sediment. 

Photograph 4.-Ditch after power washing. 
Subgrade preparation complete. 
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Stone Ranch Farm Lateral- Test Section TF-1 
Exposed 40-mil Wet-Applied Polyurethane Geocomposite over existing concrete 

Photograph 5.-Severely cracked section after cleaning. 

Photograph 6.-A section of the ditch where concrete panels are missing 
completely. A double layer of polyurethane liner will be installed over this 
section. 
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Stone Ranch Farm Lateral- Test Section TF-1 
Exposed 40-mil Wet~Applied Polyurethane Geocomposite over existing concrete 

Photograph ?.-Before starting the job, chemists determine the proper mix ratios 
for Isocyanate, Polyol, and accelerator, depending on field conditions and 
temperatures. 

Photograph B.-Lining machine on flatbed trailer. 
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Stone Ranch Farm Lateral- Test Section TF-1 
Exposed 40-mil Wet-Applied Polyurethane Geocomposite over existing concrete 

Photograph 9.-Two layers of geotextile are saturated with polyurethane resin as 
they pass through the dip pan. 

Photograph 10.-Lining machine produces a 6- by 16-foot panel every 1 to 2 

minutes. 
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Stone Ranch Farm Lateral- Test Section TF~l 
Exposed 40-mil Wet-Applied Polyurethane Geocomposite over existing concrete 

Photograph 11.-Crew lays the 6- by16-foot panel over the existing concrete. 

Photograph 12.-Laborers use rollers to work out wrinkles and improve adhesion to 
the concrete. 
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Stone Ranch Farm Lateral- Test Section TF-1 
Exposed 40~mil Wet-Applied Polyurethane Geocomposite over existing concrete 

Photograph 13.-The liner is partially bonded to the old concrete. Foaming of the 
Polyurethane is caused by reaction with water 

Photograph 14.-Large wrinkles were cut open and patched. 
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Stone Ranch Farm Lateral- Test Section TF-1 
Exposed 40-mil Wet-Applied Polyurethane Geocomposite over existing concrete 

Photograph 15.-The chemists used a polyurethane patching compound to repair 
problem areas. 

Photograph 16.-Chemist uses putty knife to trowel the patching compound. 
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Stone Ranch Farm Lateral- Test Section TF-1 
Exposed 40-mil Wet-Applied Polyurethane Geocomposite over existing concrete 

Photograph 17.-Patching compound was used to bond the liner around slide gate 
turnouts. 

Photograph 18.-Siide gate turnout with patching compound. 
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Stone Ranch Farm Lateral- Test Section TF-1 
Exposed 40~mil Wet-Applied Polyurethane Geocomposite over existing concrete 

Photograph 19.-Batten strips were attached by pre-drilling holes and driving 
concrete anchors. 

Photograph 20.-After pre-drilling, the 2-inch concrete anchors are easily 
hammered into the concrete. The 2-inch-wide batten strip is 16 gage stainless 
steel. 
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Stone Ranch Farm Lateral- Test Section TF-1 
Exposed 40-mil Wet-Applied Polyurethane Geocomposite over existing concrete 

Photograph 21.-The polyurethane liner conforms to concrete with offsets in the 
invert of up to 4 inches. The liner is ready to be secured by backfilling the anchor 
trench. 

Photograph 22.-Ditch after installation was 
completed. 

22 




Test Section L0-1.­

Material: 
 Exposed 45-mil reinforced Metallocene with 8-oz geotextile cushion 

Date Installed: 
 October 2000 

Location: 
 Lewiston Orchards- about 10 miles southeast ofLewiston Idaho (figure 2) 
(1500 + 300 linear feet, 36,000 square feet) 

Description: 
 The 45-tnil geomembrane consists oftwo layers ofMetallocene reinforced 
with a 10 by 10 polyester scrim. The geomembrane is tan on the top side and 
black on the bottom. Metallocene is a copolymer blend of HDPE and 
Polypropylene. The material data sheet is included in appendix A. 

Prime Contractor: 
 Lewiston Orchards Irrigation District (LOID) 

Material Supplier: 
 Serrot Corporation 

Surface Preparation: 
 The irrigation district performed extensive subgrade preparation by removing 
vegetation frmn the canal, restoring the approximately 1 Yz: 1 side slopes and 
cutting a 2-foot wide bench for anchoring on each bank. The cost of sub grade 
preparation is estimated at $0.26 per ft?, based on the subgrade preparation 
costs of previous, sitnilar test sections. The fmished canal prism measures 20 
to 24 feet across, including the 1 to 2 feet of material buried in the anchor benn 
on each bank. The fmished canal inve11 measures 6 to 8 feet across, and the 
1Y2: 1 side slopes measure 3 to 4 feet high. Water typically runs about 2 feet 
deep, and this section of canal typically canies about 23 cfs. Seepage was 
estimated at 1 to 2 cfs and is quite evident in one bend where lots of vegetation 
is growing below the canal. 

The irrigation district also improved the access road by hauling in rock and 
gravel, and then grading the road. The road is only on one side of the canal. 
These costs are not included in the cost estimates. 

Construction: 
 The Metallocene gemnetnbrane is manufactured in 1 0-foot-wide rolls. The roll 
goods were then fabricated into 30- by 1 00-foot panels. The panels were folded 
toward the tniddle, and rolled onto the 10-foot cardboard core. A trackhoe was 
used to pre-position the panels and geotextile cushion along the canal. 

An eight-man crew installed the geomembrane. The crew first rolled out the 
geotextile cushion in the road and then pulled it into place. The crew then rolled 
out the geomembrane along the road, unfolded it, and pulled it into place, 
securing it tetnporarily with 3/8 inch rebar bent into a 1-foot-long pin. The 
trackhoe then covered the anchor berm with 6 to 12 inches of cover soil and 
rock. The geomembrane panels were shingled downstream, overlapped 1 to 
2 feet, and welded with a hot-air gun and hand roller. Before seaming, the 
geomembrane was cleaned with wet cloth. Serrot provided a master welder. 
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The first 600 feet of canal was quite rocky and was covered with a 16-oz 
geotextile cushion or excess scraps of Metallocene. The rest of the canal was 
much smoother, and cushion was placed in the invert only. Because of the liner 
flexibility, only the rockiest sections really needed the cushion. The cost 
estimate assumes an 8~oz geotextile cushion used everywhere. 

Difficulties: The wedge welder would not work on steep side slopes and over the rough 
subgrade. Also, there were problems with water in the canal invert. To get the 
liner up out of the mud, the welding was perfonned on 2- by 8-foot sheets of 
plywood. In the worst areas, a pump or wet-vac was used to dry out the canal 
invert before seaming. 

Unit Cost Estimate: Exposed 45-mil reinforced Metallocene with 8-oz geotextile cushion= $1.00 
per ft2

• 

($0.39 Metallocene + 0.10 Geotextile cushion+ 0.26 surface prep+ 
0.10 installation + 17% OH and profit) 

Advantages: The liner was very flexible and confonned to the subgrade easily. The 1 00-foot 
panels were easy to pull into place. A couple of panels were cut to fit around 
sharp bends in the canal, leaving welded seams every 50 to 100 feet. To 
minimize seaming on long sweeping bends, the liner was pleated and folded 
downstream. The only heavy equipment required was the trackhoe, which 
prepared the subgrade and unloaded and pre-positioned the rolls of 
geomembrane and geotextile cushion. The district should be able to perform 
minor repairs using a $500 hot air welder. 

Disadvantages: Because the panels were fabricated into 30-foot widths and the canal prism 
varied from 20 to 24 feet, a lot of excess material was trinuned and wasted. The 
excess material was used as cushion in the invert, but it makes a very expensive 
cushion compared to 8 oz geotextile. A skilled welder was also needed at 
$5 00+ per day to weld the field seams 

Photographs: 1 through 22 
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Lewiston Orchards Irrigation District- Test Section L0-1 

Exposed 45-mil Reinforced Metallocene 


Photograph 1.-Preconstruction conditions at Lewiston Orchards. 
Subgrade consists of angular volcanic basalt. 

Photograph 2.-lrrigation district removed a couple of abandoned pipe crossings to 
facilitate lining installation. 
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Lewiston Orchards Irrigation District- Test Section L0-1 

Exposed 45~mil Reinforced Metallocene 


Photograph 3.-Trackhoe reshapes the canal prism, restoring the 1 }'2: 1 side slopes. 

Photograph 4.-Trackhoe cuts 3-foot anchor berm into both banks. 
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Lewiston Orchards Irrigation District- Test Section L0-1 

Exposed 45~mil Reinforced Metallocene 


Photograph 5.-Trackhoe positions roll of geotextile cushion along the access road. 

Photograph 6.-Geotextile cushion has been placed in the canal invert. The 
installation crew unrolls the Metallocene in the access road. 
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Lewiston Orchards Irrigation District- Test Section L0-1 

Exposed 45-mil Reinforced Metallocene 


Photograph 7.-Crew unfolds the Metallocene and pulls the panel into place. 

Photograph a.-Installation crew pulls the Metallocene up the far bank and into final 
position. 
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Lewiston Orchards Irrigation District- Test Section L0-1 

Exposed 45-mil Reinforced Metallocene 


Photograph 9.-At the downstream end, the liner is placed into a 3·foot-deep cutMoff 
trench. 

Photograph 1 0.-Liner is ready for seaming. 
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Lewiston Orchards Irrigation District- Test Section L0-1 

Exposed 45-mil Reinforced Metallocene 


Photograph 11.-Liner is temporarily secured on the anchor berm with #3 rebar 
stakes. 

Photograph 12.-To minimize seaming, the liner was folded around bends in the 
canal alignment. 
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Lewiston Orchards Irrigation District- Test Section L0-1 

Exposed 45-mil Reinforced Metallocene 


Photograph 13.-Wet-Dry Vac used to remove ponded water before seaming. 

Photograph 14.-0verlapped seams are cleaned to remove dirt and mud before 
seaming. 
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Le-wiston Orchards Irrigation District - Test Section L0-1 

Exposed 45-mil Reinforced Metallocene 


Photograph 15.-Master welder from Serrot uses hot-air welder to seam the 
Metallocene. 

Photograph 16.-Piywood (not visible) is temporarily placed under the liner to 
provide a firm surface for seaming. Overlapped seams are clamped into final 
position for seaming. 
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Lewiston Orchards Irrigation District- Test Section L0-1 

Exposed 45-mil Reinforced Metallocene 


Photograph 17.-As the seaming is completed, the plywood is removed. 

Photograph 18.-The master welder places a large patch over a problem seam. 
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Lewiston Orchards Irrigation District- Test Section L0-1 

Exposed 45-mil Reinforced Metallocene 


Photograph 19.-lrrigation district personnel are trained in proper seaming 
techniques for any future repairs. 

Photograph 20.-Trackhoe places cover material over the far anchor berm. 
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Lewiston Orchards Irrigation District- Test Section L0-1 

Exposed 45-mil Reinforced Metallocene 


Photograph 21.-Additional road base was imported to restore the access road and 
to cover the near anchor berm. 

Photograph 22.-Finished Metallocene installation. 
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Test Section 0-5.­

Material: 
 Exposed 160-mil Coletanche NTP ES 

Date installed: 
 November 2000 

Location: 
 Ochoco Irrigation District (figure 3) 
(700 linear feet; 28,000 square feet) 

Description: 
 Coletanche NTP ES (Coletanche) is an elastomeric bitmnen geomembrane, 
combining Styrene-Butadiene-Styrene (SBS) polymer and asphalt with a 
polyester reinforcement. COLAS manufactures five grades of Coletanche. 
Only the Coletanche ES is polymer modified. Coletanche is 160-mils thick 
and is provided in roll widths of 4 and 5 meters (13 and 16.5 feet). Product 
data sheets are included in appendix A. 

Prime Contractor: 
 Ochoco Irrigation District 

Material Supplier: 
 COLAS, Inc. (France) 

Subgrade prep: 
 Ochoco personnel performed extensive subgrade preparation by removing 
vegetation that had overgrown the canal. They removed 6 to 12 inches of 
mucky sediment and restored the original 1 liz: 1 side slopes. The cost for 
extensive subgrade preparation is estimated at $0.26 per ff. This subgrade 
estimate was based on the sub grade costs ofprevious, similar test sections. 
The fmished canal prism measures about 40 to 42 feet across, including a 1­
foot V -notch anchor trench on each bank. 

Construction: 
 Installation began at the downstream end of the test section and proceeded 
upstream 700 linear feet. The Coletanche was delivered in rolls measuring 
5 by 80 meters (16llz by 262 feet), and the rolls were installed across the canal. 
The Coletanche rolls were handled by a trackhoe equipped with a lifting bar 
(constructed by the district). The Coletanche was first unrolled 4 to 5 feet by 
hand and clamped between 2 by 4s with a pair of C-clamps. A chain connected 
the C-clrunps to a backhoe on the opposite bank. The backhoe then drove 
away from the canal, unrolling the Coletanche into place. The Coletanche was 
then cut to match the canal width and pulled into final position by a four-man 
crew. Adjacent sheets were overlapped 6 to 12 inches, shingled downstream, 
and seamed with a propane torch by a two-man crew. Finally, the membrane 
was secured in the benn by nailing, and then backfilled with 6-12 inches of 
cover soil in the V -notch anchor trench. At the upstream and downstream ends 
of the test section, the Coletanche was buried in a 2-foot- by 5-foot-wide cut­
offtrench. The upstremn cut-off was backfilled with concrete, and the 
downstream was backfilled with soil. 

Difficulties: The sub grade was quite irregular, with offsets of up to 6 inches. Seaming over 
these large offsets was challenging. 
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Unit Cost Estimate: Exposed 160-mil Coletanche = $1.51 per ft2 


($0.93 Coletanche + 0.26 preparation + 0.10 installation + 17% overhead ( OH) 

and profit) 


Advantages: Coordinating the movements of the trackhoe and the backhoe on opposite 

banks allowed precise positioning of the Coletanche, and little to no handling 

was required. Because each panel of the Coletanche was trimmed to match the 

canal prism, little to no material was wasted. Installation was fast and simple 

and required no special equipment. liTigation districts can install this material 

with their own forces, thus allowing flexibility in the construction schedule to 

acc01runodate bad weather and fluctuating workload. This crew had 

experience installing other geomembranes and was able to install32,000 square 

feet (7Y2 rolls) on the first day. By using their own equipment and labor, the 

irrigation district was able to install the membrane at significantly less cost 

than hiring a contractor. 


Disadvantages: Because the Coletanche was installed across the canal, a transverse seam was 

needed every 5 meters along the canal. Seaming was rather slow, and two 

seaming crews were needed to keep pace with the installation crew. Exposed 

geomembranes are susceptible to weathering (especially UV light), anitnal 

damage, and vandalism. The Coletanche is UV resistant, and quite resistant to 

animal damage. Based on our experience with sitnilar products, the expected 

service life is 20 to 40 years. 


Photographs: 1 through 23 


Photograph 1.-Earthen dike at upstream end of the test section. Preconstruction 
conditions are visible upstream from the dike. 
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Ochoco Irrigation District- Test Section 0-5 

Exposed 160-mil Coletanche NTP 2 ES 


Photograph 2.-The irrigation district reshaped the canal prism, restored the 
1Y2: 1 side slopes, and cut a 6-inch deep V-notch anchor trench on each bank. 

Photograph 3.-The subgrade was quite rough, and offsets were up to 6 inches. 
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Ochoco Irrigation District - Test Section 0-5 
Exposed 160-mil Coletanche NTP 2 ES 

Photograph 4.-Geomembrane is placed in 
the cut-off trench at the downstream end of 
the test section. 

Photograph 5.-Concrete placed over geomembrane in the upstream cut-off trench. 
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Ochoco Irrigation District- Test Section 0-5 

Exposed 160-mil Coletanche NTP 2 ES 


Photograph 6.-Completed upstream cut-off trench. 

Photograph 7.-Trackhoe unloads rolls of Colas geomembrane from shipping 
container. 
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Ochoco Irrigation District- Test Section 0-5 

Exposed 160-mil Coletanche NTP 2 ES 


Photograph 8.-Trackhoe equipped with lifting bar (fabricated by the irrigation 
district) handles the rolls of geomembrane. 

Photograph 9.-Ciose-up of lifting bar. 
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Ochoco Irrigation District- Test Section 0-5 

Exposed 160-mil Coletanche NTP 2 ES 


Photograph 1 D.-District used 2 by 4s and clamps to grip the geomembrane. 

Photograph 11.-Geomembrane is pulled off the roll and into the canal. 
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Ochoco Irrigation District- Test Section 0-5 

Exposed 160-mil Coletanche NTP 2 ES 


Photograph 12.-Small frontloader pulls the geomembrane up the far bank and into 
position. 

Photograph 13.-Geomembrane easily supports worker while suspended across 
the canal. 
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Ochoco Irrigation District - Test Section 0-5 

Exposed 160-mil Coletanche NTP 2 ES 


Photograph 14.-Trackhoe and front loader coordinate precise placement of the 
geomembrane liner. 

Photograph 15.-0verview of liner placement. 
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Ochoco Irrigation District- Test Section 0-5 

Exposed 160-mil Coletanche NTP 2 ES 


Photograph 16.-After positioning, the liner is cut to length with little or no waste. 

Photograph 17.-A propane torch is used to seam the geomembrane. 
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Ochoco Irrigation District - Test Section 0-5 

Exposed 160-mil Coletanche NTP 2 ES 


Photograph 18.-After heating with the torch, seams are pressed together with a 
paint roller. 

Photograph 19.- Seamer places a large patch over a wrinkled seam caused by 
uneven subgrade. 
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Ochoco Irrigation District- Test Section 0-5 

Exposed 160-mil Coletanche NTP 2 ES 


Photograph 20.-Uitrasonic testing of the seam. 

Photograph 21.-The grader backfills the V-notch anchor trench. 
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Ochoco Irrigation District Test Section 0-5 

Exposed 160-mil Coletanche NTP 2 ES 


Photograph 22.-The anchor trench has been backfilled up to the edge of the canal. 

Photograph 23.-Finished Colas test section. 
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Test Section BU-1.­

Material: 1a Exposed 60-mil White Textured HDPE with 10-oz Geotextile Cushion 
1 b =Exposed 60-mil White Textured HDPE 

Date Installed: April2001 

Location: Buffalo Rapids Irrigation Project, near Glendive MT (figure 4) 
( 4900 linear feet, 189,500 ff geomembrane, 57,400 ff geotextile) 

Description: The 60-tnil textured HDPE geomembrane is coextruded with a white surface on 
one side and a black surface on the other. The ge01nembrane is installed with 
the white side up. Geotextile (where used) is a 10-oz needle-punched, 
nonwoven (Synthetic Industries I 071 ). Material data sheets are included in 
appendix A. 

Prime Contractor: Buffalo Rapids Irrigation Project 

Material Supplier: GSE Lining Technology Inc. 

Surface Preparation: The irrigation project perfonned extensive subgrade preparation by retnoving 
vegetation to 1 foot above the waterline, restoring the approxitnately 1 Y2: 1 to 
2:1 side slopes, and cutting a 2-foot-wide bench for anchoring on each banlc 
The side slopes are approximately 1 Y2: 1 through the cut, and approxitnately 
2: 1 before and after the cut. The cost of subgrade preparation is estitnated at 
$0.26 per ff, based on the subgrade preparation costs on previous similar test 
sections. The fmished canal prism measures 3 8 to 40 feet across, including the 
1 to 2 feet of material buried in the anchor benn on each bank. The fmished 
canal invert is 12 to 13 feet across, and the side slopes are 5 to 6 feet high. 
Water typically runs about 4 to 5 feet deep, and this section of canal typically 
carries about 200 cfs. Seepage is suspected to cause erosion on the face of a 
bluff over the Yellowstone River south of the canal. The downstream 1,300 feet 
of the test section contains cobbles and large rock and was previously lined with 
asphalt during the original construction in 1941. 

The irrigation project also improved the access road along the north side of the 
canal through the cut. These costs are not included in the cost estitnates. 

Construction: An eight-man crew (including two machine operators) installed the 
geomembrane. The crew first rolled out the 15-foot-wide geotextile cushion in 
the road, and then pulled it into place in the canal invert. The HDPE 
geomembrane is manufactured in 22Y2-foot-wide rolls. The rolls were unrolled 
across the canal by a trackhoe operating in the canal invert. The geomembrane 
was temporarily secured with sandbags and 1-foot-long pins. Working from the 
access road, a second trackhoe then covered the anchor berm with 1 to 2 feet 
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of cover soil and rock. The geome1nbrane panels were shingled downstream, 

overlapped 4 to 6 inches, and hot-wedge welded. Before seaming, the 

geomembrane was cleaned to remove any dirt and mud. GSE provided two men 

for the seaming operation. 


The sub grade of the downstream 1 ,3 00 feet of the test section contains large 

numbers of rounded river rocks in the subgrade ofup to 6 inches in diameter. 

TI1e subgrade became less rocky in the upstream direction. Therefore, the lower 

1,300 feet ofthe test section was covered with a 10-oz geotextile cushion. The 

cost estimates include both options. 


Difficulties: The textured geomembrane snagged on the geotextile cushion. For future 

application, a stnooth geome1nbrane is recmmnend when using a geotextile 

cushion. Also, problems were experienced removing the thick vegetation above 

the waterline. Heavy rains during installation caused problems with water in the 

canal invert. A putnp and wet-vac were used to dry out the canal invert before 

seaming. The contractor used a rub sheet to keep the liner clean during seaming 

and to provide a cushion over vegetation at the top of the side slope. 


Unit Cost Estimate: Exposed 60-mil white textut·ed HDPE with 10-oz Geotextile Cushion= 

$1.22 per ff. 

($0.60 geomembrane + 0.10 Geotextile cushion+ 0.26 surface prep + 

0.10 installation + 1 7o/o OH and profit) 

Exposed 60-mil white textured HDPE =$1.12 per ff. 

($0.60 geomembrane + 0.26 surface prep + 0.10 installation + 17o/o OH and 

profit) 


Advantages: The white surface decreases surface temperatures and thermal expansion. The 

white on black surface also made it very easy to see any defects or tears in the 

geome1nbrane surface. The project can perform minor repairs using a $500 hot 

air welder. 


Disadvantages: Lots of seaming was required because of the 22-foot roll width. Unrolling two 

rolls of geomembrane down the canal would reduce the amount of seaming, but 

would use about 10 percent more material. The Buffalo Rapids Project should 

consider purchasing a $500 hot air welder to perform minor repairs. 


Photographs: 1 through 26 
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Buffalo Rapids Irrigation Project- Test Section BR-1 
Exposed 60-mil White Textured HDPE with 10-oz Geotextile Cushion 

Photograph 1.-Canal subgrade where geotextile cushion will be used. Small 
pieces of the old asphalt lining can be seen in the right foreground. 

Photograph 2.-Canal subgrade through the "Deep Cut." Large dirt clods in the 
invert rolled down the embankment during road improvement. 
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Buffalo Rapids Irrigation Project- Test Section BR-1 

Exposed 60-mil White Textured HDPE with lOwoz Geotextile Cushion 


Photograph 3.-Backhoe excavates the 2-foot-wide anchor berm located 1 foot 
above the water line. 

Photograph 4.-Geotextile cushion was placed over rocky subgrade in the 
downstream 1,300 feet of the test section. The 10-oz geotextile is placed 
lengthwise down the canal. 
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Buffalo Buffalo Rapids Irrigation Project- Test Section BR-1 

Exposed 60-mil White Textured BDPE with 10-oz Geotextile Cushion 


Photograph 5.-Starting at the downstream check structure, the geomembrane is 
installed perpendicular to the flow in the canal and overlapped downstream. 

Photograph 6.-View of nearly complete installation in the downstream section. 
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Buffalo Rapids Irrigation Project- Test Section BR-1 

Exposed 60-mil White Textured HDPE with 10-oz Geotextile Cushion 


Photograph 7.-V\Ihen the wind came up, sandbags were needed to temporarily 
secure the geomembrane. Laborers shown filling the sandbags. 

Photograph a.-Large Trackhoe performs final trimming on the subgrade. Note the 
sandbags in position on the anchor bench. 
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Buffalo Rapids Irrigation Project- Test Section BR-1 
Exposed 60-mil White Textured BDPE with 10-oz Geotextile Cushion 

Photograph 9.-Trackhoe operating in the canal invert to unroll geomembrane 
across the canal. 

Photograph 1 0.-Crew assists in unrolling and placing of the geomembrane. 
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Buffalo Rapids Irrigation Project- Test Section BR-1 

Exposed 60-mil White Textured HDPE with 10-oz Geotextile Cushion 


Photograph 11.-Trackhoe unrolls geomembrane while sandbags and 1-foot tell 
pins hold it in place on the anchor bench. 

Photograph 12.-Trackhoe unrolls geomembrane up the other bank, where it will be 
cut to size and secured to the anchor bench. 
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Buffalo Rapids Irrigation Project- Test Section BR-1 

Exposed 60-mil White Textured HDPE with 10-oz Geotextile Cushion 


Photograph 13.-Steel pin has been driven into the anchor bench to secure the 
Geomembrane. 

Photograph 14.-Several panels have been installed across the canal and 
temporarily secured with sandbags. Geomembrane panels still need to be seamed, 
and the anchor bench needs to be backfilled. 
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Buffalo Rapids Irrigation Project- Test Section BR-1 
Exposed 60-mil White Textured HDPE with 10-oz Geotextile Cushion 

Photograph 15.-Sandbags are removed and moved upstream as the trackhoe 
backfills portions of the anchor bench. Backfill is not placed in the immediate 
vicinity of areas to be seamed. 

Photograph 16.-View from the top of the "Deep Cut" looking downstream. 
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Buffalo Rapids Irrigation Project- Test Section BRMl 
Exposed 60Mmil White Textured HDPE with 10-oz Geotextile Cushion 

Photograph 17.-Cut-off trench at downstream check structure is filled with 
concrete and measures about 5 feet wide and 2 feet deep. 

Photograph 18.-Completed downstream cut-off trench. 
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Buffalo Rapids Irrigation Project- Test Section BR-1 

Exposed 60-mil White Textured HDPE with 10-oz Geotextile Cushion 


Photograph 19.-Heavy rains deposited water in the canal invert. A small pump is 
used to remove water from the area of the seam. 

Photograph 20.-Standing water and mud had to be removed from the liner 
before seaming. 
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Buffalo Rapids Irrigation Project- Test Section BR-1 
Exposed 60-mil White Textured BDPE with 10-oz Geotextile Cushion 

Photograph 21.-Self-propelled dual-wedge welder used for seaming. 

Photograph 22.-Welding technician applies pressure behind the wedge welder to 
remove small wrinkles in front of the wedge. 
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Buffalo Rapids Irrigation Project- Test Section BR·l 

Exposed 60-mil White Textured HDPE with 10-oz Geotextile Cushion 


Photograph 23.-Damage caused by wedge welder that needs to be repaired. 

Photograph 24.-After tacking the patch in place with a hot-air gun, edges of the 
patch are ground off. 
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Buffalo Rapids Irrigation Project- Test Section BR-1 
Exposed 60-mil White Textured HDPE 'With 10-oz Geotextile Cushion 

Photograph 25.-Welding Technician uses extrusion welder to apply patches to the 
geomembrane. Extrustion rod is white to match the liner. 

Photograph 26.-Completed test section. All seams have been welded, and 
anchor bench has been backfilled. 
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Test Section BI-L-

Material: Exposed 20-mil EVA with 8-oz geotextile bonded to both sides 

Date Installed: October 200 1 

Location: Bitter Root Irrigation District, near Hamilton MT (figure 5) 
(900 linear feet, 4,500 square feet) 

Description: The membrane is GeoComp Canal3 (Canal-Cubed) geocomposite. It is 
composed of a gray 8-oz geotextile cushion~ 20-mil EVA; and a black, 8-oz, 
geotextile cover. Both polyester geotextiles and the EVA geomembrane are 
made from recycled polymer. The geomembrane composite is installed with 
the black geotextile facing up for UV protection. Material data sheets are 
included in appendix A. 

