STATE OF CALIFORNIA « DEPARTMENT OF TRANSPORTATION ADA Notice
TECHNICAL REPORT DOCUMENTATION PAGE For individuals with sensory disabilities, this document is available in alternate

TR0003 (REV 10/98) formats. For information call (916) 654-6410 or TDD (916) 654-3880 or write
Records and Forms Management, 1120 N Street, MS-89, Sacramento, CA 95814.

1. REPORT NUMBER 2. GOVERNMENT ASSOCIATION NUMBER 3. RECIPIENT'S CATALOG NUMBER
CA17-2530
4. TITLE AND SUBTITLE 5. REPORT DATE

WATER QUALITY OF FLOW THROUGH CURED-IN-PLACE PIPE (CIPP)
February 2017

6. PERFORMING ORGANIZATION CODE

7. AUTHOR 8. PERFORMING ORGANIZATION REPORT NO.

Brian Currier

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. WORK UNIT NUMBER
University Enterprise, Inc.
Office of Water Programs

California State University, Sacramento 11. CONTRACT OR GRANT NUMBER

www.owp.csus.edu

65A0512
12. SPONSORING AGENCY AND ADDRESS 13. TYPE OF REPORT AND PERIOD COVERED
California Department of Transportation Final Report
Division of Research, Innovation, and System Information June 4, 2014 to December 31, 2016
1120 N Street, MS-38 14. SPONSORING AGENCY CODE

Sacramento, CA 95814

15. SUPPLEMENTARY NOTES

16. ABSTRACT

Though this study did not include replication, the preponderance of the data from field and simulated-field experiments indicates that Cured-
in-Place Pipe (CIPP), with some care in enforcing the Caltrans specification and delaying the reintroduction of natural flow, will result in
concentrations of Volatile Organic Compounds (VOCs) that will not likely impact downstream receiving waters.

Some measured concentrations were above the toxicity threshold for sensitive aquatic species, however, all concentrations were below all
other known toxicity thresholds (e.g. trout). To be protective of water flowing through the CIPP, enhancements may be necessary to protect
the most sensitive aquatic species.

Cure method had a clear benefit to the most concerning constituent, styrene. Ultraviolet (UV) curing was clearly superior and the other volatile
concentrations detected were all measured at levels below known environmental thresholds.

The water quality results, in terms of protection of aquatic species, can be categorized by soil conditions. For unsaturated soil conditions, UV-
cured resin, styrene-free resin, and steam-cured, styrene-base resin with forced heated air treatment would be protective of all aquatic species
without the need to divert flow. For all other scenarios, water cannot be allowed to flow through the pipe until 96 hours after CIPP installation.
For saturated soil conditions, UV-cured and non-styrene CIPP met all water quality criteria. For styrene-based CIPP in saturated conditions,
forced heated air appears to be a contributing factor to bring concentrations below environmental thresholds by Day 4. Additional
enhancements may be necessary for saturated soil conditions that are presumably causing a heat sink that may be inhibiting the curing process.

17. KEY WORDS 18. DISTRIBUTION STATEMENT
Effects of Cured-in-Place Pipe, Volatile Organic Compounds, Caltrans No restrictions
specifications, styrene-based resins, water quality.

19. SECURITY CLASSIFICATION (of this report) 20. NUMBER OF PAGES 21. COST OF REPORT CHARGED

Unclassified 522

Reproduction of completed page authorized.



DISCLAIMER STATEMENT

This document is disseminated in the interest of information exchange. The contents of
this report reflect the views of the authors who are responsible for the facts and
accuracy of the data presented herein. The contents do not necessarily reflect the
official views or policies of the State of California or the Federal Highway Administration.
This publication does not constitute a standard, specification or regulation. This report
does not constitute an endorsement by the Department of any product described herein.

For individuals with sensory disabilities, this document is available in alternate formats.
For information, call (916) 654-8899, TTY 711, or write to California Department of
Transportation, Division of Research, Innovation and System Information, MS-83, P.O.
Box 942873, Sacramento, CA 94273-0001.



FINAL REPORT WATER QUALITY OF

February 2017 FLOW THROUGH

Prepared for CURED_IN_PLACE
PIPE (CIPP)

California Department of Transportation

W WATER PROGRAMS

Q.
SACRAMENTO STATE



This page has been intentionally left blank

to facilitate double-sided printing.



DISCLAIMER

The contents of this report reflect the views of the authors who are responsible for the facts and the
accuracy of the data presented herein. The contents do not necessarily reflect the official views or
policies of the State of California, the Office of Water Programs, or the California State University. This
report does not constitute a standard, specification, or regulation. Mention of trade names or
commercial products does not constitute endorsement or recommendation for use by the State of

California, the Office of Water Programs, or the California State University.

PRINCIPAL INVESTIGATOR

Brian Currier, P.E.

Office of Water Programs

California State University, Sacramento
WWW.oWp.csus.edu

ACKNOWLEDGEMENTS

This work was supported by the California Department of Transportation. Thank you to Thunder
Mountain Enterprises for going beyond the call of duty in assisting OWP field staff. Kelly McCamman, a
graduate student in Department of Civil Engineering at California State University, Sacramento; and John
Rooks, an undergraduate student, assisted in the literature review, sampling, data analysis, and
reporting. Civil engineering students Lauren Oliver, Emily Greene, Hugo Sanchez, Nathan Devai, and Kirk
Van Rooyan; and OWP staff Scott Meyer and Raul Ramirez assisted with sampling. Dr. Dipen Patel of
OWP and Dr. John Johnston with the Department of Civil Engineering at California State University,

Sacramento provided input into the study design and execution.


www.owp.csus.edu

This page has been intentionally left blank

to facilitate double-sided printing.



Contents

EXECUTIVE SUMIMAIY ittt ettt ettt e e e e e e e e e e e e e e e e e e e e eeeeeeaesasasasasasasssasasasasasssssssnssnnsnnnnnsenenens 1
INEFOUCTION .ttt et e bt e bt e bt e bt e b e e s bt e sbe e sbe e sanesatesane beenbeesaeesneenaes 2
Water Quality Standards and Toxicity Thresholds..........eeeiiiiiiiiieii e 3
Problem STateMENT......cooiiieeeeee et s e s e s re e s ree e s e ea 4
K] (0o AV B LT 1 o SRR 4
CIPP TESE SCONAIIOS «.veeeeitieeeiiteee et ee e ettt e e s sttt e e sttt eesreteessubeeeesambeeessseeeesaabeeeesansaeessaneneessasaneesanranessnen sans 5
Field VS SIMUIAtEd FIEI.....ccouiiiiieieeeee ettt sttt e st e e sat e e sab e sbeesabeeesareesabeean 8
Y1 (U] IO PP P PP PP PP PPPPPPPPN 10
Water Quality Sampling and Analysis MethodOIOgY .......cc.ueiiiuiiiiiiiiiiectee e e 15
Experience and Visual ObServations..........c.uuiiiiiii it e e e e aae s 17
=] o DO T OO OO OOUUORPRR PRSP 17
SIMUIGEEA FIEI. ...ttt ettt et e st e s bt e e bt e e sabeesabeesabeeessteesabeesas senbeesns 19
RESUIES .ttt ettt ettt et e bt e bt e h e b e e b et s h et e et e et s n e e bt e as sanesaneeab e b ereereen 20
1AV (=] [T D | - P USSP POPPPPPPPPPPPPR 20
Y Y=o go] [oT={Tor: | D | - NP 22
Temperature CUre LOZ Data. .. ..ottt s e s s e e e e e e e ss e e s e eeseneanaaasseaaaes 25
1T oL U133 o T o PSSP 29
LCT= a1 T o | I =T o To L T PRV PRSPPI 30
Reconsidering Appropriate Control TESt SCENATIOS ........uvveieieieiiiiirieeeeeeeciirree e e e e eeeeirreeeeeeeeserrreeeeeeennns 32
Effects Of CIPP TSt SCENQAIIOS ..c...iivieiieiieieeie ettt ettt sttt sttt sttt st b et b e bt e sbeesbeesaeesmeenaes 34
OVerall Data ObSEIVAtIONS .....c.c.eeiuieieeieteertee sttt ettt ettt e b e s bt e sbe e sbeesatesanesanesanesareebeenneen 38
Potential Impact on CIPP SPECIfiCatioNs ........coiciiiiiiiiiie ettt e e e e ae e e e e e e e aree e e naes 39
UNSAEUIAtEA SOIIS ...ttt ettt e e st e s b e e s e e e s abe e sabeeesneeesareesnnee eeas 39
SALUFALEA SOIIS ..ttt st e et s bt e st e e s b e e e bee e sabeesabeeebeeesnteesabeeean senreeens 40
CIPP Options for Locations Requiring Immediate Protection of Sensitive Aquatic Species .................. 40
REFEIEINCES ... ettt ettt e b e b e s bt e s bt e s ae e s ae e e et e e e et et e e bt e bt e bt e been teabe e beereenreen 42
APPENIX Az LILErAatUIE REVIEW......ecuiiii ettt ete e sttt e e s ettt e e e e e esattaeeaesnsseeeeesnsssaeeesnssseeseesnsssneennn A-1
APPENIX B: DAta TADIES.....cci ittt sttt ettt steste st s e s s et e b et erseaesbe st st sessensanberaerasane s B-1
APPENIX C: PrOJECE PROTOS. .. cutiiiieiee ettt et s e st st saesees e st et aesbes e e st e st seesbesueaneansessasssessensennen C-1
Appendix D: Contractor SUDMITEAIS .....cceiece ittt sre e se s e e b e s e r e e nan D-1



Table of Figures & Tables

Figure 1. UV-Cured CIPP Light Train INStallation..........ccuuviiirii ittt e e e 7
Figure 2. Forced Ambient Air Fan Post-Cure TreatmeNnt........ccoccuviiieciiii et eree e 8
Figure 3. Forced Heated Air Fan Post-Cure TreatmMent.... ..o v ittt ervee e e e e e e snnees 8
Figure 4. Simulated Field Depth of Flow Verification TeSting........cceevviiiieiiiiiiie e 11
Figure 5. Simulated Field Dosing Tank Configuration ...........ccceecieeiiiiiee i e e e 11
Figure 6. Simulated Field DOSING SYSEEM . ....uuiiieeee e e e e e e aee e e e e e s e nranees 12
Figure 7. Simulated Field Dosing System EqQUIpmMeNnt Trailer ......cceeivciieiiiciiee e 12
Figure 8. Water Truck and Field Study DOSING SYSTEM ....cccuuiiiiiiiieecciiee ettt eevae e 13
Figure 9. Four-Inch Dosing System Pipe Placed In Rehabilitated HOSt Pipe ......ccccovveciiivieeeiiiiiiieeee e, 13
Figure 10. Field Pipe 1 Containment SYSTEIM .....c.uiii ittt e e e e e s are e e e sree e e 14
Figure 11. Field Pipe 10 ContainmeNnt SYSTEM .......ciiiiiiiiiiiiie ettt e e e ae e e e rre e e e saree e e 14
Figure 12. Field Pipe 11 ContainmeNnt SYSTEM .......ccoiciiii ittt e tee e et e e e rae e e e earae e e anes 15
Figure 13. EfflJUent RECOVEIY TOTES ....uuiiiiiciiie e cteee ettt ettt et ee e e st e e s s e e e e sabee e e enbeeeesbreeesnnes 15
Figure 14. Oily Sheen Immediately Downstream of Field Pipe 11, 48 Hours After Final Cool Down......... 18
Figure 15. Oily Sheen 20 Yards Downstream of Field Pipe 11, 48 Hours After Final Cool Down ............... 19
Figure 16. Field EXperiment StYrene RESUILS .......uviiiiiiii it aree e e 20
Figure 17. Simulated Field Experiment Styrene RESUILS ........ccevciiiiiiiiie et e e svee e 21
Figure 18. Box Plot Comparing Styrene Concentrations for Dosing Systems and Source Water............... 22
Figure 19. Comparison of Daily Mean Temperatures During Sampling Activities.......ccccevveeeiivieeiiiiienennns 22
Figure 20. Simulated Field Pipes 1 & 7 Cumulative Precipitation and Relative Humidity Data.................. 23
Figure 21. Simulated Field Pipe 6 Cumulative Precipitation and Relative Humidity Data............ccccee.... 24
Figure 22. Simulated Field Pipes 2, 3, 4, 5 & 8 Cumulative Precipitation and Relative Humidity Data...... 24
Figure 23. Field Pipes 1, 10 & 11 Cumulative Precipitation and Relative Humidity Data..........c.ccccccuveenne 25
Figure 24. Simulated Field CUre LOE Data ......ccccceeiieeiiiiiiee e e ccitee e e estrree e e s e e e svtee e e e e s e e saena e e e e e e e e ennnsnaneeas 26
Figure 25. Field CUre LOZ Data ....ccuuiiiiciiie ettt eitee ettt e s vte e st e e s s ate e e s s sbae e e ssabaa e e snaeeeenareeessnnnes 27
Figure 26. Field and Simulated Field Thermal Couple Data........ccceeivciiiiiiiiee et 28
Figure 27. Field and Simulated Field Steam Temperature Data ........ccccceevecciiiieee e e 29
Figure 28. Box Plots Comparing Field and Simulated Field Styrene Data from Styrene-Based CIPP
Installations for 24-, 48-, and 96-hoUr SAMPIES......ccceciiii it e e e e srre e s e rreeeeeaes 30
Figure 29. Field and Simulated Field Styrene Results through Day 4 ..........cccoviiveeiiiccciiieeee e 31
Figure 30. Comparison of Styrene Results for Field Control, Simulated Field Control, and Control

AL NATIVES 1ottt ettt e st e e st e e e bt e e sttt e s tee s be e e she e e sate e st e e e beeesabe e sateeebaeeateeen s ebaeenabeenareas 33
Figure 31. Comparison of Styrene Results for Forced Ambient Air and Control Conditions...................... 34
Figure 32. Comparison of Styrene Results for Forced Heated Air in Dry Control Conditions..................... 35
Figure 33. Comparison of Styrene Results for Forced Heated Air Post-Cure Treatment and Saturated Soil
(6o T 01 o] I @oT o 11 { o] o I3 PRSPPI 36
Figure 34. Comparison of Simulated Field PIpes 2 & 5......uueiiiiiiicciiieeec ettt e e svrre e e e e e 37
Figure 35. Comparison of Field Pipe 1 and Simulated Field Pipe 2.........cccccveeiiiiiiiiecieee e 38



Table 1. CIPP Test Scenarios for Field and Simulated Field EXperiments ........cccceeeeeieeeeeiieeeccieee e 9

Table 2. Contractor Variations for CIPP Test Scenarios

Vi



This page has been intentionally left blank

to facilitate double-sided printing.

Vii



Water Quality of Flow Through Cured-In-Place Pipe (CIPP)

Executive Summary

To conservatively measure the water quality impacts of CIPP methods, a small volume of water was
introduced immediately after CIPP installations of 11 pipes. Minimizing the volume of water used to
flush the pipes theoretically results in higher concentrations of chemical residuals from the CIPP
installation materials. Water quality analysis for volatile organic compounds in samples taken from the
induced flows demonstrated that adherence to the Caltrans specification for CIPP installation is
sufficient to avoid fish kills. Some measured concentrations were above the no observable effect
concentration (NOEC) for algae within 4 days; however, all concentrations were below all other known
toxicity thresholds for other test species (e.g., trout). The most protective CIPP curing method was UV,
where the concentrations of volatile organic compounds in all samples analyzed were below all known
environmental thresholds. Potential specification improvements may be helpful to further reduce the
risk to sensitive species such as algae.

For locations requiring protection of the most sensitive species immediately at the point of discharge,
several CIPP options appear feasible for pipe rehabilitation. The present study was not designed to
determine optimum enhancements to CIPP specifications, so duration of water diversion, duration of
forced heated air post-cure treatment, and minimum steam temperature are not specified here. While
not tested in this study, enforcement of the maximum cool-down rate for steam-cured CIPP per the
Caltrans specification may reduce the need for specification enhancements. Tested CIPP specification
options from the present study that were protective of known environmental thresholds can be
organized according to field conditions.

For dry site conditions that require protection of aquatic species at the pipe outfall, consider a CIPP
specification that restricts the contractor to the following options:

e UV cure,
e Pull-through or inversion installation, steam cure, and a water diversion, or
e Pull-through or inversion installation, steam cure, and forced heated air post-cure treatment.

For wet soil site conditions that require protection of aquatic species at the outfall, consider a CIPP
specification that restricts the contractor to the following options:

e UV cure, or
e  Pull-through or inversion installation, minimum steam temperature of 240° F, water diversion,
and forced heated air post-cure treatment.
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Introduction

Culverts are a vital part of California’s transportation system because they prevent flooding and erosion
by channeling stormwater beneath highways. There are an estimated 205,000 culverts in the state
highway system. Caltrans rates these culverts using three categories: good, fair, and poor. Current
assessments predict that 62 percent are in good condition, 25 percent are in fair condition, and 13
percent are in poor condition. The culverts rated fair (approximately 51,000) require corrective
maintenance that may include trenchless repair methods (Caltrans 2016). Open trench replacement of
these culverts is expensive, causes significant impacts to the traveling public using the highways above,
and produces sediment management challenges. Some trenchless replacement techniques, such as pipe
jacking, also require sediment management (Caltrans 2013).

Numerous trenchless methods are available to rehabilitate these culverts with minimal impact to the
public. Rehabilitation is usually less intrusive than other trenchless replacement techniques. One
trenchless method used to rehabilitate pipe is cured-in-place pipe (CIPP). Installed correctly, CIPP
technology represents not only cost savings, but could have less sediment-based environmental impacts
than other methods. However, the environmental impacts of this method have been questioned by
California Regional Water Quality Control Boards (Regional Water Boards; CTC 2012). Because of
concerns about styrene, in particular, and its potential environmental impacts and behavior (Donaldson
and Baker 2008), there is a resulting need to understand the environmental impacts of CIPP installed
according to the Caltrans specification and to compare the results with California’s environmental
regulations and known toxicity thresholds. The purpose of the present study is to determine if the
current Caltrans specifications are adequate or if modifications are necessary to protect water quality.
The relevant Caltrans specifications used in this study are Standard Special Provisions (SSP) 15-6.11-A04-
19-13 and SSP 15-6.02 (Caltrans 2010). Caltrans now uses the 2015 version of this specification under
the identification number 71-3.08 (Caltrans 2015). Both versions reflect recent updates to the SSP
designed to reduce styrene releases to the environment, namely the capture of all condensate and use
of additional liner material to capture any resin that might fall to the ground during installation, curing,
and cutting operations.

A previous study by the Virginia Department of Transportation (VDOT) showed that there were residual
styrene concentrations in the receiving waters at levels that would be toxic to fish (Donaldson and Baker
2008). Elevated styrene concentrations were generally attributed to poor installation and resin curing
practices (Donaldson and Baker 2008) and not necessarily an inherent flaw with the product itself. Since
the 2008 study, VDOT has revised its specifications, increasing the requirements for performance-based
specifications and capturing the resin and process water (Donaldson and Wallington 2013). Subsequent
study of steam-cured, styrene-based resins following the revised specification were not found in the
literature. So, to address concerns regarding the water quality resulting from styrene-based culvert
rehabilitation following specifications designed to protect water quality, a pilot study was proposed to
measure water quality resulting from CIPP installations following the Caltrans SSP.

Though not always applicable to end-of-pipe discharges, toxicity thresholds are used as conservative
points of comparison for discharges from CIPP. In addition to toxicity thresholds, the state has
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established a maximum contaminant level (MCL) for styrene in drinking water at 100 pg/L.
Environmental studies have shown that styrene biodegrades and volatilizes quickly in the environment
(Fu and Alexander 1992), so the threat to the environment is reduced with time and distance to
receiving waters. Fate and transport to the receiving water is an important factor that was not
addressed in this study. Because CIPP in California is more often used on culverts with ephemeral flows,
fate and transport to receiving waters could be an important consideration when selecting culvert
rehabilitation methods. A programmatic scientific approach was recommended to address these
potential water quality concerns (CTC 2012).

A systematic study based on the Caltrans specification can also reduce project-specific costs. For
example, the regulating agency required discharge concentrations to be verified for up to 60 days after
installation of the Caltrans project under expenditure authorization (EA) 04-264900. In addition to this
requirement, a flushing procedure was imposed (CTC 2012). These requirements add substantial cost
and time to CIPP projects.

The lack of water quality data from Caltrans CIPP installations prompted the present study. Data from
this study could reduce the need for project-specific analysis in the future. Data could also inform
improvements to the Caltrans CIPP specification.

Thresholds for all volatile organic compounds (VOCs) found in reportable quantities are listed in
Appendix B. Among these thresholds, limits for styrene were of principle concern.

For styrene, known toxicity lethal concentration (LC), effect concentration (EC), and no observable effect
concentration (NOEC) thresholds may be appropriate for comparison to discharge from CIPP to nearby
receiving waters depending on transport, flow, and beneficial uses of the receiving waters. In the
following list, species and threshold (EC, LC, or NOEC) are listed from highest to lowest concentration
and the ranges represent values from different studies, as summarized by Donaldson and Baker (2008).

e Amphipod 96-hr LC50—9.5 mg/L

e Fathead minnow 96-hr LC50—5.2 to 10 mg/L

e Water flea 48-hr EC50—4.7 mg/L

e Amphipod 96-hr NOEC—4.1 mg/L

e Fathead minnow NOEC—2.6 to 4 mg/L

e Rainbow trout 96-hr LC50—2.5 mg/L

e Freshwater green algae 96-hr EC50—0.72 mg/L

e Freshwater green algae 72-hr NOEC—0.53 mg/L
e Freshwater green algae 96-hr NOEC—0.063 mg/L

The California Office of Environmental Health Hazard Assessment (OEHHA) set a public health goal (PHG)
of 0.5 ppb for drinking water, based on carcinogen effects in test species (OEHHA 2010). PHGs are not
regulatory standards and their application to surface waters is not appropriate. Surface water standards
are available in the basin plans approved by the Regional Water Boards.
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The drinking water MCL is 100 ppb (CA Title 22 §64444) and this value is referenced in many California
basin plans such as the Los Angeles Region Plan (Los Angeles Water Board 2014). Further, basin plans in
California have narrative objectives for receiving waters that may be applicable to CIPP, particularly the
prohibition of discharge materials that cause “visible film” in receiving waters (Central Valley Water
Board 2016).

Prior to this study, pollutant discharge concentrations at CIPP installations that followed the allowable
CIPP installation methods in the Caltrans specification were not available. One of the notable challenges
of implementing this trenchless culvert rehabilitation method using styrene-based resins is the leaching
of styrene, a VOC, into water that flows through the culverts. Thorough curing theoretically immobilizes
styrene, but the degree of effectiveness in Caltrans installations should be assessed to ensure the
Caltrans specifications are adequately protective of water resources.

Study Design

This study investigates discharge concentrations of VOCs and tests additional procedures that may be
adopted to minimize potential impacts to water quality. The study was designed to replicate a worse-
case scenario of runoff from a small storm flowing through a recently installed CIPP (within the same
day). To obtain conservative (higher) water concentrations, a very low volume of water was used at a
relatively high flow rate for that volume of water. A high rate increases the flow depth and the surface
washing of the sides of the CIPP. A low volume minimizes the concentration dilution. Flow was selected
based on Manning’s flow calculations to obtain a target flow depth of three to four inches. To ensure
the target depth was achieved throughout the length of the pipe, the target flow duration was
estimated based on the travel time of the target flow down the length of each test pipe. In practice, the
flow was shut off at the occurrence of flow at the downstream end of the pipe. The resulting volume
used varied from approximately 200 to 300 gallons. The project budget allowed for five flushing events.
Then, to capture the predicted greatest change in concentrations immediately after a CIPP installation,
an increasing geometric series was used to schedule the induced flows. However, for the field scenarios,
additional samples were collected until the concentrations reached non-detect levels.

The test scenarios were designed to study the most commonly implemented CIPP techniques within the
Caltrans specifications, along with some of the methods in the specification that were assumed to be
more protective of water quality. An inversion placement of a styrene-based polyester resin with a
preliner cured with steam is the most commonly used method. UV-cured polyester and steam-cured low
VOC resins were considered the most environmentally benign alternatives (Donaldson and Whelton
2013), but cost considerations often prompt contractors to select other methods.

After the start of this project, Whelton et al. (2015) proposed a more predictive, laboratory-based
analysis approach and future field studies should consider whether augmentation with similar
laboratory experiments could lead to the development of predictive models of water quality.
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The CIPP scenarios, setup, and sampling and analysis methods related to the present study are discussed
in the sections that follow.

A series of scenarios were developed to test a variety of the steam- and UV-cured CIPP techniques
allowed by the Caltrans specification. A few post-cure enhancements were also considered to measure
any improvement in post-cure water quality. In addition, the effect of an extra preliner was tested. Post-
cure treatments and an extra preliner are enhancements to (not requirements of) the specifications. The
scenarios are described in this section and in Table 1. They are organized by host pipe variation,
installation technique, liner variation, resin variation, cure methods, and post-cure treatment.

Host Pipe Variation

Corrugated metal pipe (CMP) and reinforced concrete pipe (RCP) were selected as host pipe materials.
Only one CIPP variation in the simulated field experiment used RCP host pipe. The remaining simulated
field pipes and all the culverts in the field were CMP.

CIPP Installation Techniques

Inversion and pull-in-place were the two installation methods used in this study. The contractors
reported that inversion is the preferred method because it reduces the risk of liner damage that
sometimes results when pulling the liner through host pipe. All liners, once installed within the host
pipe, were pressurized with air introduced into the liner to conform the liner to the host pipe and
ensure proper fit during the curing process.

Inversion

CIPP liners were placed into position in the host pipes by inverting them using air pressure following
procedures outlined in ASTM F2019-11. This involved impregnating (off-site wet out process) and storing
the liners in refrigeration prior to installation. Once inverted and in position, the liners were in the
correct orientation and ready to begin the curing process.

Pull-in-place

CIPP liners were pulled into place using a system of cables and a winch following procedures outlined in
ASTM F2019-11. Pulled-in-place liners were impregnated and refrigerated prior to installation into the
host pipe.

Liner Variations

Liners are used to prevent excess uncured resin from leaving the host pipe and pooling in areas that are
not adequately cured. Uncured resin outside of the host pipe could present a risk to groundwater. It
could also travel along the exterior of the host pipe and discharge to the surface.

Preliner
The Caltrans specification requires a preliner for inversion installations. All inversion installations in the
present study, except one, used a preliner and select installations used an extra preliner.
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Extra Preliner
The extra preliner variation was used for two of the inversion installations.

No Preliner

A preliner was not installed for the pulled-in-place variation as allowed in the Caltrans specification. A
preliner is not typically used because the liner used for pull-in-place applications is installed with an
outer impermeable membrane to protect the resin-impregnated felt liner during placement of the liner
into the host pipe. In addition, a preliner was not used on one of the non-styrene resins.

Resin Variations
Two resins were used. Additives are used to reduce resin viscosity and improve uniform impregnation of
the felt liner in a process called wet-out.

Polyester-Styrene Resin
CIPP liner felt tubes were impregnated with styrene-based polyester resins during wet-out operations
prior to installation. These resins were used in all CIPP liners except for the low VOC variations.

Vinyl Ester (Low VOC) Resin
The low VOC resin variations selected used non-styrene monomers in a vinyl ester resin. The wet-out
process performed was similar to the styrene-based polyester resin variations process.

Curing Methods
Curing is critical to achieve the strength requirements of the liner. Curing also reduces the
environmental impacts of uncured resin.

Steam Catalyst
Steam is used to raise the temperature of the liner to a level that will initiate a catalyst reaction in the
liner resin. Steam was used in all but one of the CIPP installations.

Ultraviolet Light Catalyst

Ultraviolet light (UV) is used to initiate the curing process of the light reactive liner. UV-cured liners are
considered more environmentally friendly due to their shortened cure time and the lack of styrene
liquid byproduct waste (condensate) that results from traditional steam-cured installations. This
technology does incur increased cost due to the required installation equipment and UV blocking film
that protects the impregnated liner prior to installation and curing.

UV curing requires sophisticated computer-controlled curing and monitoring equipment. The ultraviolet
light required to catalyze the UV reactive resin impregnated liner is supplied by a light train as shown in
Figure 1. Parameters, such as light intensity and pull-through speed for the light train, were specified by
the liner manufacturer initially and speed was monitored and adjusted on the fly during curing to ensure
recommended curing temperatures were achieved. The Caltrans specification does not specify a cool-
down period for UV cure.
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Figure 1. UV-Cured CIPP Light Train Installation

Post-Cure Treatments

Post-cure treatments were proposed as methods to further the curing process or to increase
volatilization of styrene. In either case, this treatment should reduce concentrations of styrene in
subsequent water flushing events. Note that post-cure treatment is not required in the Caltrans
specification, however it was included in this study to determine if it resulted in a measurable change in
water concentrations.

Forced Ambient Air Treatment
A fan forced ambient temperature air through the rehabilitated pipe after cool down. The fan operated
for six hours. Figure 2 shows the field study forced ambient air post-cure treatment.

Forced Heated Air Treatment

A shop furnace circulated heated air through the rehabilitated pipe after cool down. The fan operated
for six hours. A heated air fan was placed for Pipe 11, which followed the post-curing schedule for Pipe
10. The heated air fan used for this post-cure treatment can be seen in Figure 3.
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Figure 3. Forced Heated Air Fan Post-Cure Treatment

Field vs Simulated Field

A combination of field and simulated field water quality tests were performed on the CIPP rehabilitation
system and covered several installation and post-cure treatment scenarios. Because field studies are
more expensive and difficult to identify, they were augmented by simulated field studies. Field studies
are preferable as a test of actual conditions. Simulated studies in a more controlled environment are
better suited to comparing test scenarios while controlling all other parameters. Agreement between
field and simulated field results indicates that the simulated field results may be extrapolated to field
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conditions. Three field studies and eight simulated field studies were conducted, as presented in Table
1. The field studies followed test scenarios 1, 3, and 4. The simulated field studies followed all eight test
scenarios. All test scenarios used 18-in-diameter pipe. Field Pipes 1, 10, and 11 had lengths of 37-, 47-,
and 59-ft, respectively.

Table 1. CIPP Test Scenarios for Field and Simulated Field Experiments

Simulated
Field Test
Pipe No. Field
Test (all Test
Scenario lengths Pipe Curing Pipe Post-Cure Placement
No. 20 ft.) No. Resin Method Type Preliner Treatment  Method
1 control Pipe 1 Pipe 1 ‘ e Steam CSP Yes None Invert
Styrene
No

2 Pipe 2 Polyester Steam CspP (Imperm‘eable None Pulled

Styrene on both sides of
tube)

3 Pipe 3 Pipe 10 HEESE Steam CSP Yes Blown air* Invert

Styrene
Blown

4 Pipe 4 Pipe 11 Polyester Steam CSP Yes + Extra Warm Invert

Styrene Preliner* -
Air
. Polyester

5 Pipe 5 Steam RCP Yes None Invert

Styrene
No

6 Pipe 6 Polyester uv csp | (Impermeable None Pulled

Styrene on both sides of
tube)
7 Pipe 7 L.OW voc Steam CSP Yes (Sa’?"e as None Invert
Vinyl Ester Scenario 1)
8 Pipe 8 L.OW voc Steam CSP No None Invert
Vinyl Ester

*Signifies an enhancement that is not required in the Caltrans specification.

Due to contracting issues, the field studies and simulated field studies were performed over different
seasons and with different contractors. The contractor variation, shown in Table 2, introduced
unintended variables that, fortunately, provide additional insight into water quality outcomes, as will be
discussed later in this report. Field study installations and sampling were performed during the month of
September 2014. The simulated field studies were carried out from January to August 2016.
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Table 2. Contractor Variations for CIPP Test Scenarios

Contractor Pipe/Culvert Nos. Research Type
A 1,10, and 11 Field (SR-50)
B land7 Simulated Field
C 6 Simulated Field
D 2,3,4,5and 8 Simulated Field

Simulated field tests were performed to document pollutant discharge concentrations for current Caltrans
CIPP installation materials and curing methods. The tests included steam and UV curing methods using
styrene and non-styrene resins.

Originally, field tests were to be performed at sites where CIPP installations took place to corroborate
prior simulated field test results. However, due to project scheduling, the field tests occurred first.

The research coincided with a field project on SR-50 in Kyburz using steam-cured CIPP liners (the most
commonly used method) where field sample collection was feasible. The simulated field experiments
were conducted in an outdoor test environment on the California State University, Sacramento campus.

Three culverts of uniform liner type, liner thickness, and pipe diameter were selected from the
referenced CIPP project on SR-50. Additionally, the culverts selected had similar slopes and lengths to
minimize variations in flow dosing equipment that would be required if slope and length varied
substantially. The three culverts selected were numbered 1, 10, and 11 in the contract documents.

Setup

The setup for inducing flow was designed so that sufficient water could be introduced into the pipe to
create a flow depth of three to four inches. The setup varied between field and simulated field test
conditions due to access and target flow rate, as described later. For both field and simulated field tests,
a containment system was constructed to eliminate any discharge of dry weather flow from the
experiment. The discharge collected in the containment system was pumped to a collection vehicle and
disposed of offsite.

Simulated Field Dosing System

A gravity flow dosing system (Figure 5) was designed and built to facilitate sample collection for the
simulated field experiments. This system consisted of a 275-gallon tank connected to 4-inch flexible
hose with a 4-inch ball valve to control flow. A 90-degree fitting was used at the end of the flexible hose
to reduce in-pipe velocities and increase depth of flow in the host pipe with installed CIPP liner. The
dosing system was tested prior to the experiments to ensure the minimum depth of flow was achieved

10
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(Figure 3). The dosing tank was placed on top of another 275-gallon tank to attain sufficient pressure

head to achieve the desired in-pipe flow depth (Figure 4).

Figure 5. Simulated Field Dosing Tank Configuration

11
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Because of the lack of an available water supply at the simulated field experiment project site, the
dosing system tanks were transported to the site on a flatbed equipment trailer (Figure 6 and Figure 7).

Figure 6. Simulated Field Dosing System

-

Figure 7. Simulated Field Dosing System Equipment Trailer

Field Dosing and Containment Systems

Pipe access, uneven terrain, and relative distance to uncontrolled traffic presented challenges during the
field study. A gravity-fed dosing system was originally conceived but mountainous terrain did not allow
vehicle access to the upstream side of the culverts. Alternately, a dosing system utilizing pumps and an
assembly of pipes and hoses was devised to introduce flow at the upstream end of the culverts from the
culvert outfall. The dosing system consisted of 4-inch pipes placed in the host culverts from the

12
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downstream end. Hoses connected the 4-inch pipes, pumps, and water tanks. Analysis of pipe slope and
length was used to estimate the flow and volume needed to reach the specified depth of flow in each
pipe. The target flow calculation had to account for the presence of the 4-inch pipe within the host pipe.
The first week of sampling used two 2-inch, gas-powered trash pumps in parallel drawing from a 2000-

gallon water truck as shown in Figure 8. The third week of sampling used one 3-inch trash pump drawing
from one 275-gallon tote stored on a utility trailer. Figure 9 shows the 4-inch pipe used for dosing in the
field study as placed for sample collection.

Figure 9. Four-Inch Dosing System Pipe Placed In Rehabilitated Host Pipe

To prevent dry weather flow discharges during the field study, a capture system was constructed
downstream of the culverts. Pipes 1 and 10 discharged to lined cofferdams that could capture

13
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approximately 1000 and 500 gallons of water, respectively (Figures 10 and 11). Pipe 11 discharged to a
rectangular 200-gallon tank that was abutted to the headwall of Pipe 11 (Figure 12). Water was
transported in two 275-gallon totes for offsite disposal (Figure 13).

Figure 11. Field Pipe 10 Containment System

14
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Figure 13. Effluent Recovery Totes

Water Quality Sampling and Analysis Methodology

Grab samples were collected from turbulent flow as water discharged from the pipes. Each grab sample
was collected in triplicate, as requested by the laboratory. Induced flow was performed on a schedule
based on an increasing geometric progression in an attempt to weight the samples toward the period

15
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just at the end of the curing process. To start the schedule, the first sample was taken six hours after
cool down. Subsequent sampling for each pipe occurred at 12 hours, 24 hours, 48 hours, and 96 hours
after cool down for both field and simulated field studies.

Simulated Field Experiment Sampling Variation

A single condensate sample was collected and analyzed for each steam-cured installation during the
simulated field experiment. Condensate samples were collected from stagnant liquid so they are not
considered well-mixed.

The UV-cured liner did not yield any condensate so a condensate sample was not collected for this
variation. In lieu of a condensate sample, the UV-cured liner was flushed two hours after final cool down
using the same protocol as used on the experimental runs previously described.

Field Experiment Sampling Variation

Initially, samples were collected in the downstream containment systems immediately after flows
subsided for Pipes 1, 10, and 11 during Run 1 and Pipes 1 and 10 during Run 2. This was performed to
analyze a well-mixed sample from all the water that was exposed to the CIPP. However, it was observed
that an oily sheen quickly developed after flushing the CIPP and that the sheen was not uniformly
distributed across the containment. This quick separation of volatiles from the water column was later
confirmed by the sample concentrations that were near or below the reporting limit. For the remaining
three runs for Pipes 1 and 10 and the four runs for Pipe 11, samples were collected from the turbulent
flow as it left the pipe.

Additional samples were collected at 13 days, 15 days, and 17 days, when sample results verified that
concentrations reached non-detect levels.

Sample Handling Procedures

Prior to introducing flow, sample containers supplied by the laboratory were prepared for each sample
collection. This involved affixing proper labeling to sample containers, placing sample containers inside a
sealable plastic bag to prevent contamination, and storing sample containers in ice chests.

A strict protocol was followed during experiment runs to ensure a high standard of sample integrity. This
required a minimum of three people to conduct experiment runs and sample collection as follows:

e Two team members were required to wear appropriate personal protection equipment
including safety glasses, nitrile gloves, work boots, long pants, safety vests, and hard hats during
liner installation operations or while working near traffic.

e One team member held the sealable bag containing prepared sample containers during sample
collection while a second team member retrieved individual sample containers. The sample
container was opened by the second team member, a sample was collected, and the sealed
sample container was placed back in to the sealable bag. This process ensured that only one
team member handled sample containers during collection, minimizing the risk of
contamination.

16
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e The remaining team members were in position at the dosing rig to introduce flow to the host
pipe and facilitate sample collection at the pipe outfall.

e Once samples were collected, they were stored and transported with ice. Specified hold times
for samples were never exceeded during the field experiment.

Analytical Methods

In December of 2010, CalEPA and the Office of Environmental Health Hazard Assessment established a
public health goal (PHG) of .5 ppb or 0.5 pg/L for styrene. This is not an enforceable regulation, but it
was considered as a potential minimum reporting level when selecting an analytical method and
laboratory. The analytical method used for both simulated field and field experiment sample analysis
was EPA 82608 (Volatile Organic Compounds by Gas Chromatography/ Mass Spectrometry). The same
analytical laboratory was used for both simulated field and field experiments. The laboratory was
certified by the Environmental Laboratory Accreditation Program (ELAP). For non-styrene CIPP,
additional parameters that were not covered by the VOC analysis were not available upon inspection of
the Material Safety Data Sheets (MSDS), so the full suite of VOCs was again analyzed for the sake of
comparison to styrene-based CIPP. Available information was limited on proprietary constituents, so
further exploration of the types of allowable styrene substitutes and consequent concentrations may be
useful.

Experience and Visual Observations

After each test, the perimeter of the project area was inspected for any discharge. In all cases, the
containment systems were effective and all field and simulated field tests were conducted without
discharge of water from the test areas. Samples were successfully taken without observation of any
contamination issues during the collection process.

Three CIPP culvert rehabilitation installations that occurred on the same day within a 1.2-mile section of
roadway on State Route 50 (SR-50) between Silverfork and Kyburz, CA, constituted the field experiment.
Each test used approximately 200 to 300 gallons of water at a flow rate of approximately 300 gallons per
minute.

Sampling teams noted the presence of chemical odors. Throughout the field trials, Pipe 11 had the most
consistent odor. Pipe 11 was observed to have water weeping from the sides of the highway
embankment, which is an indication of saturated conditions around the exterior of the pipe. A small
quantity of fluid was also observed dripping from the exterior of the CIPP at a rate of a few drips per
minute. However, the flow was so low that it could not be determined whether the flow was seeping
along the outside of the host pipe or between the host pipe and the CIPP. An exact flow measurement
could not be obtained because the flow was small and adhered to the headwall of the pipe. The flow
was not sampled. Downstream containment systems collected an oily sheen throughout the experiment
(Figure 14).
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Further downstream, a sheen was also observed (Figure 15), but that could be due to decaying
vegetation. Odors at Pipes 1 and 10 dissipated substantially faster and were nearly undetectable by the
fourth day. Odor was not detected at any location during the final week of sample collection.

The sampling teams also noted that an oily sheen developed within seconds of the end of flow into the

containment systems.

Figure 14. Oily Sheen Immediately Downstream of Field Pipe 11, 48 Hours After Final Cool Down
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Figure 15. Oily Sheen 20 Yards Downstream of Field Pipe 11, 48 Hours After Final Cool Down

Simulated Field

Eight pipe rehabilitation installations occurred on the California State University, Sacramento campus.
These installations consisted of one control experiment and seven variations (Table 1). The experience
with the contractors varied substantially. For the UV-cured installation, the contractor was well-
prepared and a consultant was onsite to observe the installation and ensure all the appropriate
submittals were received by the study team. For Pipes 2, 3, 4, 5, and 8, the contractor was equally
prepared and professional.

In contrast, the contractor that installed liners at Pipes 1 and 7 mobilized without bringing a preliner.
After some questioning, it was determined that the contractor was not very experienced in complying
with the Caltrans specification. The contractor rescheduled the installation. Then, during the installation
of Pipe 7, the liner punched through the preliner during the inverted installation process. This may have
been due to the preliner slipping in the pipe during inversion installation of the uncured CIPP tube. This
occurred when the rollers and clamp assembly that held one end of the tube fell toward the pipe during
the inversion process. Because the preliner was already held in place on the side receiving the inverted
liner, it did not slip into the pipe when the assembly fell. However, when the assembly was put back in
place, it pulled the preliner with it from the downstream side. This was evidenced by a reduction in
length of preliner extending past the downstream end of the host pipe. This could have allowed the
preliner to double over on itself and, then, when the inversion installation continued, the preliner was
pinched and the liner could not proceed down the pipe without bursting through the liner. This was
partially remedied by putting a short section of preliner in the downstream section of the pipe. After
consultation with Caltrans, the experiment was allowed to proceed for the sake of the budget and
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schedule. The lack of a full preliner was not likely to have a substantial impact on an installation of new
host pipe that does not have any joints or voids. While the preliner issues may not have been important
in this case, it may indicate that inexperienced contractors may provide lower quality installations that
in turn effect water quality and long term costs. In practice, this installation would have been rejected as
not following the Caltrans specification.

Results

This section includes water quality data for styrene, materials testing results, meteorological data, and
temperature logs. Results for all other constituents and QA/QC data is contained in Appendix B.
Constituent detection frequencies are also shown in Appendix B. Besides styrene, no VOCs were
measured at concentrations above known toxic thresholds.

Styrene Data

CIPP Effluent

Styrene results from the field study are presented in Figure 16. Results are not presented here for the 6-
hour samples for field Pipes 1, 10, and 11, or for the 12-hour samples of Pipes 1 and 10 because they are
not representative of the well-mixed flow typically found in culverts and streams. All results are
reported in Appendix B.
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Figure 16. Field Experiment Styrene Results

Styrene results from the simulated field study are presented in Figures 16 and 17. Samples were taken
up to 96 hours after curing. Additional sampling was not required because the simulated field pipes did
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not actually convey stormwater and there would be no lingering environmental impact. Figure 17 shows

laboratory results for styrene from the simulated field study.
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——&=— Pipe 2: No Preliner, Pulled Placement
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60 \ Pipe 5: Reinforced Concrete Pipe

Styrene (ppb)

—&— Pipe 6: UV-Cured Resin

40
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—@&— Pipe 8: No Preliner, Low VOC Resin
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...... MCL Drinking Water
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Figure 17. Simulated Field Experiment Styrene Results

Simulated Field Condensate

The results of the condensate analysis are not relevant to water quality of flow through CIPP because
the condensate should not be permitted to escape into the environment during typical steam-cured
CIPP installations. Though they are not discussed in this report, the condensate sample results appear in
Appendix B.

Water Source and Dosing System

Figure 18 shows a comparison of simulated field influent, water source, and experiment water quality
sample results for styrene. The simulated field influent represents water that flows from the dosing tank
and through the hose to the CIPP. The simulated field hose bib results are for water taken as it enters
the dosing system tank. The analysis results of both were so dominated by non-detect values that the
box plot displays as a single line, which indicates that both 25™ percentile and 50" percentile
concentrations are the non-detect value. The field background concentrations at the SR-50 project
location had more detectable concentrations, but were still not high enough to impact the analysis. So,
background styrene concentrations for both field and simulated field experiments were considered low
enough that they were not major contributors to water quality sample results and, therefore, were
considered negligible for analysis.
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Figure 18. Box Plot Comparing Styrene Concentrations for Dosing Systems and Source Water

Meteorological Data

Figure 19 shows a comparison of average daily atmospheric temperatures for the field and simulated
field studies. Ambient temperature does not appear to be an important factor. Though the simulated
field control (Simulated Field Pipe 1) was constructed in a cooler environment and had higher
concentrations compared to other simulated experiments, the ambient temperature was similar to the
field conditions and concentrations of styrene were all lower than the simulated control at Day 4.
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e B Pipes 3& 8

—*-Pipes 4 &5
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Temperature (°F)

50 —B-Pipe 7: No VOC Resin

SR-50 Pipes 1, 10, &11

0 2 4 6 8 10 12 14 16 18

Days Past Initial Curing

Figure 19. Comparison of Daily Mean Temperatures During Sampling Activities
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Precipitation and humidity varied substantially as demonstrated in Figures 20 through 23. These figures
include data from days prior to installation where precipitation was reported. Precipitation increases soil
moisture, especially at the simulated field test site where soils were exposed to direct precipitation. In
contrast, soils at the field test sites were almost completely covered with pavement, so soil moisture in
the field was driven by sub-surface hydrology.

In the simulated field test, there was considerable contrast in soil moisture due to precipitation.
Cumulative precipitation for simulated field Pipes 1 and 7 (Figure 20) totaled over 2 inches. Relative
humidity was always 70 percent or higher. Cumulative rainfall was even higher just prior to installation
of simulated field Pipe 6 (Figure 21), but pre-installation humidity was lower. Simulated field Pipes 2, 3,
4, 5, and 8 were constructed in dry conditions with much lower humidity (Figure 22). The field study
installations occurred in dry weather (Figure 23), but there was some precipitation during the last week

of sampling.
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Figure 20. Simulated Field Pipes 1 & 7 Cumulative Precipitation and Relative Humidity Data
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Figure 23. Field Pipes 1, 10 & 11 Cumulative Precipitation and Relative Humidity Data

Temperature Cure Log Data

Cure log data including steam temperatures and thermal couple temperatures were recorded during
steam-cured installations. Temperatures at the individual sections of the light train were recorded for
the UV-cured installation. The data for simulated field cure logs are presented in Figure 24. While the
temperature data for both steam-cured and UV-cured installations are presented in Figure 24, a direct
comparison between the two is not appropriate due to vastly different catalyzing methods and
technologies. Figure 25 shows field study cure log data. Data for thermal couple and steam temperature
data are shown in Figures 26 and 27, respectively, for both field and simulated field CIPP. UV-cured Pipe
6 is not included in these figures because steam curing was not used.

The Caltrans specification requires the contractor to follow the cure temperature and schedule provided
in a work plan submitted in advance of the CIPP installation. All contractors complied with this
requirement, however, in all cases the contractors did not describe in their work plans a cool-down
period that is compliant with the Caltrans maximum cool-down rate of 15 to 20° F/hr. The cool-down
rates were 3 and 10 times the maximum allowed rate as observed in Figure 26. This requirement does
not apply to UV-cured installations.
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Simulated Field Cure Log Data
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Figure 24. Simulated Field Cure Log Data

Elapsed Curing Time (hours)
—6— Pipe 1: Control Thermal Interface

—6— Pipe 2: No Preliner, Pulled Placement Thermal Interface
—o&— Pipe 3: Forced Ambient Air Thermal Interface
—6— Pipe 4: Extra Preliner, Forced Heated Air Thermal Interface
—o— Pipe 5: Reinforced Concrete Pipe Thermal Interface

Pipe 6: UV Temp 2
—6— Pipe 7: Low VOC Thermal Interface

—o— Pipe 8: No Preliner, Low VOC Thermal Interface
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Figure 25. Field Cure Log Data

Elapsed Curing Time (Hours)
~A— SR-50 Pipe 1: Control Boiler In

~—4— SR-50 Pipe 1: Control Boiler Out

—&— SR-50 Pipe 1: Control Thermal Interface

—#— SR-50 Pipe 10: Forced Ambient Air Post-Cure Treatment Boiler In

~—4— SR-50 Pipe 10: Forced Ambient Air Post-Cure Treatment Boiler Out

—— SR-50 Pipe 10: Forced Ambient Air Post-Cure Treatment Thermal Interface

~—#— SR-50 Pipe 11: Extra Preliner, Forced Heated Air Post-Cure Treatment Boiler In

~4— SR-50 Pipe 11: Extra Preliner, Forced Heated Air Post-Cure Treatment Boiler Out

—o— SR-50 Pipe 11: Extra Preliner, Forced Heated Air Post-Cure Treatment Thermal Interface
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Figure 26. Field and Simulated Field Thermal Couple Data
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Figure 27. Field and Simulated Field Steam Temperature Data

Discussion

Concentrations of most volatile organic compounds were below reporting limits for most water quality
samples taken during the field study and simulated field study. The present study focused on styrene
results. Figure 28 compares the field and simulated field styrene concentrations for the styrene-based
CIPP. Six and twelve-hour results were excluded since this data was not collected in a consistent manner
between field and simulated field test runs. The median values are nearly identical. The upper percentile
is much higher for the simulated field tests, but this is driven by unique installation characteristics for
Pipe 1, which will be explored more thoroughly later in this report. Since both field and simulated field
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tests experienced both saturated and unsaturated soil conditions and the resulting concentrations are
comparable for the styrene CIPP (Figure 28), both data sets are considered in the discussion of the
effects of CIPP installation test scenarios on styrene concentrations. A general discussion of results is
followed by a discussion of the control installations and the effects of the individual test scenarios.