GeoComp also supplied some 12-30-12 geocomposite for this job. The 12-30­
12 is composed of a black 12-oz geotextile cushion, 30-mil EVA membrane, 
and a black 12-oz geotextile UV cover. The 12-30-12 costs $0.53 per square 
foot, and is probably better suited for exposed applications. 

Prime Contractor: Bitter Root Irrigation District 

Material Supplier: GeoComp fuc. 

Surface Preparation: The irrigation district performed extensive subgrade preparation by removing 
vegetation to 1 foot above the waterline, removing large rocks, restoring the 
approximately 1 Y2: 1 side slopes, and cutting a 2- to 3-foot-wide bench for 
anchoring on each bank. The cost of subgrade preparation is estimated at 
$0.26 per ff, based on the subgrade preparation costs of previous similar test 
sections. The fmished canal prism measures 40 to 45 feet across. The invert 
is 12- to 15-feet and 7- to 8-ft deep. This section of canal typically carries 
about 300 cfs and runs about 6 feet deep. The fmished subgrade is quite rocky, 
with rounded cobbles up to 6 inches in diameter. Seepage from the canal has 
been flooding fields and a house located immediately to the north of the canal. 
The only access road is on the north side of the canal. 

Construction: The geomembrane was provided in 24-foot-wide rolls that are 275 feet long. A 
four to six man crew (including a trackhoe operator) installed the 
geomembrane. Because the canal was accessible only from one side, the 
geomembrane was unrolled across the canal by a trackhoe operating in the 
canal invert. After the ge01nembrane panel was cut from the roll to fit to the 
canal width ( 45 to 50 ft), the track:hoe would unhook the lifting bar and use its 
bucket to place cover material on the far anchor berm. The trackhoe would 
then back up 24 feet, re-attach to the lifting bar, and unroll the next panel. 
Panels were shingled downstream and overlapped a minimum of 1 foot. 
Overlaps of 3 to 4 feet were typical because of the uneven subgrade and bends 
in canal alignment. At the end of each day, the trackhoe would drive out of the 
canal and backfill the near anchor berm. Lining started at the bridge and 
proceeded upstream. The District placed and seamed about 900 linear feet of 

67 



N 

t Bitter Root Irrigation 
District Main Canal 

1 Mile 
I Exposed 20-mil EVA Geocomposite 

Figure 5.-Location map. 

68 



geomembrane liner in 3 days. The geomembrane was placed into a 2-foot­
wide cut-off trench at the upstream and downstream ends. Another 1,300-foot 
section downstreatn from the bridge was too wet for lining at this titne. As 
weather pennitted, this downstream section was lined during the winter of 
2001-2002, bringing the total test section to 2,100 linear feet. 

Seatning was perfonned by a one to four tnan crew using an air-powered hot­
glue gun provided by the geomembrane manufacturer. The hot-glue gun 
consisted of an air compressor, an air accumulator chamber, and the hot-glue 
gtm. A generator powered the air compressor and the hot-glue gun. Glue was 
provided in hockey-puck-sized pellets. The pucks were loaded into a supply 
chamber and heated to 450 °F. The gun extruded a 114- to Y2-inch bead of hot 
glue into the seatn. The seam was pressed together and held closed for several 
minutes to allow the hot glue to cool and set. Occasional geomembrane 
wrinkles and fishmouths were simply folded over and glued down. Inspection 
of the seams found a few unbonded areas (typically 6 to 12 inches long) where 
the seatn was not pressed (held) together long enough for the glue to cool and 
set. 

Difficulties: Seaming was quite slow, and the seams were inconsistent (unbonded areas) and 
relatively weak. The geomembrane manufacturer has a larger gun that places a 
l-inch wide bead that would be tnore suitable for this material. The district 
switched over to hot roofmg tar later in the week. The tar was supplied in a 
100-gallon kettle. Hot-tar seaming was more labor intensive and relatively 
slow because of the time needed for the hot tar to cool and set. A hot-air 
welder tnay be another alternative for seaming this material. 

Unit Cost Estitnate: Exposed 20-mil EVA-geotextile geocomposite $0.83 per ff 
($0.35 geocomposite + 0.26 surface prep+ 0.10 installation+ 17% OH and 
profit). 

Advantages: Installation was simplified by providing the geotextile cushion, EVA 
geomembrane, and geotextile cover in a single geocomposite. 

Disadvantages: Lots of seaming was required because of the 24-ft roll width. The seaming 
crew had trouble keeping pace with the installation crew. 

Photographs: 1 through 24 
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Bitter Root Irrigation District- Test Section BI-1 

Exposed 20-mil EVA with 8-oz Geotextile Bonded to Both Sides 


Photo 1.-The District performed extensive subgrade preparation by removing 
vegetation to 1 foot above the waterline, restoring the 1 Y2: 1 side slopes, and cutting 
a 2- to 3-foot anchor berm on each bank. The downstream section was too wet and 
was not lined at the time of the photograph. 

Photograph 2.-Upstream section ready for installation of lining. 

70 



Bitter Root Irrigation District - Test Section BI-1 

Exposed 20-mil EVA with 8-oz Geotextile Bonded to Both Sides 


Photograph 3.-The prepared subgrade has large cobbles of up to 6 inches in 
diameter. 

Photograph 4.-Trackhoe operating in the canal invert using a lifting bar to unroll 
geomembrane across the canal. 
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Bitter Root Irrigation District- Test Section BI-1 

Exposed 20-mil EVA with 8-oz Geotextile Bonded to Both Sides 


Photograph 5.-Trackhoe pulls down the far bank to cover geomembrane in the 
anchor berm. 

Photograph 6.-At the end of the day, the trackhoe drives up the side slope and 
out of the canal. 
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Bitter Root Irrigation District- Test Section BI-1 
Exposed 20-mil EVA with 8-oz Geotextile Bonded to Both Sides 

Photograph 7.-Trackhoe prepares to backfill the near anchor berm. 

Photograph a.-Laborers help backfill the near anchor berm. 
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Bitter Root Irrigation District- Test Section BI-1 

Exposed 20-mil EVA with 8-oz Geotextile Bonded to Both Sides 


Photograph 9.-Backfill on near anchor berm is complete. 

Photograph 10.-0verlapped seams are ready to be sealed. The trackhoe 
continues to lay geomembrane in the background. 
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Bitter Root Irrigation District- Test Section BI-1 

Exposed 20-mil EVA with 8-oz Geotextile Bonded to Both Sides 


Photograph 11.-Three-man crew removes dirt from the seam and seals it with 
hot glue. Seams need to be held shut until the hot glue cools and sets. 

Photograph 12.-Seaming continues. 
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Bitter Root Irrigation District - Test Section BI-1 

Exposed 20-mil EVA with 8-oz Geotextile Bonded to Both Sides 


Photograph 13.-Cioseup of the industrial hot-glue machine. 

Photograph 14.-Cioseup of seam with hot glue. Rock is placed on the seam to 
hold it together until the hot glue cools and sets. 
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Bitter Root Irrigation District- Test Section BI-1 

Exposed 20-mil EVA with 8-oz Geotextile Bonded to Both Sides 


Photograph 15.-Hot glue is extruded into the seam in a Y2-inch bead. 

Photograph 16.-Three-man crew cleans the seam (removes loose dirt), applies 
hot glue, and holds seam shut until the glue cools and sets. 
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Bitter Root Irrigation District - Test Section BI-1 

Exposed 20-mil EVA with 8-oz Geotextile Bonded to Both Sides 


Photograph 17.-Lower portion of Photograph shows factory seam in the upper 
geotextile. Fish mouth in the seam has been folded over and glued shut. 

Photograph 18.-Hot tar was also used for seaming. Hot tar was supplied in a 
1 00-gallon propane-fired kettle. 
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Bitter Root Irrigation District- Test Section BI-1 

Exposed 20-mil EVA with 8-oz Geotextile Bonded to Both Sides 


Photograph 19.-Geotextile is folded back, and hot tar is mopped onto both 
geotextile surfaces. 

Photograph 20.-Upper geotextile is folded back into position, and the seam 
edge is buttered with hot tar. 
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Bitter Root Irrigation District- Test Section BI-1 

Exposed 20-mil EVA with 8-oz Geotextile Bonded to Both Sides 


Photograph 21.-Laborer on right uses hoe to hold seam closed while hot tar 
cools and sets. 

Photograph 22.-Seam with hot tar pops open if not held closed for sufficient 
time. 
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Bitter Root Irrigation District- Test Section BI-1 
Exposed 20-mil EVA with 8-oz Geotextile Bonded to Both Sides 

Photograph 23.-Finished installation. 

Photograph 24.-Finished installation. 
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CHAPTER 3 

CONDITION ASSESSMENT 


Visual Inspections 

All 34 test sections have been visually inspected annually to monitor the lining condition, assess 
durability, and evaluate maintenance requirements. Most inspections were perfonned in March 2002, 
when the Arnold test sections were 9Yz to 1 OYz years old, the North Unit test sections were 3 to 10 years 
old, the Tumalo test sections were 5 to 8 years old, the Lugert-Altus test section was 8 years old, and the 
Juniper Flat test section was 4Yz years old. The condition of each test section is summarized in tables 5, 6, 
and 7. 

Table 5.-1 0-Year Condition Assessment- Arnold Test Sections 

# Test Section Age Condition Comments 

A-1 4-mil PE geocomposite with 
Shotcrete cover 

10 years Excellent No problems. 

A-2 30-mil VLOPE with 
Shotcrete cover 

9% years Excellent No problems. 

A-3 Exposed 80-mil HOPE 9% years Excellent Several small tears and cuts. 

A-4 Exposed 30-mil PVC 
geomembrane with 
Qeotextile UV cover 

10 years Good Several small tears and cuts. 

A-5 Exposed 45-mil Hypalon 
with 16-oz geotextile 
cushion 

10 years Fair Several small tears and cuts. 

A-6 Exposed 36-mil Hypalon 
with 8-oz geotextile cushion 

10 years Fair Several small tears and cuts. 

A-7 40-mil PVC with 3-inch 
Grout-filled Mattress 

10% years Excellent Needs minor repairs. 

A-8 3-inch Grout-filled Mattress 9% years 
10% years 

Excellent Needs minor repairs. 

A-9 
A-10 

Exposed VLOPE or HOPE 
with grout-filled mattress on 
side slopes only 

28 months Removed Liner "whales" were impeding 
flow. 
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Table 6.-10~Year Condition Assessment- North Unit Test Sections 

# Test Section Age Condition Comments 

N-1 SPF with Futura 500/550 
Protectibe Coating 

5 years Removed Foam failed over first few years 
Replaced with RCC-Shotcrete. 

N-2 SPF with Futura 500/550 
Protectibe Coating 

5 years Removed Foam failed over first few years 
Replaced with RCC-Shotcrete. 

N-3 Tietex Geotextile with 
Geothane 5020 Protectibe 
Coating 

6 months Removed Failed during first water run 
Replaced with RCC-Shotcrete. 

N-4 Phillips Geotextile with 
Geothane 5020 Protectibe 
Coating 

6 months Removed Failed during first water run 
Replaced with RCC-Shotcrete. 

N-5 RCC invert 
Shotcrete side slopes 

4 years 
3 years 

Very Good 
Excellent 

Some water erosion of RCC 
invert. 

N-6 Shotcrete with steel fibers 10 years Excellent Voids on left bank. 

N-7 Shotcrete with polyfibers 10 years Excellent No problems. 

N-8 Shotcrete with polyfibers 10 years Excellent No problems. 

N-9 Unreinforced Shotcrete 10 years Excellent No problems. 

84 




Table ?.-Condition Assessment- Tumalo, Lugert-Aitus, and Juniper Flat Test Sections 

# Test Section Age Condition Comments 

T-1 Liquid Boot over an 
Existing Concrete Flume 

5 years Poor Poor bond to concrete 
Replaced with buried pipe. 

T-2 Liquid Boot over a 
Sandblasted Steel Flume 

8 years Very Good 50+ blisters 
Replaced with buried pipe. 

T-3 Liquid Boot over a 
Broomed Steel Flume 

5 years Very Good 50+ blisters 
Replaced with buried pipe. 

L-1 Exposed 160-mil Teranap 
Bituminous 
Geomembrane 

8 years Excellent Repaired partial washout in 
1996. 
No further problems. 

J-1 Exposed 160-mil Teranap 
Bituminous 
Geomembrane 

4% years Excellent No problems. 

F-1 Exposed 45-mil 
Reinforced Polypropylene 

3 years Excellent No problems. 

0-1 Buried GCL 3 years Very Good No problems. 

0-2 Exposed GCL 3 years Very Good Buried after 3 years. 

0-3 Exposed 45-mil EPDM 2% years Excellent No problems. 

0-4 Exposed 30-mil LLDPE 2% years Excellent Minor animal hoof damage. 

0-5 Exposed 160-mil Colas 
Bituminous 
Geomembrane 

1% years Excellent No problems. 

TF-1 Exposed 40-mil Wet-
applied Polyurethane 
Geocomposite 

2 years Very Good Needs minor repairs. 

L0-1 Exposed 45-mil 
Reinforced Metallocene 

2 years Excellent No problems. 

BU-1 Exposed 60-mil White 
Textured HOPE 

1 year Excellent No problems. 

81-1 Exposed 20-mil EVA 
Geocomposite 

1 year Excellent No problems. 

Ice Jams- Many canals, including the Arnold Canal, do not have enough slope to drain some areas when 
the water is turned off. Ponds form in these locations (typically 6 to 12 inches deep) and rain and snow 
add to the ponds. Before lining the Arnold test sections, these ponds were not a problem because the 
water would slowly seep out of the unlined canal. However, since lining, the ponded water freezes and 
ice remains in the canal throughout the winter. During winter water runs, ice collects at structures 
(bridges, siphons, etc.) which can restrict flow and cause water to overflow the canal banks. This 
problem was unanticipated. In the future, the possibility of ice jams should be considered when 
contetnplating the rehabilitation (lining) of existing canals that do not have adequate natural slope. 

85 



Reduced Capacity- The Arnold Canal also has problems with insufficient freeboard, especially in Test 
Sections A-1, A-2, A-7, and A-8, where the canal has been lined with 3 to 4 inches ofShotcrete or grout 
filled mattress lining. During construction of the test sections, efforts were made to maintain the existing 
freeboard; however, the available freeboard may have been reduced slightly. These freeboard probletns 
have become more critical in recent years as the district has increased deliveries from the historical 54 cfs 
to a new high of 64 cfs. Future lining installations should carefully consider the effect on available 
freeboard. 

Maintenance 

To evaluate maintenance needs, the 34 test sections have been divided into three broad categories: 
concrete (with and without geomembrane underliner), exposed geomembrane, and spray-applied 
membranes. (See table 8.) 

Table a.-Categories of the test sections 

Concrete Exposed Geomembrane Fluid-Applied Membrane 

A-1 PE Geocomposite with 
Shotcrete cover 

A-3 Exposed 80-mil HOPE N-1 Spray foam with coating 

A-2 VLDPE with Shotcrete A-4 PVC with geotextile cover N-2 Spray foam with coating 

A-7 PVC with grout mattress A-5 Exposed 36-mil Hypalon N-3 Geotextile with coating 

A-8 3-inch grout mattress A-6 Exposed 45-mil Hypalon N-4 Geotextile with coating 

A-9 VLOPE with grout mattress 
side slope 

L-1 Bituminous geomembrane T-1 Liquid Boot over concrete 

A-10 HOPE with grout mattress 
side slope 

J-1 Bituminous geomembrane T-2 Liquid Boot over steel 

N-5 RCC with Shotcrete side 
slope 

F-1 Reinforced polypropylene T-3 Liquid Boot over steel 

N-6 Shotcrete with steel fibers 0-2 Exposed GCL TF-1 Wet-applied polyurethane 

N-7 Shotcrete with polyfibers 0-3 Exposed EPDM 

N-8 Shotcrete with polyfibers 0-4 Exposed LLOPE 

N-9 Unreinforced Shotcrete 0-5 Bituminous geomembrane 

0-1 Buried GCL L0-1 Reinforced Metallocene 

BU-1 White textured HOPE 

Bl-1 EVA geocomposite 
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fu general, the concrete liners are in the best condition because (I) concrete is quite durable and needs 
little maintenance and (2) the districts are familiar with concrete and are comfortable perfonning any 
needed repairs. Conversely, the exposed geomembranes and spray applied membranes need more repairs 
because ofmechanical damage (animal traffic, maintenance equipment, vandalism, etc.) and UV attack. 
Also, field personnel are less familiar with geomembranes and therefore less likely to perform the 
required maintenance. Finally, special equipment and training is usually needed to repair the exposed 
geomembranes. Based on these fmdings, the following annual maintenance costs have been developed 

Concrete $0.005 per ft2 

Exposed geomembrane $0.010 per ft2 


Spray-applied membrane $0.010 per ft2 


The concrete maintenance cost is based on a two-man crew repairing a 1-mile section of 40-foot-wide 
canal in one 8-hour day at a total cost of$1,000. Annual maintenance consists of patching areas where 
concrete has broken loose. Cracks in the concrete lining would not be repaired. Geomembrane 
maintenance cost is based on patching all rips and tears in both exposed geomembranes and spray-applied 
membranes. 

The irrigation districts maintenance activities for each test section are surmnarized in tables 9, 10, 11, and 
12. Note that many test sections need repairs that have not yet been performed. Ifrepairs are not 
perfonned on a regular basis, tninor repairs can tum into large, expensive repairs. 
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Table 9.-Maintenance Assessment for the Arnold Test Sections 

00 
00 

Section 
No. Test Section Material Type 

Maintenance 
Requirements Maintenance Preformed Additional Maintenance Needed 

A-1 4-mil PE geocomposite with 
Shotcrete cover 

Minimal Raised freeboard near highway bridge Patch 1 or 2 small holes in the Shotcrete and 
raise the freeboard in 2 or 31ocations. 

A-2 30-mil VLDPE with Shotcrete 
cover 

Minimal None Raise the freeboard in 2 or 3 locations. 

A-3 Exposed 80-mil HOPE Minimal Patched with concrete pad at sta. 20+00 Patch 4 to 6 small tears in the geomembrane. 

A-4 Exposed 30-mil PVC 
geomembrane with geotextile UV 
cover 

Minimal Patched with concrete pad at sta. 20+00 
Patched with concrete pad at sta. 20+20 
Patched with concrete pad at sta. 30+00 

Sew 1,000 feet of geotextile seams and 
repair several small tears in the 
geomembrane. 

A-5 Exposed 45-mil Hypalon with 16­
oz geotextile cushion 

Extensive Patched with concrete pad at sta. 30+00 
Tried using a new tape for seams 

Patch numerous tears in the geomembrane. 

A-6 Exposed 36-mil Hypalon 
geocomposite with 8-oz geotextile 
cushion 

Extensive Tried using a new tape for seams Patch several tears in the geomembrane. 

A-7 40-mil PVC with 3-inch grout-filled 
mattress cover 

Minimal None Patch several small holes in grout mattress. 

A-8 3-inch grout-filled mattress Minimal None Patch several small holes in grout mattress 
Patch 2- by 4-ft void in invert at 48+80. 

A-9 Exposed 60-mil VLDPE with 
grout-filled mattress on side 
slopes only 

Extensive Concrete pad at Sta. 55+00, placed ballast 
over liner whales 
Removed geomembrane from invert 

Test section abandoned at District's request. 

A-10 Exposed 60-mil HOPE with grout-
filled mattress on side slopes only 

Extensive Removed cement deposits, placed ballast 
over liner whales 
Removed geomembrane from invert 

Test section abandoned at District's request. 



Table 10.-Maintenance assessment for the North Unit Test Sections 

Section 
No. Test Section Material Type 

Maintenance 
Requirements Maintenance Preformed Additional Maintenance Needed 

N-1 SPF with Futura 500/550 
protective coating 

Extensive Removed wash-out foam from down stream 
siphon and installed trash rack. 

Replaced with RCC-Shotcrete. 

N-2 SPF with Geothane 5020 
protective coating 

Extensive Removed wash-out foam from down stream 
siphon and installed trash rack. 

Replaced with RCC-Shotcrete. 

N-3 Tietex geotextile with Geothane 
5020 protective coating 

Extensive Patched holes in geotextile lining, removed 
wash-out geotextile, and repaired damaged 
pipe crossing. 

Replaced with RCC-Shotcrete. 

N-4 Phillips geotextile Geothane 5020 
protective coating 

Extensive Patched holes in geotextile lining, removed 
wash-out geotextile, and repaired damaged 
pipe crossing. 

Replaced with RCC-Shotcrete. 

N-5 RCC invert with Shotcrete side 
slopes 

Minimal Patched eroded RCC at dozer tracks. Patch additional eroded areas in RCC. 

N-6 Shotcrete with Novocon steel 
fibers 

Minimal Patched several small holes in Shotcrete, 
removed large rocks, and caulked cracks. 

Patch several small holes in Shotcrete. 

N-7 Shotcrete with Phillips polyfibers Minimal Patched a couple of small holes in 
Shotcrete. 

None 

N-8 Shotcrete with fibermesh 
polyfibers 

Minimal Caulked some small cracks. None 

N-9 Unreinforced Shotcrete Minimal Patched a couple of small holes in 
Shotcrete. 

None 



Table 11.-Maintenance Assessment for the Tumalo Main Canal and the Ochoco Main Canal- Tumalo Irrigation District and Ochoco Irrigation District 

Section 
No. Test Section Material Type 

Maintenance 
Requirements Maintenance Preformed Additional Maintenance Needed 

T-1 Liquid Boot over an old concrete 
flume 

Extensive Completely disbanded in the invert. Replaced with buried pipe. 

T-2 Liquid Boot over an old 
sandblasted steel flume 

Moderate Patched dozens of blisters, mostly in the 
invert. 

Replaced with buried pipe. 

T-3 Liquid Boot over an old broomed 
steel flume 

Moderate Patched dozens of blisters, mostly in the 
invert. 

Replaced with buried pipe. 

0-1a 

0-1b 

Covered Bentomat ON 

Covered Bentomat CL 

None 

None 

None 

None 

None 

None 

0-2a 

0-2b 

Exposed Bentomat ON 

Exposed Bentomat CL 

Minimal 

Minimal 

None 

None 

Buried to prevent further deterioration. 

Buried to prevent further deterioration. 

0-3a 

0-3b 

Exposed 45-mil EPDM with 
geotextile cushion on side slopes 

Exposed 45-mil EPDM with 
geotextile cushion on side slopes 
with covered invert 

None 

None 

None 

None 

None 

Check for hole in invert and patch. 

0-4 Exposed 30-mil LLDPE with 
geotextile cushion on side slopes 

Minimal Patched holes from backhoe work around 
the pending dike. 

Monitor pinhole punchers and patch as 
needed. 

0-5 Exposed 160-mil Coletanche NTP 
2ES 

None None None 



Table 12.-Maintenance assessment for the Lugert-Aitus, Juniper Flat, Frenchtown, Rick Stone Ranch, Lewiston Orchards, 

Buffalo Rapids, and the Bitter Root Test Sections 


Section 
No. 

Test Section Material Type Maintenance 
Requirements 

Maintenance Preformed Additional Maintenance Needed 

LA-1 Exposed 160-mil Teranap 
geomembrane 

Minimal Repaired 300-foot washout in 1996 and 
patched a few minor holes. 

Repair small hole on side slope. 

J-1 Exposed 160-mil Teranap 
geomembrane 

Minimal Patched a couple of small holes and 
repaired a couple of seams. 

None 

F-1 Exposed 45-mil reinforced 
polypropylene over a steel flume 

Minimal None Move shrubs away from flume. 

TF-1 Exposed 40-mil wet applied 
polyurethane geocomposite 

Minimal None Patch slits and rebury material in anchor 
trench. 

L0-1 Exposed 45-mil reinforced 
metallocene 

None Raised freeboard at low spot. None 

BU-1a 

BU-1b 

Exposed 60-mil HDPE white 
textured with geotextile cushion 

Exposed 60-mil HDPE white 

None 

None 

None 

None 

Repair anchor bench on banks. 

Repair anchor trench on banks. 

Bl-1 Exposed 20-mil EVA 
Geocomposite 

Minimal None Repair a few seams. 



DURABILITY 

Arnold Irrigation District-Main Canal 

Ofthe original 10 Arnold test sections, 8 are still in service and 2 were removed at the Arnold Irrigation 
District's (District) request because ofprobletns with liner "whales" impeding flow. Figure 6 shows the 
location of the test sections. Visual inspections were performed during spring 2002. 

Test Section A-1­

Material: 4-mil polyethylene (PE) geocomposite liner with Shotcrete cover 

Description: The polyethylene geocomposite is Phillips Petromat MB II, consisting of a 4­
mil polyethylene geomembrane with a 4-ounce, non-woven geotextile bonded 
to each side. The specified Shotcrete thickness was 3 inches, minnnum. 
Because of the irregular subgrade, the actual Shotcrete thickness averages 
4 inches. 

This product is no longer available; however, a si1nilar product is available 
from GeoComp Inc. 

Construction cost: $2.43 per ff 
$2.50 per ff with 1 Y2-pound polyfiber 

Date Installed: February 1992 (10 years old) 

Location: Station 0+00 to 1 0+00 (1,000 linear feet; 30,000 square feet) 

Condition: Excellent - After 10 years of service, the Shotcrete lining is in excellent 
condition, completely protecting the underlying polyethylene geocomposite 
liner from weathering and mechanical damage. The most significant damage is 
moderate to extensive cracking of the Shotcrete over the anchor trench where 
the Shotcrete was tapered down to a thickness of less than 1 inch. Tapering of 
the Shotcrete over the anchor trench is not recmnmended for future 
installations; instead, the Shotcrete should maintain a minimum thickness of 
2 inches. One small hole (3 x 6 inches) was found at the upstream end of the 
test section. No freeze-thaw damage was observed. Most of the invert had 
standing water, typically 6 to 12 inches deep. Lots of debris had collected in 
the canal, and two large sedi1nent deposits (about 1 foot thick) had developed. 

The frrst half of the test section (about 400 linear feet) is unreinforced and has 
lots of transverse cracking (about every 20 feet), predominantly in the north 
(south-facing) side-wall. However, the cracks in the Shotcrete are not 
considered detri1nental because the geomembrane underliner provides the 
seepage control, while the Shotcrete cover protects the geomembrane from 
weathering, UV, mechanical damage, vandalism, and ani1nal damage. Where 
not covered by standing water, random cracks are often visible in the invert. 
Many of the cracks were previously marked with spray paint to aid in the 
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detection of new cracks. Smne new cracks develop every year, and many of 
the old cracks are growing in length, but are not widening significantly. Crack 
width ranges from hairline to 1116 inch. 

The second half of the test section (approximately 600 linear feet) contains 
1Y2 lb/yd3 polyfiber reinforcement, and far fewer transverse cracks have 
developed in the side-walls (about every 50 feet). 

In March 1994, about 1 00 linear feet of this test section was tom out and 
replaced when the bridge on Highway 97, at station 7+00 (estimated), was 
widened from two lanes to four. The new replacement lining uses the same 
construction materials and techniques as the old lining (polyethylene 
geocomposite with 3-inch Shotcrete cover). This replacement liner is in 
excellent condition, and the a1nount of spalled Shotcrete on the sidewalls under 
the new bridge has not progressed from the previous report. Costs for this 
lining replacement is not included in either the initial construction costs or in 
the maintenance costs. 

A tree fell onto this test section during a wind storm in November 1994, but 
caused no damage to the Shotcrete lining. 

Maintenance: Minimal maintenance required to date 

Performed: Raised freeboard near highway bridge crossing. 

Needed: Need to patch a couple ofholes in the Shotcrete lining near the 
waterline to raise the freeboard (stations 0+50 and 9+00). 

Photographs: 1 through 4 
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Arnold Canal- Test Section A-1 

4-mil Polyethylene Geocomposite with Shotcrete cover 


Photograph A-1.1.-0verview of the Arnold Canal Test Section A-1. Moderate to 
extensive cracking has been noticed in the upper tapered areas in the Shotcrete. 