[] Field Experiment
[ simulated Field Experiment

O simulated Field Experiment Excluding Pipe 1

6 and 12 hour sample data was exluded because some samples were collected from the containment
systems

200
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Figure 28. Box Plots Comparing Field and Simulated Field Styrene Data from Styrene-Based CIPP Installations for 24-, 48-, and
96-hour Samples

General Trends

Figure 29 compares all results for styrene in the first 96 hours. Theoretically, a rapid decline is expected
as curing completes and subsequent water flushing events remove accumulated styrene. However, both
field and simulated field test results indicate that styrene continues to diffuse across the inner liner as
evidenced by increasing concentrations after flow was induced for the water quality tests. The increase
in concentration is expected. After the initial sample, the geometric time series sampling interval
doubles the period of time elapsed for each subsequent sample. This allows more time for styrene to
diffuse and accumulate on the interior of the CIPP. Then as the reservoir of styrene is depleted the
diffusion across the membrane becomes negligible compared to the rate of volatilization and
concentrations in water samples decrease. Humidity will negatively affect volatilization, but this study
does not quantify the relationship between humidity, styrene concentration in water, or volatilization
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into the air within the pipe. Although some variability can be attributed to sampling technique, the
variation would be random among events. Instead, each pipe followed a similar trend in concentration
spike sometime prior to the 48™ hour, which further supports the theory that the resin is not completely
cured at final cool down and curing continues over several days.
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Figure 29. Field and Simulated Field Styrene Results through Day 4

Field

All field experiments resulted in concentrations that were immediately (without dilution or fate and
transport losses) protective of the most sensitive species (algae) within four days. Concentrations varied
for Pipe 11 through the 13 day. After Day 13, the concentrations in Pipe 11 decreased linearly to a non-
detect value at Day 17. For Pipes 1 and 10, concentrations varied until Day 4. After Day 4, the
concentrations in Pipes 1 and 10 decreased in a fairly linear fashion to a non-detect value at Day 17. The
reason for increased variability in Pipe 11 may be due to high groundwater that caused a greater heat
sink during the curing process than what was experienced at Pipes 1 and 10. Similar to Pipe 11, Pipe 10
had dry weather flow that was diverted, however, Pipe 10 did not show evidence of high groundwater.
Dry weather flow in the pipe may be from a spring located off the roadway.

Initial 6-hour samples for all pipes and the 12-hour samples for Pipes 1 and 10 were at or near reporting
limits (Appendix B) due to collection of samples in the quiescent containment systems. Comparison of
water samples from turbulent and non-turbulent flow indicates that concentrations in quiescent flow
may be much lower than concentrations in fully turbulent flow. This may have implications in assessing
environmental risk based on the flow regime of downstream receiving waters.
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Simulated Field

All simulated field experiments resulted in concentrations that would be immediately protective of the
most sensitive species (algae) within four days, except for the control (simulated field Pipe 1). The
simulated field Pipe 1 had the following combination of site characteristics that was unique among the
polyester resin CIPP for both field and simulated field tests:

e Low ambient air temperature (<62°F compared to >75°F for all other styrene-based, steam-
cured CIPP),

e Saturated embankment and soil moisture (lack of impervious pavement above Simulated Field
Experiment), and

e Lower steam temperature (<200°F compared to >240°F for all other styrene-based, steam-cured
CIPP)

Lower steam temperature, lower maximum thermal couple temperature, and shorter duration above
recommended minimum cure temperature (hold time) may have been factors contributing to elevated
styrene concentrations in simulated field Pipe 1. Steam temperature in Pipes 2, 3, 4, 5, and 8 were in the
240 °F to 250 °F range for the duration of the curing hold time while the steam temperature in simulated
field Pipe 1 ranged from 165 °F to 195 °F, approximately, during the curing hold time (Figure 27).

Ambient air temperatures were also cooler during the installation of simulated field Pipe 1 (Figure 28).
This difference was due to seasonal air temperature variations as a result of installation schedules.
Simulated field Pipe 1 was installed in March 2016, while the remaining styrene-based resin
impregnated liners were installed in August 2016 when daily mean temperatures are much higher and
daily maximum temperatures are regularly near 95°F.

While ambient air temperatures may have contributed to the elevated styrene detection in simulated
field Pipe 1, lower steam temperatures and saturated soils are likely more important factors because
similarly low ambient air temperatures for the field control (Pipe 1) did not result in similarly high
styrene concentrations.

The unique environmental and curing conditions for simulated field Pipe 1 discussed in the previous
section were not anticipated in the study design. Because of these conditions, simulated field Pipe 1 is
an inappropriate control to compare against other CIPP variations in the simulated field study.
Consequently, the other CIPP variations in the simulated field study should be compared to alternative
controls. Figure 30 shows a comparison of styrene concentrations for both control installations and
simulated field Pipes 2 and 5. Simulated field Pipe 1 concentrations remained above the drinking water
MCL at Day 4 due to the unique conditions previously discussed. The simulated field pull-in-place
variation Pipe 2 may be a better control for dry conditions in the simulated field tests because it
represents the closest replication of simulated field Pipe 1, but without the host of differing conditions.
The only variable is installation method and this should have little effect unless the pull-in-place method
caused liner damage or uneven installation and it did not. In this case, damage was not likely because
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the host pipe was a single (no joints) piece of new pipe and so there were no sharp edges along the
interior of the pipe.

Simulated field Pipe 1, however, may be the most appropriate control for field Pipe 11 because they
share the same environmental condition of high soil moisture. The notable difference is Pipe 1 was
cured with a lower steam temperature, so simulated field Pipe 1 does not control for all parameters in
the Pipe 11 scenario. An imperfect control limits the conclusions that can be drawn for the Pipe 11
scenario.

Pipe 5 was also considered as a potential control since the only difference between simulated field Pipe
1 and Pipe 5 is host pipe. The question is whether a difference in host pipe has a greater effect on curing
compared to the pull-through installation method used in simulated field Pipe 2. Since the results for
simulated field Pipe 1 and field Pipe 11 indicate soil moisture affects curing—presumably by causing a
heat sink—a difference in host pipe could also affect curing effectiveness due to differing thermal
properties. Examination of results in Figure 30 indicates that simulated field Pipe 5 did not cure as
quickly or completely as simulated field Pipe 2. So RCP is not an appropriate control scenario since all
other scenarios use CMP. Pipe 2 is considered the most appropriate control for comparing CIPP
specification enhancements in dry soil conditions.
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Figure 30. Comparison of Styrene Results for Field Control, Simulated Field Control, and Control Alternatives

Where appropriate, simulated field Pipe 2 will replace simulated field Pipe 1 in figures to compare to a
control that does not have high soil moisture.
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Effects of CIPP Test Scenarios

Post-Cure Treatments
Post-cure treatments did not appear to have noticeable effects on styrene concentrations in field tests.

For field Pipe 11, this may be due to the larger effect of other factors such as saturated soil conditions.
Continual diffusion across the inner liner minimizes the benefit of rinsing or blown ambient air because
these practices do not reduce the amount of uncured resin behind the liner that will continue to diffuse
after the post-cure treatment is removed.

Figure 31 shows a comparison of forced ambient air post-cure treatment styrene results to results from
control conditions. In simulated field trials, forced ambient air appeared to delay the increase in styrene
concentration, but the magnitude was unaffected. Forced ambient air did not effect when
concentrations fell below the NOEC for algae (63 ppb). In field trials the control was always below the
algae NOEC, so any improvement offered by forced ambient air would not have practical implications. In
consideration of both field and simulated field test results, it cannot be concluded that forced ambient
air applied for a period of 6 hours after final cool down provided any benefit to subsequent styrene
concentrations in flow through the CIPP.
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Figure 31. Comparison of Styrene Results for Forced Ambient Air and Control Conditions

Figure 32 shows a comparison of styrene concentrations from simulated field control and forced heated
air post-cure treatment for CIPP in unsaturated soil conditions. Forced heated air resulted in all
concentrations below the NOEC for algae. In this case, water diversions are not needed to be protective
of all aquatic species.
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Figure 32. Comparison of Styrene Results for Forced Heated Air in Dry Control Conditions

Styrene results in Figure 33 compares the control for saturated soil conditions (simulated field Pipe 1) to
the forced heated air post-cure treatment (field Pipe 11). The concentrations in the field forced heated
air scenario were substantially lower at Day 4, but because the control had substantially lower steam
temperatures that could have caused the concentration on Day 4 to remain high, the results are not
conclusive.
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Figure 33. Comparison of Styrene Results for Forced Heated Air Post-Cure Treatment and Saturated Soil Control Conditions

Extra Preliner

Figures 32 and 33 compare styrene from CIPP with an extra preliner to control scenarios. The effect of
an extra preliner on the results is difficult to assess because forced heated air was also used in both
scenarios using a preliner and thus obscures any benefit of the extra preliner. The extra preliner, being
on the exterior of the CIPP material, would presumably help reduce diffusion of volatiles toward the
host pipe and surrounding soils, but this study was not designed to test that effect. The field scenario
with the extra preliner was on Pipe 11 where saturated soils were observed. Though it was observed
that low flow (drips per minute) occurred along the outside of the CIPP, it could not be determined
whether the flow was outside of the host pipe or inside the host pipe between the host pipe and the
CIPP.

Resins

Non-styrene resins clearly will have an impact on styrene concentrations, as shown in Figure 17. The
concern with non-styrene resin was whether there were other constituents in the water that would be
measured at concerning concentrations. For the measured constituents, no known environmental
thresholds were exceeded (all data can be found in Appendix B). However, the MSDS product
information on the alternative monomer used was redacted for proprietary purposes, so the exact
monomer used may not have been tested within the suite of analysis used in this study. Practically,
because the alternative resin is not specified in the Caltrans specification, site-specific testing may be
required. To enable sufficient time to find a capable laboratory, manufacturers will need to submit a
complete MSDS months in advance of the CIPP work. Because the current standard lead time is two
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weeks, requiring proprietary information and an increased lead time for MSDS submittal may limit the
likelihood that this approach is used.

Cure Method

Cure method had a clear benefit to the most concerning constituent, styrene. UV curing was clearly
superior and the other volatile concentrations detected were all measured at levels below known
environmental thresholds. The only detectable concentrations occurred in the samples taken 2 and 6
hours after curing.

Host Pipe Material

Examination of the data in Figure 17 shows that RCP may impede complete curing as evidenced by
higher concentrations compared to simulated field Pipe 2 (the presumed control for the simulated field
study).
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Figure 34. Comparison of Simulated Field Pipes 2 & 5

Liner Installation Method

There is no evidence in this study that installation method affects water quality results. Figure 35 shows
that, at each of the common sample times, concentrations are similarly variable in magnitude and range
of values. However, the inversion installation seems to be preferred to minimize damage to the liner
during the installation process.
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Figure 35. Comparison of Field Pipe 1 and Simulated Field Pipe 2

Overall Data Observations

Though this study did not include replication, the preponderance of the data from field and simulated-
field experiments indicates that CIPP, with some care in enforcing the Caltrans specification and delaying
the reintroduction of natural flow, will result in concentrations of VOCs that will not likely impact
downstream receiving waters. To be protective of water flowing through the CIPP, enhancements may
be necessary to protect the most sensitive aquatic species. Additional enhancements may be necessary
for saturated soil conditions that are presumably causing a heat sink that may be inhibiting the curing
process.

The water quality results, in terms of protection of aquatic species, can be categorized by soil conditions.
For unsaturated soil conditions, UV-cured resin, styrene-free resin, and steam-cured, styrene-base resin
with forced heated air treatment would be protective of all aquatic species without the need to divert
flow. For all other scenarios, water cannot be allowed to flow through the pipe until 96 hours after CIPP
installation. For saturated soil conditions, UV-cured and non-styrene CIPP met all water quality criteria.
For styrene-based CIPP in saturated conditions, forced heated air appears to be a contributing factor to
bring concentrations below the algae NOEC by Day 4. The limited experience gained in this study may be
cause for study of additional CIPP scenarios in saturated conditions.
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Potential Impact on CIPP Specifications

Generally, the Caltrans specifications for UV and steam-cured CIPP are sufficiently protective of the
most sensitive aquatic species (algae) after a four-day waiting period before allowing flows through the
CIPP. By Day 4, all water flowing through the CIPP, without dilution into a receiving water, was below
the NOEC for algae in all but one of the 11 tests in this study. Concentrations never exceeded toxicity
thresholds for any other test species. Consequently, enhancements to the specification is discussed in
this report for cases where impacts to algae are a concern for water immediately discharging from CIPP.
For applications where immediate algae toxicity is not a concern, a possible relaxation of the Caltrans
specification concerns the maximum cool-down rate. All 10 steam-cured CIPP exceeded the maximum
rate by at least 3 times. Conversely, where algae effects are a concern, enforcement of the cool-down
specification may eliminate the need for other specification enhancements due to prolonging the curing
process under active heating, but this was not tested. Extending the cure time is another possible
enhancement that was not tested. Where algae toxicity is a concern, several enhancements to the
specification are discussed in this section.

Specification enhancements are presented according to soil moisture conditions since this appears to be
the most critical site condition identified by this study. Consequently, soil moisture testing should be
considered during planning stages. Project timing may dictate that soil moisture testing be performed in
a prior year during the proposed time of year for the CIPP work. Alternatively, soil moisture testing could
also be added to the CIPP specification as a requirement prior to developing the CIPP work plan.

CIPP specification enhancement may not be appropriate for all receiving water conditions. As discussed
earlier, sample collection was switched from sampling the capture volume to sampling the pipe flow.
The phenomena of rapid separation of volatiles in quiescent water, as observed in the initial field
samples taken from the containment system, was previously concluded by Fu and Alexander (1992),
who report almost complete volatilization of styrene in the environment within 40 hours. Consequently,
distance to receiving waters may be a consideration in determining the risk of CIPP to vulnerable species
and the need for enhancements to the CIPP specification. For example, culverts at ephemeral crossings
where the discharge water may not support aquatic life until a receiving water is reached further
downstream may merit different treatment than other culverts. In contrast, fate and transport losses
may not be an appropriate consideration for culverts that carry stream flow that is considered a
receiving water.

The CIPP specification enhancements suggested in this report are also conservative because the high
flow conditions relative to very low volumes compared to storm volumes should result in conservative
(high) concentrations. Higher storm or stream flow volumes should increase dilution.

To be immediately protective of the most sensitive aquatic species for CIPP installed in unsaturated
soils, stream flows should be diverted for at least four days after CIPP installation for culverts that
discharge directly to receiving waters. For dry culverts that do not have a diversion in place, the
specification should prohibit installation when rainfall is predicted within four days. Scheduling
installations during the dry season is already common to avoid the need to bypass large storm flows, but
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a specification requirement for dry season work will also help minimize saturated soil conditions. In
cases where diversions are impractical, the results of this study indicates that UV-cured resin or steam-
cured resin with forced heated air methods are protective of water quality without the need to divert
flows after curing.

Additional specification enhancements may be necessary to be protective of the most sensitive aquatic
species for CIPP installed in saturated soils because the simulated field control (simulated field Pipe 1)
still had concentrations that would impact algae at Day 4. Sampling stopped at Day 4 for the simulated
field tests, so it is not possible to estimate an appropriate period to maintain flow diversions. The field
test with saturated soils at Pipe 11 was protective of algae within four days but it had two mitigating
factors: an extra preliner and forced heated air post-cure treatment. Of those two mitigations, it is not
possible to distinguish which factor may have been more helpful merely by considering the water quality
results because the simulated field tests applied the same combination of treatments on the same pipe
(Pipe 4). However, on a theoretical basis, an extra preliner offers very few insulation qualities to prevent
heat loss to saturated soils during the curing process. Conversely, forced heated air should enhance
residual curing after final cool down. Consequently, a potential specification change would require
forced heated air treatment in addition to a flow diversion if precipitation is likely. Also, extending the
cure time should result in lower concentrations, but quantifying an appropriate time extension may
require additional study.

Another potential mitigation for cases with saturated soils is to require the contractor to use non-
styrene resin or UV-cured polyester resin. UV-cured polyester resin had no observable environmental
effects and its use would eliminate need to divert flow. The environmental effects of non-styrene resins
are less clear. Non-styrene resin suppliers commonly redact proprietary resin information and the
current specification does not identify the specific alternative. Adding a post-cure water testing
requirement to the specifications for these alternatives could help build an approved list of styrene
alternatives based on test results. In addition, disclosure of all additives must be strictly enforced to
ensure the correct chemical is being tested. After sufficient testing and identification of viable
alternatives, testing would not be required. Instead, the specification could be modified to identify the
exact alternatives to styrene. Because of redacted information, this study could not conclude that
alternative resins are protective of aquatic species.

For locations requiring protection of the most sensitive species immediately at the point of discharge,
several CIPP options appear feasible for pipe rehabilitation. The present study was not designed to
determine optimum enhancements to CIPP specifications, so duration of water diversion, duration of
forced heated air post-cure treatment, and minimum steam temperature are not specified here. While
not tested in this study, enforcement of the maximum cool-down rate for steam-cured CIPP per the
Caltrans specification may reduce the need for specification enhancements. Tested CIPP specification
options from the present study that were protective of known environmental thresholds can be
organized according to field conditions.
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For dry site conditions that require protection of aquatic species at the pipe outfall, consider a CIPP
specification that restricts the contractor to the following options:

e UV cure,
e Pull-through or inversion installation, steam cure, and water diversion, or
e Pull-through or inversion installation, steam cure, and forced heated air post-cure treatment.

For wet soil site conditions that require protection of aquatic species at the outfall, consider a CIPP
specification that restricts the contractor to the following options:

e UV cure, or
e Pull-through or inversion installation, minimum steam temperature of 240° F, water diversion,
and forced heated air post-cure treatment.
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Appendix A: Literature Review

This literature review was conducted in 2014 prior to the initiation of the field and simulated field tests
described in the Final Report. This appendix contains a summary of key findings from the preliminary
investigation (CTC and Associates 2012) and it reviews additional literature that was published since the
preliminary investigation. This review also summarizes information on styrene characteristics, non-
styrene alternatives, and environmental thresholds. The additional literature was reviewed to check the
proposed study approach and make any necessary adjustments. Other literature relative to the results
of this study are contained in the Final Report.

Preliminary Investigation

In the preliminary investigation of this study several states were contacted to determine their use of
CIPP and document any known issues related to styrene. Eleven of the 15 states contacted had used
CIPP for pipe rehabilitation. Nine of those did not report water quality issues or regulatory concerns
(CTC and Associates 2012).

Four states reported water quality issues: New York, Oregon, Virginia, and Washington. The New York
Department of Transportation found concerning amounts of styrene and consequently revised their
specifications. Oregon reported extremely high concentrations (174 ppm), but those were attributed to
failure to divert incoming water. Virginia initially found reported concentrations at potentially toxic
levels. Water quality issues in the Virginia study were proposed to be related one or more of the
following observations: 1) condensate was not contained, 2) uncured resin not contained, 3) insufficient
curing time, and 4) some relative permeability of the liner. Virginia DOT has also since strengthened
their CIPP specifications. Washington DOT did not have a CIPP specification and experienced water
quality issues that resulted in regulatory action. Consequently, they generally recommend culvert
replacement over relining.

Additional Literature since the 2012 Preliminary Investigation

Styrene concentrations are found to vary among CIPP projects. In a follow up to the 2008 Virginia DOT
study, Donaldson explored the water quality impacts other CIPP and coatings that were installed
following improved installation specifications. The different determinants were the type of curing that
was conducted (UV or steam), and the type of resin or coating material (fiber sock or polyuria spray-on
coating). The research concluded that styrene levels from UV CIPP installation were lower than that of
conventional water based curing, but some levels occurred that would be toxic to water fleas
(Donaldson and Whelton 2013).

Donaldson (2013) evaluated vinyl ester as a non-styrene alternative CIPP material. UV curing of
traditional styrene-based CIPP was also analyzed. Vinyl ester was found to cause toxicity when samples
were soaked for up to 120 days. UV-cured CIPP showed more promise in field tests, but one of the
soaked samples exceeded toxicity thresholds. Traditional steam cure was not retested following the
Virginia DOT specification.

A-1



Whelton et al. (2013) provides a summary of environmental impacts from several pipe rehabilitation
methods, including cement mortar, polymer-enhanced cement mortar, epoxy, polyurethane, polyuria,
and polyurethane and polyuria blends. The paper elaborates that alternatives to CIPP can also have
potential environmental impacts due to elevated COD and TOC and alterations to pH. Further research is
suggested.

The results of the literature reviewed since the preliminary investigation does not offer any changes to
this study since the most promising technology, UV curing of traditional CIPP, is already being addressed
in the simulated field tests.

Styrene Characteristics

Styrene is a monomer which is used for multiple applications where plastics are needed. Styrene has a
strong smell which can be detected at low levels in the air. Styrene arises as a colorless or yellowish
viscous liquid with a sweet-smelling odor. It has a flash point of 34°C (closed cup), a lower explosive limit
of 0.9% to 1.1% v/v, an upper explosive limit of 6.1% to 6.8% v/v, and an auto ignition temperature of
490°C. (DHHS 2011)

Styrene has the following properties:

e Molecular weight—104.2

e Specific gravity—0.906 at 20°C

e Melting point—31°C,

e Boiling point—145°C

e LogK—2.95ow

e  Water solubility—310 mg/L at 25°C

e Vapor pressure—6.4 mm Hg at 25°C

e Vapor density relative to air—3.6 (DHHS 2011)

Non-Styrene CIPP Alternatives

In the CIPP industry there are alternatives to styrene-based resin. The most common alternatives are
polyester and vinyl ester resins (Moore 2011). Moore also reports that styrene-based CIPP is safe and
reliable, but there may be situations where due to client request or specification non-VOC resin is
required. Non-VOC technology is relatively new, and companies are reluctant to divulge the exact
composition of styrene-free resin to protect trade secrets. In the case of vinyl ester resin, Moore reports
that many non-VOC chemicals may be suitable, but specific chemicals are not listed (2011).

Industry Health Standards for Air Concentrations

Federal OSHA standards dictate a time weighted exposure level of 100 ppm of styrene exposure is
allowable for a safe eight-hour period (CFR 2016). CalOSHA has set a lower exposure level of 50 ppm
(CalOSHA 2011).
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Water Quality Standards and Toxicity Thresholds

The NASSCO CIPP committee suggests that discharge of water from steam curing to downstream water
ways can be allowed if the concentration of styrene is less than 25 ppm (NASSCO 2008), but this
concentration is substantially higher than known toxicity lethal concentration (LC), effect concentration
(EC), and no observable effect concentration (NOEC) thresholds. The following toxicity thresholds, as
summarized by Donaldson and Baker (2008), may be appropriate for comparison for discharge from
CIPP to nearby receiving waters, depending on transport, flow, and beneficial uses of the receiving
waters. Species and test (EC, LC, or NOEC) are listed from highest to lowest concentration. The ranges
represent values from different studies.

e  Amphipod 96-hr LC50—9.5mg/L

e Fathead minnow 96-hr LC50—5.2 to 10 mg/L

e Water flea 48-hr EC50—4.7mg/L

e Amphipod 96-hr NOEC—4.1 mg/L

e Fathead minnow NOEC—2.6 to 4 mg/L

e Rainbow trout 96-hr LC50—2.5mg/L

e Freshwater green algae 96-hr EC50—0.72mg/L

e Freshwater green algae 72-hr NOEC—0.53 mg/L
e Freshwater green algae 96-hr NOEC—0.063 mg/L

The California Office of Environmental Health Hazard Assessment (OEHHA) has set a public health goal
(PHG) of 0.5 ppb for drinking water based on carcinogen effects in test species
(http://oehha.ca.gov/water/phg/122810styrene.html). PHGs are not regulatory standards and
application to surface waters is not appropriate. Surface water standards are available in the Basin Plans
approved by the California Regional Water Quality Control Boards.

The drinking water MCL is 100 ppb

(http://www.waterboards.ca.gov/drinking water/certlic/drinkingwater/documents/dwdocuments/MCL
SsEPAvsDWP-2014-07-01.pdf) and this value is also referenced in many California Basin Plans, such as the
Los Angeles Region

(http://www.waterboards.ca.gov/losangeles/water issues/programs/basin plan/).
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Appendix B: Data Tables and Graphs

This appendix presents all the discharge water quality measurements for detected VOC constituents.
The data are organized into the following sections:

Environmental Thresholds

Water Quality Results

Background Concentrations
Meteorological Data

Soil Moisture

Temperature Cure Logs

Field Experiment QA/QC
Simulated Field Experiment QA/QC
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Environmental Thresholds

The known water quality threshold values for all VOCs measured at detectable levels in this study are
presented in Environmental Thresholds. Sample results for the constituents in Table 1 are represented
in the subsequent tables and graphs in this appendix.

Table 1. Drinking Water Standards for VOCs Detected in Reportable Quantities

Constituent Limit Units Source
Acetone| 100 pg/L  |USEPA Integrated Risk Information System (IRIS)
Benzene 1 pg/L |CalEPA
Bromodichloromethane 80 ug/L |EPA
Bromoform 80 ug/L  |EPA
Bromomethane 1 pug/L  |USEPA Integrated Risk Information System (IRIS)
Chloroform 80 ug/L |EPA
Chloromethane 4 pg/L  |USEPA Integrated Risk Information System (IRIS)
Dibromochloromethane 80 ug/L |EPA
Isopropyl Benzene| 100 pug/L  |USEPA Integrated Risk Information System (IRIS)
n-Propylbenzene 260 ug/L |California Department of Public Health Notification Level
Styrene| 100 ug/L |EPA
tert-Butyl alcohol 12 ug/L |California Drinking Water Action Level (DHS)
tert-Butylbenzene| 260 ug/L | California Drinking Water Action Level (DHS)
Tolulene| 150 pg/L |CalEPA
Trihalomethanes 80 ug/L |EPA
Xylenes (total)| 1750 pg/L |CalEPA
1,2,4-Trimethylbenzene| 330 pg/L |California Public Health Goal (OEHHA)
1,3,5-Trimethylbenzene| 330 ug/L |California Public Health Goal (OEHHA)
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Water Quality Results

Table 2. Detection Frequency of Results Above Reporting Limit (Excluding Condensate Sample Results)

b) 0 Abo porting
Acetone Benzene  Bromodichloro e orofo orome e  Dibromochlo oprop Propylbe ene Butyl Alcoho o 0 b b
Do 1 8 2
Pip 1 5 5 5
P 5] 1 5]
Pipe 1 5 5
Pine 5 5
Pipe 1 5 5
pe 5] 1
5 5 1 3
Pip 1 5 3 4 1
op 4 5 4 8 1 1 1
0P 0 1 4 5 4 2 6 3 2 1
0 1 4 5 4 3 3 7 1 3 3
8
7
6
5
4
3
2
0
CSUS Dosing System Pipe 1 Pipe 2 Pipe 3 Pipe 4 Pipe 5 Pipe 6 Pipe 7 Pipe 8 SR-50 Pipe 1 SR-50 Pipe 10 SR-50 Pipe 11
B Acetone M Benzene W Bromodichloromethane B Chloroform B Chloromethane W Dibromochloromethane B Isopropyl Benzene
B n-Propylbenzene B Styrene W tert-Butyl Alcohol B Tolulene B Xylenes (total) 1,2,4-Trimethylbenzene M 1,3,5-Trimethylbenzene

Figure 1. Detection Frequency of Results Above Reporting Limit
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Table 3. Acetone Results

Analyte Units Environmental Threshold
Acetone 10 pg/L 100 pg/L
Pipe 4 a Pipe 8 R-50 Pipe 10 R-50 Pine
pe pe ed Preline ) orced a Preline
eline bie orced Heated Pipe Preline Ambient A orced Heated
Pipe Pulled Po Air Po e einforced Pipe 6 pe 7: Lo ow VOC SR-50 Pipe Po e Air Po e
R Da i eme ea eatme ete Pipe ed Re ~ Re ST e eatme
Condensate 0 110 22 71 ND ND [~ n~D 33 110
1 0.25 ND ND ND ND ND ND ND ND  [* ND ) [ )
2 0.5 1 ND ND ND ND ND ND ND |[® ND ™ n~D ND
3 1 ND ND ND ND ND ND ND ND ND ND ND
4 2 ND ND ND ND ND ND ND ND ND ND ND
5 4 ND ND ND ND 11.5 ND ND 25.5 ND ND ND
6 13 ND ND ND
7 15 ND ND ND
8 17 ND ND ND
|™ Red flagged results are from samples collected from the containment systems.
|™ In absence of condensate, a sample collection run was performed 2 hours after final cool down.
120
100 Pipe 1: Control
30 Pipe 5: Reinforced Concrete Pipe
)
=%
o Pipe 8: No Preliner, Low VOC Resin
2 60
2
8
<
USEPA Integrated Risk Information System (IRIS)
40 Reference Dose
20
o
0
0 0.5 1 1.5 2 2.5 3 35 4.5

Days PastInitial Curing

Figure 2. Simulated Field Experiment Acetone Results
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Table 4. Benzene Results

Analyte ND Value Units Environmental Threshold
Benzene 0.50 ug/L 1 pg/L
Pipe Pipe 4 a Pipe 8 0 Pipe 10 0 Pipe
Pipe 0 0 ed Pre e Pip (0] 0 ed Pre e
Pre e A pie A orced e ea e (o) ed Pre e A ole A (o) ed e ed
Pipe Pulled Po e AirPo e oncrete Pipe 6 Pipe 7: Low VO AYe) R-50 Pipe Po e Air Po e
R Da 0 e a Pipe ed Re Re e ontro eatme eatme
Condensate 0 ND ND ND ND ND  |[* ND ND 12
1 0.25 ND ND ND ND ND ND ND ND ™ ND () [ )
2 0.5 ND ND ND ND ND ND ND ND |[® ND ™ ND ND
3 1 ND ND ND ND ND ND ND ND ND 0.58 ND
4 2 ND ND ND ND ND ND ND ND ND ND ND
5 4 ND ND ND ND ND ND ND ND ND ND ND
6 13 ND ND ND
7 15 ND ND ND
8 17 ND ND ND
™ Red flagged results are from samples collected from the containment systems.
[ In absence of condensate, a sample collection run was performed 2 hours after final cool down.
1.2
T
SR-50 Pipe 10: Forced Ambient Air Post-
Cure Treatment
0.8
= eeeeee Benzene MCL
o
£
2 06
<
N
c
0.)
o
0.4
0.2
0
0 2 4 6 10 12 14 16 18

Figure 3. Field Experiment Benzene Results
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Table 5. Bromodichloromethane Results

Analyte ND Value Units Environmental Threshold
Bromodichloromethane 0.50 ug/L 80 pg/L
Pibe Pipe 4 a Pipe 8 R-50 Pipe R-50 Pipe
Pipe 0 orced Pipe 0 0: Forced Preline
A pie 0 ed e ed Re 0 ed Pre A pie A ed eated
Pipe Pulled Po Air Po e oncrete  Pipe 6 Pipe 7: Lo 0 0 Pipe Po e Air Po e
R Da 2 . . e Pipe ed Re Re Re T 2 e
Condensate 0 ND ND ND ND ND  [[® ND ND ND
1 0.25 33 ND ND ND ND ND 33 ND | 38 [ [
2 0.5 2.8 ND 0.55 ND ND ND 33 ND | a5 > 51 1.9
3 1 3.4 ND ND ND ND ND 4.3 ND 2.1 2.1 2.2
4 2 2.4 ND ND ND ND ND 2.8 ND l.72) 1.2 1
5 4 3.0 ND ND ND ND ND 2.7 ND ND ND ND
6 13 ND ND ND
7 15 ND ND ND
8 17 ND ND ND
[P Red flagged results are from samples collected from the containment systems.
[P In absence of condensate, a sample collection run was performed 2 hours after final cool down.
25
2
SR-50 Pipe 10: Forced Ambient Air Post-Cure
Treatment
o
Q
=
g 15
& SR-50 Pipe 11: Extra Preliner, Forced Heated Air Post-
k] Cure Treatment
£
2
o
<=
2
3 1
£
2
o
0.5
0
0 0.5 1 1.5 2 2.5 3 35 4 4.5

Figure 4. Field Experiment Bromodichloromethane Results
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4 == Pipe 1: Control
T35 . o
2 Pipe 3: Forced Ambient Air Post-Cure Treatment
E
= 3 /E'
b S —&— Pipe 7: Low VOC Resin
1
o 2.5
5
2
£ 2
o
§
& 1.5
1
0.5
0
0 0.5 1 1.5 2.5 3 3.5 4.5
Days PastInitial Curing
Figure 5. Simulated Field Experiment Bromodichloromethane Results
Table 6. Bromomethane Results
Analyte ND Value Units Environmental Threshold
Bromomethane 1 ug/L 1pg/L
Pine Pine 4 3 Pioe 8 R-50 Pipe R-50 Pipe
pe orced Pre e Pipe 0 0 orced Pre e
e e Ambie A orced Heated Re orcea Pre e R-50 Ambie A orced Heated
Pipe P ed Po e Air Po e o] ete Pipe 6 pe (o} @) o O Pipe Po e Air Po e
R Da o) (0) e e ea e e e Pipe ed Re e Re (o) (0) e e ea e
Condensate 0 1.4 ND ND ND ND = nND ND ND
1 0.25 ND ND ND ND ND ND ND ND | ND [I* ND * ND
2 0.5 ND ND ND ND ND ND ND ND | ND ([ ND ND
3 ND ND ND ND ND ND ND ND ND ND ND
4 2 ND ND ND ND ND ND ND ND ND ND ND
5 4 ND ND ND ND ND ND ND ND ND ND ND
6 13 ND ND ND
7 15 ND ND ND
8 17 ND ND ND

[P Red flagged results are from samples collected from the containment systems.
| In absence of condensate, a sample collection run was performed 2 hours after final cool down.




Table 7. Chloroform Results

Analyte ND Value Units Environmental Threshold
Chloroform 0.50 ug/L 80 pg/L
Pipe Pipe 4 Pipe 8 R-50 Pipe 10 R-50 Pipe
Pipe orced Pre e Pipe o} orced Pre e
e e bie A orced Heated Re orced Pre e R-50 Ambie A orced Heated
Pipe P ed Po e Air Po e o] ete Pipe 6 Pipe o] @) (o] ) Pipe Po e Air Po e
R DE] o] o] P eme ea e ea e Pipe ed Re Re Re o] (o} ea e e e
Condensate 0 ND ND ND ND ND | 43 ND ND
1 0.25 49 6.9 6.85 6.5 4.7 3.7 46 74 " 20 |& 17 ™ 16
2 0.5 41 5.8 8.0 6.7 7.0 4.0 49 60 "8 || 19 4.0
3 1 48 5.6 6.4 7.4 5.9 3.8 65 7.5 5.4 4.8 5.8
4 2 36 5.6 7.6 5.2 4.8 3.8 42 7.3 6 5.8 4.9
5 4 47 4.0 6.8 5.5 5.75 4.0 42 5.35 2 2 1.8
6 13 ND ND ND
7 15 ND ND ND
8 17 ND ND ND

[P Flagged results are from samples collected from the containment systems.

|™ In absence of condensate, a sample collection run was performed 2 hours after final cool down.

Chloroform (ppb)

Figure 6. Field Experiment Chloroform Results
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Figure 7. Simulated Field Experiment Chloroform Results
Table 8. Chloromethane Results
Analyte ND Value Units Environmental Threshold
Chloromethane 1.0 ug/L 4 pg/L
Pipe Pipe 4 Pipe 8 R-50 Pipe 10 R-50 Pipe
Pipe orced Pre e Pipe 0 (0] ed Pre e
P e bient A orced Heated Reinforced P e Ambient A orced Heated
Pipe Pulled Po e AirPo e oncrete Pipe 6 pe 7: Low VO ow VO R-50 Pipe Po e Air Po e
R Da ontrol Placeme e e e e Pipe ed Re e Re ontro e e
Condensate 0 ND ND ND ND ND (D) ND ND
1 0.25 ND ND ND ND ND ND ND ND | ND ™ n~D ™ ND
2 0.5 ND 1.0 ND ND ND ND ND ND | ND = ND ND
3 1 ND ND ND ND ND ND ND ND ND ND ND
4 2 ND ND ND ND ND ND ND ND ND ND ND
5 4 ND ND ND ND ND ND ND ND ND ND ND
6 13 ND ND ND
7 15 ND ND ND
8 17 ND ND ND

[P Red flagged results are from samples collected from the containment systems.

|™ In absence of condensate, a sample collection run was performed 2 hours after final cool down.
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Figure 8. Simulated Field Experiment Chloromethane Results
Table 9. Dibromochloromethane Results
Analyte Value Units Environmental Threshold
Dibromochloromethane 0.50 ug/L 80 ug/L
Pine be 4 Pine OPibe  SR-50 Pipe
pe orced Preline Pipe 0 0: Forced Preline
eline bie ed ed Reinforced Pre Ambient A orced Heated
Pipe Pulled Po Po e oncrete  Pipe 6 pe 7: Low VO 0 R-50 Pipe Po e AirPo e
R Da o] eme e e e e Pipe ed Re Re Re o] (o] ea e e e
Condensate 0 ND ND ND ND ND o [F ND ND ND
1 0.25 ND ND ND ND ND ND ND ND [ 23 ™ 27 > 31
2 0.5 ND ND ND ND ND ND ND N (P 3 > 35 1.7
3 1 ND ND ND ND ND ND ND ND 1.9 1.8 1.9
4 2 ND ND ND ND ND ND ND ND 0.54 0.62 0.57
5 4 ND ND ND ND ND ND ND ND ND ND ND
6 13 ND ND ND
7 15 ND ND ND
8 17 ND ND ND

[P Red flagged results are from samples collected from the containment systems.

|® In absence of condensate, a sample collection run was performed 2 hours after final cool down.
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70 SR-50 Pipe 1: Control
o
Q
£ 60 SR-50 Pipe 10: Forced Ambient Air Post-Cure
g Treatment
©
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o Post-Cure Treatment
240
S USEPA Integrated Risk Information System (IRIS)
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e}
a
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0
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Days PastInitial Curing
Figure 9. Simulated Field Experiment Dibromochloromethane Results
Table 10. Isopropyl Benzene Results
Analyte Units Environmental Threshold
Isopropyl Benzene 0.50 ug/L 100 pg/L
Pipe pe 4 Pipe 8 R-50 Pipe  SR-50 Pipe
pe orced Preline Pipe o) 0: Forced Preline
e bie ed Heated Reinforced Preline Ambient A orced Heated
Pipe Pulled Po Po e oncrete Pipe 6 pe ow VO 0 o) R-50 Pipe Po e AirPo e
R DE! 0 eme e e e e Pipe ed Re e Re 0 e e e e
Condensate 0 ND ND ND ND ND  |[= ND ND 0.90
1 0.25 ND ND ND ND ND ND ND 1.6 | n~D [ D) [
2 0.5 ND ND ND ND ND ND ND 22 | ND [ ~D 15
3 1 ND ND ND ND ND ND ND ND ND ND 1.5
4 2 ND ND ND ND ND ND ND ND ND ND ND
5 4 ND ND ND ND ND ND ND 4.15 ND ND ND
6 13 ND ND ND
7 15 ND ND ND
8 17 ND ND ND

[P Red flagged results are from samples collected from the containment systems.

|™ In absence of condensate, a sample collection run was performed 2 hours after final cool down.
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Figure 10. Field Experiment Isopropyl Benzene Results
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Figure 11. Simulated Field Experiment Isopropyl Benzene Results
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Table 11. n-Propylbenzene Results

Analyte NDAVEIITS Units Environmental Threshold
n-Propylbenzene 0.50 ug/L 260 pg/L
Pipe e 4 Pipe 8 R-50 Pipe R-50 Pipe
pe orced Preline Pipe o) 0: Forced Preline
eline Ambie ed Heated Reinforced Preline R-50 Ambient A orced Heated
Pine Pulled PO Po s srEEnEe | e G be 7- Low VO ow VOC Pipe PO 5 s =
Da 5 . e e Pipe ed Re o Re G e z z
Condensate 0 1.4 ND ND ND ND [~ ND 14 ND
1 0.25 ND ND ND ND ND ND ND ND [ ND | ND > 14
2 0.5 ND ND ND ND ND ND ND ND |®nND ([ 13 13
3 1 ND ND ND ND ND ND ND ND ND 1.3 1.3
4 2 ND ND ND ND ND ND 13 ND ND ND ND
5 4 ND ND ND ND ND ND ND ND ND ND ND
6 13 ND ND ND
7 15 ND ND ND
8 17 ND ND ND
|® Red flagged results are from samples collected from the containment systems.
|® In absence of condensate, a sample collection run was performed 2 hours after final cool down.
14
1.2 SR-50 Pipe 10: Forced Ambient Air Post-Cure
Treatment
E_ 1 SR-50 Pipe 11: Extra Preliner, Forced Heated Air
=y Post-Cure Treatment
£ 08
N California Department of Public Health Notification
2 Level is 260 ppb
= 0.6
&
a
€04
0.2
0
0 0.5 1 1.5 2.5 3 3.5 4.5

Days PastInitial Curing

Figure 12. Field Experiment n-Propylbenzene Results
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Figure 13. Simulated Field Experiment n-Propylbenzene Results

B-12

4.5

0O Pipe 7: Low VOC Resin

California Department of Public Health
Notification Level is 260 ppb



Table 12. Styrene Results

AGENY \DAEITS Units Environmental Threshold
Styrene 0.50 ug/L 100 pg/L
Pipe pe 4 pe 8 R-50 Pipe 0 Pipe
pe o] orced Pre e Pipe 0 0 orced Pre e
e e A Die A ed eated Re (o) ed e e R A e A\ (o) ed e ed
Pipe P ed Po e Po e o] ete Pipe 6 Pipe (o] O Pipe Po e Air Po e
R Da o] 0 eme ea e e e Pipe ed Re e Re o] e e e
Condensate 0 20000 110 2100 100 110 |~ o5 100 20
1 0.25 92 2.3 8.7 7.7 37 0.62 ND 1.6 |[® 17 |[® nND [ D)
2 0.5 120 9% 8.8 13 33 ND 1.5 23 |"26 |[® nND 120
3 1 110 16 96 9.5 98 ND ND 1.6 52 9.6 63
4 2 90 43.35 7.1 13 100 ND 2.0 ND 12 7.7 91
5 4 110 6.6 12 18 22 ND 1.6 7.25 21 32 16
6 13 5.2 11 62
7 15 5.7 8.3 31
8 17 2.2 1.7 1.6
[P Red flagged results are from samples collected from the containment systems.
| In absence of condensate, a sample collection run was performed 2 hours after final cool down.
Refer to Figures 16 and 17 in the main report for graphs displaying Styrene data.
Table 13. tert-Butyl Alcohol Results
Analyte ND Value Units Environmental Threshold
tert-Butyl Alcohol 5.0 ug/L 12 pg/L
Pipe Pine 4 = e R-50 Pipe  SR-50 Pipe
pe orced Preline Pipe 0 0: Forced Preline
Preline Ambient A orced Heated Reinforced e A ent A orced Heated
Pipe Pulled Po e Air Po e o] ete Pipe 6 Pipe 0 O OPipe Po e Air Po e
R Da ontro eme eatme eatme Pipe ed Re e e ontro eatme e e
1 0 ND ND ND ND ND ND 34
2 0.25 ND ND ND ND ND ND ND
3 0.5 ND ND ND ND ND ND ND
4 1 ND ND ND ND ND ND ND
5 2 ND ND ND ND ND ND ND
6 4 ND ND ND ND ND ND 11
7 13
8 15
9 17
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Figure 14. Simulated Field Experiment Tert-butyl Alcohol Results
Table 14. tert-Butyl Benzene
Analyte Units Environmental Threshold
tert-Butyl Benzene 0.5 ug/L 260 pg/L
Pine Pipe 4 Pine 8 R-50 Pipe R-50 Pipe
Pipe 0 orced Pre e Pipe o] 0 orced Pre
Pre e A pie A\ (o) ed e ed Re (o) ed Pre e R 0] A Die A (o) ed e
Pipe P ed Po e Air Po e o} ete Pipe 6 Pipe (o} 0] (o} @) Pipe Po e Air Po
R DE] o] o] Placeme ea e ea e Pipe ed Re Re Re o] 0 e e e e
Condensate 0 ND ND ND ND ND |~ ND ND ND
1 0.25 ND ND ND ND ND ND ND ND (P ND |* 15 > ND
2 0.5 ND ND ND ND ND ND ND ND (= nND  [I® ND ND
3 1 ND ND ND ND ND ND ND ND ND ND ND
4 2 ND ND ND ND ND ND ND ND ND ND ND
5 4 ND ND ND ND ND ND ND ND ND ND ND
6 13 ND ND ND
7 15 ND ND ND
8 17 ND ND ND

[P Red flagged results are from samples collected from the containment systems.
|® In absence of condensate, a sample collection run was performed 2 hours after final cool down.
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Table 15. Toluene Results

Analyte ND Value Units Environmental Threshold
Toluene 0.50 ug/L 150 pg/L
pe 4 Pipe 0 Pipe 0 Pipe
Pipe 0 Pipe (0] ed Pre e Pipe (0] (o} ed Pre e
Preline Ambient A ed Heated Reinforced Pre R-50 Ambie orced Heated
Pipe P ed Po e Po e (o) e Pipe 6 pe o) o) Pipe Po A Po e
R Da ontrol Placeme eatme eatme Pipe ed R e Re 0 eatme eatme
Condensate 0 ND ND ND ND ND ||~ ND ND ND
1 0.25 ND ND ND ND ND ND ND ND [ ND[® ND ® ND
2 0.5 ND ND ND ND ND ND ND ND | nND  |[® 0389 ND
3 ND ND ND ND ND ND ND ND ND 1.7 0.60
4 2 ND ND ND ND ND ND ND ND ND ND ND
5 4 ND ND ND ND ND ND ND ND 0.69 0.81 ND
6 13 ND ND ND
7 15 ND ND ND
8 17 ND ND ND
[P Red flagged results are from samples collected from the containment systems.
| In absence of condensate, a sample collection run was performed 2 hours after final cool down.
1.8
1.6
SR-50 Pipe 1: Control
1.4
SR-50 Pipe 10: Forced Ambient Air Post-Cure
1.2 Treatment
ig_ SR-50 Pipe 11: Extra Preliner, Forced Heated Air
o 1 Post-Cure Treatment
0)
S Toluene MCL is 150 ppb
508
°
0.6
0.4
0.2
0
0.5 1 1.5 2 2.5 3 3.5 4.5

Figure 15. Field Experiment Toluene Results

Days PastInitial Curing
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Table 16. Total Trihalomethanes Results

[P Red flagged results are from samples collected from the containment systems.

[P In absence of condensate, a sample collection run was performed 2 hours after final cool down.
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o o o

Total Trihalomethanes (p
w
o

20
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0.5

15

2.5 3

35 4 4.5

Days PastInitial Curing

Figure 16. Field Experiment Total Trihalomethane Results
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Analyte ND Value Units Environmental Threshold
Total Trihalomethanes 0.50 ug/L 80 pg/L
Pipe 4 a Pipe 8 R-50 Pipe 0Pip
pe pe orced Preline Pipe 0 0: Forced Preline
eline bient A orced Heated Reinforced Preline R-50 AmbientA orced Heated
Pipe Pulled Po Air Po e oncrete Pipe 6 Pipe o 0 0 0 Pipe Po e Air Po e
Da ontro eme eatme e e Pipe ed Re e e ontro e e e e
Condensate 0 ND ND ND ND ND = a8 ND ND
1 0.25 52.3 7.4 7.35 7 5.2 4.2 49.3 79 |[™26.1 ll_* 23.7 > 236
2 0.5 43.8 7.3 8.55 7.2 7.5 4.5 52.3 65 |[®255 ||= 276 7.6
3 514 6.1 6.9 7.9 6.4 4.3 69.3 8 9.4 8.7 9.9
4 2 38.4 6.1 8.1 5.7 5.3 4.3 44.8 7.8 7.74 7.62 6.47
5 4 50 4.5 7.3 6 6.25 4.5 44.7 5.85 2 2 1.8
6 13 ND ND ND
7 15 ND ND ND
8 17 ND ND ND

SR-50 Pipe 1: Control

SR-50 Pipe 10: Forced Ambient Air Post-Cure

Treatment

SR-50 Pipe 11: Extra Preliner, Forced Heated Air

Post-Cure Treatment

eeeeee Total Trihalomethane MCL




Total Trihalomethanes (ppb)
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40
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—8— Pipe 1: Control
——o— Pipe 2: No Preliner, Pulled Placement
Pipe 3: Forced Ambient Air Post-Cure Treatment
—>— Pipe 4: Extra Preliner, Forced Heated Air Post-
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Pipe 5: Reinforced Concrete Pipe

== Pipe 6: UV-Cured Resin

30
—&— Pipe 7: No VOC Resin
20
——e&— Pipe 8: No Preliner, No VOC Resin
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%“Qg-<§" 1A
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0
0 0.5 1 1.5 2 2.5 3 3.5 4 45
Days PastInitial Curing
Figure 17. Simulated Field Experiment Total Trihalomethane Results
Table 17. Total Xylenes Results
AGENYE Units ronmental Threshold
Xylenes (total) 1.0 ug/L 1750 pg/L
Pipe Pipe 4 a Pipe 8 0Pipe 10 0Pipe
pe orced Preline pe 0 orced Preline
eline e orced Heated orced Preline R-50 Ambient A orced Heated
Pipe Pulled Po Air Po e ete Pipe 6 Pipe o) o) o) o) Pipe Po e Air Po e
R Da 0 eme eatme eatme Pipe ed Re e Re ontro eatme e e
Condensate 0 3.7 ND ND ND ND |~ nND 2.5 ND
1 0.25 ND ND ND ND ND ND 2.1 ND (=18 | ND ™ nND
2 0.5 2.2 ND ND ND ND ND 2.1 ND [®nND [P 22 ND
3 1 ND ND ND ND ND ND ND ND ND 3.0 ND
4 2 ND ND ND ND ND ND ND ND ND ND ND
5 4 ND ND ND ND ND ND 2.1 ND ND ND ND
6 13 ND ND ND
7 15 ND ND ND
8 17 ND ND ND

[P Red flagged results are from samples collected from the containment systems.

| In absence of condensate, a sample collection run was performed 2 hours after final cool down.
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Figure 18. Field Experiment Total Xylene Results
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Figure 19. Simulated Field Experiment Total Xylene Results
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Table 18. 1,2,4-Trimethylbenzene Results

Analyte ND Value Units Environmental Threshold
1,2,4-Trimethylbenzene 0.50 ueg/L 330 ug/L
Pipe Pipe 4 a Pipe 8 R-50 Pipe R-50 Pipe
Pine 2: No orced Preline Pine ° 0 Forced Pre
Preliner. Ambient Air Forced Heated Reinforced R-50 Ambient Air Forced He
Pipe P ed Po e Air Po e o} ete Pipe 6 Pipe o] O (o] @) Pipe Po e Air Po
R Da ontrol  Placeme . S, Pine od Re Re Re ontro eatme L
Condensate 0 ND ND ND ND ND = nND ND ND
1 0.25 ND ND ND ND ND ND ND ND [ ND [ ND > 22
2 0.5 ND ND ND ND ND ND ND ND | ND [ 14 1.5
3 1 ND ND ND ND ND ND ND ND 1.3 1.5 1.5
4 2 ND ND ND ND ND ND ND ND ND ND ND
5 4 ND ND ND ND ND ND ND ND ND ND ND
6 13 ND ND ND
7 15 ND ND ND
8 17 ND ND ND

[® Red flagged results are from samples collected from the containment systems.
| In absence of condensate, a sample collection run was performed 2 hours after final cool down.