Photograph A-1.2.-View of canal with standing water. Note some sediment 
build up in the invert. 
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Arnold Canal- Test Section A-1 

4-mil Polyethylene Geocomposite with Shotcrete cover 


Photograph A-1.3.-View of 6 inch by 3 inch hole on side of canal. 

Photograph A-1.4.-View looking from the highway bridge to the west at 
Shotcrete that was added during the construction of the new highway overpass. 
The shotcrete needs to be extended upstream. 
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Test Section A-2­

Material: 30-tnil textured VLDPE with 16-ounce geotextile cushion and Shotcrete cover 

Description: The VLDPE liner is 30-mil textured Hyperlastic manufactured by Gundle (now 
GSE Lining Technology Inc.). The geotextile cushion is Polyfelt TS-1 000, a 
16-ounce, needle-punched, non~woven geotextile. The specified Shotcrete 
thickness was 3 inches, minimum. Because of the irregular subgrade, the 
actual Shotcrete thickness averages 4 inches. 

Construction Cost: $2.52 per ft2 

Date Installed: October 1992 (9'lS years old) 

Location: Station 10+00 to 15+00 (500 linear feet, 15,000 square feet) 

Condition: Excellent - The Shotcrete lining is in excellent condition, completely protecting 
the underlying VLDPE geometnbrane. After 9'lS years, no freeze-thaw damage 
has been observed. Most of the invert is covered with standing water up to 12 
inches deep. Little or no sediment has collected in the canal invert. Dozens of 
transverse contraction cracks have developed on both banks (every 10 to 20ft). 
Cracks range from hairline to 3/16 inch wide. Cracking in the thin, tapered 
Shotcrete over the anchor trench is moderate to severe. Tapering of the 
Shotcrete over the anchor trench is not recormnended for future installations. 
Instead, the Shotcrete should maintain a tninimum thickness of 2 inches over 
the anchor trench. Three stnall holes, approximately Y2-inch diameter by 1 inch 
deep, were found in the Shotcrete on the south bank. It was not determined if 
these defects go clear through the Shotcrete. These defects may be the result of 
overspray during construction. They probably are not significant. 

Maintenance: Minimal maintenance required to date 

Perfonned: None 

Needed: Raise freeboard in a couple of spots 

Photographs: 1 through 4 
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Arnold Canal - Test Section A-2 
30-mil textured VLDPE with 16-ounce geotextile cushion and Shotcrete cover 

Photograph A-2.1.-0verview of the Arnold Canal Test Section A-2, which is in 
excellent condition. 

Photograph A-2.2.-0verview of the canal, moderate to severe cracking has 
been noticed in the upper tapered areas of the Shotcrete. 
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Arnold Canal- Test Section A-2 
30-mil textured VLDPE with 16Mounce geotextile cushion and Shotcrete cover 

Photograph A-2.3.-Some small shrinkage cracks that have developed over time. 

Photograph A-2.4.-A few very small holes have shown up in the side slopes. 

99 




Test Section A-3­

Material: Exposed 80-mil textured HDPE 

Description: HDPE liner is Gundle 80-mil textured Gundline HDT 
(Gundle is now GSE Lining Technology Inc.) 

Construction Cost: $1.38 per ff 

Date Installed: October 1992 (9Y2 years old) 

Location: Station 15+00 to 20+00 (500 linear feet; 15,000 square feet) 

Condition: Excellent - After 9Y2 years of setVice, the exposed HDPE liner was in excellent 
condition, with only minor mechanical damage. About half of this test section 
had standing water (typically 6 to 12 inches deep), with little to no sediment in 
the invert. Grass was growing in the sediment in a couple locations. The grass 
roots did not penetrate the geomembrane. A small tear at the upstream end 
(station 15+00) was probably caused by a backhoe removing the dike after the 
post-construction ponding tests. A small (3-inch long) tear over a subgrade 
rock was found in the invert (station 16+00). A semicircular tear (perhaps 
from an animal hoot) was present on the left bank, above the water line (station 
18+50). The anchor trench on the left bank was holding up well. The rock 
cover (in lieu of an anchor trench) on the right bank is also performing 
satisfactorily. Little freeboard was available on the right bank; however, the 
extra HDPE beneath the rock cover could be used to increase the freeboard, if 
needed. At station 19+80 (estimated), the HDPE was tom where it was 
stretched tightly over a rock. The stainless steel battens at the bridge (station 
17+50) were in excellent condition. The battens measure 2 inches wide by 
3/16 inche thick, cover a thin rubber gasket, and have anchor bolts on 6-inch 
centers. The degree ofHDPE texturing ranges from quite rough to almost 
smooth. 

A sample (measuring 16 by 24 inches) was taken taken in November 2001 for 
laboratory testing. The liner was then patched with a hot-air welder. 

Maintenance: Minimal maintenance required to date 

Performed: In 1994, the district placed a concrete anchor pad between test 
sections A-3 and A-4 at station 20+00 

Needed: Patches on half a dozen small tears in the liner. The repairs could be 
made with a small, hand-held extrusion welder or a hot-air welder. 

Photographs: 1 through 6 

100 



Arnold Canal - Test Section A-3 

Exposed 80-mil textured BDPE 


Photograph A-3.1.-0verview of the Arnold Canal Test Section A-3, which is in 
excellent condition. 

Photograph A-3.2.-0verview of the canal. Note standing water throughout the 
section. 
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Arnold Canal - Test Section A-3 

Exposed 80-mil textured HDPE 


Photograph A-3.3.-View of damage at the top of the liner. 

Photograph A-3.4.-View of grass growing in the wrinkles of the line. The roots 
do not penetrate the geomembrane. 
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Arnold Canal- Test Section A-3 

Exposed 80-mil textured BDPE 


Photograph A-3.5.-Patching of liner after 9V2-year sample was removed for 
laboratory testing. 

Photograph A-3.6.-Batten strips around the bridge in this section still look good 
and are preforming very well. 
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Test Section A-4­

Material: Exposed 30-mil PVC with geotextile UV cover 

Description: The geomembrane is Geolam geocomposite, consisting of 30-mil Occidental 
PVC gemnembrane bonded to a Trevira 6-ounce, needle-punched, nonwoven 
geotextile. The Geolam is installed with the bonded geotextile facing up to 
provide UV protection for the PVC geomembrane. A second, nonbonded layer 
ofTrevira 1120 6-oz geotextile acts as a cushion beneath the PVC 
geomembrane. 

Construction Cost: $1.05 per if 

Date Installed: March 1992 ( 1 0 years old) 

Location: Station 20+00 to 30+00 (1,000 linear feet, 30,000 square feet) 

Condition: Good - Performance is actually better than expected. The PVC held up well, 
but it was beginning to deteriorate. In some areas, the PVC had stiffened 
significantly and was showing some minor cracking,. In other areas, the PVC 
was still quite flexible. Surprisingly, these differences do not seem to relate to 
whether the PVC was above and below the waterline. The PVC tnay be 
experiencing a slight color change from gray to white where it is exposed 
above the waterline. The four longitudinal PVC seams look great and are 
almost all below the waterline. The geotextile is slowly weathering away 
(especially where it is unbonded at the seams). The most severe weathering is 
above the waterline. About 25 percent of the geotextile seatns need to be 
repaired by sewing. Seaming of the geotextile with hog-rings has proven to be 
only partially effective. 

Lots of sediment (up to 12 inches) and trash has collected in the invert, 
especially between stations 23+00 and 27+00. Aquatic vegetation is growing 
in the sediment. Vegetation is also growing in the protective geotextile just 
above the waterline. The roots appear to be growing in the geotextile and have 
not punctured the underlying PVC geomembrane. 

The subgrade is quite rough, and a number of pointed rock stress 
concentrations and tears can be seen in the geomembrane. Backhoe tears (from 
removing the dike after ponding tests) have been repaired with a 1 0-foot by 1 0­
foot concrete patch at station 20+20. In November 1994, a tree fell into the 
canal during a wind storm and punctured the liner at station 20+20, causing a 
small tear (1 foot by 1 foot) which needs to be repaired to prevent water from 
getting under the liner. A small hole at station 28+50 was repaired with a 1­
foot by 1-foot concrete patch. 

A sample (measuring 16 by 24 inches) was taken in November 2001 for 
laboratory testing. A hot-air gun was used to patch the hole with 80-mil PVC­
geotextile composite. Great care was needed to weld the new 80-mil PVC to 
the old 30-mil PVC without melting the 30-mil PVC. 

Maintenance: Minimal maintenance required to date 
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Photographs: 

Perfonned: In 1994, the district placed concrete anchor pads at stations 20+00 
and station 30+00. The district also repaired one small hole at station 28+50 
by placing a 1 foot· by 1·foot concrete cap over the tear, and it placed a 1 0-foot 
by 10-foot concrete pad in the invert at 20+20 to repair backhoe damage. In 
2001, the District removed some ofthe large seditnent deposits to hnprove 
flow. Great care was taken not to damage the exposed geomembrane during 
canal cleaning. 

Needed: About 1,000 feet of geotextile seams need to be sewn to protect PVC 
geomembrane from UV degradation. Several stnall tears in the liner need to be 
repaired with a hot-air welder. 

1 through 5 

Photograph A-4.1.-View of the Arnold Canal Test Section A-4. This 
geocomposite is preforming very well under these conditions. 
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Arnold Canal - Test Section A-4 

Exposed 30-mil PVC with geotextile UV cover 


Photograph A-4.2.-View of some large sediment deposit in the canal. These 
may have to be removed to prevent a blockage. 

Photograph A-4.3.-Liner damage (both natural and what appears to be a knife 
cut) can be seen in this photograph. 
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Arnold Canal- Test Section A-4 

Exposed 30-mil PVC with geotextile UV cover 


Photograph A-4.4.-Natural wear between the anchor trench and the water line. 
The material is somewhat brittle at these areas. 

Photograph A-4.5.-Patching of the liner after a coupon was taken for testing by 
Reclamation. 
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Test Section A-5­

Material: Exposed 45-mil Hypalon with 16-ounce geotextile cushion 

Description: The Hypalon membrane is JP Stevens 45-mil reinforced CSPE 
( chlorosulfonated polyethylene). The geotextile cushion is Polyfelt TS-1 000, a 
16-ounce, needle-punched, non-woven geotextile. 

Construction Cost: $1.11 per ff 

Date Installed: March 1992 (10 years old) 

Location: Station 30+00 to 35+00 (500 linear feet; 15,000 square feet) 

Condition: Fair- After 10 years, the exposed Hypalon geomembrane has numerous tears 
and is in need of repairs. If repaired, the condition could be upgraded to good 
or even very good. The longitudinal seams are still holding up well. The tears 
include about six minor tears up to 6 inches long and about six major "L"­
shaped tears up to 3 feet long. All the tears are below the waterline. The 
District tried to repair the major tears with a commercial patching tape made 
specifically for geomembranes, but the tape did not adhere to the aged 
Hypalon. How the surface was prepared before the tape was applied is not 
known, but the extent of the preparation was probably minimal. Standing 
water covers ahnost the entire invert, typically 6 to 12 inches deep. Most of 
the test section has 1 to 4 inches of sediment, and a small amount ofvegetation 
is growing in the sediment. The upstream transition between Test Sections 4 
and 5 (station 30+00) has been covered with a 7-foot concrete cap, which is 
working well. A #4 rebar has been driven through the hypalon liner on the top 
of the left bank at station 31+00, but it is well above the waterline. A couple of 
small tears have developed at the anchor trench (stations 31+00 left and 33+00 
right), and a sharp sub grade rock has punctured the liner at the waterline 
(station 33+20). The right canal bank is unstable and has noticeable sloughing 
beneath the liner (approximately stations 33+00 to 33+50). 

A sample (measuring 16 by 24 inches) was taken taken in November 2001 for 
laboratory testing. The liner was patched with a bodied Hypalon solvent. 
Before patching, the old Hypalon was prepared by wire brushing with Xylene 
to remove the surface layer of oxidized Hypalon. Because of the cool ambient 
tepmperatures ( 40 °F), heat from the hot-air gun was applied to the seam 
during rolling. Field repairs ofHypalon are difficult and time consuming. 
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Maintenance: Extensive 1naintenance required to date 

Perfonned: In 1994, the District placed a concrete anchor pad at the upstream 
end (station 30+00). In about 2000, the District attempted to patch several 
"L"-shaped tears with commercial patching tape. In 2001, the District 
removed some of the large sediment deposits to nnprove flow. Great care was 
taken not to damage the exposed geomembrane during canal cleaning. 

Needed: Numerous tears in the geomembrane need to be patched. Because of 
the surface preparation needed to patch the Hypalon, these repairs can be quite 
tune consuming. 

Photographs: 1 through 13 

Photograph A-5.1.-0verall view of the Arnold Canal Test Section A-5. In the 
past 3 years this liner has deteriorated from "very good" to "fair'' condition. 
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Arnold Canal- Test Section A-5 

Exposed 45-mil Hypalon with 16-ounce geotextile cushion 


Photograph A-5.2.-View of the canal with some sediment in the invert. This 
sediment has helped to prolong the life of the geomembrane liner. 

Photograph A-5.3.-Repair of torn areas with a tape material. It was not certain 
how long this tape would last or how well it bonded at the time of installation. 
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Arnold Canal - Test Section A-5 

Exposed 45-mil Hypalon with 16-ounce geotextile cushion 


Photograph A-5.4.-View of new torn area. Note the shape of the tear. Most 
tears seem to have an L-shape. 

Photograph A-5.5.-0ne small worn area and one tear about 2 inches long. 
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Arnold Canal - Test Section A-5 

Exposed 45-mil Hypalon with 16-ounce geotextile cushion 


Photograph A-5.6.-View of subgrade stick protruding through liner. This stick 
punctured the liner shortly after initial construction. The tear has not gotten any 
worse since that time. 

Photograph A-5.7.-View of the area selected for a trial patch. The area is being 
dried with a hot-air welding tool. 
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Arnold Canal - Test Section A-5 

Exposed 45-mil Hypalon with 16-ounce geotextile cushion 


Photograph A-5.8.-Cieaning solvent being applied and wire brushed on the liner. 

Photograph A-5.9.-Giue being brushed on the patch area after the solvent has 
dried. 
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Arnold Canal - Test Section A-5 

Exposed 45-mil Hypalon with 16-ounce geotextile cushion 


Photograph A-5.1 0.-Patch being rolled on the liner. 

Photograph A-5.11.-View of completed patch. 
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Arnold Canal - Test Section A-5 

Exposed 45-mil Hypalon with 16-ounce geotextile cushion 


Photograph A-5.12.-View of actual sample area on the side slope. The sample 
has been removed and will be analyzed at Reclamation's lab. 

Photograph A-5.13.-View of completed patch. Note that all samples removed 
were covering an area above and below the water line. 
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Test Sectio11A-6­

Material: Exposed 36-tnil Hypalon with 8-oz geotextile cushion 

Description: The geomembrane is JP Stevens Terra-Tuff 801-R geocomposite, consisting of 
36-mil reinforced Hypalon latninated to an 8-ounce nonwoven PET 
(polyethylene terephthalate) geotextile cushion. 

Construction Cost: $1.03 per ff 

Date Installed: March 1992 (10 years old) 

Location: Station 35+00 to 40+00 (500 linear feet~ 15,000 square feet) 

Condition: Fair - After 10 years, the exposed Hypalon geomembrane has numerous tears 
and is in need of repairs. If repaired, the condition could be upgraded to good 
or even very good. Included are about five tninor tears up to 1 foot long and 
about four major "L"·shaped tears up to 3 feet long. Most of the tears are 
below the waterline. The district tried to repair the major tears with 
commercial patching tape; however, the tape did not adhere to the aged 
Hypalon. How the surface was prepared before the tape was applied is not 
known, but the preparation was probably minimal. The factory longitudinal 
seams are holding up well. Standing water covers most of the invert. It is 
typically 6 to 12 inches deep. Most of the canal has 1 inch or less of seditnent; 
some vegetation is growing underwater. The upstreatn transition between Test 
Sections 5 and 6 (station 35+00) has a transverse hypalon/hypalon seam that is 
in good condition. A concrete cap at this location would facilitate future 
ponding tests. The original boot at the golf course turn-out looks good. 

A small tear in the Hypalon at the anchor trench (station 35+00 left) needs to 
be repaired. At station 39+90, a large tear on the left bank (probably caused 
by a backhoe during dike removal) needs to be repaired. A couple of survey 
stakes were found at the top of the bank on the left side. At station 39+95, 
several large cuts were made to relieve trapped water. These cuts allow some 
water to leak out of the canal, but they also allow any water trapped beneath 
the liner to escape. These tears need to be repaired to tnore fully evaluate the 
performance of the exposed hypalon liners. At station 40+00, the Terra-Tuff 
liner is connected to the adjacent grout-filled mattress (Test Section 7) by 
batten strips, which are functioning satisfactorily. In the future, any dikes built 
between Test Sections 6 and 7 should be constructed on the grout-filled 
mattress in Test Section 7, not on the exposed hypalon in Test Section 6. 

In November 2001, a 16- by 24-inch sample was taken for laboratory testing. 
The liner was patched with a bodied Hypalon solvent. Before patching, the old 
Hypalon was wire brushed with Xylene to remove the surface layer of oxidized 
Hypalon. Because of the cool ambient temperatures ( 40 °F), heat from the hot­
air gun was applied to the seam during rolling. Field repairs ofHypalon are 
difficult ad time consuming. 
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Maintenance: Extensive maintenance required to date 

Performed: In 2000, the District attempted to patch large tears with cmmnercial 
patching tape. In 2001, the District removed some of the large sediment 
deposits to improve flow. Great care was taken not to damage the exposed 
geomembrane during canal cleaning. 

Needed: Several tears in the geomembrane, mostly below the waterline, need to 
be patched. 

Photographs: 1 through 5 

Photograph A-6.1.-0verview of the Arnold Canal Test Section A-6, which is in 
fair condition. 
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Arnold Canal - Test Section A-6 

Exposed 36-mil Hypalon with 8-oz geotextile cushion 


Photograph A-6.2.-View of grass coming through the liner at one of many tears. 

Photograph A-6.3.-This material has been torn in many areas. The tears are 
fewer than in A-5, perhaps because of the bonded textile. 
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Arnold Canal - Test Section A-6 

Exposed 36-mil Hypalon with 8-oz geotextile cushion 


Photograph A-6.4.-The boot and area around the pipe outlet is still in good 
shape. 

Photograph A-6.5.-View of the completed patch after the sample was removed. 
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Test Section A-7­

Material: 40-mil PVC with 3-inch grout-filled mattress 

Description: 40-mil Occidental Oxyflex PVC 1nembrane that is covered with Nicolon 
Armorform 3-inch USM (Unifonn Section Mat) grout-filled mattress 

Construction Cost: $2.54 per ff 

Date Installed: November 1991 (101;S years old) 

Location: Station 40+00 to 48+00 (800 linear feet; 24,000 square feet) 

Condition: Excellent- After 1 OYz years, the grout-filled mattress is in excellent condition. 
It has only small, occasional defects. The grout-filled mattress is protecting the 
underlying PVC geomembrane. No freeze-thaw damage is evident. The 
mattress is fairly uniformly grouted in spite of the uneven rocky subgrade. A 
small amount of cement paste (no aggregate) is present in the invert between 
the concrete "bricks." The first 500 feet of this test section has lots of sediment 
(up to 1 foot deep) and 6 to 12 inches of standing water. The second 300 feet 
has no sediment and no standing water, suggesting higher velocities and slope 
to drain. The outer fabric of the grout mattress continues to deteriorate, but is 
mostly intact. At about a half-dozen locations (including station 46+00), the 
grout was only about a lh inch thick where it was installed over a subgrade 
rock, and the grout and geotextile have worn away, exposing the underlying 
PVC membrane. At station 44+50, the water surface is above the grout 
mattress on the left bank. Soil has washed-out about 2 feet deep behind the 
grout mattress. The PVC underliner could not be found behind the grout 
mattress in this area; however, the PVC was apparent in other areas. At station 
40+50, the grout mattress was raised (patched) with Shotcrete where the grout 
mattress was below the waterline. A 2-inch void has developed between the 
concrete patch and the original grout mattress. 

Maintenance: Minimal maintenance required to date 

Performed: Shortly after original construction, the freeboard was raised with 
Shotcrete in one location. 

Needed: A half-dozen small holes in the grout mattress need to be repaired 
with sack-mix concrete. The freeboard needs to be raised where the grout 
mattress is below the waterline. A void between the shotcrete and the grout 
mattress needs to be repaired at station 40+50. If sediment is removed to 
improve flow, damage to the underlying geomembrane is not a concern 
because the geomembrane is protected by the grout mattress. 

Photographs: 1 through 4 
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Arnold Canal - Test Section A-7 

40-mil PVC vvith 3-inch grout-filled mattress 


Photograph A-7.1.-0verview of the Arnold Canal Test Section A-7, which is in 
excellent condition. 

Photograph A-7.2.-0verview of the canal about midway in the test section. 

121 



Arnold Canal - Test Section A-7 

40-mil PVC with 3-inch grout-filled mattress 


Photograph A-7.3.-Weathering of the mattress material and a hole exposing the 
40-mil PVC underliner. 

Photograph A-7.4.-View of a hole in the grout mattress exposing the under liner. 
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Test Section A-8­

Material: 3-inch grout-filled mattress 

Description: The grout-filled tnattress is Nicolon Annorform 3-inch USM 

Construction Cost: $1.92 per ft2 

Date Installed: November 1991 (first 200 feet) 10Y2 years old 
November 1992 (500 additional feet) 9Y2 years old 

Location: Station 48+00 to 55+00 (700 linear feet; 21,000 square feet) 

Condition: Excellent - After 10 years, the grout-filled mattress is in excellent condition~ 
with no freeze-thaw damage. The first 200 feet, which has zippered seams, has 
a much neater appearance than the second 500 feet, which has sewn seams. 
Both areas are fairly llllifonnly grouted in spite of the lllleven rocky subgrade. 
At station 48+80, a large llllgrouted area (2- by 4-ft) was found in the invert 
that was apparently never grouted. Surprisingly, the geotextile is still present 
after 10 years. Grass is growing at the waterline on top of the geotextile. The 
grass roots do not penetrate the grout mattress. A small amollllt of cement 
paste is present in the invert between the concrete "bricks." Except for one 
area with a large sand deposit (station 52+00 to 53+00), little sediment or 
standing water is present in the invert, suggesting higher velocities and a 
steeper slope through this test section. The slope visibly increases past the 
bridge (station 49+50). The grout-filled mattress was securely tied to the 
bridge, and there were no gaps that would allow seepage. At station 54+50, the 
grout mattress has about a dozen holes (missing bricks) where the grout 
mattress is very thin. Most of the holes are above the waterline. 

Maintenance: Minimal maintenance required to date 

Perfonned: None 

Needed: A large void in the invert at station 48+80 and several small holes in 
the grout mattress near station 54+50 need to be patched. 

Photographs: 1 through 6 
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Arnold Canal- Test Section A-8 
3-inch Grout-filled Mattress 

Photograph A-8.1.-0verview of the Arnold Canal Test Section A-8, which is in 
excellent condition. 

Photograph A-8.2.-View of the canal from the bridge. 
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Arnold Canal - Test Section A-8 
3-inch Grout-filled Mattress 

Photograph A-8.3.-View of grass growing on one of the bench areas. The grass 
roots have not penetrated the grout mattress. 

Photograph A-8.4.-View of 3 by 5 foot area where grout was missing between 
the mattress. 
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Arnold Canal - Test Section A-8 
3-inch Grout-filled Mattress 

Photograph A-8.5.-Material that is still in good contact with the bridge 
abutments. 

Photograph A-8.6.-Weathered mattress material and a small hole. 
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Test Section A-9 and A-10­

Material: Test Section A-9 is 60-tnil VLDPE with a 12-ounce geotextile cushion and a 
3-inch grout-filled mattress on the side slopes only. 

Test Section A-10 is a 60-mil HDPE with a 12-ounce geotextile cushion and a 
3-inch grout-filled mattress on the side slopes only. 

Description: The VLDPE is 60-mil Poly-America Dura-flex, and the HDPE is 60-mil Poly­
America Poly-flex. The geotextile cushion is Amoco 4512 (12-ounce, needle­
punched, nonwoven geotextile). The grout-filled mattress is Nicolon 
Annorfonn. 

Construction Cost: $1.79 per ff 

Date Installed: November 1992 (removed from study after 28 months) 

Location: Station 55+00 to 65+00 (1,000 linear feet; 30,000 square feet) 
Station 65+00 to 75+00 (1,000 linear feet; 30,000 square feet) 

Condition: Removed from study after 28 months- In March 1995, the geomembrane liners 
were retnoved from the invert. The grout-filled mattress on the side slopes was 
left in place. The subgrade beneath the geomembrane liners was vety rocky, 
with little bedding material. Much of the imported bedding material probably 
washed away during canal operation. 

Liner "whales" caused problems in these test sections beginning with the first 
water run. Several attetnpts were made to repair this test section, but none 
were successful. Unfortunately, the cause of the "whales" was never 
detennined. Volcanic gases or velocity uplift are possible causes. 

Maintenance: Extensive maintenance required to date 

Performed: In 1994, Polyflex and Canamer repaired 20 to 30 small tears in test 
sections A-9 and A-1 0, and the District placed concrete parking blocks and 
riprap over "whales". The District also placed a concrete pad over the 
transition between Test Sections 8 and 9 (station 55+00). In 1995, the 
contractor removed all the exposed geomembrane from the invert on test 
sections A-9 and A-10. 

Needed: Test sections abandoned after 28 months at the District's request. 

Photographs: None 
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North Unit Irrigation District-Main Canal 

Ofthe nine North Unit test sections, four failed in the ftrst few years of service (two in the ftrst year), and 
ftve are still in service and performing well. Figure 7 shows the location of the test sections. Visual 
inspections were performed in spring 2002. 

Test Section NU-l and NU-2­

Material: Spray-applied Polyurethane Foam (SPF) with Futura 500/550 protective 
coating 

SPF with Geothane 5020 protective coating 

Description: SPF is 2 inches of 2-pound (lb/fe) foam covered with about a Y2 inch of 
5-pound forun. Total protective coating thickness is 50 to 55 mils. 

Construction Cost: $4.33 per ff, NU-l 
$3.92 per ff, NU-2 

Date Installed: October 1992 through March 1993 
October 1992 

Location: Station -2+00 to 1+00 (300 linear feet, 18,000 square feet) 
Station 1 +00 to 4+00 (300 linear feet, 18,000 square feet) 

Condition: Failed- During the ftrst couple of irrigation seasons, large sections of foam 
began washing out in the invert. By Year 5, about half the foam had washed 
out, and the two test sections were removed from study. 

Removed from study- Replaced with RCC in the invert (1998) and Shotcrete 
on the side slopes ( 1999). 
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Test Sections NU-3 and NU-4­

Material: Tietex geotextile with spray-applied Geothane 5020 membrane 
Phillips geotextile with spray-applied Geothane 5020 tnembrane 

Description: Tietex is a 6-ounce woven geotextile. Phillips Roof-on E-6N is a 6-ounce 
needle-punched, nonwoven geotextile. The total protective coating thickness is 
60 mils. 

Construction Cost: $2.64 per ff 

Date Installed: October 1992 (complete failure after first filling) 

Location: Station 4+00 to 7+00 (300 linear feet; 18,000 square feet) 
Station 7+00 to 10+00 (300 linear feet; 18,000 square feet) 

Condition: Failed- Sections of the geotextile liners washed out the first time the canal was 
filled with water (spring 1993). The geotextiles tore at the foam anchor trench. 
Several large sections of geotextile washed downstream, datnaging a pipeline 
crossing. The irrigation district removed all retnaining liner in these two test 
sections. 

Removed from study- Both test sections were replaced with RCC invert 
(1998) and Shotcrete side slopes (1999). 

Photographs: None 
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Test Section N~5-

Material: Roller-cmnpacted concrete (RCC) invert with Shotcrete side slopes 

Description: The canal invert has an average of 6 inches ofpolyfiber reinforced RCC; side 
slopes have 3 inches, minimum ( 4 inches average), ofpolyfiber reinforced 
Shotcrete. The polyfiber reinforce1nent is Fibennesh, at 1 Yz pounds per cubic 
yard. 