1.6
1.4
SR-50 Pipe 1: Control

1.2
)
g
~ 1 SR-50 Pipe 10: Forced Ambient Air Post-Cure
2 Treatment
[}
N
<
3
5 08 SR-50 Pipe 11: Extra Preliner, Forced Heated Air
% Post-Cure Treatment
£
=
= 0.6 . . . .
< California Public Health Goal (OEHHA) is 330 ppb
~
-

0.4

0.2

0
0 0.5 1 1.5 2 2.5 3 35 4 4.5

Days PastInitial Curing

Figure 20. Field Experiment 1,2,4-Trimethylbenzene Results
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Table 19. 1,3,5-Trimethylbenzene Results

Analyte ND Value Units Environmental Threshold
1,3,5-Trimethylbenzene 0.50 ug/L 330 pg/L
Pipe Pipe 4 R-50 Pipe O Pipe
Pipe o] orced Pre e Pipe Pipe 8 0 (0] orced aPre e
Pre e A pie A (o) ed e ed Re (0] ed Pre e A olie A (o) ed e
Pipe P ed Po e Air Po e o} ete Pipe 6 Pipe (o} (o} 0] R-50 Pipe Po e Air Po
R Da o] 0 Placeme ea e ea e Pipe ed Re OCRe Re o] o] ea e ea e
Condensate 0 ND ND ND ND ND |~ ND ND ND
1 0.25 ND ND ND ND ND ND ND ND D) ™ ND > 15
2 0.5 ND ND ND ND ND ND ND ND ™ ND ™ n~D 1.3
3 1 ND ND ND ND ND ND ND ND 1.2 13 13
4 2 ND ND ND ND ND ND ND ND ND ND ND
5 4 ND ND ND ND ND ND ND ND ND ND ND
6 13 ND ND ND
7 15 ND ND ND
8 17 ND ND ND

[P Red flagged results are from samples collected from the containment systems.
|* In absence of condensate, a sample collection run was performed 2 hours after final cool down.

14

1.2 SR-50 Pipe 1: Control
S 1 SR-50 Pipe 10: Forced Ambient Air Post-Cure
2 Treatment
o
I SR-50 Pipe 11: Extra Preliner, Forced Heated Air
& 08 Post-Cure Treatment
&
_g‘ California Public Health Goal (OEHHA) is 330 ppb
7}
g 0.6
=
Iy
L
M 04

0.2

0
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

Days PastInitial Curing

Figure 21. Field Experiment 1,3,5-Trimethylbenzene Results

Background Concentrations

Table 20. Water Source and Influent Bromodichloromethane Results

Analyte D Value
Bromodichloromethane 0.50 ug/L
016 4 6-2016 8-9-2016 8 0-2016 8 016 8 016 8 016 8-14 016 8 016 R 09-9 R 09-24
ple ample ample ample ample ample ample ample ample 014 Sample 2014 Sample
ap Water Source ND ND ND 0.57 ND ND ND ND
2.7 ND ND ND ND ND ND ND ND 4.8 ND
ap Water Duplicate ND
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[] Simulated Field Influent
[] Simulated Field Hose Bib
[] SR-50 Influent

Reporting Limit is 0.50 pph. Values shown at the RL in this plot were reported as non-detect.

35.00

30.00

25.00

20.00

15.00

10.00

Bromodichloromethane (ppb)

5.00

0.00

Figure 22. Box Plot Comparing Bromodichloromethane Concentrations for the Simulated Field Dosing System Influent Samples,
Simulated Field Samples at the Source (Hose Bib), and Field Dosing System Influent Samples

Table 21. Water Source and Influent Chloroform Results

Analyte D Value
Chloroform 0.50 ug/L

016 4-26-2016 8-9-2016 8-10-2016 8 016 8 016 8 016 8-14-2016 8 016 R-50 9-9 R-509
a ample ample ample ample ample ample ample ample 0 p 0
ap Water Source 6.7 7.0 7.8 9.0 6.8 6.4 7.4 13
e 38 4.5 7.5 6.7 7.9 6.0 6.4 6.9 2.0 22 ND
ap Water Duplicate 7.6
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[] Simulated Field Influent [] Simulated Field Hose Bib [] SR-50 Influent

35.00

30.00

25.00

20.00

15.00

Chloroform (ppb)

10.00

5.00 '__L_' L

0.00 -1

Figure 23. Box Plot Comparing Chloroform Concentrations for the Simulated Field Dosing System Influent Samples, Simulated

Field Samples at the Source (Hose Bib), and Field Dosing System Influent Samples

Table 22. Water Source and Influent Dibromochloromethane Results

Analyte D Value
Dibromochloromethane 0.50 ug/L
016 4-26-2016 8-9-2016 8-10-2016 8 016 8 016 8 016 8-14-2016 8 016 09
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND ND
er Duplicate ND
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[] Simulated Field Influent
[] Simulated Field Hose Bib
[ SR-50 Influent

Reporting Limit is 0.50 ppb. Values shown at the RL in this plot were reported as non-detect.

4.50

4.00

3.50

3.00

2.50

2.00

1.50

Dibromochloromethane (ppb)

1.00

0.50

0.00

Figure 24. Box Plot Comparing Dibromochloromethane Concentrations for the Simulated Field Dosing System Influent Samples,
Simulated Field Samples at the Source (Hose Bib), and Field Dosing System Influent Samples

Table 23. Water Source and Influent Styrene Results

Analyte D Value
Styrene 0.50 ug/L
016 4-26-2016 8-9-2016 8-10-2016 8 016 8 016 8 016 8-14-2016 8 016 R-509-9 R-509
a ple a ple a ple a ple a ple a ple a ple a ple 0 p 0
ource ND ND ND ND ND ND ND ND
3.9 ND ND 1.5 ND ND ND ND ND 1.6 ND
D ND

Refer to Figure 18 in the main report for a graph displaying background Styrene data.

Table 24. Water Source and Influent Total Trihalomethane Results

Total Trihalomethanes 0.50 ug/L

016 ! 6-2016 8-9 016 8-10-2016 8 016 8 016 8 016 8-14 016 8 016 R 09-9 R 09-24
ple ample ample ample ample ample ample ample ample 014 Sample 2014 Sample
Tap Water Source 8.2 8.5 9.2 10.6 9.4 7.5 7.9 8.4
Influent 41.7 6 9 8.2 10.5 8.3 7.9 8.9 2.8 30.8 ND
Tap Water Duplicate
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[ Simulated Field Influent [] Simulated Field Hose Bib [] SR-50 Influent MCL is 80 ppb
50.00
45.00 T
40.00
35.00

30.00

25.00

20.00

15.00

10.00 — — ,__l__‘

5.00

Total Trihalomethanes (ppb)

0.00

Figure 25. Box Plot Comparing Total Trihalomethane Concentrations for the Simulated Field Dosing System Influent Samples,
Simulated Field Samples at the Source (Hose Bib), and Field Dosing System Influent Samples
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Meteorological Data

Table 25. Simulated Field Study Meteorological Data

Condenstae 1 2 3 4 5
0 0.25 0.5 1 2 4
Date 3/5/2016 3/5/2016 3/6/2016 3/6/2016 3/7/2016 3/9/2016
Pipe 1: Control Max Temp (°F) 65 65 61 61 55 66
Min Temp (°F) 58 58 49 49 42 46
Mean Temp (°F) 62 62 55 55 49 56
Date 8/11/2016 8/11/2016 8/11/2016 8/12/2016 8/13/2016 8/15/2016
Pipe 2: No Preliner, BV EYG il XM 93 93 93 97 100 92
Pulled Placement Min Temp (°F) 57 57 57 59 59 55
Mean Temp (°F) 75 75 75 78 80 74
Pipe 3: Forced Date 8/9/2016 8/9/2016 8/10/2016 8/10/2016 8/11/2016 8/13/2016
Ambient Air Post- M?x Temp (°F) 94 94 91 91 93 100
Min Temp (°F) 57 57 59 59 57 59
Cure Treatment

Mean Temp (°F) 76 76 75 75 75 80
Pipe 4: Extra Date 8/10/2016 8/10/2016 8/10/2016 8/11/2016 8/12/2016 8/14/2016
Preliner, Forced Max Temp (°F) 91 91 91 93 97 101
Heated Air Post- Min Temp (°F) 59 59 59 57 59 66
(SRR Mean Temp (°F) 75 75 75 75 78 84
Date 8/10/2016 8/10/2016 8/11/2016 8/11/2016 8/12/2016 8/14/2016
CRHEE (I Max Temp (°F) 91 91 93 93 97 101
Concrete Pipe Min Temp (°F) 59 59 57 57 59 66
Mean Temp (°F) 75 75 75 75 78 84
Date 1/12/2016 1/12/2016 1/12/2016 1/13/2016 1/14/2016 1/16/2016
Pipe 6: UV-Cured Max Temp (°F) 58 58 58 60 53 60
Resin Min Temp (°F) 50 50 50 42 37 48
Mean Temp (°F) 54 54 54 51 45 54
Date 3/5/2016 3/5/2016 3/5/2016 3/6/2016 3/7/2016 3/9/2016
Pipe 7: No VOC Max Temp (°F) 65 65 65 61 55 66
Resin Min Temp (°F) 58 58 58 49 42 46
Mean Temp (°F) 62 62 62 55 49 56
Date 8/9/2016 8/9/2016 8/10/2016 8/10/2016 8/11/2016 8/13/2016
EERRAZENEA  Max Temp (°F) 94 94 91 91 93 100
No VOC Resin Min Temp (°F) 57 57 59 59 57 59
Mean Temp (°F) 76 76 75 75 75 80

Table 26. Field Study Meteorological Data

Da 0 0 0 4

Date 9/10/2014  9/11/2014|  9/13/2014|  9/22/2014  9/24/2014|  9/26/2014
0 Pip Max Temp (°F) 70.21 75.21 79.21 81.21 70.21 64
ontro Min Temp (°F) 48.21 5221 56.21 61.21 5221 48
Mean Temp (°F) 59.21 63.71 67.71 71.21 61.21 56
0 Pine 10 e Date 9/10/2014  9/11/2014|  9/13/2014|  9/22/2014  9/24/2014|  9/26/2014
o Max Temp (°F) 70.21 75.21 79.21 81.21 70.21 64
N Min Temp (°F) 48.21 5221 56.21 61.21 5221 48
Mean Temp (°F) 59.21 63.71 67.71 71.21 61.21 56
0Pip a Date 9/10/2014)  9/10/2014|  9/11/2014|  9/13/2014)  9/22/2014|  9/24/2014|  9/26/2014
Po Max Temp (°F) 70.21 70.21 75.21 79.21 81.21 70.21 64
orced 8 Min Temp (°F) 2/17/1900 48.21 5221 56.21 61.21 5221 48
Mean Temp (°F) 59.21 59.21 63.71 67.71 71.21 61.21 56|

Refer to Figure 19 in the main report for a graph displaying mean daily air temperature data.
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Table 27. Simulated Field Study Precipitation and Humidity Data

Pipes 1 & 7 Precipitation and Humidity Data

Cumulative Average

Station Name Ele(‘:.t)l on Latitude Longitude Date Precipitation Daily RH (%,
(in.) Bryte Park)
3/4/2016 0.49 89
38.555 -121.416 3/5/2016 1.63 0
CSU (Bryte) 25(30) (Bryte Park: | (Bryte Park: EiEEN LB L
38.600065) |-121.533798) 3/7/2016 2.34 88
3/8/2016 2.34 71
3/9/2016 2.35 78
Pipe 6 Precipitation and Hu
1/3/2016 0.01 62
1/4/2016 0.12 80
1/5/2016 1.31 91
1/6/2016 1.96 88
1/7/2016 2 91
38.555 -121.416 1/8/2016 2.03 0
CSU (Bryte) 25(30) (Bryte Park: |(Bryte Park: LCIAES 2.08 83
38.600065) | 121.533798) 1/10/2016 2.17 88
1/11/2016 2.18 82
1/12/2016 2.18 81
1/13/2016 2.41 78
1/14/2016 2.47 86
1/15/2016 2.62 91
1/16/2016 2.77 87
Pipes 2, 3,4, 5, & 8 Precipitation and Humidity Data
. Cumulative Average
) Elevation . . A .
Station Name Latitude Longitude Date Precipitation Daily RH (%,
(ft.) :
(in.) Bryte Park)
8/9/2016 0 48
8/10/2016 0 48
38.555 -121.416 8/11/2016 0 50
CSU (Bryte) 25(30) (Bryte Park: | (Bryte Park: 8/12/2016 0 46
38.600065) | -121.533798) 8/13/2016 0 38
8/14/2016 0 34
8/15/2016 0 47

Refer to Figures 20 to 22 in the main report for graphs displaying simulated field cumulative
precipitation and humidity data.
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Table 28. Field Study Precipitation and Humidity Data

SR-50 Pipes 1, 10, & 11 Precipitation and Humidity Data

. .. Average
. Elevation . . Precipitation .
Station Name (ft.) Latitude Longitude Date (in) Daily RH (%,
Camino)
9/10/2014 0 22
9/11/2014 0 19
9/12/2014 0 18
9/13/2014 0 19
9/14/2014 0 23
9/15/2014 0 26
9/16/2014 0 28
. 7600 38.555 -121.416 9/17/2014 0 28
Forni Ridge . . .
(Camino) (Camino: (Camino: |(Camino: 9/18/2014 0 69
2780) 38.753136) -120.7336) 9/19/2014 0 62
9/20/2014 0 46
9/21/2014 0.07 54
9/22/2014 0.02 42
9/23/2014 0 42
9/24/2014 0 49
9/25/2014 0.19 83
9/26/2014 0.15 69

Refer to Figure 23 in the main report for a graph displaying field cumulative precipitation and humidity
data.

Soil Moisture
Table 29. Simulated Field Study Soil Moisture Data, 3-5-2017 (Pipes 1 & 7)

Temperature Soil wt (grams) % Water

(deg. F) Initial (wet) Final (dry) Content

Sample 1 62.6 35.1392 30.2917 | 0.160027
Sample 2 62.5 23.4399 20.1315 | 0.164339
Sample3| 63 | 356269 | 31.8508 | 0.118556
Average 62.7 31.402 27.424667 | 0.147641
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Temperature Cure Logs
Table 30. Simulated Field Study Pipe 1 Cure Log Data

pe 0 0 e Log
psSed e
e P emp emp
1:20 0:00 5 65 65
1:25 0:05 5 80 75
1:30 0:10 5 170 101
1:35 0:15 5 180 135
1:40 0:20 5 190 140
1:45 0:25 5 186 150
1:50 0:30 5 190 153
1:55 0:35 195 200
2:00 0:40 187 185
2:05 0:45 190 180
2:10 0:50 190 181
2:15 0:55 189 180
2:20 1:00 190 180
2:25 1:05 185 172
2:30 1:10 185 175
2:35 1:15 174 168
2:40 1:20 165 164
2:45 1:25 165 162
2:50 1:30 165 163
165 162
Cool Down

2:55 1:35 147 156
3:00 1:40 129 138
3:05 1:45 118 122
3:10 1:50 110 108
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Table 31.

Simulated Field Study Pipe 2 Cure Log Data

PSed -

a P e D
8:15 0:00 5 250 60
8:20 0:05 5 248 92
8:25 0:10 5 248 126
8:30 0:15 5 248 235
8:35 0:20 5 248 280
8:40 0:25 5 249 256
8:45 0:30 5 248 241
8:50 0:35 5 248 220
8:55 0:40 5 248 210
9:00 0:45 5 248 204
9:05 0:50 5 248 202
9:10 0:55 5 248 202
9:15 1:00 5 248 201
9:20 1:05 5 250 200
9:25 1:10 5 250 200
9:30 1:15 5 248 199
9:35 1:20 5 250 195
9:40 1:25 5 250 200
9:45 1:30 5 250 200
9:50 1:35 5 250 199
9:55 1:40 5 250 198
10:00 1:45 5 248 197
10:05 1:50 5 181
10:10 1:55 5 169
10:15 2:00 5 153
10:20 2:05 5 140
10:25 2:10 5 123
10:30 2:15 5 121
10:35 2:20 5 116
10:40 2:25 5 112
10:45 2:30 5 108
10:50 2:35 5 101
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Table 32. Simulated Field Study Pipe 3 Cure Log Data

apsed e
e P emp emp
10:50 0:00 5 240 58
10:55 0:05 5 240 145
11:00 0:10 5 240 170
11:05 0:15 5 240 200
11:10 0:20 5 240 182
11:15 0:25 5 240 181
11:20 0:30 5 240 178
11:25 0:35 5 240 177
11:30 0:40 5 240 177
11:35 0:45 5 240 176
11:40 0:50 5 250 177
11:45 0:55 5 250 176
11:50 1:00 5 250 176
11:55 1:05 5 250 175
12:00 1:10 5 250 173
12:05 1:15 5 250 168
12:10 1:20 5 250 167
12:15 1:25 5 250 167
12:20 1:30 5 250 163
12:25 1:35 5 250 159
12:30 1:40 5 250 152
12:35 1:45 5 141
12:40 1:50 5 125
12:45 1:55 5 110
12:50 2:00 5 105
12:55 2:05 5 100
13:00 2:10 5 95
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Table 33. Simulated Field Study Pipe 4 Cure Log Data

Pipe 4: Extra Preliner, Forced Heated Air Post-Cure Treatment Cure Log

Thermal

Elapsed Time Interface

(min.) PSI Steam Temp Temp (°F)
8:35 0:00 5 248 65
8:40 0:05 5 250 149
8:45 0:10 5 250 153
8:50 0:15 5 250 244
8:55 0:20 5 250 239
9:00 0:25 5 248 215
9:05 0:30 5 248 207
9:10 0:35 5 248 201
9:15 0:40 5 248 197
9:20 0:45 5 248 194
9:25 0:50 5 248 193
9:30 0:55 5 248 193
9:35 1:00 5 248 193
9:40 1:05 5 248 193
9:45 1:10 5 248 193
9:50 1:15 5 248 193
9:55 1:20 5 248 194
10:00 1:25 5 248 194
10:05 1:30 5 248 194
10:10 1:35 5 248 194
10:15 1:40 5 248 194
10:20 1:45 5 248 194
10:25 1:50 5 239 174
10:30 1:55 5 233 162
10:35 2:00 5 230 151
10:40 2:05 5 142
10:45 2:10 5 137
10:50 2:15 5 129
10:55 2:20 5 121
11:00 2:25 5 119
11:05 2:30 5 114
11:10 2:35 5 108
11:15 2:40 5 99
11:20 2:45 5 85
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Table 34. Simulated Field Study Pipe 5 Cure Log Data

psed e
e P emp D

12:50 0:00 5 230 60
12:55 0:05 5 250 101
13:00 0:10 5 248 113
13:05 0:15 5 248 150
13:10 0:20 5 248 155
13:15 0:25 5 248 160
13:20 0:30 5 248 162
13:25 0:35 5 248 165
13:30 0:40 5 248 169
13:35 0:45 5 248 169
13:40 0:50 5 248 169
13:45 0:55 5 249 170
13:50 1:00 5 249 170
13:55 1:05 5 248 170
14:00 1:10 5 248 169
14:05 1:15 5 248 169
14:10 1:20 5 248 169
14:15 1:25 5 248 169
14:20 1:30 5 248 170
14:25 1:35 5 248 170
14:30 1:40 5 248 170
14:35 1:45 5 246 165
14:40 1:50 5 159
14:45 1:55 5 143
14:50 2:00 5 133
14:55 2:05 5 129
15:00 2:10 5 126
15:05 2:15 5 123
15:10 2:20 5 121
15:15 2:25 5 118
15:20 2:30 5 117
15:25 2:35 5 115
15:30 2:40 5 114
15:35 2:45 5 110
15:40 2:50 5 105
15:45 2:55 5 100
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Table 35. Simulated Field Study Pipe 6 Cure Log Data