Construction Cost: $1.7 4 per ff RCC Invert (based on actual bid price) 
$2.49 per ff Shotcrete Side slopes (based on actual bid prices) 
$2.00 per ff combined (40-foot invert with 10-foot side slopes) 

Date installed: March 1998- RCC invert (4 years old) 
March 1999- Shotcrete side slopes (3 years old) 

Location: North Unit Irrigation District (3 .6 million square feet) 
RCC invert (12 miles; 2.2 million square feet) 
Shotcrete side slopes (7 miles; 1.4 million square feet) 

Condition: Very good to excellent - The Shotcrete side slopes are in excellent condition 
after 3 years of service with no cracking. The RCC invert was in very good 
condition after 4 years of service. The RCC invert had deteriorated in several 
locations where the RCC is being eroded away by the high-velocity water 
flows. This erosion is occurring only where dozer tracks are visible in the 
RCC. In some areas, the concrete had eroded 4 inches deep and continues to 
erode. The District has patched the worst areas, areas where the RCC had 
eroded 4 to 6 inches. Patching consisted of pumping ready-mix concrete into 
the invert and blading s1nooth with a front end loader bucket. The long-term 
durability of these repairs will depend on their ability to bond to the existing 
RCC. Other areas which were rolled completely smooth (no visible dozer 
tracks) were holding up well, and there was no erosion of the RCC. 

Maintenance: Minimal to date 

Performed: Patched eroded dozer tracks in RCC. 

Needed: Additional eroded dozer tracks in RCC need to be patched. 

Photographs: 1 through 3 
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North Unit Canal- Test Section NU-5 

Roller-Compacted Concrete (RCC) Invert with Shotcrete Side Slopes 


Photograph NU-5.1.-0verview of the North Unit Canal Test Section NU-5, which 
is in very good condition. 

Photograph NU-5.2.-Ciose-up view of water erosion of roller-compacted 
concrete in the bottom of the canal. 
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North Unit Canal - Test Section NU-5 

Roller-Compacted Concrete (RCC) Invert with Shotcrete Side Slopes 


Photograph NU-5.3.-Standing on smooth area of thin patch mix that was spread 
using the back of a dozer blade. 
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Test Sections NU-6 through NU-9­

General conunents apply to all four Shotcrete sections: 

Material: Shotcrete - The specified Shotcrete thickness was 3 inches, 1ninimum. Because 
of the irregular, rocky subgrade, the actual Shot crete thickness is highly 
variable and probably averages about 5 inches. 

Date Installed: February 1992 (10 years old) 

Condition: Excellent - All the Shotcrete was in excellent condition after 10 years of 
service. No obvious visible differences existed in the performance of the four 
Shotcrete test sections. No freeze-thaw damage was evident. A large pond just 
upstream from the drop structure (station 27+80) indicated a low seepage rate. 
Small ponds were present on all four test sections. 

Contraction cracks on the sidewalls had developed every 100 to 200 feet. 
Crack width varied from hairline to 1/8 inch. Cracks did not extend completely 
across the canal prism, but instead usually disappeared somewhere in the 
sidewall or invert. Cracks were 1nore evident during cold weather. Cracks 
grew in length and numbers with time, but did not seem to widen significantly. 
Vegetation was growing out of cracks in the Shotcrete near the top of side 
slopes. 

Some small irregular voids (holes) were found in the Shotcrete up to 4 inches 
in depth. Several partially exposed rocks were discovered with little or no 
Shotcrete cover. 

The thickness ofthe Shotcrete was variable because of the irregular surface and 
the nonnal problems with field-installation quality control. A few s1nall holes 
(up to 2 feet in diameter) had developed and had been patched. At these 
locations, the Shotcrete was found to be very thin (less than 1 inch). More 
holes continue to develop in thin areas. 

The areas where the flow prism was constricted and where the velocity 
increased showed a small amount of exposed aggregate in the invert that was 
the result of erosion of the surface cement. This erosion does not appear to be 
a problem. 

The Shotcrete surfacing is attracting local kayakers to this section of canal. 
The kayakers have been observed rolling large rocks (12 to 24 inches in 
diameter) into the canal to increase turbulence at selected locations. 
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Test Sectioll NU-6­

Material: Shot crete reinforced with N ovocon steel fibers 

Description: Steel fibers are 1 Yz-inch Novocon critnped fibers (Novocrimp) 

Construction Cost: $2.33 at a fiber dosage of 50 lb/yd3 

$2.20 at a fiber dosage of 25 lb/yd3 

Date Installed: February 1992 ( 10 years old) 

Location: Station 20+00 to 25+00 (500 linear feet, 30,000 square feet) 

Condition: Excellent - The shotcrete was perfonning well after 10 years of service. This 
test section had some cracking, exposed subgrade rocks, and vegetation typical 
of all the Shotcrete test sections. This test section also had some serious voids 
on the left bank that were caused by deficiencies in the original construction. 

For a couple hundred feet on the left bank, the contractor brought in soil to fill 
voids in the irregular subgrade before shotcreting. However, the imported silty 
material is washing out, creating voids under the shotcrete surface. Several 
large voids (up to 10 feet in diameter) had developed under the Shotcrete. 
Holes developed in the Shotcrete where it was unsupported and very thin 
(typically less than 1 inch). 

Steel fibers, visible on the Shotcrete surface, were corroded, rust-brown in 
color, and very weak (easily broken when bent by hand). However, steel fibers 
within the shotcrete are shiny bright and show no sign of corrosion. No 
differences were noted between the frrst 250-foot section which contains 
50 pounds of steel fibers per cubic yard of Shotcrete and the second 250-foot 
section which contains 25 pounds of steel fibers per cubic yard of Shotcrete. 

Maintenance: Minitnal maintenance has been required. 

Performed: As part of routine maintenance, the District has patched a couple of 
small holes (1 to 2 feet in diameter) in the shotcrete. The District has also 
sealed about 60 feet of transverse cracks with elastomeric sealant. 

Repair of the large voids on the left bank is considered special maintenance 
related to deficiencies in the original consttuction. The District has repaired a 
couple of large voids that developed on the left bank where the contractor 
backfilled with silty soil. Several yards of concrete were pumped into these 
voids. Voids continue to develop in this area. This special maintenance is not 
included in the maintenance evaluation for this test section. 

Needed: Several small holes in the Shotcrete lining need to be patched. Also, 
a couple of large voids on the left bank need to be filled with pumped concrete. 

Photographs: 1 through 4 
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North Unit Canal- Test Section NU-6 

Shotcrete reinforced with Novocon steel fibers 


Photograph NU-6.1.-0verview of the North Unit Canal Test Section NU-6, which 
is in excellent condition. 

Photograph NU-6.2.-View of north side wall where concrete was pumped into 
voids beneath shotcrete lining. 
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North Unit Canal- Test Section NU-6 

Shotcrete reinforced with Novocon steel fibers 


Photograph NU-6.3.-Hole that developed where shotcrete was not 3 inches 
thick. 

Photograph NU-6.4.-View of lateral cracking on side walls. 
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Test Section NU-7­

Material: Shotcrete reinforced with Phillips polyfibers 


Description: Polyfibers are %-inch Phillips Fi-con polypropylene fibers 


Construction Cost: $2.21 per ft2 at fiber dosage of 1Yz lb/yd3 


$2.14 per ff at fiber dosage of3 lb/yd3 


Date Installed: February 1992 ( 10 years old) 


Location: Station 25+00 to 30+00 (500 linear feet; 30,000 square feet) 


Condition: Excellent - The Shotcrete was performing well after 1 0 years of service. The 

test section has some minor cracking, small voids, exposed subgrade rocks, and 

vegetation typical of all the Shotcrete test sections. 

Polyfibers are visible on the shotcrete surface. No differences were noted 
between the first 250-foot section, which contains 3 pounds ofpolyfibers per 
cubic yard of Shotcrete and the second 250-foot section which contains 
1.5 pounds per cubic yard. A few subgrade rocks were exposed at the flmne, 
where water velocities are high. 

Maintenance: Minimal maintenance required to date 

Performed: The District has patched some small holes (Ito 2 feet in diameter) 
with sack-mix concrete 

Needed: No maintenance required at this time. The District will continue to 
patch small holes as they develop. 

Photographs: 1 and2 
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North Unit Canal- Test Section NU-7 

Shotcrete reinforced with Phillips polyfibers 


Photograph NU-7.1.-0verview of the North Unit Canal Test Section NU-7, which 
is in excellent condition. 

Photograph NU-7.2.-View of old repair made during the second year and new 
hole above patch. 
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Test Section NU-8­

Material: Shotcrete reinforced with Fibennesh polyfibers 

Description: Polyfibers are Fibennesh Harbourite 320 (3/4-inch-long fibrillated 
polypropylene fibers). 

Construction Cost: $2.21 per ft2 at a fiber dosage of 1Y2 lb/yd3 

$2.14 per ff at a fiber dosage of 3 lb/yd3 


Date Installed: February 1992 (10 years old) 


Location: Station 30+00 to 35+00 (500 linear feet, 30,000 square feet) 


Condition: Excellent - The Shotcrete was performing well after 10 years of service. 


The test section had some minor cracking, exposed subgrade rocks, and 

vegetation typical of all Shotcrete installations. Polyfibers are visible on the 
Shotcrete surface. No visible differences were noted between the first 250-foot 
section, containing 3 pounds of polyfibers per cubic yard of Shotcrete, and the 
second 250-foot section, containing 1.5 pounds per cubic yard. 

Maintenance: Mininml maintenance required to date 


Performed: In 2000, the District replaced some calking on the right bank. The 

calking was in excellent condition at the time of the inspection. Kayakers 

installed s01ne hand-holds and eye bolts on the left bank, which were removed, 

and the drunage was repaired by the District. 


Needed: None 


Photographs: 1 and 2 
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North Unit Canal- Test Section NU-8 

Shotcrete reinforced with Fibermesh polyfibers 


Photograph NU-8.1.-0verview of the North Unit Canal Test Section NU-8, which 
is in excellent condition. 

Photograph NU-8.2.-View of horizontal and vertical cracking on side wall. 
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Test Section NU-9­

Material: Unreinforced Shotcrete 


Construction Cost: $2.07 per ff 


Date Installed: February 1992 (1 0 years old) 


Location: Station 35+00 to 40+00 (500 linear feet; 30,000 square feet) 


Condition: Excellent - The Shotcrete was performing well after 10 years of service. 

The test section had some minor cracking, exposed subgrade rocks, and 
vegetation typical of all the shotcrete installations. 

Maintenance: Min.itual maintenance required to date. 

Perfonned: In 2000, the District patched a couple of small holes at the 
downstrerun end. 

Needed: None. District will continue to patch small holes as they develop. 

Photographs: 1 through 3 

Photograph NU-9.1.-0verview of the North Unit Canal Test Section NU-9, which 
is in excellent condition. 

142 



North Unit Canal- Test Section NU-9 

U nreinforced Shotcrete 


Photograph NU-9.2.-View of the canal at the end of the test section. 

Photograph NU-9.3.-View of offset in the Shotcrete where the roller-compacted 
concrete and the test section come together. 
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Tumalo Irrigation District-Bend Feed Canal 

Test Section T-1­

Material: Liquid Boot over an existing concrete flmne 

Description: Liquid Boot is a spray-applied neoprene-polymer-modified asphalt emulsion. 

Construction Cost: $1.70 per ff 

Date installed: April 1994 (After 5 years, replaced with buried pipe - April 1999) 

Location: Bend Feed Canal Headworks (75 linear feet; 1,575 square feet) 

Condition: The Liquid Boot was completely disbonded from the 11-foot invert and most 
had washed away. The remaining Liquid Boot in the invert had rolled up into 
the comers against the sidewalls. Liquid Boot on the 5-foot vertical sidewalls 
was still intact, well bonded, and flexible. 

Several changes in the construction process were identified that tnight have 
increased the likelihood for success of this test section. A cut-off trench would 
have tied down the leading edge. Sandblasting would have improved the bond 
of the Liquid Boot to the concrete. Coating the sidewalls one day and the 
invert the next would have minimized the atnount ofwater from the emulsion 
that accmnulated in the invert. Finally, greater care could have been taken to 
minimize foot traffic in the invert during construction. 

Maintenance: Extensive maintenance has been required to date. 

Photographs: None 
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Test Section T-2­

Material: Liquid Boot over a sandblasted steel flmne 

Description: Liquid Boot is a spray-applied neoprene-polymer-1nodified asphalt emulsion. 

Constn1ction Cost: $2.16 per ff 

Date installed: April1994 (After 8 years, replaced with steel siphon- October 2001) 

Location: Flume #4- Bend Feed Canal (463 linear feet; 7,871 square feet) 

Condition: Very good - Although the test section was replaced after 8 years with a steel 
siphon, the Liquid Boot was still in good condition and many years of service 
life remaining . The Liquid Boot was well bonded to 90 percent of the steel 
flmne. Several small leaks had developed over the last couple years. These 
leaks were in various stages, from drips every few minutes to small, continuous 
flow. One of the larger leaks was suspected to be caused by a shift in the metal 
panels. The number ofblisters (50+) has remained unchanged. Most of the 
blisters in the Liquid Boot were directly over the old tar material in the seams 
between the flwne's 3-foot-wide steel panels. Most of the blisters were in the 
bottom of the invert, with just a couple located 1 to 2 feet up the side. The 
blisters typically measure 6 inches in diameter, with the largest tneasuring 6 
inches across by 24 inches long. The blisters are full of sand and sedhnent. 

Apparently, the Liquid Boot was not completely bonded to the old tar 
material, and the Liquid Boot defonned and blistered under the force of the 
flowing water. Once a small hole developed in the blister, the flowing water 
deposited sand and debris, causing the blister to grow in size. Water released 
from the Liquid Boot emulsion during construction probably contributed to the 
poor bond in the invert. 

Finally, the blisters are more prevalent in the downstream, shaded end of the 
flume. During construction, the cooler temperatures in the shaded areas might 
have retarded cure and weakened the bond. The geotextile embedded in the 
Liquid Boot at the clean-out drain was partially disbanded but in fair condition. 
The Liquid Boot had dis bonded from the concrete at the upstream and 
downstream transitions. 

After this test section, the Liquid Boot manufacturer (LBI) made several 
modifications to the construction process. A light tack coat of Polyol improves 
the bond of the Liquid Boot. Also~ bond in the invert can be improved by 
coating the sidewalls first, then coating the invert after the water released from 
the Liquid Boot on the sidewalls has evaporated. 
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Maintenance: Moderate maintenance has been required. Minor maintenance would have been 
required if the flmne had not been replaced with a steel siphon in October 
2001. The District had been patching blisters with a single-part roofmg tar, 
which it reports is tnuch easier to use than the 2-part Liquid Boot Trowel Grade 
with equivalent performance. 

Photographs: 1 through 6 
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Tumalo Irrigation District - Test Section T ~2 


Liquid Boot over a sandblasted steel flume 


Photograph T-2.1.-0verview of the Tumalo Flume Test Section T-2, which is in 
very good condition. Note some blistering in the invert of the flume. This is 
occurring only in last 100 feet of the downstream end. 

Photograph T -2.2.-View of a blister that filled with sand at one of the joints on 
the side slope. 
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Tumalo Irrigation District • Test Section T ·2 

Liquid Boot over a sandblasted steel flume 


Photograph T ~2.3.-View of a large leak in the steel flume. Although some 
blistering is at this point, it is suspected that movement of the steel section maybe 
the bigger cause of this leak. 

Photograph T -2.4.-View of another large leak in the flume. 
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Tumalo Irrigation District- Test Section T -2 

Liquid Boot over a sandblasted steel flume 


Photograph T-2.5.-View of the steel flume in the upstream area, where the 
flume is in excellent condition. 

Photograph T-2.6.-View from under the flume in the upstream area. Note the 
dry areas where the leaks have been fixed. 
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Test Section T-3­

Material: Liquid Boot over a bromned steel flmne 

Description: Liquid Boot is a spray-applied neoprene-polymer-modified asphalt emulsion. 

Construction Cost: $1.40 per ff 

Date installed: April1995 (Replaced with steel siphon after 5 years- Apri12000) 

Location: Klippel Flume- Bend & Webber Canals (300 linear feet; 5,100 square feet) 

Condition: Very Good - Although replaced after 5 years with a steel siphon, the Liquid 
Boot was still in good condition and had tnany years of remaining service life. 
The Liquid Boot is well bonded to 99 percent of the steel flume. No leakage is 
evident. After being drained for several days, 3 to 6 inches ofwater is still 
standing in much of the flume. Over 50 blisters have developed in the Liquid 
Boot, directly over the old tar material in the seams between the flume's 3-foot­
wide steel panels. except for a couple located 1 to 2 feet up the side, most of 
the blisters are in the bottom of the invert. The blisters typically measure 
6 inches across, and the largest measure 6 inches across by 12 inches long. The 
blisters are full of sand and sediment. Apparently, the Liquid Boot is not 
completely bonded to the old tar material, and the Liquid Boot defonns and 
blisters under the force of the flowing water. Once a small hole develops in the 
blister, the flowing water deposits sand and debris, causing the blister to grow 
in size. The water released from the Liquid Boot emulsion during construction 
probably contributed to the poor bond in the invert. Also, the blisters are more 
prevalent in the upstream, shaded end of the flmne. During construction, the 
cooler tetnperatures in the shaded areas might have retarded cure and weakened 
the bond. No cut off trench or geotextile was used on this test section. 

After this test section, the Liquid Boot manufacturer (LBI) made several 
modifications to the construction process. A light tack coat of the "A" 
component improves the bond of the Liquid Boot. Also, bond in the invert can 
be itnproved by coating the sidewalls first, then coating the invert after the 
water released from the Liquid Boot on the sidewalls has evaporated. 

Maintenance: Moderate maintenance required to date. Minor maintenance would have been 
required at this time if the flume had not been replaced with a steel siphon in 
April2000. To repair the boot, the District would have cut open the blisters, 
trimmed away any unbonded material, then patched with Liquid Boot Trowel 
Grade. The District has also been using a single-part roofmg tar for minor 
repairs. They report the roofmg tar is much easier to use than the 2-part Liquid 
Boot Trowel Grade, and the performance of the two is about equal. 

Photographs: None 
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Ochoco Irrigation District-Main Canal 

Test Section 0-1 and 0-2­

Material: 0-la: Covered Bentomat DN Geosynthetic Clay Liner (GCL) 
0-1 b: Covered Bentomat CL GCL 
0-2a: Exposed Bentmnat DN GCL 
0-2b: Exposed Bentmnat CL GCL 

Description: CETCO Bentomat DN is a reinforced GCL consisting of a layer of sodium 
bentonite encapsulated between two needle-punched non-woven geotextiles. 
Rolls measure 14 feet wide by 15 0 feet long. 

CETCO Bentomat CL is a reinforced GCL consisting of a layer of sodium 
bentonite encapsulated between a woven and a needle-punched, non-woven 
geotextile laminated to a thin geomembrane. Rolls measure 14Yz feet wide by 
150 feet long. 

Construction Cost: $0.82 per ff Covered Bentomat DN 
$0.87 per ff Covered Bentomat CL 
$0.76 per ff Exposed Bentomat DN 
$0.81 per ft2 Exposed Bentomat CL 

Date installed: April 1999 (3 years old) 

Location: Ochoco Irrigation District (1,245 linear feet; 50,000 square feet) 

Condition: Excellent where buried. The buried (covered) GCL is not accessible for visual 
assessment 

Very good where exposed. The exposed DN (double nonwoven) GCL is in 
very good condition after 3 years of service. Above the waterline on the north 
bank (southern exposure), the exposed DN GCL is exhibiting areas of surface 
cracking. The depth of this cracking is unknown. The GCL does not show any 
surface cracking below the waterline or above the waterline where covered 
with just a light dusting of dirt. Grass is growing in the top layer of the GCL 
geotextile at the waterline. Some scattered grass is growing in other places 
above the waterline and may fill in over the next few years. 

The exposed CL (thin geomembrane on back side) GCL is also in very good 
condition after 3 years of service. Above the waterline on the north bank 
(southern exposure), the exposed CL GCL is exhibiting areas of surface 
cracking. The depth of this cracking is unknown. The GCL does not show any 
surface cracking below the waterline or above the waterline where covered 
with just a light dusting of dirt. Many of the seams have a tuft of grass 
growing inunediately downstream from the seam at the waterline. Again, the 
grass is rooted in the top layer of geotextile. On the north bank (southern 
exposure), the GCL has shrunk about 1 inch longitudinally, and the seams have 
curled upward because of the difference in shrinkage or thermal expansion 
between the GCL and the thin geomembrane on the backside. 
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Construction Note: The GCL manufacturer (CETCO) recommends at least 1 foot of cover soil to 
provide a confming pressure and to protect the GCL. However~ the seepage 
requirement for irrigation canals is much less stringent than for other GCL 
applications (e.g., landfills and sewage lagoons). Therefore, these 
experimental exposed test sections were constructed to evaluate the cost 
savings of elhninating the cover material. 

Maintenance: Additional stakes are needed to secure curling seams in the exposed CL. 
Because the exposed GCL' s are beginning to deteriorate, the District will cover 
them with native soils to prevent additional degradation. 

Photographs: 1 through 7 

Photograph 0-1.1.-0verview of the buried areas of the Ochoco Canal Test 
Sections 0-1a and 0-1b, which are in excellent condition. 
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Ochoco Irrigation District- Test Section 0-1 and 0-2 
Covered Bentomat DN Geosynthetic Clay Liner (GCL) and Exposed GCL 

Photograph 0-2.2.-0verview of the exposed areas of the Ochoco Canal Test 
Sections 0-2a and 0-2b, which are in very good condition. 

Photograph 0-2.3.-View of test section 0-2a Type DN GCL. Note cracking and 
grass growing through the GCL. 
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Ochoco Irrigation District~ Test Section 0-1 and 0-2 
Covered Bentomat DN Geosynthetic Clay Liner (GCL) and Exposed GCL 

Photograph 0-2.4.-0verview of test section 0-2b Type CL GCL. This section is 
downstream from section 0-2a and is in very good condition. 

Photograph 0-2.5.-View looking at the north side of the canal (sun side). 
Cracking can be seen in the panel on the right side of the photograph. The panel 
on the left, which has very little dirt on top has no cracks. 
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Ochoco Irrigation District- Test Section 0-1 and 0-2 
Covered Bentomat DN Geosynthetic Clay Liner (GCL) and Exposed GCL 

. Photograph 0-2.6.-View of cracking on the top near the anchor trench. 

Photograph 0-2. 7.-View of the GCL shrinking at the overlap, where exposed. 
This seems to be occurring area more frequently in the CL test section. 
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Test Section 0-3a and 0-3b-­

Material: 0-3a: Exposed 45-mil EPDM with geotextile cushion on side slopes 
0-3b: Exposed 45-mil EPDM with geotextile cushion on side slopes and 
covered invert 

Description: Firestone PondGard is 45-mil unreinforced EPDM (ethylene propylene diene 
tnonomer) rubber. The geotextile cushion on the side slopes is 8-oz, needle­
punched nonwoven (LP-8), supplied by Layfield Plastics. 

Construction Cost: $0.84 per ft2 for 0-3a 
$0.87 per ft2 0-3b 

Date installed: November 1999 (2Y2 years old) 

Location: Ochoco Irrigation District (1,530 linear feet; 63,000 square feet) 

Condition: Excellent - The exposed EPDM is in excellent condition after 2 years of 
service. Water flow has distributed the invert soil and sediment so that the two 
test sections now look the same. Both test sections have about 2 inches of 
cover soil (or sediment) in the invert. 

The factory and field seams are in excellent condition. Numerous anitnal 
tracks (mostly deer) are visible, but animals have not caused any datnage. The 
backhoe operator reportedly tore a small hole in the EPDM while removing the 
dike between the two test sections. The tear is reportedly at the left groin, 
where the side slope meets the invert, but it could not be found because of 
residual dike material. 

Sample- In November 2001, a 16- by 24-inch sample was taken for laboratory 
testing. The liner was repaired with an EPDM patch atld EPDM glue. Before 
patching, the EPDM liner was cleaned with liquid detergent and a scrub brush. 

Maintenance: None required to date. If flowing water washes away the remnants of the 
earthen dike and exposes the tear at the groin, the district will need to repair the 
tear with an EPDM patch and EPDM glue. 

Photographs: 1 through 3 
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Ochoco Irrigation District- Test Section 0-3a and 0-3b 

Exposed 45-mil EPDM with geotextile cushion on side slopes 


Photograph 0-3.1.-0verview of the Ochoco Canal Test Section 0-3a (exposed 
invert), which is in excellent condition. 

Photograph 0-3.2.-0verview of the Ochoco Canal Test Sections 3b (buried 
invert), which is in excellent condition. 
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Ochoco Irrigation District - Test Section 0-3a and 0-3b 

Exposed 45~mil EPDM with geotextile cushion on side slopes 


Photograph 0-3.3.-View of north side of the canal showing the animal traffic that 
has occurred without damaging the geomembrane. 
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Test Section 0-4­

Material: Exposed 30-mil LLDPE geomembrane with geotextile cushion on side slopes 
only. 

Description: Layfield Plastics Enviro Liner is 30-mil LLDPE. The geotextile cushion on the 
side slopes is 8-oz needle-punched nonwoven (product number LP-8), supplied 
by Layfield Plastics. 

Construction Cost: $0.78 per ft.1 

Date installed: November 1999 (2:Yz years old) 

Location: Ochoco Irrigation District (1,150 linear feet; 48,000 square feet) 

Condition: Excellent- The exposed LLDPE is in excellent condition after 2Y2 years of 
service. The factory and field seruns are in excellent condition. Numerous 
animal tracks (tnostly deer) are visible on the side slopes, ru1d several 
hoofprints have left stnall dimples in the liner. A couple of these ditnples have 
small tears (pinhole size up to 114 inch in diameter). The backhoe operator put 
2 small tears (3 and 12 inches in diatneter) in the LLDPE liner while removing 
the dike at the downstream end. The tears were halfway up the left bank. Both 
tears were patched with a hot-air welder. 

Sample- In November 2001, a 16- by 24-inch sample was taken for laboratory 
testing. The liner was patched with 30-mil LLDPE and a hot-air welder. 
Before patching, the LLDPE liner was cleaned with liquid detergent and a 
scntb brush. 

Although the 30-tnil LLDPE is performing well after 2Y2 years of service, a 
30-milliner may prove too thin for long-term use as on exposed liner. 

Maintenance: Minitnal maintenance required to date. Two backhoe tears were repaired at the 
downstream end of the test section. Anitnal hoof dimples and pinholes do not 
need to be repaired at this time. The District should tnonitor and repair any 
larger tears that develop. 

Photographs: 1 through 6 
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Ochoco Irrigation District • Test Section 0-4 
Exposed 30-mil LLDPE Geomembrane with geotextile cushion on side slopes only 

Photograph 0-4.1.-0verview of the Ochoco Canal Test Section 0-4, near the 
downstream area. It is in excellent condition. 

Photograph 0-4.2.-0verview of the Ochoco Canal Test Section 0-4, near the 
upstream area. It is in excellent condition. 
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Ochoco Irrigation District - Test Section 0-4 
Exposed 30-mil LLDPE Geomembrane with geotextile cushion on side slopes only 

Photograph 0-4.3.-View of the north side of the canal showing the animal traffic 
that has occurred without damaging the geomembrane. 

Photograph 0-4.4.-Ciose-up view of pin size holes in the geomembrane that 
were caused by animals. 
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Ochoco Irrigation District - Test Section 0-4 
Exposed 30-mil LLDPE Geomembrane with geotextile cushion on side slopes only 

Photograph 0-4.5.-View of patch made with an extrusion welder at the time of 
installation. 

Photograph 0-4.6.-View of patch being sized to cover hole. Damage occurred 
while removing the pending test dike. 
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Test Section 0-5­

Material: Exposed 160-mil Coletanche NTP 2 ES 

Description: Coletanche NTP 2 ES (Coletanche) is an elastomeric bitumen gemnembrane 
that combines Styrene-Butadiene-Styrene (SBS) polymer and asphalt with a 
polyester reinforcement. COLAS manufactures five grades of Coletanche. 
Only the Coletanche ES is polymer modified. Coletanche is provided in 
160-mil thickness and roll widths of 4 and 5 meters (13 and 16.5 feet). 

Construction Cost: $1.51 per ft2 

Date installed: November 2000 (1 Yz years old) 

Location: Ochoco Irrigation District (700 linear feet; 28,000 square feet) 

Condition: Excellent - The exposed Bituminous liner is in excellent condition after 
1Yz years of service. The numerous field seams (every 5 meters) are well 
bonded up to the anchor trench. Most of the sand surfacing has worn away. 
No alligator cracking is visible on the surface of the liner on the southern side 
slope. A very small amount of alligator cracking is visible on the liner surface 
on the northern side slope. 

Maintenance: None required at this time. 

Photographs: 1 through 5 

Photograph 0-5.1.-0verview of the Ochoco Canal Test Section 0-5, 
which is in excellent condition. 
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Ochoco Irrigation District- Test Section 0-5 

Exposed 160-mil Coletanche NTP 2 ES 


Photograph 0-5.2.-View of the canal section looking downstream. Tumble 
weeds are gathered in the invert. 

Photograph 0-5.3.-View of north side of the canal showing the animal traffic that 
has occurred without damaging the geomembrane. 
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Ochoco Irrigation District - Test Section 0-5 

Exposed 160-mil Coletanche NTP 2 ES 


Photograph 0-5.4.-AIIigator cracking that occurs with this type of lining material. 
This is only a surface pattern and does not penetrate the membrane. 

Photograph 0-5.5.-View of the south side bank. Because the sun does not 
shine directly on the membrane, alligator cracking has not begun. 
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Lugert-Aitus Irrigation District 

Test Section LA-1­

Material: Exposed Teranap geomembrane 

Description: Teranap is an elastomeric bitumen geomembrane that combines Styrene­
Butadiene-Styrene (SBS) polytner and asphalt with a polyester reinforcement. 
Teranap is available in two thicknesses: 120-mil Teranap 331 and 160-mil 
Teranap 4 31. 

Construction Cost: 160-lnil exposed Teranap = $1.37 per :ft? 
120-1nil exposed Teranap = $1.19 per fe 

Date installed: May 1994 (8 years old) 

Location: West Canal- Lugert-Altus Irrigation District 
(2,400 linear feet; 70,000 square feet) 

Condition: Excellent- After 8 years of service, the Teranap shows some surface alligator 
cracking but is still quite flexible. The seams are well bonded, and small areas 
of standing water indicate that the seepage rate is essentially zero (less than 0.1 
foot/day). Little to no sediment has collected in this test section. Deer entering 
the canal may have caused minor damage (one small hole on the side slope). 

In September 1996, a large stonn deposited 41'2 inches of rain in about 1 hour. 
Surface run-off from the north and west flowed into a small drainage ditch that 
crosses the canal over the siphon at the upstream end of the test section. The 
surface runoff exceeded the capacity of the drainage ditch and flooded into the 
canal. The runoff washed away the berm cover and anchor stakes on the west 
canal bank, ran under the liner, and washed-out about 300 feet of the Teranap 
on the west bank. The Teranap tore in several places (mostly along seams) and 
was deposited in the canal invert. The irrigation district reshaped the exposed 
subgrade, and used a backhoe to pull the Teranap back into position. The 
District then resecured the liner with rebar driven through the liner and repaired 
the tears with a propane torch and additional Teranap, where needed. The 
district raised the berm to prevent future washouts, and enlarged the drainage 
ditch to increase capacity. 

Maintenance: Minimal maintenance required to date. 

Performed: Irrigation District repaired the Teranap after the washout. 

Needed: Repair small hole on the side slope. 

Photographs: 1 through 4 
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Lugert-Altus Irrigation District - Test Section LA-1 

Exposed 160-mil Teranap Geomembrane 


Photograph LA-1.1.-Canal Overview- After 8 years of service the material is in 
excellent condition. 

Photograph LA-1.2.-The Teranap shows very little wear and is in excellent 
condition. 
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Lugert-Altus Irrigation District- Test Section LA-1 

Exposed 160-mil Teranap Geomembrane 


Photograph LA-1. 3.-ATV tracks can be seen in the bottom and on the side 
slopes. These vehicles do not appear to have damaged the material. 

Photograph LA-1.4.-Teranap shows some surface cracking (alligator cracking) 
that is normal for this product. Also damaged by possibly a deer can be seen. 
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Juniper Flat Improvement Company 

Test Sectio11 J-1­

Material: Exposed 160-mil Teranap geomembrane 

Description: Teranap is an elastomeric bitmnen geomembrane that combines Styrene­
Butadiene-Styrene (SBS) polytner and asphalt with a polyester reinforcement. 

Construction Cost: $ 1.53 per fe 

Date installed: October 1997 ( 4Yz years old) 

Location: Juniper Flat ltnprove1nent Company (District) 
(975 linear feet; 26,000 square feet) 

Condition: Excellent - After 4Yz years of service, the Teranap shows only slight surface 
alligator cracking, and is still quite flexible. The subgrade is quite rough and 
contains many sharp rocks and roots. Little no sediment has collected in the 
invert. 

Most seams are well bonded. A couple ofunbonded semns (6 to 12 inches 
long) were found and repaired with a propane torch. Numerous cows have 
walked through the canal and left hoof prints and scuff tnarks on the liner. In 
two locations, the cow's dew claws ptmctured the liner. Both these punctures 
have been repaired. 

Most of the test section is in excellent condition, except for a short section 
immediately downstream from the Walters Turnout. At this location, the 
geomembrane is in poor condition and is tom and ripped in numerous places. 
The district has experienced this same probletn at another turnout where they 
installed this same bituminous liner. At both these turnouts, the liner was 
installed without a downstream cut off trench or concrete cap. Apparently, the 
lack of a downstream cutoff or the turbulence through the turnout or both are 
damaging the liner. This installation deficiency is not indicative of the overall 
performance. 

Sample- In November 2001, a 16- by 24~inch sample was taken for laboratory 
testing. The liner was patched with a bituminous liner patch and a propane 
torch. Before patching, loose dirt was removed with a wire brush. 

Maintenance: Minimal maintenance required to date. The District has resealed several semns 
with a propane torch. The District will continue to tnonitor the test section mtd 
repair the liner. 

Photographs: 1 through 10 
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Juniper Flat Irrigation District- Test Section J-1 

Exposed 160-mil Teranap Geomembrane 


Photograph J-1.1.-0verview of the Juniper Flat Canal Test Section J-1 Walters 
Turnout. This is a view of the upstream area, which is in excellent condition. 

Photograph J-1.2.-0verview of the Juniper Flat Canal Test Section J-1 Walters 
Turnout. This is a view of the downstream area, which is has been destroyed by 
high water velocities and turbulence created by the turnout structure. 
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Juniper Flat Irrigation District- Test Section J-1 

Exposed 160-mil Teranap Geomembrane 


Photograph J-1.3.-Ciose up view of a star pattern hole in the lining in the 
downstream area. 

Photograph J-1.4.-View of the Walters Turnout, which was encased with the 
lining material, demonstrating how flexible this type of membrane can be. 
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Juniper Flat Irrigation District- Test Section J-1 

Exposed 160-mil Teranap Geomembrane 


Photograph J-1.5.-0verview of the Juniper Flat Canal Test Section J-1, 
downstream from the Walters Turnout this section is in excellent condition. 

Photograph J-1.6.-View of the north side of the canal showing the animal traffic 
that has occurred without damaging to the geomembrane. 
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Juniper Flat Irrigation District ~ Test Section J~1 

Exposed 160-mil Teranap Geomembrane 


Photograph J-1. 7.-Cioseup view of one of the hoof prints where the animal slid 
down the hot membrane and left a slide mark. 

Photograph J-1.8.-Cioseup view of a dewclaw puncture from a cow left in the 
membrane. The hole is about 1 inch in diameter. 
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Juniper Flat Irrigation District - Test Section J-1 

Exposed 160-mil Teranap Geomembrane 


Photograph J-1.9.-View of a patch being placed over a hole left by a coupon 
sample that Reclamation removed for testing. 

Photograph J-1.1 0.-View of a patch being place over a seam that was beginning 
to separate. 
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Frenchtown Irrigation District 

Test Section F-1­

Material: Exposed 45-mil PP over an existing steel flume 

Description: The steel flume consists of a wooden fratne with 3-foot sections of sheet metal. 
The flume is 320 feet long with a 12-foot perimeter. The liner is 45-mil 

reinforced polypropylene fonnulated for exposed applications. The 

reinforcetnent is a 1 0 x 1 0 polyester scrhn. 


Construction Cost: $0.90 per ff 


Date installed: April 1999 (3 years old) 


Location: Frenchtown Irrigation District- Mill Creek Flume (320 linear feet; 

3,640 square feet) 


Condition: Excellent - The exposed PP is in excellent condition after 3 years of service. 

The factory seatns are in excellent condition. The liner appears to be stretched 

a little tight in son1e areas, but is still performing well. No seepage is visible 

from this elevated flwne. 


Maintenance: Miniinal maintenance required to date. 


Perfonned: none 


Needed: Some shrubs growing up between the membrane and wooden tresses 

need to be removed to prevent damage to the membrane. 


Photographs: 1 through 4 
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Frenchtown Irrigation District- Test Section F-1 
Exposed 45-mil Reinforced Polypropylene over an Existing Steel Flume 

Photograph F·1.1.-0verview of the Frenchtown Flume Test Section F-1, which 
is in excellent condition. 

Photograph F-1.2.-View of bushes growing between the flume and the liner. 
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Frenchtown Irrigation District- Test Section F-1 
Exposed 45-mil Reinforced Polypropylene over an Existing Steel Flume 

Photograph F-1.3.-View of area of seepage under the flume, this area has 
remained dry following geomembrane installation. 

Photograph F-1.4.-Cioseup view of the weeds and bushes growing between the 
flume and liner. 

177 



Twin Falls-Rick Stone Ranch, Farm Lateral 

Test Section TF-1­

Material: Exposed 40-mil wet-applied polyurethane geocomposite over existing concrete 

Description: The liner consists of two layers of3-oz heat-bonded, non-woven geotextile 
saturated with liquid polyurethane resin. The total minimmn thickness is 
40 mils. The geotextile is Typar 3301 non-woven spunbonded polypropylene 
geotextile. 

Construction Cost: $1.43 per ff 

Date installed: June 2000 (2 years old.) 

Location: Twin Falls, Idaho- about 7 miles west of town near Filer, Idaho (1,920 linear 
feet, 11,500 square feet) 

Condition: Very Good - The polyurethane geocomposite is still intact, well bonded to the 
existing concrete base, and still flexible. During the first irrigation season, 
water got under a low section of the liner, creating a dam at the first 
downstream steel cut-offhand. The owner cut an 18-inch slit in the tnembrane 
to release the trapped water. The slit will be repaired during the winter. 
Burrowing animals and wind have exposed some of the liner on the west side 
of the north-south section. The material is still attached to the concrete but 
needs to be backfilled again. 

Maintenance: Minitnal maintenance required to date. The slot needs to be patched and the 
membrane needs to be reburied in the anchor trench. 

In 2001, a beer truck ran off the road and damaged a portion of this test section 
(photo 8). Repairs were performed using a bituminous liner, because the 
farmer can only perform very small repairs with the polyurethane patch 
material. Costs for this special repair were not included in estimated 
maintenance costs. 

Photographs: 1 through 8 
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Twin Falls - Rick Stone Ranch, Farm Laterial Test Section TF-1 
Exposed 40~mil Wet-applied Polyurethane Geocomposite over Existing Concrete 

Photograph TF-1.1.-0verview of the Twin Falls Farm Lateral Test Section TF-1 
(East/West portion), which is in excellent condition. 

Photograph TF-1.2.-View of a cut made in the liner by the rancher. Water got 
under the liner at a low area, upstream, and was trapped at the steel band. The 
cut was to let the water out from under the liner. 
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Twin Falls- Rick Stone Ranch, Farm Laterial Test Section TF-1 
Exposed 40-mil Wet-applied Polyurethane Geocomposite over Existing Concrete 

Photograph TF-1.3.-View of cut made by the rancher. Cut is about 18 inches 
long and will be repaired by the rancher with some of the mix left with him by the 
contractor. 

Photograph TF-1.4.-Cioseup view of some of the scale and dried mud left by the 
water. 
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Twin Falls- Rick Stone Ranch, Farm Laterial Test Section TF-1 
Exposed 40-mil Wet-applied Polyurethane Geocomposite over Existing Concrete 

Photograph TF-1.5.-0verview of the Twin Falls Farm Lateral Test Section TF-1 
(north-south portion), which is in excellent condition. 

Photograph TF-1.6.-View of the sides of the ditch, where rodents have burrowed 
at the anchor trench. 
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Twin Falls- Rick Stone Ranch, Farm Laterial Test Section TF-1 
Exposed 40-mil Wet-applied Polyurethane Geocomposite over Existing Concrete 

Photograph TF-1. 7.-View of an area where the wind has caught the sides and 
torn the liner loose at a seam. 

Photograph TF-1.8.-Section damaged by a beer truck that went off the road and 
hit the concrete ditch. Repairs have been made with a bituminous liner. 
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Lewiston Orchards Irrigation District 

Test Section L0-1­

Material: Exposed 45-mil reinforced Metallocene 

Description: The 45-mil geomembrane consists of2layers ofMetallocene that has been 
reinforced with a 10 by 10 polyester scrim. The geomembrane is tan on the top 
and black on the bottom. Metallocene is reportedly a copolytner blend of 
HDPE and polypropylene. 

Metallocene is manufactured by Serrot who was acquired by GSE Lining 
Technology. This material may not be available. 


Construction Cost: $0.99 per ff 


Date installed: June 2000 (2 years old.) 


Location: Lewiston Orchards Irrigation District, Lewiston Idaho - Sweetwater Main 

Canal ( 1,920 linear feet, 11,500 square feet) 


Condition: Excellent - The reinforced Metallocene is in excellent condition after 2 years of 

service. The District raised the free board in couple of areas by pulling the 

liner out of the anchor trench and pushing dirt behind the membrane. 


Maintenance: Minimal maintenance required to date. 


Photographs: 1 through 4 
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Lewiston Orchards Irrigation District- Test Section L0-1 

Exposed 45-mil Reinforced Metallocene 


Photograph L0-1.1.-0verview of the Lewiston Orchards Canal Test Section 
L0-1, which is in excellent condition. 

Photograph L0-1.2.-View of the canal downstream, where the canal did not 
have enough free board and the water was over the edge. The since District has 
fixed this area. 
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Lewiston Orchards Irrigation District- Test Section L0-1 

Exposed 45-mil Reinforced Metallocene 


Photograph L0-1.3.-View before installation of lining in this area. Note the 
amount of vegetation in the draws. 

Photograph L0-1.4.-View after installation of lining in this area. Note the 
amount of vegetation in the draws. 
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Buffalo Rapids Irrigation District 

Test Section BU-la and lb-­

Material: Exposed 60·mil textured HDPE white with a 1 O·oz geotextile cushion 
Exposed 60-mil textured HDPE white 

Description: The 60-mil textured HDPE geomembrane is coextruded with a white surface 
on one side and a black surface on the other. The geomembrane is installed 
with the white side up. Geotextile is a 1 0-oz needle-punched nonwoven 
(Synthetic Industries 1071). 

Construction Cost: $1.26 per ff for BU-la 
$1.12 per ff for BU-lb 

Date installed: April 200 1 ( 1 year old.) 

Location: Buffalo Rapids Irrigation District, Glendive, Montana 
(4,900 linear feet, 189,500 sq feet of geomembrane, 57,400 sq feet of 
geotextile) 

Condition: Excellent after 1 year of service. The only damage is from heavy rainstonns 
that washed away some of the embankment, exposing some of the 
geomembrane on the anchor berm. 

Maintenance: Minimal maintenance required to date. Backfill on anchor berms needs to be 
replaced. 

Photographs: 1 through 4 
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Buffalo Rapids Irrigation District- Test Section BR-la and BR-lb 

Exposed 60-mil Textrued HDPE White with 10-oz geotextile 


Photograph BU-1.1.-0verviewofthe Buffalo Rapids Canal Test Sections BU-1a 
and BU-1 b, which are in excellent condition. 

Photograph BU-1.2.-0verview of the canal looking downstream through the big 
cut area. The lining is in excellent condition. 
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Buffalo Rapids Irrigation District- Test Section BR-la and BR-lb 

Exposed 60-mil Textrued HDPE White with 10-oz geotextile 


Photograph BU-1.3.-During the spring runoff some areas above the lining had 
eroded. 

Photograph BU-1.4.-View where the lining was exposed in the anchor trench. 
These areas will be reburied by the district. 
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Bitter Root Irrigation District 

Test Section Bl-1­

Material: Exposed 20-tnil Geocomposite 

Description: The membrane is GeoCmnp 8-20-8 EVA geocmnposite. It is composed of a 
gray 8-oz geotextile cushion; 20-mil EVA; and a black, 8-oz, geotextile cover. 
Both polyester geotextiles and EVA geomembrane are made from recycled 
polyt.ner. The gemnembrane composite is installed with the black geotextile 
facing up for UV protection. Material data sheets are included in appendix A. 

Construction Cost: 20 mil EVA Canal 3 = $0.83 per ft2 

Date installed: October 2001 (1 year old.) 

Location: Bitter Root Irrigation District. Near Hamilton MT 
(900 linear feet, 4,500 square feet) 

Condition: Excellent after 1 year of service. The only damage is two seams which came 
apart. Material has captured some sediment in the exposed textile helping to 
protect it. 

Maintenance: Need to ftx two seams. 

Photographs: 1 and 2. 
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Bitter Root Irrigation District- Test Section BI-1 

Exposed 20-mil Geocomposite 


Photograph 81-1.1.-0ver all view of the Bitter Root main canal. The lining is in 
excellent condition. Note the large rocks which rolled off the bank on onto the 
material no damage was done to the liner. 

Photograph 81-1.2.-View of one of the seams in the invert. All seams are 
holding up very well. Two small separations were found which have been 
repaired. 
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Coupon Testing 

Test coupons were taken from six of the exposed geomembrane test sections for laboratory evaluation 
(table 13). Each test coupon 1neasured approxilnately 3 square feet (2- by 1Yz-ft). The test coupons were 
centered on the waterline, so that half the coupon was above the waterline and half was below. Each test 
coupon was tested for physical properties and compared to the manufacturer's published values and to 
original samples that were retained at the time of test section construction (See appendix D for complete 
results). The materials and test results are summarized below. 

Table 13.-Coupon Testing of Exposed Geomembrane test sections 

Test 

Section 

Material Age Visual 

Assessment 

Physical Property Testing Service Life 

Prediction 

A~3 80-mil Textured 

HOPE 

10 years Excellent Elongation down 90% 

OIT down 30% 

20-25 years 

A-4 30-mil PVC with 

Bonded Geotextile 

10 years Very Good Tensile up 30% 

Modulus up 140% 

Elongation down 70% 

10-15 years 

A-5 45-mil Hypalon 10 years Fair to Poor Tear strength down 60% 10-15 years 

A-6 36-mil Hypalon 10 years Fair Tear strength down 60% 10-15 years 

0-3 45-mil EPDM 2 years Excellent Elongation down 30% 

Tear strength down 50% 

15-20 years 

0-4 30-mil LLDPE 2 years Excellent Tensile down 1 0% 

Tear Strength down 1 0% 

10-15 years 

Discussion - Although many of the exposed geomembranes visually appear to be in excellent condition, 
the changes in physical properties suggest that many are beginning to degrade. As expected, the physical 
degradation is usually less severe below the waterline. 

80-mil HDPE - Yield strength and yield elongation are unchanged. Breaking strength is down 
slightly, and elongation at break is down significantly (especially above the waterline). Chemical 
Analysis (appendix D) show Melt Index (molecular weight) is unchanged; however, OIT is down 
significantly, indicating that the antioxidants are being used up. Based on these results, service life 
is predicted at 20 to 25 years. 

30-mil PVC- This material has stiffened significantly (increased tensile, increased modulus, 
decreased elongation). Aged material now exhibits a clear yield point. Based on these results, this 
material is near the end of its useful service life ( 10-15 years). 

45-mil Hypalon- Tear strength is down significantly (especially above the waterline). Hypalon is 
very difficult to patch (repair) because of surface oxidation. If numerous tears in the test section are 
not repaired, this material is near the end of its useful service life ( 10-15 years). 
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36-mil Hypalon - Tear strength is down significantly (both above and below the waterline). 
Hypalon is very difficult to patch (repair) because of surface oxidation. Ifnmnerous tears in this 
test section are not repaired, this material is near the end of its useful service life ( 1 0-15 years). 

45-mil EPDM- Elongation and tear strength are down significantly. Based on these results, service 
life is predicted at 15-20 years. 

30-mil LLDPE- Tensile and tear are doVIIll slightly. Because the liner thickness is only 30 mils, service life is 

predicted at only 1 0-15 years. 
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CHAPTER 4 

SEEPAGE ANALYSIS 


The primary purpose of all the canal lining alternatives is to conserve water by reducing seepage. Full­
scale ponding tests are performed preconstruction and postconstruction to detennine the effectiveness of 
each test section. Most of the ponding tests have been perfonned on the Arnold and North Unit Test 
Sections, and the results are smmnarized in tables 14, 15, 16, and 17. 

Preconstruction Pending Tests 

Arnold 

The preconstruction seepage rate for the Arnold test sections ranged from 0.64 foot/day to 1.4 feet/day, 
and averaged 1.0 feet/day. This value agrees with theoretical values based on the soil type and geology 
(Swihart and Haynes, 1994 ). 

North Unit 

The measured preconstruction seepage rate for the North Unit test sections ranges frmn 3 to 20ft/day. 
These values are higher than expected and are not considered representative. For the following reasons, 
the average seepage rate for the North Unit test sections is believed also to be about 1.0 ft/day: 

1. 	 Inflow-outflow data from the 26-mile North Unit Main Canal shows an average seepage rate 
of about 1.1 feet/ day and a conveyance loss of 20 to 3 0 percent. 

2. 	 Pond 1 was chosen as an area ofknown high seepage from visual observations of whirlpools 
during canal filling. Therefore, the measured seepage rate of 20 feet/day applies only to 
pond 1 and is not considered representative of the whole canal. 

3. 	 Electomagnetic investigations by the U.S. Bureau ofMines identified test sections N-1 
through N-4 as areas ofhigh seepage. Test section N-3 is believed to be the area of highest 
seepage (Ackman, 1997). Ponding tests performed in 1995 and 1996 showed seepage rates 
of2 to 6 feet/day. Test sections N-1 and N-2 had the highest seepage. Therefore, the 
measured seepage rates for test sections N-1 through N-4 are not considered representative of 
the entire canal. 

Oclloco 

Preconstruction ponding tests prefonned by Reclamation for this study show an average seepage rate of 
0.91 foot/day. 
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Postconstruction Ponding Tests 

Arnold Ponding Tests 

The Arnold test sections were constructed in 1992, and ponding tests were performed in 1991 
(preconstmction), 1993 (1 year postconstmction), 1997 (5 years postconstmction), and 1998 (6 years 
postconstmction). Ponding tests were planned for 10 years after construction, but they were not 
performed because of scheduling conflicts. The results frmn all the ponding tests are swmnarized in 
table 14. The 1997 ponding tests used concrete dikes that were poorly anchored to the canal invert, and 
large amounts of leakage under the dikes caused large uncertainties in the test results. Therefore, the 
1997 results are shown as a range in table 14, and smne of the ponding tests were repeated in 1998 with 
earthen dikes. 

North Unit Ponding Test 

The original eight North Unit test sections (N-1 thru N-4, and N-6 thru N-9) were constructed in 1992. 
However, test sections N-1 through N-4 failed in the first couple ofyears and were tom out and replaced 
with RCC in the invert (1997). Shotcrete was used on the side slopes (1998). Therefore, ponding tests 
for test sections N-1 through N-5 represent the following: 1991 (preconstruction), 1996 
(preconstmction), 1998 (1 year postconstruction RCC invert only), 2001 (3 years postconstruction- RCC 
Invert with shotcrete side slopes). The locations of the ponding tests is shown in figure 8. 

Test sections N-6 through N-9 still contain the original shotcrete invert and side slopes constructed in 
1992, and these ponding tests represent the following: 1991 (preconstruction), 1994 (2-year 
postconstmction), 1998 (6-year post-construction), and 2001 (10-years postconstmction). 

The results of the North Unit ponding tests are shown in tables 15 and 16. 

Oclloco Ponding Tests 

Postconstmction ponding tests were performed in 2001, when most test sections were about 2 years old. 
The results are summarized in table 1 7. 
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Table 14.-Arnold Canal Pending Tests 

Type 
of 

liner 
Test 

section 

Pre-
construction 

1991 
(ft3/ff-day) 

Postconstruction 
1 year 
1993 

(telff-day) 

Postconstruction 
5 years 

1997 
(ft3/ff-day) 

Postconstruction 
6 years 

1998 
(telff-day) 

Effectiveness 
estimated 
long-term 
(percent) 

GM with 
Shotcrete 

cover 

A -1 

1.40 

0.05 

*95% 

0-0.3 

70- 100% 95% 

A-2 0.11 
89% 

Exposed 
GM 

A-3 -0­
100% 

0-0.1 
90-100% 

90% 

A-4 
-0­

100% 

0.1-0.2 

80-90% 
0.04 

96% 

0.64 

A-5 0.01 
99% 

0-0.5 

50-100%A-6 0.12 
88% 

GM with grout 
mattress 

cover 
A 7 

0.10 

90% 
0-0.4 

60-100% 

0.05 
95% 

95% 

Grout 
mattress A- 8 

0.02 

98% 

0.3-0.5 

50-70% 
0.29 
71% 

70% 

A-9 
0.07 

93% 

A -10 
0.07 

93% 

* Effectiveness based on percent reduction from average preconstruction seepage rate of 1.0 fettf-day. 
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Road 

--t 
I 

1998 Pond 3 
Test Section 

29 27 1998 Pond 2 Test Section 

199& Pond I Test Section 

Figure B.-General Location Map for North Unit Main Canal 1998 Pending Tests. 
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Table 15.-North Unit Canal Pending Tests 

Type 
of 

liner 
Test 

section 

Pre-
construction 

1991 
(fetff-day) 

Pre-
construction 

1996 
(ft3/fr-day) 

Post-
construction 

1994 
(ft3/ft2-day) 

Post-
construction 

1998 
(fftff-day) 

Post-
construction 

2001 
(ff/ff-day) 

Effectiveness 
estimated 
long-term 
(percent) 

RCC 
invert 

with 

Shotcrete 

side-slope* 

Pond No.1 20.45 

70% 

N- 1 

3.1 - 5.4 

1.1 

3.1-5.6 

0.40 
6yrs. 64% 

0.32 

3yr 90% 

0.45 
10yrs. 59% 

N 2 

N-3 2.3-3.8 

N-4 

N-5 

Shotcrete** 

N-6 

0.44 
2yrs. 60% 

N-7 

N-8 

N-9 

*Effectiveness of RCC With Shotcrete s1de slopes (N-1 through N-5) 1s based on a preconstruct1on seepage rate of 
3.1 feet/day 

** Effectiveness of Shotcrete (N6 through N9) is based on a preconstruction seepage rate of 1.1 feet/day, determined 
by inflow-outflow measurements. (See section on preconstruction pending tests.) 
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Table 16.-North Unit Canal Pending Tests- Invert only 

Type 
of 

liner 
Test 

section 

Pre-
construction 

1991 
(ft3/ff-day) 

Pre-
construction 

1996 
(ft3/ff-day) 

Post-
construction 

1998 
(ft3/ft2-day) 

Effectiveness 
estimated 
long-term 
(percent) 

RCC 

invert 

only 

Pond No. 1 20.45 3.18 
1 yr 84% 

40% 

N- 1 

3.1 - 5.4 

3.1-5.6 

2.53 

1yr 18% 

N-2 

N-3 2.3-3.8 

N-4 

N 5 
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Table 17.-0choco Canal Pending Tests 

Post 
Type Pre Construction Effectiveness 

of Test Construction 2 year Estimated 
Liner Section 2000 2001 long-term 

(tettf-day) (tefft!-day) (percent) 

LLDPE 0-4 0.01 
99% 

90% 

0.91 
Bituminous 0-5 0.01 90% 

99% 

Buried GCLs 0.11 
both types 0 -1a 89% 90% 

0 -3a 

Exposed GCL 0.08 See foot note* 
type ON 0 -2a 92% 

Exposed GCL 0.03 See foot note* 
type CL 0 -2b 97% 

EPDM 0 -3a 0.01 90% 
0- 3b 99% 

*The GCL manufacturer recommends GCL installation with 1 to 4 feet of earth cover. The 
exposed GCLs were installed as an experiment to determine durability under worst-case 
conditions. Although the exposed GCLs showed good seepage control, they were 
beginning to degrade rapidly from UV light. After 2 years, the exposed GCL tests were 
terminated and the GCLs were buried. 
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Effectiveness 

Canal lining effectiveness is smnetimes expressed as an absolute post-construction seepage rate (fe/ff ­
day). This study found that effectiveness is better expressed as a percent reduction in seepage, because 
the fmal seepage rate is a function of not only the lining material, but also the permeability of the native 
soils. For instance, let's look at a geomembrane lining with a small defect (hole). If the subgrade is 
moderately impermeable (fme-grained soils), then little water will seep through this defect. Conversely, 
if the subgrade is relatively penneable (sands and gravels), then a substantial amount ofwater will seep 
through this srune defect. However, in both cases, the percent seepage reduction provided by canal lining 
(in this case, a geomembrane with a small defect) will be snnilar. 