psed eg eg psed eg eg psed eg eg
6:40 0:00 12 43 32 7:13 0:33 14 47 44 7:47 1:06 6.1 61 52
6:41 0:00 13 43 32 7:14 0:33 18 47 44 7:47 1:06 6.6 61 53
6:41 0:01 i3 43 32 7:14 0:34 18 47 44 7:48 1:.07 6.6 61 52
6:42 0:01 1.4 42 32 7:15 0:34 2.3 47 45 7:48 1:07 6.6 61 53
6:42 0:02 14 42 32 7:16 0:35 2.6 47 45 7:49 1:08 6.6 61 53
6:43 0:02 15 42 33 7:16 0:35 3.1 48 45 7:49 1:08 6.6 61 53
6:43 0:03 2.8 42 32 7:17 0:36 il 48 45 7:50 1:09 6.6 62 53
6:44 0:03 0.1 42 32 7:17 0:36 3.1 48 45 7:50 1:09 6.6 62 53
6:45 0:04 0 42 32 7:18 0:37 S 48 46 7:51 1:10 6.6 62 53
6:45 0:04 13 42 32 7:18 0:37 4 48 45 7:51 1:10 6.6 62 54
6:46 0:05 2.6 42 32 7:19 0:38 4.1 48 45 7:52 1:11 6.6 62 54
6:46 0:05 0.2 42 32 7:19 0:38 4.1 4.9 45 7:52 1:11 6.6 62 54
6:47 0:06 0.1 42 32 7:20 0:39 4.1 49 46 53] 1:12 6.6 62 54
6:47 0:06 13 42 32 7:20 0:39 4.4 49 46 7:53 1:12 6.6 63 54
6:48 0:07 18 42 32 7:21 0:40 4.9 49 46 7:54 1:13 6.6 63 54
6:48 0:07 23 42 33 7:21 0:40 4.9 49 46 7:54 1:13 6.4 63 55
6:49 0:08 23 42 32 7:22 0:41 5 50 46 7:55 1:14 6 63 55
6:49 0:08 2.3 42 32 7:22 0:41 5 50 46 7:55 1:14 6 63 56
6:50 0:09 23 42 31 7:23 0:42 5.3 50 46 7:56 1:15 6 64 57
6:50 0:09 23 42 31 7:23 0:42 5.4 51 46 7:56 1:15 6 65 57
6:51 0:10 23 42 31 7:24 0:43 55 il 47 7:57 1:16 6.1 67 58
6:51 0:10 23 42 31 7:24 0:43 5.5 51 47 7:57 1:16 6 69 68
6:52 0:11 2.3 42 31 7:25 0:44 55 il 47 7:58 1:17 6 72 77
6:52 0:11 23 42 31 7:25 0:44 5.5 52 47 7:58 1:18 6 75 87
6:53 0:12 2.7 43 32 7:26 0:45 55 52 47 7:59 1:18 6 79 97
6:53 0:12 2.7 43 32 7:26 0:45 5.5 52 47 7:59 1:19 6.1 82 105
6:54 0:13 2.9 43 32 7:27 0:46 5.5 53 47 8:00 1:19 6.2 85 114
6:54 0:13 2.9 43 32 7:27 0:47 5.6 53 47 8:00 1:20 6.4 88 121
6:55 0:14 2.9 43 32 7:28 0:47 5.6 53 47 8:01 1:20 6.3 92 129
6:55 0:14 2.9 43 32 7:28 0:48 5.6 53 48 8:02 1:21 6.3 96 132
6:56 0:15 29 43 32 7:29 0:48 5.6 54 48 8:02 1:21 6.6 100 124
6:56 0:16 2.9 43 32 7:29 0:49 5.6 54 48 8:03 1:22 6.6 103 112
6:57 0:16 218 43 32 7:30 0:49 5.6 54 48 8:03 1:22 6.6 107 121
6:57 0:17 3 43 32 7:31 0:50 5.6 54 48 8:04 1:23 6.7 111 120
6:58 0:17 3 43 32 7:31 0:50 5.6 55 48 8:04 1:23 6.8 115 135
6:58 0:18 3.4 43 32 7:32 0:51 5.6 55 48 8:05 1:24 5.8 119 142
6:59 0:18 8l 43 32 7:32 0:51 5.6 55 48 8:05 1:24 6.2 123 145
7:00 0:19 3 43 32 7:33 0:52 5.7 55 48 8:06 1:25 6.2 126 144
7:00 0:19 -0.1 43 32 7:33 0:52 5.7 56 49 8:06 1:25 6.3 130 144
7:01 0:20 -0.1 43 32 7:34 0:53 5.7 56 49 8:07 1:26 6.3 133 143
7:01 0:20 -0.1 43 32 7:34 0:53 5.7 56 49 8:07 1:26 6.3 137 145
7:02 0:21 -0.1 43 32 7:35 0:54 5.7 56 49 8:08 1:27 6.4 140 146
7:02 0:21 -0.1 43 32 7:35 0:54 5.7/ 56 49 8:08 1:27 6.3 144 149
7:03 0:22 -0.1 43 40 7:36 0:55 5.8 57 49 8:09 1:28 6.2 147 153
7:03 0:22 -0.1 0 0 7:36 0:55 5.8 57 49 8:09 1:28 6.3 151 155
7:04 0:23 -0.1 44 42 7:37 0:56 5.8 57 50 8:10 1:29 6.3 154 155
7:04 0:23 -0.1 44 42 7:37 0:56 5.8 57 50 8:10 1:29 6.3 158 161
7:05 0:24 -0.1 44 41 7:38 0:57 5.8 57 50 8:11 1:30 6.6 161 168
7:05 0:24 -0.1 45 42 7:38 0:57 5.8 58 50 8:11 1:30 6.5 165 182
7:06 0:25 -0.1 45 42 7:39 0:58 5.8 58 50 8:12 1:31 6.5 168 193
7:06 0:25 0.5 45 43 7:39 0:58 5.8 58 50 8:12 1:31 6.4 172 202
7:07 0:26 0.5 45 43 7:40 0:59 5.8 58 50 8:13 1:32 6.6 175 208
7:07 0:26 0.5 45 43 7:40 0:59 5.8 58 51 8:13 1:33 6.7 177 214
7:08 0:27 0.5 45 43 7:41 1:00 5.9 59 51 8:14 1:33 6.7 180 218
7:08 0:27 0.5 46 43 7:41 1:00 60 59 51 8:14 1:34 13 181 217
7:09 0:28 0.5 46 43 7:42 1:.01 6 59 51 8:15 1:34 0 183 221
7:09 0:28 0.5 46 43 7:42 1:02 6 59 51 8:15 1:35 0 184 220
7:10 0:29 0.5 46 43 7:43 1:02 6 59 51 8:16 1:35 0 184 219
7:10 0:29 05 46 44 7:43 1:03 6 60 52 8:16 1:36 0 185 218
7:11 0:30 0.5 46 44 7:44 1:03 6.1 60 52 8:17 1:36 0 185 217
7:11 0:31 0.5 46 44 7:44 1:04 6.1 60 52 8:18 1:37 0 185 216
7:12 0:31 0.5 47 44 7:45 1:04 6.1 60 52 8:18 1:37 0 184 214
7:12 0:32 0.7 47 44 7:45 1:05 6.1 60 52 8:19 1:38 0 184 213
7:13 0:32 11 47 44 7:46 1:05 6.1 61 52
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Table 36. Simulated Field Study Pipe 7 Cure Log Data

pe OCR e
psed e
o » = 5
10:05 0:00 0 64
10:15 0:10 5 120 64
10:30 0:25 5 172 180
10:35 0:30 5 175 181
10:40 0:35 5 160 175
10:45 0:40 5 160 161
10:50 0:45 5 160 150
10:55 0:50 5 160 152
11:00 0:55 5 160 155
11:05 1:00 5 160 148
11:10 1:05 5 160 147
11:15 1:10 5 160 145
11:20 1:15 5 160 143
11:25 1:20 5 160 143
11:30 1:25 5 160 143
11:35 1:30 5 135 130
11:40 1:35 5 123 122
11:45 1:40 0 110 109
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Table 37. Simulated Field Study Pipe 8 Cure Log Data

Pipe 8: No Preliner, Low VOC Resin Cure Log

Elapsed
Time

Steam

Thermal
Interface

(min.) PSI Temp  Temp (°F)

15:20 0:00 5 240 58

15:25 0:05 5 240 85

15:30 0:10 5 240 135
15:35 0:15 5 240 140
15:40 0:20 5 240 145
15:45 0:25 5 240 150
15:50 0:30 5 240 158
15:55 0:35 5 240 158
16:00 0:40 5 240 158
16:05 0:45 5 240 161
16:10 0:50 5 240 164
16:15 0:55 5 240 166
16:20 1:00 5 240 167
16:25 1:05 5 240 168
16:30 1:10 5 240 169
16:35 1:15 5 240 170
16:40 1:20 5 240 171
16:45 1:25 5 240 173
16:50 1:30 5 240 174
16:55 1:35 5 240 174
17:00 1:40 5 240 175
17:05 1:45 5 240 176
17:10 1:50 5 240 177
17:15 1:55 5 240 170
17:20 2:00 5 160
17:25 2:05 5 140
17:30 2:10 5 130
17:35 2:15 5 122
17:40 2:20 5 115
17:45 2:25 5 109
17:50 2:30 5 95
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Table 38. Field Study Pipe 1 Cure Log Data

R-50 Pipe O O 0g
psed e
o Boile o

e P Bolle 0 o
8:00 0:00 4.5 57
8:05 0:05 4.5 57
8:10 0:10 4.5 58
8:15 0:15 4.5 306 250 59
8:20 0:20 4.5 307 265 124
8:25 0:25 4.5 307 265 198
8:30 0:30 4.5 307 265 241
8:35 0:35 4.5 308 270 213
8:40 0:40 4.5 308 270 192
8:45 0:45 4.5 308 270 189
8:50 0:50 4.5 308 270 185
8:55 0:55 4.5 308 270 184
9:00 1:00 4.5 309 270 184
9:05 1:05 4.5 309 270 184
9:10 1:10 4.5 309 270 185
9:15 1:15 4.5 309 270 185
9:20 1:20 4.5 308 270 185
9:25 1:25 4.5 309 270 186
9:30 1:30 4.5 308 270 186
9:35 1:35 4.5 309 270 186
9:40 1:40 4.5 308 270 186
9:45 1:45 4.5 309 270 187
9:50 1:50 4.5 309 270 187
9:55 1:55 4.5 309 270 187
10:00 2:00 4.5 310 270 187
10:05 2:05 4.5 309 270 187
10:10 2:10 4.5 310 270 188
10:15 2:15 4.5 310 270 188
10:20 2:20 4.5 310 270 188
10:25 2:25 4.5 212 145 169
10:30 2:30 203 145 143
10:35 2:35 198 145 127
10:40 2:40 151 145 113
10:45 2:45 121 145 105
10:50 2:50 102 145 99
10:55 2:55
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Table 39. Field Study Pipe 10 Cure Log Data

SR-50 Pipe 10: Forced Ambient Air Post-Cure Treatment Cure Log

Elapsed Thermal
Time Boiler Interface
(min.) Boilerin  out Temp (°F)

11:15 0:00 4.5 49

11:20 0:05 4.5 51

11:25 0:10 4.5 308 240 63

11:30 0:15 4.5 309 245 122
11:35 0:20 4.5 309 250 151
11:40 0:25 4.5 308 270 158
11:45 0:30 4.5 309 265 156
11:50 0:35 4.5 309 265 154
11:55 0:40 4.5 308 265 154
12:00 0:45 4.5 308 265 154
12:05 0:50 4.5 309 265 155
12:10 0:55 4.5 309 265 155
12:15 1:00 4.5 309 265 156
12:20 1:05 4.5 308 265 156
12:25 1:10 4.5 309 265 157
12:30 1:15 4.5 309 265 158
12:35 1:20 4.5 308 265 158
12:40 1:25 4.5 309 265 159
12:45 1:30 4.5 309 265 159
12:50 1:35 4.5 308 265 160
12:55 1:40 4.5 308 265 160
13:00 1:45 4.5 308 265 161
13:05 1:50 4.5 308 265 161
13:10 1:55 4.5 309 265 161
13:15 2:00 4.5 309 265 161
13:20 2:05 4.5 309 265 160
13:25 2:10 4.5 308 265 160
13:30 2:15 4.5 309 265 159
13:35 2:20 4.5 209 150 151
13:40 2:25 188 150 126
13:45 2:30 107 150 115
13:50 2:35 103 150 103
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Table 40. Field Study Pipe 11 Cure Log Data

R-50 Pipe P orced ed A e
psed e
o Boile o
e P Bolle O o
16:30 0:00 4.5
16:35 0:05 4.5
16:40 0:10 4.5 310 250 64
16:45 0:15 4.5 311 260 65
16:50 0:20 4.5 311 260 68
16:55 0:25 4.5 311 265 147
17:00 0:30 4.5 311 265 233
17:05 0:35 4.5 311 265 218
17:10 0:40 4.5 311 265 207
17:15 0:45 4.5 311 265 192
17:20 0:50 4.5 311 265 182
17:25 0:55 4.5 312 265 173
17:30 1:00 4.5 311 265 166
17:35 1:05 4.5 312 265 166
17:40 1:10 4.5 312 265 166
17:45 1:15 4.5 312 265 166
17:50 1:20 4.5 312 265 166
17:55 1:25 4.5 312 265 166
18:00 1:30 4.5 312 265 167
18:05 1:35 4.5 312 265 167
18:10 1:40 4.5 312 265 168
18:15 1:45 4.5 312 265 168
18:20 1:50 4.5 312 265 168
18:25 1:55 4.5 312 265 168
18:30 2:00 4.5 312 265 168
18:35 2:05 4.5 312 265 168
18:40 2:10 4.5 312 265 168
18:45 2:15 4.5 312 265 168
18:50 2:20 4.5 271 150 157
18:55 2:25 4.5 209 150 149
19:00 2:30 4.5 189 150 135
19:05 2:35 4.5 127 150 118
19:10 2:40 4.5 106 150 103
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Field Experiment QA/QC

Laboratory Analysis
Table 41. Laboratory QA/QC Field Study Pipes 1, 10 & 11

Units = pg/L Percent Recovery
QCTYPE SR-50: Pipe 1: Control, Pipe 10: Forced Ambient Air, Pipe 11: Heated Forced Air with Extra PreLiner
1,2-Dichloroethane-d4 Toluene-d8 4-Bromofluorobenzene Chlorobenzene 1,1-Dichloroethene Benzene Toluene Trichloroethene
Blank 108 89 120
Blank
Blank 114 90 103
Blank 93 100 106
Blank 105 89 102
LCS 102 98 96 103 95 100 100 95
LCS 88 114 95 93 104
LCS 108 101 96 81 108 113 107 118
LCS 99 99 101 96 95 97 95 98
LCS 95 102 98 89 89 98 98 113
LCS Dup 78 98 100 104 101 105 104 99
LCS Dup 95 119 100 98 108
LCS Dup 95 98 97 106 107 109 103 115
LCS Dup 97 100 102 102 108 110 104 110
LCS Dup 102 102 94 96 99 103 104 100
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Figure 26. Field Experiment Percent Recovery Data
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Figure 27. Field Experiment LCS/LCSD Comparison Data

Simulated Field Experiment QA/QC

Laboratory Analysis

Internal laboratory quality control analysis was performed for all sample analysis. Percent recoveries are
presented in Figure 28,Figure 29, and Figure 30. The error bars in these figures represent confidence
limits, which are determined by the laboratory. Figure 29 shows comparisons between lab control
samples (LCS) and LCS duplicates (LCSD). Figure 32 shows comparisons between matrix spike samples
(MS) and MS duplicates (MSD). All QC results were within acceptable ranges of percent recovery.

Table 42. Laboratory QC/QA Simulated Field Study Pipes 1 and 7

Units = pg/L Percent Recovery
QCTYPE Pipe 1: Control, Pipe 7: Low VOC Resin
1,2-Dichloroethane-d4 Toluene-d8 4-Bromofluorobenzene Chlorobenzene 1,1-Dichloroethene Benzene Toluene Trichloroethene
Blank 117 91 99
Blank 115 90 101
LCS 92 100 102 109 107 112 113 106
LCS 89 104 101 90 109 92 94 88
LCS Dup 96 102 121 99 98 103 103 99
LCS Dup 96 101 105 94 75 82 93 96
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Table 43. Laboratory QA/QC Simulated Field Study Pipes 2, 3,4, 5, & 8

Units = pg/L Percent Recovery
Pipe 2: No Preliner, Pulled Placement, Pipe 3: Forced Ambient Air Post-Cure Treatment, Pipe 4: Extra Preliner, Forced Heated Air Post-
QCTYPE Cure Treatment, Pipe 5: Reinforced Concrete Pipe, Pipe 8: No Preliner, Low VOC Resin
1,2-Dichloroethane-d4 Toluene-d8 4-Bromofluorobenzene Chlorobenzene 1,1-Dichloroethene Benzene Toluene Trichloroethene
Blank 115 86 113
Blank 114 93 117
Blank 123 84 115
Blank 112 91 113
Blank 117 85 114
Blank 121 90 119
Blank 109 93 110
Blank 118 93 119
LCS 103 108 116 92 105 103 99 93
LCS 108 110 103 96 114 110 108 99
LCS 94 104 109 96 97 105 101 98
LCS 100 94 96 98 99 110 95 95
LCS 99 109 108 106 117 119 116 106
LCS 116 120 101 96 116 117 116 102
LCS 101 102 96 99 109 118 106 102
LCS 113 117 108 94 97 111 110 98
LCS Dup 105 108 107 100 118 114 110 105
LCS Dup 105 113 96 97 117 113 112 103
LCS Dup 94 105 115 105 111 119 114 109
LCS Dup 103 100 99 94 103 109 96 95
LCS Dup 100 111 108 108 122 123 120 114
LCS Dup 109 116 101 103 126 121 118 108
LCS Dup 112 118 102 91 117 109 109 98
LCS Dup 102 115 110 95 85 109 109 96

Table 44. Laboratory QA/QC Simulated Field Study Pipe 6

Units = pg/L Percent Recovery
QCTYPE Pipe 6: UV-Cured Resin
1,2-Dichloroethane-d4 Toluene-d8 4-Bromofluorobenzene Chlorobenzene 1,1-Dichloroethene Benzene Toluene Trichloroethene
Blank 113 93 108

LCS 93 99 94 94 111 110 110 108
LCS Dup 90 98 93 106 106 109 107 108
Matrix Spike 102 102 83 111 120 115 114 110
Matrix Spike Dup 95 98 79 112 121 116 114 112
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Figure 30. Simulated Field MS/MSD Comparison Data

Physical Properties

Quality control samples were tested to verify strength performance and thickness values met contract
specifications and ASTM D 790 requirements. Flexural strength, flexural modulus, and thickness results
for simulated field experiment samples are shown in Figure 32,Figure 31, and Figure 33, respectively. All
simulated field experiment for flexural strength, flexural modulus, and thickness samples met contract
and ASTM specification requirements.
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Table 45. Simulated Field Study Flexural Modulus Data

Minimum Flexural Modulus

Minimum Flexural

Modulus for Heat Cured| 250000 |psi
Polyester and Vinylester
Modulus for UV Cured 725000 |psi
Sample
Pipe 3: Pipe 4: Extra
Pipe 2: No Forced Preliner, Pipe 5: Pipe 8: No
Preliner, Ambient Air Forced Heated Reinforced Pipe 6: UV- Preliner,
Pipe 1: Pulled Post-Cure  Air Post-Cure  Concrete Cured Pipe 72No NoVOC
Specimen Number Control Placement Treatment Treatment Pipe Resin VOC Resin Resin Units
Sample 1

1| 495000 489000 710000 735000 572000 1057452 400000 238000 psi

2| 542000 474000 637000 672000 595000 1090496 385000 260000 psi

3| 616000 479000 695000 645000 619000 1102401 373000 248000 psi

4| 331000 441000 697000 702000 595000 1225185 422000 259000 psi

5| 289000 467000 639000 705000 551000 1168528 443000 238000 psi

Mean| 455000 470000 676000 692000 586000 1129000 405000 249000 psi

SD| 140000 18000 35000 34000 26000 67000 28000 11000 psi

1 432000 682000 622000 610000 281000 psi

2 486000 699000 634000 636000 332000 psi

3 481000 669000 636000 634000 284000 psi

4 485000 709000 634000 621000 276000 psi

5 439000 696000 644000 640000 322000 psi

Mean 465000 691000 634000 628000 299000 psi

SD 27000 16000 8000 12000 26000 psi

1 490000 692000 635000 571000 295000 psi

2 462000 625000 621000 667000 273000 psi

3 477000 685000 635000 667000 267000 psi

4 507000 684000 647000 662000 299000 psi

5 471000 687000 656000 644000 262000 psi

Mean 481000 675000 639000 642000 279000 psi

SD 18000 28000 13000 41000 17000 psi
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¢ Pipe 1: Control

1400000 ©  Pipe 2: No Preliner, Pulled Placement, Sample 1
¢ Pipe 2: No Preliner, Pulled Placement, Sample 2
¢ Pipe 2: No Preliner, Pulled Placement, Sample 3
1200000
<& Pipe 3: Forced Ambient Air Post-Cure Treatment, Sample 1
&  Pipe 3: Forced Ambient Air Post-Cure Treatment, Sample 2
1000000 & Pipe 3: Forced Ambient Air Post-Cure Treatment, Sample 3
©  Pipe 4: Extra Preliner, Forced Heated Air Post-Cure Treatment,
Sample 1
©  Pipe 4: Extra Preliner, Forced Heated Air Post-Cure Treatment,
Sample 2
800000 ¢ Pipe 4: Extra Preliner, Forced Heated Air Post-Cure Treatment,
cesecsecee teesececettettaecetcancsccsocnes Sample 3
‘@ % % & Pipe 5: Reinforced Concrete Pipe, Sample 1
j=N
s & o) & Pipe 5: Reinforced Concrete Pipe, Sample 2
600000
& Pipe 5: Reinforced Concrete Pipe, Sample 3
k3 % 3 o Pipe 6: UV-Cured Resin
400000 % & Pipe 7: No VOC Resin
§ ©  Pipe 8: No Preliner, No VOC Resin, Sample 1
& ©  Pipe 8: No Preliner, No VOC Resin, Sample 2
200000 ©  Pipe 8: No Preliner, No VOC Resin, Sample 3
eeeees Minimum Flexural Modulus for UV Cured Sample
seeeese Minimum Flexural Modulus for Heat Cured Polyester and
0

Vinylester

Figure 31. Simulated Field QA/QC Flexural Modulus Data
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Table 46. Simulated Field Study Flexural Strength Data

Minimum Flexural Strength

Minimum Flexural
Strength for Heat Cured
Polyester and Vinylester

Minimum Flexural Strength
for UV Cured Sample

Pipe 3: Pipe 4: Extra
Pipe 2: No Forced Preliner, Pipe 5: Pipe 8: No
Preliner, Ambient Air Forced Heated Reinforced Pipe 6: UV- Preliner,
Pipe 1: Pulled Post-Cure  AirPost-Cure  Concrete Cured Pipe 7:No NoVOC
Sample Number Control Placement Treatment Treatment Pipe Resin VOC Resin Resin Units
Sample 1

1 9630 6640 8550 7890 6640 19220 4770 4730 psi

2| 10250 6580 8240 7530 7150 16931 5020 4750 psi

3| 10540 6780 8170 7650 6670 20269 5080 4930 psi

4 6900 6050 8000 8180 6540 21982 5070 4900 psi

5/ 6280 6670 7820 7850 6630 23101 5350 4900 psi

Mean 8720 6540 8160 7820 6730 20300 5060 4840 psi

SD 1980 290 270 250 240 2410 210 90 psi

1 6610 8210 6910 6660 5020 psi

2 6960 8520 6340 6920 5360 psi

3 6180 8280 6810 6780 5130 psi

4 6580 7890 6490 7060 4510 psi

5 6260 8410 6950 6950 5130 psi

Mean 6520 8260 6700 6870 5030 psi

SD 310 240 270 160 320 psi

. smples

1 7170 8310 6480 6050 4750 psi

2 6650 7870 6630 6900 4790 psi

3 6630 8020 6600 6760 4670 psi

4 6860 8190 5850 6860 4720 psi

5 6690 8330 5440 6830 4540 psi

Mean 6800 8140 6200 6680 4690 psi

SD 230 200 530 360 100 psi
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©  Pipe 1: Control
22000 ¢ Pipe 2: No Preliner, Pulled Placement, Sample 1
& Pipe 2: No Preliner, Pulled Placement, Sample 2

©  Pipe 2: No Preliner, Pulled Placement, Sample 3

20000
Pipe 3: Forced Ambient Air Post-Cure Treatment, Sample 1
Pipe 3: Forced Ambient Air Post-Cure Treatment, Sample 2
18000
Pipe 3: Forced Ambient Air Post-Cure Treatment, Sample 3
©  Pipe 4: Extra Preliner, Forced Heated Air Post-Cure Treatment,
16000 Sample 1
©  Pipe 4: Extra Preliner, Forced Heated Air Post-Cure Treatment,
Sample 2
©  Pipe 4: Extra Preliner, Forced Heated Air Post-Cure Treatment,
. 14000 Sample 3
a8 Pipe 5: Reinforced Concrete Pipe, Sample 1
Pipe 5: Reinforced Concrete Pipe, Sample 2
12000
Pipe 5: Reinforced Concrete Pipe, Sample 3
©  Pipe 6: UV-Cured Resin
10000
¢ Pipe 7: No VOC Resin
3 P . ¢ Pipe 8: No Preliner, No VOC Resin, Sample 1
8000 + - b
©  Pipe 8: No Preliner, No VOC Resin, Sample 2
$ T T
$ @ 3 3 % SR ¢ o Pipe 8: No Preliner, No VOC Resin, Sample 3
6000
------ Minimum Flexural Strength for UV Cured Sample
2o ¢
-------- Minimum Flexural Strength for Heat Cured Polyester and Vinylester
4000

Figure 32. Simulated Field QA/QC Flexural Strength Data

Table 47. Simulated Field Study Nominal Thickness Data

Nominal Thickness

Pipe 2: No Pipe 3: Forced Pipe 4: Extra Pipe 5: Pipe 8: No
Preliner, Ambient Air Preliner, Forced Reinforced Pipe 6: UV- Preliner,
Sample Pipe 1: Pulled Post-Cure  Heated Air Post- Concrete Cured Pipe 72No  No VOC
Location  Control Placement Treatment Cure Treatment Pipe Resin VOC Resin N
1 0.274 0.421 0.383 0.386 0.393 0.311 0.301 0.486 in
2| 0.332 0.424 0.382 0.378 0.383 0.302 0.464 0.488 in
3| 0.251 0.445 0.375 0.389 0.387 0.308 0.296 0.483 in
4, 0423 0.447 0.376 0.386 0.378 0.309 0.440 0.515 in
5/ 0.239 0.438 0.385 0.373 0.386 0.299 0.260 0.518 in
6| 0.347 0.419 0.388 0.380 0.386 0.307 0.391 0.518 in
7| 0.235 0.417 0.387 0.379 0.391 0.313 0.253 0.500 in
8| 0.364 0.412 0.385 0.385 0.397 0.298 0.330 0.482 in
Mean| 0.308 0.428 0.383 0.382 0.388 0.306 0.342 0.499 in
SD| 0.069 0.013 0.005 0.005 0.006 0.006 0.081 0.016 in
LL| 0.240 0.414 0.378 0.377 0.382 0.300 0.261 0.483 in
uL| 0.377 0.441 0.387 0.387 0.394 0.311 0.422 0.515 in
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0.550
¢ Pipe 1: Control

0.500 % ¢ Pipe 2: No Preliner, Pulled Placement
& Pipe 3: Forced Ambient Air Post-Cure
0.450 T!‘eatment . .
¢ Pipe 4: Extra Preliner, Forced Heated Air
% _ Post-Cure Treatment
& Pipe 5: Reinforced Concrete Pipe
0.400
wv
2 - T g ¢ ¢ Pipe 6: UV-Cured Resin
2
0.350 ¢ Pipe 7: No VOC Resin
¢ Pipe 8: No Preliner, No VOC Resin
0300 ............................................................... i ...........................
-------- Nominal Thickness
0.250
0.200

Figure 33. Simulated Field QA/QC Nominal Thickness Data
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Appendix C: Photos

Simulated Field Pipes 1 and 7

Figure 1. Styrene Sheen on Effluent

Figure 2. Plastic Lined Catchment for Effluent
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Figure 3. View of the CIPP Liner (Simulated Field Pipe 1) After Installation