Using this approach, the various test sections have been divided into four broad categories. Linings 
within each of these categories use similar tnaterials and have similar design lives, similar maintenance 
requirements, and similar effectiveness at reducing seepage. The effectiveness values were estimated 
from the ponding tests on the Arnold and North Unit Canals. Estimates of the durability and maintenance 
requiretnents were based on 10-year performance and our knowledge of the materials. Durability 
estimates have been modified slightly from the 7-year report, based on additional performance data. (See 
table 18.) 

Table 18.-Test section results 

Type of Lining 
Number of 

Test Sections 
Effectiveness 

(Seepage Reduction) Durability 
Maintenance 

($/ft2-yr) 

Concrete 6 70 percent 40-60 years $0.005 

Exposed 
Geomembrane 

14 90 percent 10-25 years $0.010 

Fluid-applied 
Geomembrane 

8 90 percent 10-15 years $0.010 

Concrete with 
Geomembrane 
Underliner 

3 95 percent 40-60 years $0.005 

Concrete--Concrete includes RCC, Shotcrete, and grout-filled mattresses. When new, concrete is 
initially quite watertight, although concrete does have a measurable permeability. However, within the 
frrst couple ofyears, concrete starts to develop cracks because of shrinkage during curing, and thermal 
movement (temperature differences between day and night and summer and winter). Furthermore, 
concrete often continues to crack over time because of sub grade movement. Also, Shotcrete thickness is 
difficult to control in the field, and holes routinely develop where original Shotcrete thickness was less 
than 1 inch. The grout-filled mattress has also cracked, especially in areas where it is less than 1 inch 
thick because of the rocky subgrade. Cracks tend to grow in length and numbers over the years, but so 
far, have not widened significantly. Also the concrete degrades because of freezing and thawing. All 
these degradation modes lead to a predicted service life of 40 to 60 years. Ponding tests show an 
effectiveness (seepage reduction) of 60 to 90 percent and an estimated long-tenn effectiveness of about 
70 percent. Maintenance requirements are relatively low for concrete, and irrigation district personnel 
are familiar with concrete and comfortable making the repairs. 
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Exposed Geomembrane-Exposed geomembrane includes HDPE, Hypalon, Bitmninous, EVA, PP, 
LLDPE, and PVC. Geomembranes are quite watertight when new, but continued effectiveness depends 
on resistance to both UV and mechanical damage. Effectiveness is estimated at 90 percent, based on the 
ponding tests. This value is slightly lower than geomembrane with concrete cover because of the 
potential for tnechanical damage (animal traffic, equipment damage, and vandalism). Design life is 
predicted at 20 to 30 years because of the potential for mechanical and UV damage. The design life also 
varies depending of the UV resistance of the polytner and thickness of the geomembrane. Exposed 
geomembranes will require more maintenance than concrete linings. If1101 properly maintained, 
long-term effectiveness and service life can be drastically reduced. 

Fluid-applied Geomembrane-Fluid-applied geomembrane is another type of exposed geomembrane. 
The geomembrane is fabricated onsite. Maintenance costs are the same as for an exposed geomembrane. 
However, the anticipated durability is lower (10 to 15 years) because of problems with field 
manufacturing control quality, thickness, and other physical properties. Adverse weather (wind, rain, 
cold) aggravates these problems. About half the test sections with fluid-applied membranes failed within 
the first 5 years of service. 

Concrete with Geomembrane underliner-Concrete includes RCC, shotcrete, and grout~filled mattress. 
Geomembrane underliner can include any type of gemnembrane. Our test sections used PE 
geocomposite, HOPE, VLDPE, and PVC. Geometnbrane underliners are usually thinner than those for 
exposed applications. The concrete will crack and degrade, but the system will remain watertight because 
the geomembrane is the water barrier and the concrete acts only as a protective cover. Therefore, small 
cracks and defects in the concrete cover do not affect the system effectiveness. Ponding tests at Arnold 
show effectiveness of about 95 percent. Maintenance requirements are the same as for concrete alone 
($0.005 per ft2 per yr). Durability is also the same as for concrete alone (40 to 60 years). 

201 





CHAPTER 5 

BENEFIT/COST ANALYSIS 


All the canal-lining alternatives were compared using Benefit/Cost (B/C) analysis. Alternatives with a 
B/C ratio greater than 1 are economically viable, but alternatives with a B/C ratio less than 1 cannot be 
justified based on economics. Obviously, the higher the B/C ratio, the better the alternative economically. 
For instance: 

B/C = 10 every dollar invested (cost) returns $10 in benefit 
B/C 1 every dollar invested (cost) returns $1 in benefit 
B/C = 0.5 every dollar invested (cost) returns $0.50 in benefit 

Benefit-The primary purpose of all the canal-lining alternatives is to conserve irrigation water. 
Therefore, the primary benefit is the value of the conserved water. For this study, the value of that water 
is estimated at $50 per acre-foot. District water assessments typically range from $10 to $25 per 
acre-foot, while water purchased on the open tnarket costs as much as $300 per acre-foot. Secondary 
benefits are also achieved by canal lining. That is use of adjacent cropland normally flooded by leaking 
canals and remediation of damage to structures near canals (such as flooded basements) are exmnples of 
secondary benefits. However, the value of these secondary benefits is not included in this analysis. 

The atnount ofwater conserved by each canal-lining alternative depends on its effectiveness (percent 
seepage reduction) and the preconstruction seepage rate. For this study, we used a 180-day irrigation 
season, and a conservative preconstruction seepage rate of 1.0 foot/day (fe/ff/day). The effectiveness, 
durability, and maintenance requirements for four generic types of canal linings are listed in table 19. 

Cost-The cost of each alternative is calculated as its life-cycle cost ($/ft2-yr ). Life-cycle costs are 
calculated using initial costs, design life (durability), and maintenance costs. Initial costs were taken from 
tables 2, 3, and 4 in chapter 1 of this report. Durability and Maintenance costs were taken from table 19. 

Table 19.-Effectiveness, durability, and maintenance requirements of generic types of canal linings 

Type of Lining 
Number of 

Test Sections 
Effectiveness 

(Seepage Reduction) Durability 
Maintenance 

($/ft 2-yr) 

Concrete 6 70 percent 40-60 years $0.005 

Exposed 
Geomembrane 

14 90 percent 10-25 years $0.010 

Fluid-applied 
Geomembrane 

8 90 percent 10-15 years $0.010 

Concrete with 
Geomembrane 
Underliner 

3 95 percent 40-60 years $0.005 

Benefit/Cost Ratios-B/C ratios were calculated for each test section and are tabulated in table 20. 
Sample calculation is shown in appendix E. Many test sections have favorable B/C ratios, and the lining 
alternatives with the highest B/C ratio include exposed gemnetnbranes, geomembranes with concrete 
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Table 20.- Benefit/Cost Analysis 

Test 
Section 

Canst Cost 
($/ft2) 

Durability 
Range* (years) 

Annualized 
Canst Cost 

($/ft2-yr) 
Maintenance Cost 

($/ft2-yr) 
Total Cost 
($/ft2-yr) 

Effectiveness 
Seepage Reduction 

(%) Benefit/Cost 

A-1 2.43 40-60 0.049 0.005 0.054 95 3.7 
A-2 2.52 40-60 0.050 0.005 0.055 95 3.6 
A-3 1.38 20-30 0.055 0.010 0.065 90 2.9 
A-4 1.05 10-15 0.084 0.010 0.094 90 2.0 
A-5 1.11 10-15 0.089 0.010 0.099 90 1.9 
A-6 1.03 10-15 0.082 0.010 0.092 90 2.0 
A-7 2.54 40-60 0.051 0.005 0.056 95 3.5 
A-8 1.92 40-60 0.038 0.005 0.043 70 2.9 

A-9 & A-10** 1.79 

N-1 4.33 5-15 0.433 0.010 0.443 40 0.2 
N-2 3.92 5-15 0.392 0.010 0.402 40 0.2 
N-3 2.64 1-5 0.880 0.010 0.890 90 0.2 
N-4 2.64 1-5 0.880 0.010 0.890 90 0.2 

N-5 Invert 1.74 40-60 0.035 0.005 0.040 40 2.1 
N-5 2.00 40-60 0.040 0.005 0.045 70 3.2 
N-6 2.20 40-60 0.044 0.005 0.049 70 3.0 
N-7 2.14 40-60 0.043 0.005 0.048 70 3.0 
N-8 2.14 40-60 0.043 0.005 0.048 70 3.0 
N-9 2.07 40-60 0.041 0.005 0.046 70 3.2 

T-1 
T-2 
T-3 

1.70 
2.16 
1.40 

5-15 
10-15 
10-15 

0.170 
0.173 
0.112 

0.010 
0.010 
0.010 

0.180 
0.183 
0.122 

40 
90 
90 

0.5 
1.0 
1.5 

N 
0 
~ 

..
* An average of the durabthty range was used for the B/C analysis 

** Removed at District's request - No analysis 



Table 20.-BenefiVCost Analysis- continued 

Test 
Section 

Const Cost 
($/ft2) 

Durability 
Range* 
(years) 

Annualized 
Const Cost 

($/ft2-yr) 
Maintenance Cost 

($/ft2-yr) 
Total Cost 
($/ft2-yr) 

Effectiveness 
Seepage Reduction 

(%) Benefit I Cost 

0-1a Buried 
0-1b Buried 

0-2a Exposed** 
0-2b Exposed** 

0-3a 
0-3b 
0-4 
0-5 

0.82 
0.87 
0.76 
0.81 
0.84 
0.87 
0.78 
1.51 

20-40 
20-40 

15-20 
15-20 
10-15 
20-30 

0.027 
0.029 

0.048 
0.050 
0.062 
0.060 

0.005 
0.005 

0.010 
0.010 
0.010 
0.010 

0.032 
0.034 

0.058 
0.060 
0.072 
0.070 

95 
95 

90 
90 
90 
90 

6.1 
5.8 

3.2 
3.1 
2.6 
2.7 

LA-1 1.37 
1.19 

20-30 
20-30 

0.055 
0.048 

0.010 
0.010 

0.065 
0.058 

90 
90 

2.9 
3.2 

J-1 1.53 20-30 0.061 0.010 0.071 90 2.6 

F-1 0.90 15-20 0.051 0.010 0.061 90 3.0 

TF-1 1.43 10-15 0.114 0.010 0.124 90 1.5 

L0-1 0.99 15-20 0.057 0.010 0.067 90 2.8 

BU-1a 
BU-1b 

1.26 
1.12 

20-25 0.056 
0.050 

0.010 
0.010 

0.066 
0.060 

90 
90 

2.8 
3.1 

81-1 0.83 15-20 0.047 0.010 0.057 90 3.3 

Underliner 

Maintenance 
Concrete + GM 
Concrete 
ExpGM 
Liquid Applied 

0.54 

0 
0 
0 
0 

40-60 

-
-
-
-

0.011 

-
-
-
-

0.000 

0.005 
0.005 
0.010 
0.010 

0.011 

0.005 
0.005 
0.010 
0.010 

25 

47.5 
35 
45 
45 

4.7 

19.6 
14.5 
9.3 
9.3 

N 
0 
Vl 

..
* An average of the durab1hty range was used for the B/C analys1s 

** Buried after 2 years - No analysis 



cover, and concrete alone. Each of these alternatives has advantages and disadvantages, and is discussed 
in further detail below. In addition, the B/C ratios of a couple of options are discussed, including 
installation of the geomembrane underliner component and perfonning annual maintenance. 

Exposed Geomembrane-HDPE (A-3), Hypalon (A-5 and A-6), and Teranap (L-1 and J-1) are types of 
exposed geomembranes. These exposed geomembranes have favorable B/C ratios in the range of 3.0 to 
3.9. They are relatively easy to construct and can be installed by irrigation districts with their own 
equipment and labor. They can be installed without significant overexcavation and with minimal loss of 
freeboard. Exposed geomembranes show promise for some special applications such as lining of existing 
steel flumes (test section F-1). The biggest disadvantage is the risk ofmechanical damage (anitnal traffic, 
maintenance equipment, vandalism, etc) as well as environmental damage from UV light. Also, exposed 
geomembranes can have uplift problems if not ballasted in the invert. High velocities seem to compow1d 
uplift problems. Finally, exposed geomembranes are often poorly maintained because of the district's 
lack of experience with these materials~ and the special equipment sometimes needed for repairs (such as 
an extrusion welder for HDPE and PP). 

Concrete alone-RCC with shotcrete side slopes (N-5), shotcrete alone (N-6, N-7, N-8 and N-9), and 
grout-filled mattress (A-8) are examples ofhow concrete can be used alone. These concrete liners have 
favorable B/C ratios ranging from 3.0 to 3.2. Concrete provides a hard durable surface that is resistant to 
mechanical damage. District personnel are familiar with concrete and can easily perform the required 
maintenance. The only disadvantage is that concrete cracks over time, and the long-term effectiveness is 
only about 70 percent. 

Geomembrane with Concrete Cover-A variety of geomembranes and concrete covers, including 
shotcrete over PE (A-1 ), shotcrete over PVC (A-2), and grout-filled mattress over PVC (A-7), are found 
in their group. These lining alternatives have favorable B/C ratios ranging from 3.5 to 3.7. These linings 
offer the highest effectiveness (95 percent) because the geomembrane provides the water barrier and the 
concrete protects the geomembrane from mechanical damage and weathering. Maintenance requirements 
are virtually identical to concrete alone. 

Geomembrane Lining of Steel Flumes-Liquid Boot (T-3) and PP (F -1) are in this group. These lining 
alternatives for existing steel flumes have favorable B/C ratios ranging from 1.8 to 2.7. The PP 
alternative is an exposed geomembrane and may be difficult to maintain because of the need for an 
extrusion welder for patching. Liquid Boot is the only spray-applied membrane that is still in service. 
Steel flwnes may be a specialty niche for this type ofproduct. Surface preparation by sandblasting of the 
steel flume (T-2) has not proven cost effective because the expensive sandblasting did not improve 
performance over brooming (T-3). 

Spray-applied Geomembranes-This group includes sprayed-in-place foam (N-1 and N-2), coated 
geotextile (N-3 and N-4), and Liquid Boot over existing concrete. These spray-applied membranes have 
unfavorable B/C ratios ranging from 0.2 to 0.5. Problems with field fabrication of these spray-applied 
membranes make them a poor choice except, perhaps, for special applications such as lining of existing 
steel flumes as discussed above. 

Geomembrane Underliner-B/C analysis allows for the evaluation of some of the individual 
components of a lining alternative. The addition of the geomembrane underliner to a concrete lmer has a 
favorable B/C ratio of about 4.8, showing that the small additional one-time cost of the geomembrane 
yields big benefits by raising the effectiveness from 70 percent up to 95 percent. 

Buried GCL-This study suggests that buried GCL' s have very favorable benefit-cost ratios of about 6; 
however, these results are very preliminary as the GCL's have only been in service about 2 years. Also, 
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the GCL is the only buried geomembrane included in this study and the reported costs might not be 
directly comparable to exposed geomembranes and geomembranes with concrete cover. Specifically, 
costs associated with over-excavation and flatter side~slopes have not been included for the buried GCL 
test sections. 

Maintenance--During the 1 0-year study period, the maintenance requiren1ents of all the alternatives 
have been quite low ($0.005 to $0.010 per ft2/year). However, this small amount of annual maintenance 
has a large effect on durability and effectiveness. Tbis study suggests that annual maintenance can double 
the service life ofall the alten1atives. B/C analysis shows that every dollar spent on 1naintenance can 
return $10 to $20 in conserved water. The benefits of annual maintenance cannot be overstressed! 

Sensitivity Analysis-The B/C ratios are estimates based on numerous assumptions and input 
parameters. The B/C ratios are directly proportional to the value of conserved water, effectiveness, 
durability, and preconstruction seepage rates and inversely proportional to construction costs. Therefore, 
changes in any of these parameters would cause proportional changes in all the alternatives but would not 
change any of their relative positions. Maintenance costs have been low for all the alternatives and 
therefore have minimal effect. 
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CHAPTER 6 
CONCLUSIONS 

1. 	 Tirree types of canal linings (concrete, exposed geomembrane, and concrete with 
geomembrane underliner) showed favorable B/C ratios in the range of 1.9 to 3.7 (table 21). 

Table 21.-Benefit/Cost ratios of four types of canal linings 

Type of Lining 
Durability 
(years) 

Maintenance 
($/ff/yr) 

Effectiveness 
(percent seepage 

reduction) 8/C 

Fluid-applied 
Membrane 

10- 15 yrs $0.010 90% 0.2-1.5 

Concrete alone 40-60 yrs $0.005 70% 3.0-3.5 

Exposed 
Geomembrane 

10-25 yrs $0.010 90% 1.9- 3.2 

Geomembrane with 
Concrete Cover 

40-60 yrs $0.005 95% 3.5-3.7 

2. 	 Each of these linings has advantages and disadvantages. The geomembrane with concrete 
cover offers the best long-term performance. 

a. 	 Concrete-Concrete has excellent durability but only 70 percent long-term 
effectiveness. Irrigation districts are familiar with concrete and can easily perform 
required maintenance. 

b. 	 Exposed Geomembrane-Exposed geomembranes have excellent effectiveness 
(90 percent), and the lowest initial construction cost. However, they are susceptible to 
weathering and damage from anilnal traffic, construction equip1nent, and vandalism. 
Also, irrigation districts cannot readily 1naintain exposed geomembranes because they 
are not fatniliar with geomembrane tnaterials and the special seatning equipment 
needed to perform repairs. 

c. 	 Concrete with Geomembrane Underliner-The geomen1brane underliner provides the 
water barrier and the concrete cover protects the geomembrane from mechanical 
damage and weathering. The system effectiveness is estimated at 95 percent. The 
irrigation district can readily tnaintain the concrete cover but does not have to maintain 
the geomembrane underliner. 

3. 	 New Test Sections-The authors are hesitant to draw too many conclusions regarding some 
of the newest test sections. While some of these test sections look very promising, more time 
is needed to evaluate them. These test sections include: 

Buried GCL (test section 0-1) 

Exposed EVA geocomposite (test section Bl-1) 
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Exposed white HDPE (test section BU-1) 

Exposed metallized PE (test section L0-1) 

Exposed, wet-applied, polyurethane geocomposite (test section TF-1) 


4. 	 Maintenance--Through 10 years, maintenance costs have been relatively low for all the 
lining alternatives. Generally, exposed geome1nbranes require about twice the maintenance 
of concrete linings ($0.0 10 vs. $0.005/ff/yr). For all lining alternatives, B/C analysis shows 
that every $1 spent on tnaintenance returns $10 to $20 in conserved water by increasing 
effectiveness and design life. Therefore, more emphasis should he placed on maintenance. 
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CHAPTER 7 

FUTURE STUDIES 


The 34 test sections range in age from 1 to 10 years. Reclamation plans to revisit these 34 test sections in 
another 3 to 5 years to further assess their performance, especially the newest test sections, which have 
only been through one or two irrigation seasons. 

1. 	 Additional Test Sections-Reclamation will continue to collaborate with manufacturers to 
construct additional test sections to evaluate new materials and techniques. New test sections 
being considered include Polyacrylamide (PAM), Soil Cement, and bottom-only lining. 
Reclamation is pursuing a cooperative agreement with Denver Water to construct these test 
sections on Denver's Highline Canal. 

a. 	 PAM is a spray-applied polytner emulsion than can be applied at very low unit costs. 
PAM acts as a flocculent and forms a "sli1ne" layer on the canal invert. This layer of 
polytner sli1ne and flocculated soil particles fonns a seal on the canal prism, 
significantly reducing seepage. The effects of PAM are somewhat temporary, and 
PAM is usually re-applied once or twice a year. The Uncompaghre Valley Water Users 
Authority (UVWUA) has been experimenting with PAM, and Reclamation will be 
assisting UVWUA with a scientific analysis of PAM costs, effectiveness and durability. 

b. 	 Soil Cement is created in the canal prism by in-situ mixing the canal native soils with 
cetnent and water. Reclamation is pursuing a cooperative agreement with PCA to 
research this material. 

c. 	 Bottmn-only lining consists ofplacing a geomembrane on the canal invert and covering 
it with 6 to 12 inches of soil. The side slopes are left unlined. Pervious research has 
shown that bottom-only lining can be 20 to 50 percent effective. Bottom-only lining 
can be cost effective because the bottom is the easiest part of the canal to line. Bottom­
only lining is also aesthetically pleasing because the geomembrane is buried in the 
invert and not visible from the canal bank. 

2. 	 Repairs-The irrigation districts often do not have the equipment or expertise to perform 
repairs on the exposed geomembrane test sections. Reclamation has purchased a small 
hot-air welder to loan out for making repairs. This small, hand-held welder is suitable for 
small repairs on most of the exposed geomembranes, including HDPE, LLDPE, PP, and 
PVC. 

3. 	 Addition costs comparisons - to help compare the materials in this study with other lining 
alterations, additional cost comparisons are needed for traditional lining materials, such as 
buried pipe and buried geomembranes. 
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Tulelake Irrigation District - The First 

Klamath Falls Field Office was the first Reclamation office to prepare gemnembrane canal-lining 
specifications using this study as a guide. Tulelake Irrigation District (T.I.D.), which is located in the 
Kalamath River Basin on the Oregon - California border, was declared in extre1ne drought conditions 
during the summer of2001 and did not receive its allotment of irrigation water for that year. To ease the 
water shortage, irrigation wells were drilled and the water pumped into the canal for delivery to the 
ranchers. The cost for this water to the Bureau was from as low as $20.00 per acre foot to as high as 
$55.00 per acre foot. The average cost was $37.50 per acre foot. T.I.D. has a two tiered pricing plan. If 
irrigation water is delivered as it has been in the past, the rancher would pay an average cost of $14.00 per 
acre foot. 

T.I.D. recognized that water losses due to seepage were a problem. The M-2 Lateral diverts water from 
theM- Main Canal. Because of the drought in this region, T.I.D. approached Reclamation for assistance 
with lining a portion the M-2 Lateral. The portion of the lateral that T.I.D. wanted to line was 2.3 miles 
long, and had a cross section of about 26 feet. 

The Klamath Falls Area Office contacted the Pacific Northwest Regional Office Water Conservation 
Center for assistance. Reclamation met with T.I.D. representatives and convinced them that a 
geomembrane lining material would work and told them that Reclamation would put out a specification. 
Materials and training for installation would be provided by the material supplier, and the canal 
preparation and the labor for installation would be furnished by T.I.D. It was determined by the 
Procurement Branch in the Mid-Pacific Region that the appropriate way to bid this job would be to use 
the Simplified Acquisition Procedures. The job description was written and advertised in the Commerce 
Business Daily. (See appendix F, which includes the notice, the questions asked after the site visit, and 
sample evaluation sheets.) A site visit was held after release of the advertisement, and questions and 
answers were fielded at the end of the visit. Nine companies attended the site visit. In all, 12 companies 
bid on this job. Jim's Water Gardening, of Salem Oregon, was selected to do the work. The 
geomembrane proposed was a 45-mil EPDM manufactured by Firestone Building Products. Before the 
material arrived, T.I.D. began preparing the canal using their equipment. When the material arrived at the 
site, T.I.D. was ready to begin the installation. T.I.D. had about 10 employees, included the heavy 
equipment operators, available for the installation. When the installation started, T.I.D. was given 
instructions on how to place the material and seam the panels together. T.I.D. completed the job in about 
4 weeks. (This included time that was needed to fix another problem that had occurred). 

Reclamation made an assessment of the seepage rate and the B/C ratio for this job. The average seepage 
rate for this area was estimated to be about 0.65 fe/ff/day. If the cost ofwater for T.I.D. was $14.00 per 
acre foot, the B/C ratio was about 1.4; however, if the cost ofwater was $37.50, which was the current 
market price, the B/C ratio would be 3.6. 

Canal Lining Costs for Tulelake Irrigation District M-2 Lateral 

Lining Material Subgrade 
Preparation and 

Geomembrane Geotextile Shotcrete Other Cost Installation Total 
Description $I tf $I tf $I ft2 $I ft2 $I ft2 $I ft2 

Exposed 45-mil EPDM $0.27 $0.09 $0.11 $0.47 
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Tulelake Irrigation District 
Exposed 45-mil EPDM Geomembrane 

Photograph 1.-M-2 Lateral before lining. 

Photograph 2.-M-2 Lateral after shaping. 
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Tulelake Irrigation District 

Exposed 45~mil EPDM Geomembrane 


Photograph 3.-Geotextile in place and the geomembrane being place over it. 

Photograph 4.-Tulelake Irrigation District personnel pulling the lining material up 
the side slope. 
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Tulelake Irrigation District 

Exposed 45-mil EPDM Geomembrane 


Photograph 5.-T.I.D. personnel seaming the panels using a solvent and a 6-inch 
wide tape. 

Photograph 6.-View of one of the cutoff trenches. Concrete was placed in the 
trench dry. As water gets in the bag, the concrete hardens and acts as an 
anchor. 
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Tulelake Irrigation District 

Exposed 45-mil EPDM Geomembrane 


Photograph 7.-View of the cutoff ditch around a turnout structure. The same 
procedure was used here as in photograph 6. 

Photograph a.-Completed geomembrane installation. 
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APPENDIX A 

New Test Sections 

Material Data Sheets 


Exposed 40-mil Wet-applied Polyurethane Geocomposite 

Liquid Polyurethane Resin 


Geotexti1e is Typar 3301 non-woven spunbonded polypropylene geotextile 


Exposed 45-mil Reinforced Metallocene (mPE) 


Exposed 160-mil Coletanche NTP 2 ES 


Exposed 60-mil White Textured HDPE 

Geotextile is a 1 0-oz needle-punched nonwoven (Synthetic Industries 1071) 


Exposed 20-mil EVA Geomembrane 






TYPAR®® 3301 Non-Woven Geotextile 

PROPERTY TEST METHOD MARY 

Grab Tensile Strength (tbs} ASTM 04632 120 

Grab Elongation(%) ASTM04632 60 

Trapezoid Tear (lbs) ASTM 04533 35 

Puncture (lbs) ASTM 04833 25 

Mullen Burst (psi) ASTM03786 90 

Permittivity (sec· 1) ASTM 04491 0.8 

Permeability (em/sec) ASTM 04491 0.02 

A.O.S. (U.S. Sieve) ASTM 04751 50 

UV Resistance @500 hrs (%) ASTM 04355 70 

Mass/Area (Typical)(oz/sy) ASTM 05261 3.0 

Water Flow Rate (gpm/ft2) ASTM 04491 50 
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Specifications 
k............................ 


English 

Reinforced Metallocene (mPE) 

SellOfs mPE is a reinforced flexible polypropylene geomembrane produced from first quality resins. Serrot mPE contains aweft-inserted, 
polyester scrim reinforcement, which enhances tear aoo puncrure resistance witt'K:lut reducing environmental stress crack resistance. 
Such properties make mPE ideal for floating covers aoo any applications requiring exceptional support in high-tensioned areas. mPE 
geomembranes are very flexible, durable, and have been formulated to be resistant to chemicals, ultraviolet degi'OOatioo, and aging. 
mPE is formulated to be welded directly to HOPE or LLOPE. Serrot mPE is manufactured in black/black and tan/black. 6,7 

Property Test Method Frequency1 RPP36 RPP45 

Thickness (nominal)2 (mils) 
Thickness (minimum)3 (mils) 0751/05199 per roll 

36 
34 

45 

41 


82 Weight per Unit Area (g/s~ 05261 50,000 SF 68 

Tensile Properties 
• Grab Strength (lb/4") 
• Grab Elongation (%) 

0751 50,000 SF 
225 
22 

250 
22 

Tear Resistance4 (min. ave.) (lb) 05884 (2 ipm) 50,000 SF 

50,000 SF 

65 

20 

65 

20 Ply Adhesion4 (lb or FTB) 0413 

Puncture Resistance (min. ave.) (lb) 04833 
FTMS 1018/ Method 20315 

01204 

0751 
Method A, Proc. 1 

50,000 SF 
Certified 

Resin Batch 

Certified 

85 
200 

±1.0 

300 

-400F 

90 
250 

±tO 

350 

-40oF 

5,000 

5,000 

Dimensional Stability (max)(%) 

Hydrostatic Resistance (psi) 

Low Temp Flexibility 02136 
1/8" Mandrel, 4Hrs 

Certified 

Stress Crack Resistance (hrs) 01693 Certified 

Certified 

5,000 

5,000 UV Resistance (hrs) ouv 

Reinforcing Scrim 9 x 9, 1000 denier weft-inserted polyester for all material thicknesses 

1Testing frequencies are rounded to the nearest fuN roll. 

2Nominal thickness is based oo no ooupon being less than 10% under specified thickness. Average thickness may be less than specified thickness. 

:!Minimum thickness iS based on average thickness being equal to or greater than specified thickness 

4peak value. 

5FTM$101b has been replared with 04833. Value shown for comparison purposes only. 

5RPP blacklblack and tan/block is available in accordance with ANSI/NSF 61 standard and can be used for both potable and industrial applicatloos. 

7Allow four (4) months lead time to fully evaluate tong term UV resistance of the color. 


Thl:l information wntained herein hs:s been compiled by Serrot lntemation&l, Inc. INicl is, to the be8l of our knowledge, true IJild sa:utl!le. This inlbnnalion is otfet&cl wittlout 
W8mlll/y. Finlll dctooninetion of suitability kx use rontempillled is the soJe responsibility of the user. Tttis infonnelion is svbjecl lo ch8nge without notice. RPPE 10/2.5100 

Corporate HeadqUIIrtl!lr&: 125 C8S5la Way • Henderson, NY 89014 • 702·566-8600 • Fax: 702·566·4739 

Toll Free: 80Q-237-1n7 M§PIF§iil!id.l,* 

224 



ENBJ. -RICERCA -Polo ldraul/co e St.rutturale AJJegato3 

Laboratorio rene, Rocce e Materiali Speciali 

TESTS ON BITUMINOUS GEOMEMBRANE Coletanche NTP 2 ES 

Type of test 
and measured properties 

Standard Unit Test 
results 

Mass per unit area 

Mass per unit area 

ASTMD5261 

~ 5306

Nominal thickness 

Nominal thickness at 20 kPa 

ASTMQS199 

mm 4.41

Tensile 

Longi!ucJ!nal direction 
Break~lh 
Strain at break 

TranSWNSal t:fnctJon 
Break~lh 
Strain at break 

ISO 1421 

kN/m 
% 

kN/m 
% 

26.6
61.7 

20.5 
69.3 

Tear 

Lgngitudinal directiOn 
Tear resistance 
Transvetsal di!ection 
Tear reslstance 

ASTMD751

N 

N 

164

181

Static puncture (CBR method) 

t=f:n~~Wation 
EN ISO 12236

kN 
%

3.6 
4.2 

Dimensional stability 

LppgiludinaJ direction 
Size variation 

TflJI1$Vfii'SIJ} direction 
Size variatiOn 

ASTMD1204

% 

%

~ 0.12

• 0.02 

Cold bending 

~8f18ernuy::j rJitection 
Lowest temperatue (•C) to wrap on a mandrel (+ 20 mm) 
Bottom fecEi 
Lowest temperature rC) lo wrap on a mandrel (+ 20 mm) 

Transversal direction 
Upper face 

Lowest lemperature rc) lo wrap on a mandrel C+ 20 mm) 

BoltlJm factj 
Lowest temperature (°C) to wrap on a mandrel C+ 20 mm) 

UNI8202115 

oc
oc

oc 
·c .

-25 

·15 

-25

-10 

Water vapour transmission 

~ooeflDent 
ASTM E96 

glm-. 24h 
mls

0.155 
3.66 X 1Q-14

ENS. 
RJCERCA- POLO IDRAUUCO E STRUTTURALE 


NUCLEO TERRE,. ROCCE E TECNOLOGIE COSTRUT71VE 


)(/~~· 


225 



GSE White Textured· 
Light Reflective, Textured HDPE 

t
Geomembrane 

GSE White Textured is the textured version of GSE White~ It is a high quality, 
high density polyethylene IHDPE) geomembrane with one or two coextruded, 
extured surfaces. It has a UV-stabilized, white upper surface that is approximately 
3 mils 10.125 mm) thick. This Ioyer is port of the total thickness, the remainder of 
which is a carbon black stabilized primary Ioyer. The light reflective surface 
improves detection of post-installation damage and reduces heat buildup on the 
liner by reflecting solar energy. Reducing liner temperature leads to fewer wrinkles 
and less subgrade desiccation. This textured product provides enhanced interface 
friction with adjoining materials. 

TESTED PROPERTY TEST METHOD MINIMUM VALUES 
Thickness, mils (mm) ASTM D 5994 36 (0.91) 54 (1.4) 72 (1.8) 

Density, glcm3 ASTM 0 1505 0.94 0.94 0.94 

Tensile Properties (eac;h direction)' ASTM D 638, Type IV 

Strength at Break, lblin·width {N/mm) Dumbell, 2 ipm 60(11) 90(l6) 120(21) 

Strength at Yield, lblin-width (N/mml 64 (15) 130 (23) , 73 (30) 

Elongation at Break, o/o G.L = 2.0 in (51 mm) 150 150 150. 

Elongation at Yield, o/o G.L. ;; 1.3 in (33 mm) 13 13 13 

Tear Resistance, lb (N) ASTM D 1004 30(133) 45 (200) 60 (267) 

Puncture Resistance, lb (N) ASTM D 4833 72 (320) 108 (480) 144(641} 

Carbon Black Content', % ASTM D 1603 2.0 2.0 2.0 

Carbon Black Dispersion ASTMD 5596 Cat. 1 or 2 Cat. 1 or 2 Cat. 1 or 2 

Notched Constant Tensile Load', hrs ASTM D 5397, Appendix 400 400 400 

REFERENCE PROPERTY TEST METHOD NOMINAL VALUES 
Thickness, mils (mm) ASTMO 5994 40(1.0) 60(1.5) 80 (2.0) 

Roll Length (appro~imate), ft (m) 730 (223) 420(158) 400 (122) 

low Temperature Brittleness, <>F (tt) ASTM D 746, Cond. 8 .::-107 (<·77l <·1 07 (<-77} <-107 {<:-77) 

Oxidative Induction Time, minutes ASTM D 3895, 200 't >100 >100 >100 

Pure 0 2, 1 atm 

Dimensional Stability {each direction), o/o ASTM D 1204, 100 't, 1 hr t2 :t:2 :1:2 

GSE White Textured is avoilclbl. in rolls approximately 22.5 ft (6.9 m} wide and weighing about 3,700 lb (1,678 kgj. Other material thic:knes:se.s 

are available upon request. 

'The combination of stress concentrolions due to eoextrusion texture geomelry and the small specimen size rewils in large variation of test resulb. 

Therefore, these !ensile properties are minimum c!Veroge valves, 

2GSE White Textured may have an overall ash content greater them 3.0% due to the white lcryer. 

"Note: NCn is oonduct&d on representative smoolh membrone somples. 


This information i$ provided for reference purposes only and i! not intencMcl as a worronty or guorontee. GSE auume.s no liability in eonn.efion with 
the vse of thi& information. Check with GSE for cvrrenf, standard minimum qvality assuranClll procedures. 
*GSE ond other morn used in tnis dca.lment are tnxlen'ICII'b and tervice marks cl GSE' llnirg Toch,...!agy, Inc.; ce!1oin cl which -regisllllrad in 1he Uniled Slain and other <X>Unlries. 

a-tals -,./Afrtal a./Pad&
GSE....., ,......,, ..._ GSE ,.._. ,......, wH GSi Lll*lg r--., c...p.y Ltd. 
19103 Gmlle Rood Bultehuller Strasse 111 IIASUMr 555, 26lh FbK 
HIIIISlllll, lX 77013 0.21037ikttttllurg Phcddyadin RGIIIII, l.t,. o..tuchai: 
U5J.. Gemlttty lai9Dkl0900 
Phone: 281-443-8564 Pllune: 49-40767420 lboiiGnd 

BOD-43S-2oos Fax: 49-40-7m233 Phone: u..2-n1-0o91 
fax: 281-236-3650 Fax: 66-2·937-8097 

Represented by: 

For environmental lining solulions••.tbe world comes to GSE. ~ 
AGundle/SLT Environmenltll, Inc. Compony 

OS 015 R0519100www.gsewadd..m111 
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£smTHeT1CINQUSTRJES 
S110=~~~~~ 

SY.NTI{ETIC INIJUSThn:S .. GltpSVN'tilE'flC PRQDVCI'S DIVISION 
GEO'fEX"M NONWOVENNE"EDL&PlJ.NQ;IED STA'PI.E FIBER SPECJ.FlCAnONS 

(FOR GPD IN'f;EilNAi. t!SE ONLY) 

GEO'fEXTW 1071 ~E01"EX"Y 1101 

Pl\ysital P1·operlies Typicl\l1 

! 
Mass Per thili. An:a A$1UDSl61 ~~(Jim~) 9.6.(Jl5) Hl.O (335) 10:8 (365) tO..O (llS) 10.3 {345) 11.0(370} 

; 

~ AS1MD5199 miJ11}11111) : !I.S(.l;_<l) lOS(16). liO,l.O) JOO (1.5} 110(l.7) llS(J:t) 

TrmUc &ieo'* lt~D46ll Jb(Hj . !•5.(1090} 260(115Sl .3BS(U65J 260(U,5) 275(1220) :!00-(IJJS} 

StoaptioD A$PMD~ % 5& ~ tiO Sl) so riO 

T~daJl"ew AS1'MD4Sll U.~(N) 90(.400j l&Oi#Sl li1 (SIO) 105 (46S) U.O(SlO) 
"' ((i()) 

Mullen Burst A8"t.MOJ116 p~~·> : 48$·@_340) .$2o (!"Sao} $l5(l89Sl SOO{l<!4S) 535{36.5) 585(4030) 

~SifaJ&IIi A.,t'MD4Sli '~"(N) ' lio(fSS) l8Q{Ill6-) 100(.890) l51l(66f) 170(755) I9B(B4S) 

A,OS ABJ:MtwiJ:tl us Sie¥1:1 (llllli) - JOO.((J.J!JQ) 100.(9..1$9) 120 (IJ.ll!i) I 00 :(0. Ui>) 100(0.1$0) tzO(O.tiS) 

1'~ AS1J.HloM!U -=·t da u u nlil l.l 1.4 

Pcmlllability A$T.Mll4d14 cmllt1l ~ -O.jQ 0.40 at.a 0.30 0.40 

fhwJlalo A&Tt!it)4491 Jpa,ID J (ljnrJm ~ nfa U{J(60) 100(-4070) rifD 8S{:W60) 100(41170) 

UVRai-= AS'r.M:lHJJS "Rctllined Jtla· 10 ~a Wil 10 Dlt' 

Wid& Widlll rasile .. AS'01D45'5 _lbf~<kN/m) 10~(1.&.3) lls-(21.8) ala IOS(IU} 125(21.8) ~· a, • • 

;


JflfiiE 

t. T~·~llla..,....•••ouclw~'-"*~ Or~*ll()ll~~mu__,.._~. _ . _ . . . 
1 lWlV~~&'*Wflllllwlati'Jflit'il..,...!!i~.....-lb........... ~.tl,.._af1.>~......r~llwl_..,..,..tm.e-'llllliY_.,..ttfle-d 

"J, :.:::c.~toftllllet•tht-llliiaiJ---.........~~~~~J.,..,.~.,~-1....tllt!ll'iil•q!liiDJ~~..dilri,lllio~"\lii'qilni.

.4. Amtb+lthlll&:iol-'illt~~·t;;W.._.....~~- l ...

'· ...~~--~··· . .. . . 
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COMPOSITION: 20 mil EVA Geomembrane 

PRODUCT STYLE: GC-8208VA 

PHYSICAL PROPERTIES 
PROPERTY TEST ME'fHQD UN.liS llAlJJE S I. VALUE S I UNIT~ 
Weight ASTM D~3n6 ozJyd2 40 1333 gm/m2 

Thickness 	 ASTM 0-5799 mils 200 mm 

Grab Tensile 	 ASTM 0-4632 tbs 500 KN 

Grab Elongation 	 ASTM 0-4632 % 150 % 

Wide Width Tensile ASTM D-4595 fib/in 

MD 
 21.06 KN/m 

TO 28.02 KN/m 
----

~ . -
Puncture Strength 	 ASTM D-4833 lbs 1.56 KN 

Puncture Strength• 	 FTM 101 B lbs 450 1.973 KN 

METHOD2031 


Trapezoid Tear 	 ASTM 0-4533 lbs 125 0.556 KN 

Mullen Burst 	 ASTM 0-3786 psi 700 47.95 KPa 

ENDURANCE PROPERTIES 

Abrasion Resista_nce- _ASTM Q:-4~~f332 % 70 70 


U.V. Resistance .. 	 ASTM D-4355 % 70 % 

Peel Strength 	 ASTM D-4545 lbs nla nla KN 

STD. ROLL PUTUP 

LENGTH
\WliH 

n/a 	 n/a 

I 'i7R&'?\ 
GsoComp 

\ I\:s£tt? 
~eaCcunp, Inc. 

PRODUCT SPECIFICATION 

­

The information ccntainec:t herein is olfered tree rt Charge, lind is, to our bell knoMedge, true and accurate: 

hDWell'el", all recommendaHons or suggestions are made without guarantee, since the condilian$ or use are 


beyond our control. There iS no 8lt',pressed warranty and no implied wai'J'llnty or merchantability or of fllness 


for purpose r:l the product or products described herein. In submitting this infonnal.ion, no liabBily is assumed 


or li:::ense or ather rights implied giYen with rasped lo any existing or pending patent, patent appHcatlons or 

tractemam. The observ.mces; af an legal regulations and patents am lbe 11i15Ponsibilily af the user. 

P.O. Box 2642, Shelby, NC 28151 
Phone: (704) 480-7688 FAX; (704) 480-9868 Toll-Free: [800) 846-9446 

228 




,,~~..... ·~~' 

LCtT NUi'1BER. NO. 4-0b CUSTOMER BITTER ROOT IRR 
F ~CT CAN~:L LINING PF:;DiJUCT GC-8208 

T1ETHOD ASTMD 4833 PrtOEE 5/ j 6" FLAT TIP 

Te=t ID 00014576 Specimen Area 0~000154(10 In"2 

Pe,ak Load 361. (l Lbs Valley Losd 1 ..0 Lbs 

Peak Position 1.902 In Valley Position -0.188 In 

Peak Stress 2344000 PSI Va !ley Stress -6(100 PSI 

Test Time 00~00:43 

LOf l'iUI"'JU:R 
PROJECT 
TES f "ETHOl\ 

458] 

368 

"' __Jf; 
"II....,. 
~ 

j'II 

-; 

1981~ 
0 

"' ., 

98 

Te.s t. !B 001:U4S7G 

NO. 4€16 
CA~AL LI~lMG 

ASTI'!'D" 4833 

/ 
I 

1.Ml' 

CUSf0rt£'R 
PRonucr 
PiDB:E 

I 
I 

2.4@ 

PosHicn (b) 

I 
3.2~ 

IU TTER ROOf li!R 
Gc-aa&s 
5'/16" FLAT f!P 
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t'""'""':""....,, NUr"l9E?. NO. 406 CUSTOMEP, BITTER ROOT IRR 
::cT CANA.L LINING PRODUCT GC-8208 

METHOD ASTMD tt,833 PROBE 5/16" FLAr rrr:­

T2-st ID 00014581 Specimen Area 0.0()015400 In""2 

Pea.k Load .344.0 Lbs Valley Load 0.1) Lb~ 

Peak F·osi t ion 1.855 In Valley Position o.ooo ·In 

F·eak P.SIStr·ess 2234000 PSI Valley Stress 0 

Test Time 00:1)0:20 

iu f. JD 0f!HH4581 

LIJ'f NUI'tlEI! NO. 466 CUSTOMER JI frEi ROOf IRR 
FR:OJECf CANAL LlNlNG PRODUCT GC-82.68 
TEST l'fETHOD AS.~r.tn 4BJ3 PiOSE ~/16" rL.Af 1'lP 

-------------­

4~i8 

368 

... 
;,\ 

·;t­ 2VI!!
Ill ... 

o; 
~ 1860 
.l 

510 

i I
I

·.r'"I.1 
I I I I 

0".80 1.6~ 2.48 .:.L28 4.1ittl 

Position ( Ir.) 
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Appendix B 

Laboratory Test Results 


Bayer Laboratories 






Ditch liner Geotextile/Polyurethane Composite 

Polyurethane 
Isocyanate Component A 

Vlscosity @25Q C mPa.s 180 
Density @25°C g/mf 1.24 

Polyol Component B 

Viscosity@ 25°C mPa.s 299 
Sp. Gr. @ 2s•c 1.004 

Stoichiometry & Processing Parameters 

Mix Ratio 
A·Side . g 41.3 
B-side g 100 . 

Gel Time adjustable 

Geo.~~~!!~.~~otyYrethane Composi~ 
Physical ~ropertias 

Tensile Strength psi 1300.2000 
Elongation o/o 45-65 
Puncture Resistance (max. load} lbs 60-75 
Die C Tear pli 400.500 
Split Tear pli 180 .. 240 
Peel Strength (concrete) lbslin a... a 
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Appendix C 

Laboratory Test Results 


Bureau of Reclamation Laboratories 






USBR Laboratory Testing ofDitchliner Wet-applied Polyurethane Geoc01nposite. 

Property Test Method Value Obtained Value 

(Ave. Rolled) Obtained 


(Ave. Um·olled) 


Tensile ASTM D 882 102.2lb 94.8lb 

Strena;th I inch srunples, 

2 ipm 

Elongation ASTM D 882 57% 58% 


Tensile ASTM D 882 2221.8 psi 1362.1 psi 

Stress 

Tensile ASTMD 638 18lb 16.95 lb 
Strength Type IV Dumbbell 

2ipm 

Elongation ASTMD638 34o/o 33% 

Tensile ASTMD 638 1555.3 psi 1001.7 psi 

Stress 

Seam Shear ASTM D 816 56.25 lb 

Seam Peel 

2ipm 

ASTM D 816 
2ipm 

1.32lb 

Thickness ASTMD 751 46 mils 70 mil 
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Appendix D 

Deschutes Canal-Lining Demonstration Project 


Coupon Test Results 






Deschutes Canal-Lining Demonstration Project 
80-mil Textured HDPE 

Table 0~1.-Above the Water~Line 

Physical Property Direction Mfr Published 
MARV 

USBR Test Results 

Virgin Aged %Change 

Yield Strength 
(lbs/inch) 

Machine 168 210 222 +6% 

X~Machine 213 + 1% 

Yield-Elongation 
(%) 

Machine 13 10 10 0 

X~Machine 10 0 

Break Strength 
(lbs/inch) 

Machine 46 233 198 ~ 15% 

X-Machine 152 -35% 

Break-Elongation 
(%) 

Machine 100 428 322 -25% 

X-Machnie 32 -93% 

Tear Machine 60 69 66 -4% 

X-Machine 66 ~4% 

Table D-2.-Below the Water-Line 

Physical Property Direction Mfr Published 
MARV 

USBR Test Results 

Virgin Aged %Change 

Yield Strength 
(lbs/inch) 

Machine 168 210 213 + 1% 

X-Machine 214 + 1% 

Yield~Eiongation 

(%) 
Machine 13 10 10 0 

X-Machnie 10 0 

Break Strength 
(lbs/inch) 

Machine 46 233 220 -6% 

X-Machine 197 ~ 15% 

Break-Elongation 
(%) 

Machine 100 428 416 -3% 

X-Machnie 328 -23% 

Tear Machine 60 69 67 -3% 

X-Machine 67 -3% 
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Deschutes Canal-Lining Demonstration Project 
30-mil PVC with Bonded Geotextile 

Table D-3.-Above the Water-Line 

Physical 
Property 

Direction Mfr Published 
Typical 

USBR Test Results 

Virgin Aged %Change 

Tensile 
(lbs/inch) 

Machine 121 82 105* +28% 

X-Machine 95 86 +5% 

Elongation 
(%) 

Machine 570 440 117 -74% 

X-Machnie 545 225 -49% 

100% 
Modulus 

Machine 81 44 105 + 138% 

X-Machine 87 81 +84% 

Tear Machine 29 32 + 10% 

X-Machine 22 33 +50% 

Low Temp 
Brittleness 

Pass@ -20°F Fail@+ 10°F > 30°F 

* Max1mum tens1le occurred at y1eld (54% elongation) - not at break 

Table D-4.-Below the Water-Line 

Physical 
Property 

Direction Mfr Published 
Typical 

USBR Test Results 

Virgin Aged %Change 

Tensile 
(lbs/inch) 

Machine 121 82 113* +37% 

X-Machine 95 96* + 17% 

Elongation 
(%) 

Machine 570 440 143 -68% 

X-Machnie 545 181 -59% 

100% 
Modulus 

Machine 81 44 113 + 157% 

X-Machine 87 96 + 118% 

Tear Machine 29 19 -34% 

X-Machine 22 35 +60% 

* Maximum tensile occurred at yield (approx 70 % elongation) - not at break 
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Deschutes Canal-Lining Demonstration Project 
45-mil Hypalon 

Table D-5.-Above the Water-Line 

Physical 
Property 

Direction Mfr Published 
MARV 

USSR Test Results 

Virgin Aged %Change 

Tensile 
(lbs/inch) 

Machine 250 297 347 + 17% 

X-Machine 333 + 12% 

Tear Orig 90 95 31 -67% 

After Aging 35 --­ 31 - 11 % 

Ply 
Adhesion 
(lbs/inch) 

Machine 8 8.6 +8% 

X-Machine 

Low Temp 
(-40 F) 

Machine Pass Pass 

X-Machine 

Table D-6.-Selow the Water-Line 

Physical 
Property 

Direction Mfr Published 
MARV 

USSR Test Results 

Virgin Aged %Change 

Tensile 
(lbs/inch) 

Machine 250 297 338 + 14% 

X-Machine 323 +9% 

Tear Orig 90 95 62 -35% 

After Aging 35 --­ 62 +77% 

Ply Adhes 
(lbs/inch) 

Machine 8 9.3 + 16% 

X-Machine 

Low Temp 
(-40 F) 

Machine Pass Pass 

X-Machine 
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Deschutes Canal~Lining Demonstration Project 
36-mil Hypalon 

Table D8 7.-Above the Water-Line 

Physical 
Property 

Direction Mfr Published 
MARV 

USBR Test Results 

Virgin Aged %Change 

Tensile 
(lbs/inch) 

Machine 200 280 277 -1% 

X-Machine 273 • 3% 

Tear Original 80 58 29 • 64% 

After Aging 35 --­ 29 -17% 

Ply 
Adhesion 
(lbs/inch) 

Machine 8 8.5 +6% 

X-Machine 

Low Temp 
(-40 F) 

Machine Pass Pass 

X-Machine 

Table D-8.-Below the Water-Line 

Physical 
Property 

Direction Mfr Published 
MARV 

USBR Test Results 

Virgin Aged %Change 

Tensile 
(lbs/inch) 

Machine 200 280 323 + 15% 

X-Machine 314 + 12% 

Tear Original 80 58 33 -59% 

After Aging 35 --­ 33 -6% 

Ply 
Adhesion 
(lbs/inch) 

Machine 8 8.4 +5% 

X-Machine 

Low Temp 
(-40 F) 

Machine Pass Pass 

X-Machine 
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Deschutes Canal-Lining Demonstration Project 
45-mil EPDM 

Table D-9.-Above the Water-Line 

Physical 
Property 

Direction Mfr Published 
MARV 

USBR Test Results 

Virgin Aged %Change 

Tensile 
(lbs/inch) 

Machine 50 57 60 +5% 

X-Machine 63 + 11% 

Elongation 
(%) 

Machine 500 614 452 -26% 

X-Machnie 423 -31% 

Tear Machine 9 18 9.5 -48% 

X-Machine 8.7 -52% 

Table D-1 0.-Below the Water-Line 

Physical 
Property 

Direction Mfr Published 
MARV 

USBR Test Results 

Virgin Aged %Change 

Tensile 
(lbs/inch) 

Machine 50 57 61 +7% 

X-Machine 61 +7% 

Elongation 
(%) 

Machine 500 614 488 -21% 

X-Machnie 419 -32% 

Tear Machine 9 18 8.9 -51% 

X-Machine 9.1 -49% 
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Deschutes Canal-Lining Demonstration Project 
30-mil LLDPE 

Table D-11.-Above the Water-Line 

Physical 
Property 

Direction Mfr Published 
MARV 

USSR Test Results 

Virgin Aged 0/o Change 

Tensile 
(lbs/inch) 

Machine 114 165 154 -7% 

X-Machine 151 147 -3% 

Elongation 
(%) 

Machine 800 698 704 + 1% 

X-Machnie 688 691 -a-

Tear Machine 16 23 21 -9% 

X-Machine 26 23 -12% 

Table D-12.-Selow the Water-Line 

Physical 
Property 

Direction Mfr Published 
MARV 

USSR Test Results 

Virgin Aged %Change 

Tensile 
(lbs/inch) 

Machine 114 165 149 -10% 

X-Machine 151 135 - 11 % 

Elongation 
(%) 

Machine 800 698 713 +2% 

X-Machnie 688 639 -7% 

Tear Machine 16 23 21 - 9 °/o 

X-Machine 26 22 -15% 
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Geosynthetic Research Institute ··~··· 

Drexel 
U N I V E R S I T y 

475 Kedron Avenue 
Folsom, PA 19033-1208 USA 
TEL (610) 522-8440 

FAX (610) 522-8441 

October 3, 2002 

Mr. Jay Swihart 
U.S. Bureau of Reclamation 
P.O. Box 25007, DFC Attn. D-8180 

Denver, CO 80225 


Re.: 1 0-year textured HDPE geomembranes 

Dear Jay, 

Enclosed please find the melt index (MI) and oxidative induction time (Off) results of three 
textured HDPE geomembrane samples which are coded as "T", "B" and "0". "T" refers to 
samples taken from above water line, "B" for below water line and "0" for the original. 