IR, W

Figure 4. Wood Barrier to Prevent Backflow

Figure 5. Influent End of Dosing Setup



Figure 6. Effluent End of Simulated Field Pipes 1 & 7 with Plastic Lined Trench

Figure 7. Preparing to Collect Grab Samples
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Figure 9. Grab Sample Collection
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Figure 10. Grab Sample Collection

Figure 11 Effluent in Containment Trench
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Figure 12. Simulated Field Pipe 7 After Collection of Grab Samples

Figure 13. Pumping Effluent into Storage Tanks
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Figure 14. Simulated Field Pipe 1 Grab Sample Collection

Figure 15. Simulated Field Pipe 1 Grab Sample Duplicate Collection
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Figure 16. Sheen on Surface of Effluent

Figure 17. Pipe 1 After Grab Sample Collection
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Figure 18. Close-up of Styrene Sheen in Effluent Catchment

Figure 19 Effluent Catchment Showing Film on Water
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Simulated Field

Pipe 6

f

Figure 20. UV Liner Placement

Figure 21. UV Liner Placement
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Figure 22. Contractor Air Pump

Figure 23. Contractor Equipment Trailer
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Figure 24. Liner Air Bladder Inflation

Figure 25. Light Train Segment
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Figure 26. UV Installation Contractor Control Panel

Figure 27. UV Liner After Curing
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Figure 28. Finished UV Installation

Figure 29. Simulated Field Pipe 6 Sample Collection
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Simulated Field Pipes 2, 3, 4, 5, and 8

Figure 31. Effluent Disposal
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Figure 33. Preliner Pulled Through Corrugated Pipe
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Figure 34. Steam Discharge During CIPP Installation

Figure 35. Sampling Team Member Wearing Personal Protection Equipment
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Figure 36. Steam Curing of CIPP

Figure 38. Curing of Separate CIPP Lining Sample for Structural Analysis
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Figure 40. Steam Discharge Outlet
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Figure 42. Curing of CIPP Plate for QC Sampling

Figure 43. Removal of Excess Lining
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Figure 46. Forced Ambient Air Post-Cure Treatment setup
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Figure 47. Resin Debris inside of CIPP lining

Figure 49. Removal of Contaminated Effluent into Storage Tanks
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Figure 50. CIPP Lining Plate Sample for QC

Figure 52. Condensate Grab Sample Collection
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Figure 55. Effluent Side of Concrete Pipe During CIPP Installation
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Figure 57. Incomplete Liner Resin Wet-out Causing Liner Delamination

Figure 58. Delamination of CIPP Lining from the Inside of the CIPP
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Figure 61. Visible Film and Debris from CIPP Lining in Effluent
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Figure 63. CIPP Liner Installation

Figure 64. Tap Water Grab Sample Collection
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Figure 67. Influent Water Grab Sample Collection
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Thickness Samples from Simulated Field Experiments

Pipe 4: Extra pre-
liner, forced heated

Pipe 2: No pre-liner, Pipe3: Forced

Pipe 1: Control : :
pulled placement ambient air

Pipe 5: Re{nforced Pipe 6: UV curing P|p.e 7: Low VOC Fflpe 8: No pre- .
concrete pipe resin liner, low VOC resin

Figure 68. Outside of CIPP Lining Coupons

Pipe 4: Extra pre-
liner, forced heated
air

Pipe 2: No pre-liner, Pipe 3: Forced

Pipe 1: Control ) !
pulled placement ambient air

Pipe 7: LowVOC Pipe 8: No pre-
concrete pipe resin liner, low VOC resin

Pipe 5: Reinforced Pipe 6: UV curing

Figure 69. Inside of CIPP Lining Coupons
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Figure 70. CIPP Lining Coupons collected for Structural Analysis

Field Experiments
; O e

Figure 71. Refrigerated Liner Truck with CIPP Liner
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Figure 73. Steam Generation Equipment Truck
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Figure 75. Field Pipe 11 CIPP Liner Installation
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Figure 77. Field Pipe 1 Liner Grouting
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Figure 79. Field Pipe 11 CIPP Installation at Headwall
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Figure 80. Oily Sheen Below Field Pipe 11 Prior to Sampling Activities

L R e P
A 4 it

Figure 81. Heater Equipment for Pipe 11 Post-Cure Treatment
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Figure 83. Field Dosing System Pipes and Hoses
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Figure 85. Field Pipe 10 Dosing Pipe Placement

C-38



Figure 86. Field Pipe 10 Sample Collection
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Appendix D: Contractor Submittals

This appendix includes the documents submitted by the contractors, including the work
plan and cure logs as required by the Caltrans specifications.
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"CORPORATION
[ e T e |

To: Quimu Contracting

MICHELS CORPORATION

No: 1

PO Box 1177

Dixon, CA 95620

Date: 5/27/2014]job No: 03-4M4404

Job Name: CALTRANS

ATTN: Miguel

Kybutz, CA

Job Location:

RE:

State Hwy 50 in El Dorado County

at various locations

Gentlemen:
Michels Corporation is sending you
[ ] Herewith,
] Under separate cover,
the following items: TRANSMITTAL
|:| Technical Data |:| Shop Drawings |:| Certified Payroll
|:| MSDS - Submittal |:| Quotation
|:| TV Report (s) |:| Attachments fo Subcontract |:| Contract
|:| DVD (s) |:| Insurance Certificate |:| Subcontract
Copies Dated Description
1 5/27/2014 Hard copy of Submittals
1 5/27/2014 USB Drive
These are transmitted as checked below:
- For Approval |:| Approved as Submitted |:|
|:| For Your Use |:| Approved as Noted |:|
|:| As Required |:| Returned for Corrections |:|
|:| For Review & Comment |:| |:|
Remarks: If you have any additional questions, please feel to contact me at 503-364-1199.
Signed: Andy Thompson
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“CORPORATION DRIVING INNOVATION.
e | TRANSFORMING CONSTRUCTION.

Michels Pipeline Construction
1715 16th St. SE

Salem, OR 97302
(503)364-1199 main
(503)391-8317 fax

Department: CALTRANS
Project Location: RTE 50 at various locations near Kyburz, CA in El Dorado County
Project Title: Construction on State HWY in El Dorado County

City's Project Number:  03-4M4404

Prepared By: Andy Thompson

Michels Project No: 40435

Date Received:

Engineer: parlene Wulff

Contractor:  Michels Corp

Submittal number: 1
Submittal Date: 5/27/2014
Revision Date: NA
Revision Number: NA

Specification Section: 15-6.11A(3)

Subsection: 1
ltem: Resin Sample
Page: 26

Deviation (Y or N): N

Submittal Description: Resin Sample - METS Lab

Intended Use: Quality Assurance
Plan Sheet: NA
Manufacturer: NA

Supplier: Michels

Applicable Standard:

Referenced Document:

Notes:



CONTRACTOR SUBMITTAL SUMMARY

FILE NO.:
PROJECT NAME: State HWY in Amador County at Various Locations
Attention: Transportation Laboratory SUBMITTAL NO.: 1
METS
(Attention: Chemical Laboratory) ORIGINAL [l2ND [BRD [4TH [
5900 Folsom Blvd. DATE RECEIVED: 5-27-14
Sacramento, CA 95819 DATE RETURNED:
Section  Submittals a REVIEW ACTION B
Z
SUB SEC./PAGE NO.: 15-6.11A(3) E o %
@) %) w ~
SUPPLIER/SUB:  Michels Corp. E z » '5 = Ll
1715 16th St. SE n E A o) Z 3 »
Salem, OR 97302 W Qg = 22 L
o o= O W L o
© W ¢ Lol S A ©
ITEM: Resin Sample e} O < % e} o= O
z Z0 =23zZ2 x< z

Description:

submit unreacted liquid resin sample for fingerprint analysis

Remarks:

For Caltrans Projects:

04-4M4404

03-1C1804

03-4M2604
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Department:
Project Location:
Project Title:

City's Project Number:

Prepared By:

Michels Project No:

Michels Pipeline Construction
1715 16th St. SE
Salem, OR 97302

DRIVING INNOVATION. (503)364-1199 main
TRANSFORMING CONSTRUCTION. (503)391-8317 fax

CALTRANS

RTE 50 at various locations near Kyburz, CA in El Dorado County

Construction on State HWY in El Dorado County

03-4M4404

Andy Thompson

40435

Date Received:

Engineer: parlene Wulff

Contractor:  Michels Corp

Submittal number: 2 i- ---------------------------------
Submittal Date: 5/27/2014 i
Revision Date: NA :
Revision Number: NA !
Specification Section: 15-6.11A(3) !
Subsection: 2 !
Item: Summary Sheet !
Page: 20 i
Deviation (Y or N): N

Submittal Description:
Intended Use:

Plan Sheet:

Manufacturer:
Supplier:

Applicable Standard:

Summarize characteristics of culverts per subsection 2 of submittals

Requested Information

NA
NA

Michels

ASTM F1216

Referenced Document:

Notes:



Michels Corporation Job Name: Construction On State Highway

dba Michels Pipeline Constructiom City Job No. 03-4M4404
1715 16th Street SE Michels Job No. 40435
Salem, OR 97302 Prepared By: Andy Thompson
. office: 503.364.1199 Page:
MIEHELS fax: 503.391.8317 Date: 5/27/2014

PIPELINE CONSTRUCTION

2. Summary Sheet

Section 15-6.11A(3) Submittals

2 2.1 2.2 2.3 2.4 2.5 2.6 2.7
2.2.1 222 223 224 225

= g = 2 = = =

o wn =

T E=| S £ c -1 & |3 S N = &

5 £EE | = - z ol & | B = 9| £ = £

g EE |3 2 A 2| = g 2 z s < g & =

E = = =a7 el 3 | = S = g 2| 2 3 g . =
5 8 — = & = A & E © @ i 235 = £ - £ S
z a s | 2% | 2 g E S §| E | E £ £ £ |EEE| © s < s <
- - — Q £ = = @ L = = = = o < = o= = 5 -9 ]
= o S = £ g 5 53 £ g = : E388 T = 2 ” £
3 3 2 = 2 g _ E | E 2 Z e = £ = Q E =2 S = 2 =
= 2 23 | s | 52| 58| &8 - g < = @ T |22 gl £ 2 = g E
= = > s = s ? g ¢ s 2 ) = S g = = S S = 3 2 = e S o)
&) &) A O | g8 [ & | 24 | &= = =& = &) O [FEe=| = &) [y < =
1 18.00 | 47.74 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-220 | air-inv. | steam | 37.40 inlet | outlet
2 2400 | 47.93 | 12.80 6.30 4.90 9.70 110 4.90 8.40 9.70 2.00 X 180-220 | air-inv. | steam | 39.40 inlet | outlet
4(a) 18.00 | 48.07 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-220 | air-inv. | steam | 53.30 inlet | outlet
4(b) 18.00 | 48.07 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-221 | air-inv. | steam | 18.30 inlet | outlet
5 18.00 | 48.28 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-221 | air-inv. | steam | 71.00 inlet | outlet
6 18.00 | 48.45 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-222 | air-inv. | steam | 45.20 inlet | outlet
7(a) 18.00 | 48.52 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-223 | air-inv. | steam | 52.10 inlet | outlet
7(d) 18.00 | 48.52 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-224 | air-inv. | steam | 28.90 inlet | outlet
7e 18.00 | 48.52 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-225 | air-inv. | steam | 32.50 inlet | outlet
8 30.00 | 4871 | 10.70 4.50 3.50 6.90 110 3.50 6.00 6.90 2.00 X 180-224 | air-inv. | steam | 46.50 inlet | outlet
9 18.00 | 48.79 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-225 | air-inv. | steam | 58.00 inlet | outlet
10 18.00 | 48.99 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-226 | air-inv. | steam | 46.60 inlet | outlet
11 18.00 | 49.04 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-227 | air-inv. | steam | 59.40 inlet | outlet
12 18.00 | 49.56 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-228 | air-inv. | steam | 77.80 inlet | outlet
13 18.00 | 49.86 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-229 | air-inv. | steam | 61.30 inlet | outlet
14 18.00 | 50.14 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-230 | air-inv. | steam | 109.40 | inlet | outlet
16 2400 | 51.47 | 12.80 6.30 4.90 9.70 110 4.90 8.40 9.70 2.00 X 180-231 | air-inv. | steam | 150.00 | inlet | outlet
17 18.00 | 51.52 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-232 | air-inv. | steam | 78.00 inlet | outlet
18 18.00 | 51.57 8.60 5.60 4.30 8.70 110 4.30 7.50 8.70 2.00 X 180-233 | air-inv. | steam | 105.50 | inlet | outlet
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Department:
Project Location:
Project Title:

City's Project Number:

Prepared By:

Michels Project No:

Michels Pipeline Construction
1715 16th St. SE
Salem, OR 97302

DRIVING INNOVATION. (503)364-1199 main
TRANSFORMING CONSTRUCTION. (503)391-8317 fax

CALTRANS

RTE 50 at various locations near Kyburz, CA in El Dorado County

Construction on State HWY in El Dorado County

03-4M4404

Andy Thompson

40435

Date Received:

Engineer: parlene Wulff

Contractor:  Michels Corp

Submittal number: 3 i-
Submittal Date: 5/27/2014 i
Revision Date: :
Revision Number: !
Specification Section: 15-6.11A(3) !
Subsection: 3.1 !
ltem: Manufacturer's Information !
Page: 20 i
Deviation (Y or N): N

Submittal Description:

Intended Use:

Resin, Resin Enhancer,Bond enhancer and typical properties

Quality Assurance

Plan Sheet: NA
Manufacturer: Interplastics
Supplier: Interplastics
Applicable Standard: NA
Referenced Document: NA

Notes:



TECHNICAL DATA SHEET
COR72-AT-470

water.
corrosion resistance and physical properties.

COR72-AT-470 is an enhanced, pre-promoted, thixotropic, corrosion resistant, unsaturated polyester resin for use in the
manufacture of liner pipe using cured-in-place techniques. It has been designed to exhibit superior flexural and tensile
moduli properties. This product will withstand exposure to various chemical solutions, as well as municipal sewage and
COR72-AT-470 has been tested and has passed the requirements of ASTM D5813, F1216 and F1743 for
Also, it has been tested according to ASTM D2990 for Flexural Modulus
Creep. Data on these tests and any corrosion recommendations will be supplied upon request.

RELATED PRODUCTS

COR72-AT-470HT Thixotropic Index: 4.0-5.0
COR72-AT-470S RTCS: >48 Hours

COR72-AT-470M Contains an odor-masking agent

COR72-AT-472 Viscosity: 2,000-3,000
COR72-AT-472S Viscosity: 2,000-3,000
RTCS: >48 Hours

LIQUID PROPERTIES

Viscosity, Brookfield Model RV #4 Spindle @ 20 rpm, 77°F (25°C), cps 4,000-5,000
Thixotropic Index 3.0-4.0
Gel time @ 140°F (60°C) in water bath, catalyzed with 0.75 phr Perkadox 16 and 0.38
phr Trigonox 42S
Gel Time, 130 to 150°F (54.4 to 65.6°C), min:sec 8:00-13:00
Gel to Peak Time, 150°F (65.6°C) to Peak Exotherm, min:sec 1:00-6:00
Peak Exotherm 250-340°F
121-171°C
Non-Volatile Content, % 67-72
Room Temperature Catalyzed Stability (RTCS), hours >20
Specific Gravity 1.25-1.30
TYPICAL PROPERTIES OF A 1/8"” (3.2 mm) CASTING
Flexural Strength, ASTM D790 11,900 psi 82.1 MPa
Flexural Modulus, ASTM D790 7.87 x 10°  psi 5,430 MPa
Tensile Strength, ASTM D638 7,400 psi 51 MPa
Tensile Modulus, ASTM D638 7.42x10° psi 5,120 MPa
Tensile Elongation, ASTM D638 1.3 % 1.3 %
Barcol Hardness, 934-1 gauge, ASTM D2583 50 50
Heat Distortion Temperature, ASTM D648 230 °F 110 °C
TYPICAL PROPERTIES OF A 1/4” (6 mm) FELT LAMINATE
Flexural Strength, ASTM D790 8,400 psi 58 MPa
Flexural Modulus, ASTM D790 7.33x10° psi 5,060 MPa
Tensile Strength, ASTM D638 5,000 psi 34 MPa
Tensile Modulus, ASTM D638 7.50 x 10° psi 5,170 MPa
Tensile Elongation, ASTM D638 081 % 081 %
Barcol Hardness, 934-1 gauge, ASTM D2583 44 44
The use of different Free Radical Initiators can change gel time, cure time, peak exotherm and catalyzed stability. If Initiator(s)
other than that listed above are used, the customer should carefully evaluate its suitability before implementation into their process.

January 2, 2003
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INTERPLASTIC CORPORATION
Thermoset Resins Division

2015 Northeast Broadway Street

Minneapolis, Minnesota 55413-1775

(651) 481-6860 Fax (612) 331-4235
Corrosion Test Data

COR?72-AT and AZ Type Products
Flexural Strength and Modulus Retention

ASTM F1216 & D543 (CIPP)

Flexural Strength Retention, %

Flexural Modulus Retention, %

Immersion Months Months

Media 1 3 6 12 1 3 6 12

100% Tap Water 94 100 97 89 100 96 93 91
5% Nitric Acid 100 92 86 82 86 88 81 80
10% Phosphoric Acid 98 88 90 95 84 89 83 80
10% Sulfuric Acid 93 91 93 93 92 92 94 93
100% Fuel C 85 100 100 100 96 97 99 94
0.1% Detergent 99 92 91 90 100 99 99 93
0.1% Soap Solution 100 87 100 90 97 94 100 92
100% Vegetable Oil 81 100 81 100 100 96 80 97

ASTM D5813, F1743 & D543 (CIPP)

1% Nitric Acid 100 84 86 100 100 93 86 93

5% Sulfuric Acid 94 81 95 87 87 92 81 80
100% Fuel C 85 100 100 100 96 97 99 94
0.1% Detergent 99 92 91 90 100 99 99 93
0.1% Soap Solution 100 87 100 90 97 94 100 92
100% Vegetable Oil 81 100 81 100 100 96 80 97

ASTM C581 & D543 (GRP)

100% Tap Water 100 97 100 100 100 95 100 91
1% Nitric Acid 100 100 100 80 100 93 99 83

5% Nitric Acid 100 100 96 80 97 94 96 81
10% Phosphoric Acid 100 100 100 100 100 100 99 88
5% Sulfuric Acid 100 100 91 82 98 100 88 90
10% Sulfuric Acid 100 100 100 95 94 83 85 80
100% Fuel C 100 100 90 100 95 100 100 100
0.1% Detergent 100 100 100 100 100 95 100 100
0.1% Soap Solution 91 96 82 100 97 100 93 90
100% Vegetable Oil 100 100 100 100 98 100 100 90
pH 0.5 Solution 100 100 91 82 98 100 88 90
pH 10 Solution 100 100 100 100 100 95 100 100

Other Corrosion Testing (CIPP)

1% Sodium Hydroxide 95 95 90 69 100 96 93 91
1% Sodium Hypochlorite 94 84 92 80 96 95 98 85
1% Ammonium Hydroxide 100 100 100 99 99 100 94 92

Note: Non-shaded regions are the applicable test durations as it relates to achievement of the minimum acceptable retentions.

All corrosion media maintained @ 73.4+ 3.6°F (23 + 2°C).

All specification and properties shown are approximate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no representations of
fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of the
suitability of the material for the use contemplated is the sole responsibility of the Buyer. The Thermoset Resins Division's technical sales representatives will assist in developing procedures to fit individual

Date: March 10, 2004

requirements.
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INTERPLASTIC CORPORATION
Thermoset Resins Division

1225 Willow Lake Boulevard
Saint Paul, Minnesota 55110-5145
(651) 481-6860 Fax (651) 481-9836

February 18, 2013

Mr. Chris Tavernier, Operations Manager
Michels Pipe Services

1715 16™ Street SE

Salem, OR 97302

Dear Mr. Tavernier:

You have requested information on a cured-in-place pipe (CIPP) resin manufactured by
Interplastic Corporation, COR72-AT-470HT. This resin has been manufactured by
Interplastic Corporation for over twenty five(25) years and over 270 million pounds has
been used to successfully renovate deteriorated sewer and storm water lines.

Interplastic Corporation is certified under ISO9001-2000.

This resin meets the requirements found in ASTM F1216, ASTM F1743, and ASTM D-
5813 from the standpoint of achievable mechanical properties and corrosion resistance.
This resin has also been tested under ASTM D2990 and exhibits a creep retention
factor of 50%.

Michels Pipe Services have successfully used this resin to renovate deteriorated lines
using the CIPP process.

The formulation for this resin includes a resin enhancer which allows the system to
exhibit higher mechanical properties. Resin formulations for Interplastic Corporation are
proprietary. The enhancer amount used in the resin is approximately 25%. The
enhancer and resin form an acceptable bond resulting in the increased properties. This
system is designed to be used in an aqueous environment.

| hope that this information proves to be useful. Please contact me at 281-687-8617 if
you have additional questions or comments on this matter.

Sincerely,

fo kel [Crkiirnm

Kaleel Rahaim
Business Manager Remediation Polymers
Thermoset Resins Division

Cc: Nicole Kleweno, Dave Herzog, Ben Hazen, Jason Schiro

D-10



INTERPLASTIC CORPORATION
‘ 1225 Willow Lake Boulevard
) Saint Paul, Minnesota 55110-5145
INTERPLASTIC (651) 481-6860 Fax (651)481-9836

May 2, 2014

Mr. Chris Tavernier
Michels Pipe Services
1715 16t Street SE
Salem, OR 97302

Dear Mr. Tavernier:

You have requested information on a cured-in-place pipe (CIPP) resin manufactured by
Interplastic Corporation, COR78-AT-559, T or TH. This resin has been manufactured by
Interplastic Corporation for over five (5) years and over 50 million pounds has been
used to successfully renovate deteriorated sewer and storm water lines.

Interplastic Corporation is certified under ISO9001-2000.

This resin meets the requirements found in ASTM F1216, ASTM F1743, and ASTM D-
5813 from the standpoint of achievable mechanical properties and corrosion resistance.
This resin has also been tested under ASTM D2990 and exhibits a creep retention
factor of 50%.

Michels Pipe Services have successfully used this resin to renovate deteriorated lines
using the CIPP process.

The formulation for this resin includes a resin enhancer which allows the system to
exhibit higher mechanical properties. Resin formulations for Interplastic Corporation are
proprietary. The enhancer amount used in the resin is approximately 27%. The
enhancer and resin form an acceptable bond resulting in the increased properties. This
system is designed to be used in an aqueous environment.

| hope that this information proves to be useful. Please contact me at 281-687-8617 if
you have additional questions or comments on this matter.

Sincerely,

Jo kel [Cobiinm

Kaleel Rahaim
Business Manager Remediation Polymers
Thermoset Resins Division
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INTERPLASTIC CORPORATION

2015 Northeast Broadway Street

INTERPLASTIC CORPORATION Minneapolis, Minnesota 55413-1775
Thermoset Resins Division (651) 481-6860 Fax (612) 331-4235

May 2, 20069

M9 9a9 Rahaim9
11014 Acanthus Lan9
Houston, TX 770959

D9%a9M9 Rahaim:9
Attach9d a9 th9 foSwing IR sp9ct@ fo9th9 CIPP CD 9 vision: 9

COR72-AA Typ9 R9sins9
COR72-AT Typ9 Rsins9
COR78-AA Typ9 R9sins9
COR78-AT-3XX Typ9 R9sins9
COR78-AT-4XX Typ9 R9sins9
CORVE81909

I wi9 s9nd an unp®t9ct9d copy to Bobbi J9ns9n so sh9 may incogo%t9 th9 g%phs to th9 CD as n9 d9d9

If you hav9 any qu9stions 9 gadding this info9mation 09 n9 d mo9 info9mation on any of ou9 pSducts in9
gon9 a, p9as9 ca9 us9

Sinc9 vy,9

Jason Schi%, S9nio9 Ch9mist9
Co9osion and Sp9cia ty R9sins9

JDS:a k9

cc:9 T B9nn9tt, D Dana, D H9 zog,9
B J9ns9n, T McCab9

CIPP IR Sp9ct% Rahaim, 9 JDS 05020690c9
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INTERPLASTIC CORPORATION
Thermoset Resins Division

2015 Northeast Broadway Street
Minneapolis, Minnesota 55413-1775
(651) 481-6860 Fax (612) 331-4235

ASTM D-2990 10,000-Hour Flexural Modulus Creep Data
(400 psi Stress Load)

CORVE8190 Product
Flexural Modulus, psi

COR72-AA or CA Type Products
Flexural Modulus, psi

Test Time, hours

0.01 596,753.00 537,589.00
0.1 596,752.30 537,588.10
0.2 596,751.70 537,587.30
0.5 596,749.70 537,584.70

1 596,746.40 537,580.40
2 596,739.90 537,571.80
5 596,720.20 537,546.00
20 596,621.70 537,417.00
50 596,424.80 537,158.90
100 596,096.60 536,728.90

200 595,440.10 535,868.70
500 593,470.90 533,288.30
700 592,158.00 531,568.00

1000 590,188.70 528,987.50

3600 573,121.50 506,623.60

4000 570,495.80 503,183.00

4400 567,870.10 499,742.40

5000 563,931.50 494,581.50

5500 560,649.40 490,280.80

10000 531,110.00 451,574.00
438000 558,765 487,811

Note: The results in bold italics were calculated from the equation obtained from the trendline from the graphs.

All specification and properties shown are approximate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no representations of

fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of the

suitability of the material for the use contemplated is the sole responsibility of the Buyer. The Thermoset Resins Division's technical sales representatives will assist in developing procedures to fit individual

requirements.
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INTERPLASTIC CORPORATION

2015 Northeast Broadway Street

INTERPLASTIC CORPORATION Minneapolis, Minnesota 55413-1775
Thermoset Resins Division (651) 481-6860 Fax (612) 331-4235

COR78-AT-5XX Type Resin

0.90- COR78-AT-559 Liquid Resin
0.85-
0.80-
0.75-
0.70-
0.65-
0.60-
0.55-
0.50-

0.45-

Absorbance

0.40-

0.35-

0.30-
0.25-

0.20-

0.15-

0.10- U\

0.05-
-0.00_I

' - 1
4000 3500 3000 2500 2000 1500 1000
Wavenumbers (cm-1)

All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no
representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final
determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer. Interplastic Corporation's sales representatives are available to assist in developing
procedures to fit individual requirements.
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INTERPLASTIC CORPORATION

2015 Northeast Broadway Street

INTERPLASTIC CORPORATION Minneapolis, Minnesota 55413-1775
Thermoset Resins Division (651) 481-6860 Fax (612) 331-4235

COR78-AT-5XX Type Resin-Cured Sample (No Felt

36_ECOR78-AT-559HB "Clear" Casting (no felt)

0
034
0321
0301
0.28-

0.261

0.241
0.221 M

0.201

0.181

Absorbance

0.162

0.14:

0.121

0.10%

0.08:

0.06:

2500 2000
Wavenumbers (cm-1)

All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no
representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final
determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer. Interplastic Corporation's sales representatives are available to assist in developing
procedures to fit individual requirements.
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INTERPLASTIC CORPORATION

2015 Northeast Broadway Street

INTERPLASTIC CORPORATION Minneapolis, Minnesota 55413-1775
Thermoset Resins Division (651) 481-6860 Fax (612) 331-4235

COR78-AT-5XX Type Resin-Cured Sample (With Felt

.COR78-AT-559HB with 6-mm Felt
0.45-

0.40-

Absorbance

. . . ' . . . . ' . . . . ' . . . . ' . . . . ' . . . . '
4000 3500 3000 2500 2000 1500 1000
Wavenumbers (cm-1)

All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no
representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final
determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer. Interplastic Corporation's sales representatives are available to assist in developing
procedures to fit individual requirements.
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INTERPLASTIC

COR72-AT-4XX Type Cured Casting Sample

INTERPLASTIC CORPORATION

2015 Northeast Broadway Street
Minneapolis, Minnesota 55413-1775
(651) 481-6860 Fax (612) 331-4235

0.907 COR72-AT-4XX - Cured Resin Casting
o.ss-f
o.ao-f
0.75-f
o.7o-f
o.es-f
o.eo-f
0.55-5
o.5o-f

0.45:

Absorbance

0.40:
0.35:
0.30

0.25:

0.20:
0.151

0.101

0.05:
0.00%

1
3500 3000 2500 2000
Wavenumbers (cm-1)

All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no representations
of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of the suitability
of the material for the use contemplated is the sole responsibility of the Buyer. Interplastic Corporation's sales representatives are available to assist in developing procedures to fit individual requirements.
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CORZ72-AT-4XX Type Liquid Resin Sample

INTERPLASTIC CORPORATION

2015 Northeast Broadway Street
Minneapolis, Minnesota 55413-1775
(651) 481-6860 Fax (612) 331-4235

0.90: COR72-AT-4XX Liquid Resin
0.85-5
0.80-5
0.75-5
0.70-5
0.65-5
0.60-5
o.55-f
o.so-f

0.45-

Absorbance

0.40<
o.35-f
o.3o-f
o.25-f
o.zo-f
o.15-f
o.1o-f

0.05:
0.00:

2500
Wavenumbers (cm-1)

2000

All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no representations
of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of the suitability
of the material for the use contemplated is the sole responsibility of the Buyer. Interplastic Corporation's sales representatives are available to assist in developing procedures to fit individual requirements.
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Michels Pipeline Construction
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TRANSFORMING CONSTRUCTION. (503)391-8317 fax

CALTRANS
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Andy Thompson
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INTERPLASTIC CORPORATION

‘ 1225 Willow Lake Boulevard
Saint Paul, Minnesota 55110-5145
INTERPLASTIC (651) 481-6860 Fax (651) 481-9836
May 13, 2014

Mr. Andy Thompson, Project Manager
Michels Pipe Services

1715 16" Street SE

Salem, OR 97302

Dear Mr. Thompson:

You have requested information on cured-in-place pipe (CIPP) resins manufactured by
Interplastic Corporation, COR72-AT-470HT and COR78-AT-559T. These resins has
been manufactured by Interplastic Corporation for over twenty five (25) years and over
270 million pounds has been used to successfully renovate deteriorated sewer and
storm water lines.

Interplastic Corporation is certified under ISO9001-2000.

This resin meets the requirements found in ASTM F1216, ASTM F1743, and ASTM D-
5813 from the standpoint of achievable mechanical properties and corrosion resistance.
This resin has also been tested under ASTM D2990 and exhibits a creep retention
factor of 50%.

Michels Pipe Services have successfully used these resins to renovate deteriorated
lines using the CIPP process.

The formulations for these resins includes resin enhancers which allows the system to
exhibit higher mechanical properties. Resin formulations for Interplastic Corporation are
proprietary. The enhancer amount used in the resin is approximately 25%. The
enhancer and resin form an acceptable bond resulting in the increased properties. The
COR72-AT-470HT has a bonding agent on the enhancing agent. This bonding agent is
compatible with the resin system. The COR78-AT-559T enhancing agent does not
require a bonding agent. This system is designed to be used in an aqueous
environment.

| hope that this information proves to be useful. Please contact me at 281-687-8617 if
you have additional questions or comments on this matter.

Sincerely,

LoLeed [Cakdirm

Kaleel Rahaim
Business Manager Remediation Polymers
Thermoset Resins Division
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I53) PREMIER-PIPE USA Phone: (952) 944-8093
Fax: (952) 944-4399
"Common Sense Solutions” Cell: (612) 385-4101

9855 West 78th Street, Suite 400, Eden Prairie, Minnesota 55344

March 7™, 2012

To Whom It May Concern:

This letter certifies that Michels Pipe Services, a division of Michels Corporation, is a certified licensed
and trained installer of the Premier-Pipe process (a CIPP process) as certificated by Premier-Pipe USA.
Michels Pipe Services has been a trained and certificated installer since 2002 with documented footage
installed in the United States in excess of 1,000,000’ linear feet. J.W.M. Environmental, Inc. is the
Licensor of Premier-Pipe USA and Premier-Pipe Canada.

J.W.M. Environmental, Inc. certifies that all CIPP liners installed by Michels Pipe Services meets or
exceeds the recognized organizational standards of ASTM F1216 latest addition.

If you have any questions, please contact me.

Sincerely,

J.W.,IV). Environmental, Inc.

¥ . p / (74 / :‘_/,l/ /
" y / 0"(/(\”‘/

i
/
James W. Mortel‘,/Jr.
7 President
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5

S APPLITDILITS

450 College Drive
Marninsville, VA 24112
(276) 656-1904, Fax (276} 636-1909. E-Mail clfice@appliedielis.com

TECHNICAL INFORMATION

Product: Inversion Liner for Hot Water/Steam Cure Installation
(PROCESS QUALITY CONTROL)

1. Raw Materials

Each supplier is assessed against Quality Assurance criteria. I the supplier meets the
criteria set out, then they may be included in our “Approved Supplier List”. Periodic
reviews take place of all of our approved suppliers to ensure that they continue to
meet our criteria.

Inspection and test of raw materials, when received also enables us to assess the supplier
as well as each batch of delivered raw matenal. Details are shown in Table 1.1.

Table 1.1
Raw Material Characteristic Tested

Polyester fiber (Several specifications) Staple length
Crimp level
Denier
Shade
Supplier Certification

Polyurethane granules (Several specifications) Granularity
Blocking
Yellowness
Supplier Certification

Tetrahydrofuran Supplier Certification

Polyurethane film, sealing tape Gauge
Density
Sirength of weld - Heat
Strength of weld - Chemical
Opacity

Attachment 1
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2. Production of Felt (Nonwoven)

The sole raw material used in the production of felt is polyester staple fiber. The most
suitable fiber specification for the customer’s particular end-use is selected (on the basis
of resin type, impregnation equipment, installation conditions and cure regime).

The process utilizes state of the art equipment and technology to ensure that the nonwoven
Product is fully suited to the customer’s requirements.

Continual operator inspection at each stage of the process and product, combined with
the use of standard machine parameters and computerized machine monitoring ensures
that the process is repeatable and consistent.

Each product is tailored to the specific customer’s requirements, and a production
specification is produced by the Technical Department. The felt produced is tested

against the requirements of this document to concur suitable.

Process controls are described in Table 2.1.

Table 2.1
Process Control Characteristic

Opening fiber Operator inspection, set Even density and thickness
parameters

Carding Operator inspection, set Even fiber distribution
parameters, computer feedback

Tacker needling Operator inspection, set Permits controlled
parameters, computer feedback
orientation of fibers

Reorientation of Operator inspection, sel Controls relative elongation

fibers parameters, computer feedback modulii in length and cross

directions

Needling Operator inspection, set Density, strength,

parameters, computer feedback ability to weld
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3. Polvurethane Coating of Felt

The sole consumable is granular polyurethane. The polyurethane specification is selected to ensure
that the coating has the correct properties to meet the requirements of the customer.

Process controls are described in Table 3.1.

Table 3.1
Process Control Characteristic

Extrusion of polymer into Fully automatic temperature,  Homogeneity of extrudate

Flat die pressure control

Formation of molten Operator control of machine Coating uniformity

polymer film temperatures, pressures, speeds

Transfer of molten Operator control of machine Coating mass per unit area

film onto felt temperatures, pressures,
speeds. Continual monitoring  Weight distribution over entire
of coating thickness. roll area.

D-27
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4. TFesting of Plain and Coated Felts

Each roll of plain felt and felt for coating is sampled and destructively tested against the
requirements of the Production Specification as shown in Table 4.1. Each coated roll undergoes

testing as Table 4.2.

Table 4.1

Characteristic

Density and density distribution at various
applied pressures

TLoad at break in machine and cross
directions

Secant Modulus in machine and cross
directions (resistance to stretch).

Table 4.2
Characteristic

Density and density distribution at various
applied pressures.

Load ai break in machine and cross
directions.

Secant Modulus in machine and cross
directions (resistance Lo stretch)

Coating weight and distribution

Coating adhesion and ability to weld.

Coating surface finish

D-28

Test

Compression measurement at
increasing pressure

Tenstle testing- Maximum
Resistive Force

Tensile testing- Maximum
Restistive Force vs Extension %

Test

Compression measurement at
Increasing pressure.

Tensile testing - Maximum
Resistive Force

Tensile testing - Maximum
Resistive Force vs Extension %

Samples weighed to determine
distribution of coating in cross
direction of roll.

Peel strength of welded tape

(Standard specification)

Visual inspection
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5. Production of Liners

Liner requirements are collected by way of the Customer Order and customer liaison, and are
confirmed to the customer on our Order Acknowledgment form.

Once all requirements are known, a liner is designed which will fulfill all the requirements.

The design is detailed to the Production department as a Manufacturing Specification. This is
then entered onto the Production Schedule.

The liner may be produced by one of a number of production techniques, depending on the
requirements.
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6. Testing the finished liner

The control and test of the liner properties are detailed in Table 6.1.

From each liner produced, a sample is cut from one end for QC inspection and test. This sample is
destructively tested to ensure that all of the liner properties are within the Manufacturing

Specification.
Table 6.1
Property

Circumference of liner

Density, Gauge of liner
under various applied
pressures

Length of liner

Coating Integrity

Metal Free

Felt Weld Strength

Control

Monitored at each production
stage against Manufacturing
Specification

Selection of felt layers in order
that finished density and gauge
are within Manufacturing
Specification

Monitored at each production
stage against Manufacturing
Specification

Continually monitored by
state-of-the-art gauge.

Needling process 1s continually
monitored for alignment to
prevent needle damage

All welding equipment operates

to set parameters. Overlapped
thermat welded.
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Test

Destructive test of
sample. All layers are
measured.

Compression test of
sample of all layers

Inspection regime
includes measurement
of a sample of liners
against Manufacturing
Specifications.

Inspected after coating
Monitored throughout
liner manufacture

Each roll passes through
Metal Detection
equipment

Each weld is sampled
And destructively tested
Results are compared to
the Manufacturing
Specification
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Table 6.1 con’t

Sealing Tape Weld Strengths

All welding equipment
operates to set parameters,
chemically bonded seal.

D-31

Each weld is sampled,
specially conditioned,
and destructively tested
under conditions
simulating the “worst
case” for that liner
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Technical Information

Product: Polyurethane Coated Liner for Hot Cure Eversion

Specification

Felt:
The fiber is PET Polyester staple fiber.

The denier of the fiber for a standard hot cure eversion liner for vacuum impregnation with a
polyester resin is usually selected as nominally 6 denier (+10%) (dependant on specific liner and
installation details).

The felt is manufactured to a thickness specification of + 3 % when measured at a compressive
pressure of 0.5 bar (7.4 pst) (16 ft. water head). Standard thickness of 1.5 mm, 3mm, 4.5mm, 6mm

exist.
Coating:

The coating is a thermoplastic polyester polyurethane. The nominal weight may be 400 - 500,
500 - 600 or 600 - 700 grams per square meter. It is usual for the 400 - 500 gsm spec to be used.
This affords an average coating thickness of 0.33mm for 400 gsm, 0.41mm for 500 gsm.

All coating weights are applied in a minimum of two passes to ensure that pin holes are avoided.

Liner:

The liner is assembled from layers of plain felt and an outer layer of coated felt. Each inner plain

layer is overlapped approximately 50mm (27) at each joint and welded by hot fusion techniques to
give the requisite weld strength to support the installation pressure (with a safety factor included).
The safety factor is in excess of 2.

The outer coated layer has a high strength felt strip fusion welded across the inside of the joint and a
sealing tape of polyurethane welded over the coaling to give a seal and a barrier of comparable
thickness 1o the coating.

The finished liner thickness is measured at the installation head and is toleranced at -0 + 5% on
nominal ordered thickness.
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CERTIFICATION

This certifies that Applied Felts manufactured tubes meet the matenal requirements of ASTM
F1216-93. In support of ASTM D5035, specifically as it relates to tensile strengths, our liner tensile
properties average 1100 psi. The minimum tensile strength 1s 750 psi as per ASTM D5813-95 item
6.1 Fabric Tube Strength (see Page 10). All our materials are tested to ensure suitability to the
application. Each liner is typically tested in 28 different ways and traceable test data 1s available for

any particular liner.

Recommendations for minimum, maximum and ideal pressures are provided for each and every
liner that Applied Felts manufactures. This ensures that the installer understands the requirements
for holding the tube against the existing conduit and the maximum allowable pressure so as not to
damage the tube. A head pressure chart 1s attached as examples for various tube sizes.

Applied Felts has provided polymer coated felt tubes for use in Cured In Place Pipe (CIPP) lining
for more than twelve years, and supplied materials for the CIPP industry for more than twenty years.
Over 22 million feet of our liner has been successfully installed world wide, of which 10 million
feet has been installed in the United States. Over 97,476 feet of our liner with diameter 36" and
above have been installed in the U.S.

Applied Felts also certifies that all liners manufactured will meet the minimum requested finished
thickness (or greater) as ordered by its customers.

Applied Felts is a registered 150 9002 company.
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FABRIC TUBE STRENGTH

BATCH 1809 8/15/07
Rolt# Warp  Warp Weft Weft
Break Moduius Break Modulus
1808/01 2250 10.42 2880 8.01
1809/02 2250 10.56 3110 7.19
1809/03 2210 9.83 2730 6.43
1809/04 2200 .23 2940 5.96
1809/05 2210 10.53 3040 6.42
1808/06 2260 10.47 2910 6.20
1809/07 2330 10.61 2830 6.77
1809/08 2480 11.28 2870 7.41
1809/09 2240 10.64 2860 6.96
1809/10 | 2480 12.21 2920 7.68
1809/11 2230 11.02 2930 7.96
1808/12 2220 10.73 2940 7.83
1809/13 2370 12.32 2890 7.14
1808/14 2370 11.38 2860 6.94
1809/15 2320 11.80 2920 6.50
1809/16 2340 11.31 2900 7.45
1809/17 2380 12.24 2820 7.56
1809/18 2390 12.20 2820 7.28
1809/19 2190 9.82 2800 7.48
1808/20 | 2250 10.67 2700 68.27
1809/21 2000 9.47 2860 717
1809/22 2360 12.32 2750 6.91
1809/23 2260 11.72 2910 7.99
1809/24 | 2270 11.23 2970 7.66
1809/25 2320 10.39 2940 7.30
1808/26 2180 11.27 2800 6.83
1809/27 2320 10.72 2680 7.18
1809/28 2290 11.82 2330 6.54
1809/29 2280 10.92 3060 7.58
1808/30 2180 9.26 2840 6.94
1809/31 2220 8.59 2870 7.21
1808/32 2290 10.61 2860 7.69
1809/33 2250 10.27 2810 7.02

Average 2278 10.87 7.14
1101 psi
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RECOMMENDED HANDLING AND STORAGE FOR LINERS

1 Avoid extremes of temperature.
Freezing may cause the coating structure to degrade locally, especially areas where the coating is
in tension or compression, at bends and edges and immediately adjacent to seam welds.

Recommended storage terperature 5 to 35 degrees C.

Shelf life at this temperature: in excess of | year,

o9

Avoid extremes of humidity.

Very high relative humidity (especially at high temperature such as tropical countries) will accelerate the hydrolysis
of the polyurethane coating, consequently reducing the shelf life.

Recommended storage humidity 25% rh to 65% rh.

Shelf life at 65%, 35 degrees C: 1 year.

3 Avoid prolonged wet storage.

As with high humidity, the coating more susceptible to degradation at higher temperatures, and even further
susceptible if pH of liquid in contact is below 7.

Wet storage is not recommended.
4 Avoid direct sunlight of incident UV radiation.

Prolonged exposure to ultra violet light will accelerate the degradation of the polyurethane.

It is recommended that liners remain in the original packaging until they are required for use. Failing this, the liner
should be covered (o prevent exposure.

5 Mechanical damage should be avoided.

In order to ensure that the liner is not damaged, the following recommendations should be followed:

a) Ensure that liner is not placed directly onto grit or gravel floor. Sweep and cover floor first.

b) Ensure personnel are instructed not io walk on liner.

¢) Handie liner with care.

d) Ensure nip roliers clean, and liner is not in contact with any sharp edges or snags anywhere during
impregnation and installation,

e) Large liners will require special handling considerations {especially when wet-out), as their weight will
preclude manual handling. Cranes or conveyors may be required. If a liner is to be lifted with a crane sling, it
is important that the sling should be sufficiently wide to prevent it from “biting” into the liner. It shounld be set
up in such a way that the sling does not grip the iiner (ie. both loops of the sling onto the crane hook).

D-36



Page 12

Storage and Handling con’t.

6 Styrene and Chemical Attack

Avoid prolonged conlact with solvents and chemucals.

On impregnation with styrene-based resin, the solvent/monemer may start to swell the coating, giving an orange
peel appearance. In time, his effect will increase to severe wrinkling (stretch by 60%}).

If the contact time is sufficient, the coating will feel tacky. At this stage, the product should not be used.

Recommended shelf life after impregnation will vary dependant on the proportion of styrene in the resin, the nate
and proportion of thixotropes, inhibitors, accelerators and catalysts, and the storage iemperature.

As n general rule, the impregnated liner should be stored below 10 degrees C. The typical shelf life at this
temiperaiure, with a polyester resin system, is maximum 7 days. With some resin systems, this shelf life is reduced
to less than 24 hours. If using an unfamiliar system, il is reconunended a section of coated felt 15 soaked in resin
and assessed periodically lo determine shelf life. With experience, this may be judged visually by the degree of
wrinkling.
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Construction on State HWY in El Dorado County

03-4M4404

Andy Thompson

40435

Date Received:

Engineer: Darlene Wulff

Contractor:  Michels Corp

Submittal number: 6

Submittal Date: 5/27/2014
Revision Date: NA
Revision Number: NA
Specification Section: 15-6.11A(3)
Subsection: 3.4

Item: Installation Procedure
Page: 20

Deviation (Y or N): N

Submittal Description:

Intended Use:

Installation Procedures for CIPP

CIPP Reference Manual

Plan Sheet: NA
Manufacturer: NA
Supplier: NA
Applicable Standard: NA
Referenced Document: NA

Notes:
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INSTALLING PREMIER PIPE USING THE AIR/STEAM METHOD

The inversion frame should be placed directly over the pipeline to be lined. A suitable
access to the pipelineg, i.e.; manhole, pothole or hatch, shall be provided to ensure the
liner is not hindered in any way.

A suitable air source is required for maintaining installation and curing pressures.

The liner should be transported in a climate controlled vessel to prevent a premature
exotherm during transit.

The vessel transporting the liner should be placed in close proximity to the inversion
frame.

After the liner is secured to the inversion frame, a lubricant, such as mineral oil, needs
to be applied to prevent friction and aid in the inverting of the liner.

Apply air to liner and maintain a pressure within the recommended range of pressures
as determined by the manufacturer while the liner is inverting. If the liner stops or is
stopped during the inversion; air pressure can be increased or decreased accordingly to
resume inverting the liner.

Although not necessary, it is recommended that a rope be attached to the tail end of
the liner before it goes through the inversion frame. The rope should be used to control
the feed rate of the liner.

Once the liner has reached the termination point and is up against a suitable restraint,
steam can be introduced to begin the curing of the liner. Curing should be performed by
manufacturer’s recommendations.
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INTERPLASTIC
CORPORATION

Suggested Cure Schedule - Hot Air or Steam
For Cured-In-Place-Pipe Applications
Using COR72, COR78 and CORVE Series Resins

Felt Thickness, mm Type of Cure Temperature, °F Time, minutes

<10 Ramp 140 Interface 30

Heat liner with hot air mixture until an interface temperature (between the liner and the host pipe)
reaches a temperature of 105 degrees F, minimum. Begin increasing the live steam component
until the interface temperature reaches a minimum of 140 degrees F. Insure that the interface
temperature at the upstream and downstream end of the liner are comparable. After liner achieves
maximum peak exotherm, begin cooldown process to a hot air temperature of 120 degrees F. This
decrease in temperature should take no less than 30 minutes.

10-18 Stage 105 Interface 20

130 Interface 40

Heat liner with hot air mixture until an interface temperature (between the liner and the host pipe)
reaches a temperature of 105 degrees F, minimum. Begin increasing the live steam component
until the interface temperature reaches a minimum of 130 degrees F. Insure that the interface
temperature at the upstream and downstream end of the liner are comparable. After liner achieves
maximum peak exotherm, begin cooldown process to a hot air temperature of 120 degrees F. This
decrease in temperature should take no less than 40 minutes.

Note: Ramp/stage upheating should occur in a reasonable amount of time in order to avoid monomer

boiling and resin/liner cracking.
Suggested time interval to reach maximum ramp/stage temperature (peak exotherm) of the interface/liner should be approximately
30 minutes.

These suggestions are provided assuming a high temperature catalyst system is employed.
They are not intended for ambient cure resin/catalyst systems.

This is information is provided free of charge and is intended to be used strictly as a reference guideline.

Many variables such as groundwater, pipe/ground conditions and climate may require deviations from the above suggestions.

Apr-08

All specification and properties specified above are approximate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes
no representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified
above. Final determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer. The Thermoset Resins Division's technical sales representatives

will assist in developing procedures to fit individual requirements.
Date: March 12, 2000
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FIELD CURE RECORD DS# Cure process
e Head/ | Boiler | Boiler [MH MH MH MH [ ] Steam [ ] water
5-Min Int. PSI In Out wire 1 wire 2 wire 1 wire 2 wire 1 wire 2 wire 1 wire 2 Notes
Job Name: Operator: Weather:
Client: Diameter City/State:
Owner: Length: Date:
Michels #: Wall (mm): DS#
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Department:
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Project Title:

City's Project Number:

Prepared By:

Michels Project No:

DRIVING INNOVATION.
TRANSFORMING CONSTRUCTION.

CALTRANS

Michels Pipeline Construction
1715 16th St. SE

Salem, OR 97302
(503)364-1199 main
(503)391-8317 fax

RTE 50 at various locations near Kyburz, CA in El Dorado County

Construction on State HWY in El Dorado County

03-4M4404

Andy Thompson

40435

Date Received:

Engineer: Darlene Wulff

Contractor:

Michels Corp

Submittal number:
Submittal Date:
Revision Date:

Revision Number:

Specification Section:
Subsection:

Item:

7

5/27/2014

NA

NA

15-6.11A(3)

3.5

End Seal Material

Page: 20

Deviation (Y or N):

Submittal Description:

Intended