The MI values are largely the same after 10 year service regardless the exposure 
environment. However, we are surprise to see the small difference in the OIT values between 
samples from above and below water line. The OIT curves of "T" and "B" samples are 
significantly different. For the "T" samples, there is a long graduate increase in the energy 
followed by a strong exothermal peak. In contrast, the "B" samples exhibit a sharp exothermal 
peak We suspect that there are two types of antioxidants added to the geomembrane. One of the 
antioxidants has been gradually consumed during the 1 0-year service time. Overall, the textured 
HDPE geomembrane still contain fair amount of antioxidants and probably can maintain its 
mechanical property for another 10-years. However, it would be beneficial to have these two 
properties being evaluated again after 10-years. 

Ifyou have any questions, please don't hesitate to contact me. 

~lpo:, j 

[) ~/~~~ 


suan, Ph.D. 

Associate Professor 

Civil and Architectural Engineering 


cc. Dr. Robert Koerner 

Director of GSI 




Table 2 -Oxidative Inductive Time Test according to ASTM 03895 

Sample Code Test OIT 
(min) 

Avarage OIT 
(min) 

1 49.9 
47.1T 2 39.9 

3 51.5 

B 1 56.3 55.9
2 55.6 

0 1 69.6 73.1 
2 76.7 
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Table 2 ~ Melt Index Test according to ASTM D 

Sample: Bureau of Reclamation 

R ecor d e db y: J'1ngyu Zhang D a t e: A ug 16 02
' 

Sample Code Specimen Cut No. Mass (g) MFR (g/1 Om in) Average MFR (g/10min) 

1 0.08 0.13 
1--­ -­ ~----~--- --~,.·-~- -- ----·····-­

I 
-­ -

2 0.08 
- - ------­ -· ---­ -­

0.13 
--·­

T 
3 0.08 

1 0.08 
.... 

0.13 
0.13 

0.13 .... 
If 2 0.08 

--. 
0.13 

3 

1 

0.08 

0.08 

0.13 

0.13 
-I-· --­ ···-­

I 
1­

2 
1­

0.08 
,.. 

0.13 .. 

8 
3 

1 

0.08 

0.08 
-·-·--·~•N• 

0.13 

0.13 ..... 

0.13 
-~- ~-··-

II 2 
·-I­

0.09 
-

0.15 

3 

1 
- -­

0.08 

0.09 
-·······-~····--.· 

0.13 

0.15 

I 
-

2 0.08 0.13 
-

0 
3 

1 

0.08 

0.09 

0.13 

0.15 
0.14 

-­

II 2 0.08 0.13 

3 0.09 
-­ -­

0.15 
--­
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Sample: Bureau of Reclamation HOPE GM File: A:\BR HOPE T.OD3 
Size: 3.1000 mg DSC Operator. grace ­
Method: Oxygen Induction Time Run Date: 18-Sep-02 15:32 
Comment: Bureau of Reclamation HOPE GM 1Oyears _Top the waterline Instrument 2920 OSC V2.6A 

~ 
0
u:: 
(ij 
()) 

:c 

Exo Up lime (min) Universal V3.4C TA Instruments 

Sample: Bureau of Reclamation HOPE GM File: A:\BR HOPE T.002 
Size: 3.9000 mg DSC Operator: grace -
Method: HP-OIT Run Date: 15-Aug-02 14:53 
Comment: Bureau of Reclamation HOPE GM 10years _Top the waterline Instrument: 2920 osc V2.6A 

Exo Up Universal V3,4C TA Instrumentslime (min) 
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Sample: Bureau of Reclamation HDPE GM File: A:\BR HOPE T.004 
Size: 3.5000 mg DSC Operator. grace ­
Method: Oxygen Induction Time Run Date: 19-Sep.-02 09:46 
Comment: Bureau of Reclamation HOPE GM 10years _Top the waterline Instrument: 2920 DSC V2.6A 

Ei:xo Up Universal V3AC TA InstrumentsTime(min) 

Sample: Bureau of Reclamation HOPE GM File: A:\BR HOPE 8.001 
Size: 3.8000 mg DSC Operator: grace ­
Method: HP-OIT Run Date: 15-Aug-02 16:09 
Comment: Bureau of Reclamation HOPE GM 1Oyears _Below the waterline Instrument: 2920 DSC V2.6A 

Exo Up Universal V3.4C TA lmrt11.11llenlsTime (min) 
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Sample: Bureau of Reclamation HDPE-T GM File: A:IBR_HDPE_B.002 
Size: 3.7000 mg DSC Operator: grace 
Method: HP-OIT Run Date: 19-Aug-02 1 0:00 
Comment Bureau of Reclamation HDPE-T GM 10years _Below the waterline Instrument: 2920 OSC V2.6A 

ExoUp 

Sample: B. of Reclamation HDPE-T GM~orig File: 
Size: 3.8000 mg DSC 

A:\BR_HDPE_0.001 
Operator: grace 

Method: HP-OIT Run Date: 19-Aug-Q2 11:38 
Comment: Bureau of ReClamation HDPE-T GM_original Instrument: 2920 DSC V2.6A 

Time (min) Unrversal V3 4C TA lnotr\Jmant$ 

Time(min) Universal V3.4C TA lnstrumerJts 
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Sample: B. of Reclamation HDPE-T GM_orig File: A:\BR_HDPE_0.002 
Size: 3.8000 mg DSC Operator: grace 
Method: HP-OIT Run Date: 19-Aug-02 13:32 
Comment: Bureau of Reclamation HOPE· T GM_original Instrument 2920 DSC V2.6A 

Exo Up Univ•n>al V3.4C T A lnolrumenlo Time (min) 
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Appendix E 

Benefit/Cost Ratio 
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Benefit/Cost Ratio =B!C 

Benefit== B = E * S * I * V ($/ff-yr) 

Cost C =(KID) + M ($/ft2-yr) 

where 	 E Effectiveness(%) 
s Seepage rate= 1.0 ft/day = 1.0 ft3/ft2-day 
I Irrigation Season 180 days/year 
v Value of Water= $50/acre-ft (acre-ft =43,560 ft3

) 

K Construction Cost ($/ft2
) 

D Durability (years) 
M Maintenance Cost ($/frZ-yr) 

For Test Section A-1 

E Effectiveness 95% 
S = Seepage Rate= 1.0 ft 3/ft2-day 
I irrigation Season 180 days per year 
V Value of Water= $50/acre-ft 
Acre-ft 43,560 te 
K Construction Cost $2.43/ft2 


D Durability 50 years 

M = Maintenance Cost $0.005/ft2-yr 


Benefit= E * S *I* V 0.95 * 1.0 * 180 * 50 I 43,560 == 0.196 ($/ft2-yr) 

Cost= (KID)+ M (2.43 I 50) + 0.005 = 0.0536 ($/ft2-yr) 

BIC 0.196 I 0.0536 

BIC =3.66 
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Appendix F 

Tulelake Irrigation District 





Search Results (v2) http://frwebgate.access.gpo.gov/cgi-bin/multidb.cgi 

CBDNet 


CBD Search Results 

Click on the headline for the full-text of the notice. Click on the t5l to view the notice in a new window 
to help you compare two notices. 

Search Database: 

CBD Archive ofNotices 

For: "CANAL LINING MATERIALS" 

Total Hits: 40 

[I) 
CBD [Posted May 21, 2001): 84-.COLD WEATHER GEAR rSJ 

Size: 12881 bytes, Relevance Score: 1 000 

[2] 
CBD (Posted June 2, 2000]: A--MATERIALS PROGRAM 15! 

Size: 113 73 bytes, Relevance Score: 816 

[3] 
CBD [Posted .January 13, 1999]: 61--MPA TOWER LIGHTING PROJECT 15] 

Size: 12402 bytes, Relevance Score: 805 

[4] 
CBD (Posted June 25, 2001}: 99--CANAL LINING MATERIAL l5l 

Size: 9905 bytes, Relevance Score: 644 

[5] 
CBD [Posted June 25, 2001]: 99--CANAL LINING MATERIAL Bl 


Size: 9905 bytes, Relevance Score: 644 


[6] 
CBD [Posted October 13, 1999]: 84--0XFORD SHOES t5l 


Size: 5749 bytes, Relevance Score: 635 


1 of5 3/8/02 8:35 AM 
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http://frwebgate6.access.gpo.gov/c ... 84274539+ 3+0+0&W AISaction=retrieve 

[Commerce Business Daily: Posted in CBDNet on June 25, 2001] 
[Printed Issue Date: June 27, 2001] 
From the Commerce Business Daily Online via GPO Access 
(cbdnet.access.gpo.gov] 

PART: U.S. GOVERNMENT PROCUREMENTS 
SUBPART: SUPPLIES, EQUIPMENT AND MATERIAL 
CLASSCOD: 99--Miscellaneous 
OFFADD: U.S. Bureau of Reclamation, Mid-Pacific Region, Attention: 

MP~3810, 2800 Cottage Way, Room E-1815, Sacramento, CA 95825-1898 
SUBJECT: 99--CANAL LINING MATERIAL 
SOL 01SQ202159 
DUE 072401 
POC Ms. Debra Keith (916) 978-5135 
DESC; ( i) This is a combined for commercial 

in accordance the format in the Federal 
Regulation (FAR) 12.6, as supplemented with additional 
included in this notice. This announcement constitutes 

the only solicitation; are and a 
written solicitation not be issued. COPIES OF THIS 
SOLICITATION WILL NOT BE AVAILABLE. The solicitation will be 
issued on the World Wide Web and can be found at the following 

"'"'"'-'-"-V'f-'t-'"•Gov. (ii) Solicitation 01SQ202159 is issued 
(RFQ). Written documentation will not 

this quote. (iii) The solicitation is conducted 
under Simplified Acquisition Procedures (SAP) FAR Part and 

for 

13. The solicitation document, incorporated provisions and 
clauses are those that are in effect through Federal Acquisition 
Circular (FAC) 97-24 and Defense Federal Acquisition Regulation 
Supplement, Defense Change Notice (DCN) 20001213 It is the 
contractors responsibiliiy to be familiar with clauses 
and provisions. (iv) This acquisition will be small business 
set-aside. The North American Industrial Classification (NAIC) 
Code is 561621 with a size standard $11.5M. (v) The Bureau 
of Reclamation has a requirement to improve canal efficiencies. 

losses in canals can range from 10 to 50 of 
irrigation water, with the most soil 

conditions accounting for the rates and the 
most challenging design. Much water is lost 
to beneficial use. Canal-lining are needed that 
can minimize seepage losses at reasonable costs. Low-tech lining 

that can be installed by districts offer 
most promise. Material will be ect to UV exposure, 

animals, and other natural elements. Reclamation is seeking 
proposals from material suppliers to provide geomembrane, geotextile 
cushion, and on-site technical assistance for installation 
and . The Tulelake Irrigation District (District) will 

and installation, and 
to undertake. The contractor 

seaming equipment and shall perform all seaming that 
normally performed by personnel specially trained and certified 

for suer. work. The installation and work that the District 
is qualified to will be 10 laborers working 
a normal work of four days hour (vi) The 
M-2 Lateral lining reach starts Sta. 2+50 and extends to Sta. 
121+92 (2.3 miles) and is about 30 feet wide. The lower reach 
has some small rocky outcrops which may require a geotextile 
for cushioning. The for this shall 
be divided into the commercial 
item number (CLIN) Canal Lining Material 400,000 

feet. The maximum panel size shall be limited to 30 
by 200 feet and the minimum ?mil? thickness of the geomembrane 

shall be 45 mils; CLIN 0002 Geotextile 100,000 square feet 
with a minimum weight of 10 o~/yd2; CLIN 0003 Seaming Equipment, 

I of3 3/8/02 8:27 AM 
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Items, Clause 
Terms 
Orders--Commercial Items 
The following clauses are applicable 

http://frwebgate6.access.gpo.gov/c...84274539+3+0+0&WAISaction=retrieve 

manufacturer shall provide two (2) new seaming 
installation and ; CLIN 0004 Geomembrane 

Liftin9 The geomembrane shall supply a lifting 
bar which be returned to the contractor by 1, 
2002. CLIN 0005 Geomembrane Manufacturer Seaming 

experts, 
manufacturer bid on providing it?s own 

but must provide training to Reclamation 
for repairs and provide equipment to do so. Contractor?s proposals 
which for their own staff to perform seaming 
work be required to by the requirements of the 
U.S. Bureau of Reclamation?s Safety and Health Standards; CLIN 
0006 Technical Expert, The geomembrane urer will 

e 

 

manufact
a minimum of four (4) to five (5) days of on-sit
assistance for installation, seaming and making 

shall be
FOB Destination to 2717 

The following FAR 
to this procurement: 

Commercial Items (OCT 
Site visit: 

Contractors are advised to attend the site visit 
for Jul}· 17, 2001 AM, Tulelake Irrigation District, 
2717 Havlina Rd, Tulelake, CA 96134. Coordination must be done 
with POC Jerry Townsend , 514-883-6935, in advance of site 

by name. Site for installation will 
the site visit and a question and answer 

at the end of the site visit. Offers 
must be itemized and individually according to CLIN 
nun-tbers and include legible literature for items 
for evaluation purposes. (h:) Solici tat .ion provision at FAR 
52.212-2, Evaluation Commercial Items (JAN 1999), is hereby 
incorporated by reference. Evaluation Commercial Items (JAN 
1999) (a) The Government will award a order resulting 
from this solicitation to the offeror whose offer, 
conforming to the solicitation, 
to the Government, price and other factors considered. 
Government intends to evaluate quotes and award a contract 
without discussions with offerors. The 
the to conduct discussions if the 
later them to be necessary 
than cost or price when combined are­
cost or price. The following evaluation 

Government 

Evaluation 

factors 

(c) ease 
descriptive 

used to evaluate offers: ( i) technical 
cf inst~llation (b) damage resistance 

life (e) control; and 
the items offered meet the government requirement, ( ii) 

past performance, and (iii) price. The Government reserves 
the right to evaluate technical compliance and to make 
a best value decision. This could result in to other 
than the lowest price offer. The technical evaluation will 

Date of of materials 
as 
(viii) 

by reference. 

visit to visitors 

sess1on 

consist of reviewing and technical and price 
of the contractors offeror fails to 
the offeror could be 
and no award made (x) 
are reminded to include 
52.212-3, offeror 
Items (APR 2001) .212-7000, Offeror 
and Certifications--Commercial Items (NOV 1 ), with his/her 

offer A copy of the Certifications and Representations can 

be found at the following web site: ://www.arnet.gov. (xi) 

Clause 52.212-4, Contract Terms and Commercial 


52.212-5 Contract 
Statutes or Executive 

to this acquisit~on. 
acquisition: 52.222-3, 

2 of3 3/8/02 8:27 AM 
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http://frwebgate6.access.gpo.gov/c... 8427 4539+ 3+0+0& WAlSaction=retricve 

Convict Labor; 52.233-3; Protest After Award; 52.232-33; Payment 

by Electronic Funds Contractor 

52.247-34, F.O.B. 


Reference; 52.252-6, Authorized Deviation In Clauses; 252.212-7001, 
Terms and Conditions Statutes 


or E;~ecutive Orders Of Comrn.;;rcial 

Items (Deviation!; Personnel 

Work Product; 252.201-7004, Required Central Contractor 

52.253-1, Computer Generated Forms; 52.211-17, 

Excess '::/uantities; 52.222-26, Opportunity; 52. 

Affirmative Action For Veterans and Veterans of the 

Vietnam Era; 52. Affirmative Action for Workers With 

Disabilities; 52. on Disabled Veterans 

and V&terans of the Vietnam Prohibition of 

Segregated Facilities; 52.222-22, Previous Contracts and Compliance 


are hereby by reference. For full text 

clauses refer http://arn<;;t. (xiii) N/A (r.iv) 


N/A (xv) N/A (xvi) This announcement close and written 

July 24 , 2001. and dated offers, 


listing of items, must be submitted 

to thP Contracting Off1cer, Bur~au of Reclamation, 2800 Cottage 

Way, RM-El815, Sacramento, California 95825-1898. 

sources may submit a which shall be considered. 


wlll be Should 

procur13ment 


at (916) 
LINKURL: http://ideasec.nbc.gov/ecprod/owa/ecmenu$.firstcount/ 
LINKDESC: 
EMAILADD: 

lf3 3/8/02 8:27 AM 
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Tulelake Irrigation District Lateral M-2 Lining 

Question and Answers From July 17, 2001 Site Visit 

Firestone 

I , Explain the function of the lifting bar. 

To allow safe and efficient deployment of heavy, large rolls of geomembrane in the field and 
from the delivery truck. 

2. Where is the delivery destination? 

The Tulelake Irrigation District compound at 2717 Havlina Road, Tukelake, California. 

3. Is there a max roll weight? 

Maximum roll weight is 5,000 pounds. 

4. Is the bid for 400,000 sq ft or 2.3 miles, 30 ft wide? 

The Government will purchase 400,000 ft2 of the geomembrane material. There have been 
associated questions about whether panel widths greater or lesser than 30 feet would be allowed, 
how would they be paid for, is there an allowance for overlaps and seams. The Govemmenfs 
need is to line 12,000 lineal feet of canal with panels having a minimum width of 29.5 feet. The 
specified quantity ( 400.000 ft2

) provides an allowance for overlaps, seams, waste, and various 
contingencies. The Contractor may propose panel widths not less than 29.5 feet and not greater 
than 32.0 feet but the proposal must demonstrate that their system will meet the width and lineal 
foot criteria stated above. 

5. Is there a bid form? 

Use Standard Form 18. 

6. Why was this canal picked from all the canals in the area? 

The Governor of Oregon has issued a drought declaration for the area. Funds are available for 
implementing temporary emergency drought relief measures. The Tulelake Irrigation District 
has proposed lining this reach of Lateral M~2 because it is a known area of high water losses. 
Ponding tests will be conducted prior to liner installation so that the effectiveness of the liner can 
be assessed. The Tulelake Irrigation District is contemplating lining additional reaches in the 
future. 
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Colorado Lining International 

1. Would it be better if the liner was textured or smooth? 

The Government will consider either textured or smooth liners. 

C.W. Neal Cotp. 

1. Type of material? 

The Government will consider all geomembrane materials that are normally used in the proposed 
application. The only additional requirement not identified in the original solicitation is that the 
geomembrane material must be UV resistant. 

2. Is it a reinforced material? 


The Government will consider either reinforced or non-reinforced geomembrane materials. 


3. Color of material? 


The Government will consider all material colors. 


4. Any deployment preferences - from the center - or side? 

The Government has no preferences in this regard. Please address in your proposal any 
advantages for deployment. Ease of installation is an evaluation factor. 

5. 30 ft wide by 200 ft long max - no seam in the middle? 

The only field seams that the irrigation district will perform are seams that are transverse to the 
canal flow and seams that they are qualified to perform. 

Seams "in the middle" we define as seams running parallel to the canal flow. The Government 
will accept seams "in the middle" if the seams are constructed in the factory, or are performed in 
the field by machines (e.g. hot wedge welder) by and at the expense of the Contractor. 

BAFSCO 

1. On bid material is stated to be exposed to UV, no specifications that it must be UV resistant? 

All geomembrane materials shall be UV resistant. 
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I. Would a more durable material be acceptable instead of a geotextile cushion in the rocky 
areas? 

Possibly. The Contractor's proposal must demonstrate that the proposed geomembrane system 
can function in an equivalent manner to the specified geomembrane plus geotextile cushion 
system. 

Watersaver 

1. Can factory seams run parallel to the length ofthe canal? 

See answer for C.W. Neal Corp question number 5 above. 

2. Is a color for the liner specified? 

The Govemment will consider all material colors. 

3. Is there a specification for the liner other than 45 mils and UV stable? Shouldn't the liner be 
reinforced? 

All geomembrane materials shall be UV resistant and minimum 45 mils thickness. The 
Government will consider either reinforced or non-reinforced geomembrane materials. 

4. Is there a bid form or can we use our own quotation form? 

Use Standard Form 18. 

5. Our width increment is +31 ft. Is it okay to use this width? 

See answer for C.W. Neal Corp question number 5 above. 

Additional information presented at the site visit 

1. Batten strips and mechanical anchorage that may be required at certain locations such as 
turnouts are NOT to be fumished by the contractor. The Contractor's technical expert (CLIN 
0006) shall provide technical assistance on the methods and materials for completing these 
installations. 

2. At the road crossings the geornernbranes will be set in anchor trenches rather than 
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mechanically attached to the crossing structures. 

3. A 1.5 to 2.0 wide "ledge" will be excavated on the canal side slope for anchoring the upper 
edge of the geomembrane. The ledge will be located approximately one foot above the high 
water line. The excavated soil will then be placed back on top of the geomembrane. 

4. There is a road on both sides of the canal which will be used for completing the installation. 
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Tulelake Irrigation District Canal Lining Project 

Technical Evaluation Worksheet 


TECHNICAL CAPABlLITY 

The proposal must be technically adequate, proving the material proposed meets the following items: 
A. ease of installation, B. damage resistance, C. ease of repair, D. expected life, and E. seepage 
control. 

Determine a numerical rating for this proposal using the two definitions below as representing the 
opposing extremes ofthe rating scale. Give your rating to the nearest tenth (i.e., 4.1). 

A. Ease of Installation 15 Points 

( 1) Material does not demonstrate ease in handling with normal irrigation district equipment. 

(15) Proposed material clearly shows the ability to be handled by district personnel using their 
equipment. 

Score: 


-Eva}uators' Comments: 
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Tulelake Irrigation District Canal Lining Project 

Technical Evaluation Worksheet 


Proposal:________________ 

TECHNICAL CAPABILITY 

The proposal must be technically adequate, proving the material proposed meets the following items: 
A. ease of installation, B. damage resistance, C. ease of repair, D. expected life, and E. seepage 
control. 

Determine a numerical rating for this proposal using the two definitions below as representing the 
opposing extremes of the rating scale. Give your rating to the nearest tenth (i.e., 4.1). 

B. Damage Resistance 5 Points 

(I) The material lacks sufficient documentation either through Iaboratory tests or actual field tests. 

(2) 

(3) 

(4) 

(5) Material clearly has demonstrated through lab testing or field testing it's damage resistance. 

Score: 


Evaluators' Comments: 
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Tulelake Irrigation District Canal Lining Project 

Technical Evaluation Worksheet 


TECHNICAL CAPABILITY 

The proposal must be technically adequate, proving the material proposed meets the following items: 
A. ease of installation, B. damage resistance, C. ease of repair, D. expected life, and E. seepage 
control. 

Determine a numerical rating for this proposal using the two definitions below as representing the 
opposing extremes of the rating scale. Give your rating to the nearest tenth (i.e., 4.1 ). 

C. Ease of Repair 10 Points 

(I) 	 Proposed material lacks documentation showing its case of being repair by irrigation 
districts. 

(10) 	 Material has demonstrated its ease of repair through actual documentation of district 
personnel doing work. 

Score: 

Evaluators' Comments: 
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Tulelake Irrigation District Canal Lining Project 

Technical Evaluation Worksheet 


Proposal:_______________ 

TECHNICAL CAPABILITY 

The proposal must be technically adequate, proving the material proposed meets the following items: 
A. ease of installation, B. damage resistance, C. ease ofrepair. D. expected life. and E. seepage 
control. 

Determine a numerical rating for this proposal using the two definitions below as representing the 
opposing extremes of the rating scale. Give your rating to the nearest tenth (i.e .. 4.1 ). 

D. Expected Life 5 Points 

( l) The material lacks documentation to demonstrate a reasonable chance of success. 

(2) 

(3) 

(4) 

(5) Proposed material has a complete history and documentation showing its durability capabilities. 

Score: 


Evaluators' Comments: 
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Tulelake Irrigation District Canal Lining Project 

Technical Evaluation Worksheet 


TECHNICAL CAPABILITY 

The proposal must be teclmically adequate, proving the material proposed meets the following items: 
A. ease of installation. B. damage resistance, C. ease of repair, D. expected life. and E. seepage 
control. 

Determine a numerical rating for this proposal using the two definitions below as representing the 
opposing extremes of the rating scale. Give your rating to the nearest tenth (i.e .. 4.1 ). 

E. Seepage Control 5 Points 

( 1) Material proposed has no documentation showing its seepage resistence. 

(2) 

(3) 

(4) 

(5) Material proposed has shown it's seepage resistence through fully documented studies or testing. 

Score: 


Evaluators' Comments: 
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Tulelake Irrigation District Canal Lining Project 

Technical Evaluation Worksheet 


PAST PERFORMANCE 10 Points 

Potential material needs to demonstrate it's experience by showing installations which have the same 
or similar installation procedures and subgrades. 

Determine a numerical rating for this proposal using the two definitions below as representing the 
opposing extremes ofthe rating scale. Give your rating to the nearest tenth (i.e., 4.1 ). 

(I ) 	 The proposed material lacks information documentation regarding its capability to be used in this 
application. No information on previous installations is presented. 

(I 0) 	 The material adequately documents its passed performance for this type application. The 
proposal contains documentation of previous successful installations of its application. 

Score: 

Evaluators' Comments: 
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Tulelake Irrigation District Canal Lining Project 

Summary ofTechnical Evaluation 


Proposal:______________ 

Technical Capability: 

A. Ease of Installation ____ out of 15 Points 

B. Damage Resistance ____ out of 5 Points 

C. Ease of Repair ____ out of 10 Points 

D. Expected Life ____ out of 5 Points 

E. Seepage Control --- ­ out of S Points 

Past Performance: ____ out of 10 Points 


Total Technical Points: ____ out of 50 Points 


275 



Tulelake [rrigation District Canal Lining Project 

Technical Evaluation- Summary of Proposals 


Evaluation Factor Proposal I Proposal2 Proposal 3 Proposal4 ProposalS 

Ease of installation 

Damage resistance 

Ease ofrepair 

Expected life 

Seepage control 

Past performance 

Total Teclmical 
Points 



ESTIMATED SEEPAGE LOSSES FOR THE M-2 LATERIAL1 

(Based on 240 day Irrigation Season) 

1uJelal<e 1mgat1on U1stnct 
M-2 Laterial 
Description 

IWater 
Depth 
feel Si~~eSlo 

t;ottom 
width 
feet 

Length 
feet 

Length 
miles 

Constant.<: 
ft3/ft2 
day 

Seepage 
CFD 

Seepage 
AC-FT/D 

Seepage 
AC-FTIY 

Sta. 2+50 to 22+90 Lined Earth 
Current conditions 4.0 
All canallined1 4.0 

Sta. 22+90 to 23+90 
(Between Hwy Br. and RR Br.) 
Current conditions 4.0 

Sta. 23+90 to 27+34 Culvert 
Current conditions 4.0 
All canal lined 4.0 

Sta. 27+34 to 28+00 Check 
Current conditions 4.0 
All canaJ lined 4.0 

Sta. 28+00 to 7 4+48 
Current conditions 4.0 
All canal lined 4.0 

Sta. 74+48 to 121+92 
Current conditions 4.0 
AU canal lined 4.0 

1.0 
1.5 

1.0 

1.0 
1.5 

1.0 
1.5 

1.0 
1.5 

1.0 
1.5 

15.0 
12.0 

15.0 

15.0 
12.0 

15.0 
12.0 

15.0 
12.0 

15.0 
12.0 

2,040 
2,040 

100 

344 
344 

66 
66 

4,648 
4,648 

4,744 
4,744 

11,942 

0.4 
0.4 

0.0 

0.1 
0.1 

0.0 
0.0 

0.9 
0.9 

0.9 
0.9 

2.3 

0.40 21,470 0.49 
0.07 3,770 0.09 

0.50 1,320 0.03 

0.50 4,530 0.10 
0.07 640 0.01 

0.50 870 0.02 
0.07 120 0.00 

0.65 79,500 1.83 
0.07 8,600 0.20 

0.80 99,870 2.29 
0.07 8,770 0.20 

Before Lining 
After Lining 
Total Savings 

118 
22 

7 

24 
2 

5 
0 

439 
48 

550 
48 

1 '143.0 
120.0 

1,023.0 

1 The M-2 Laterial was lined with Firestone Building Products Co.- 45-mil EPDM RubberGard on Oct. 3-21, 2001. 
2 A seepage constant of 0.07 (new concrete} was used which would allow for some seepage around structures. 






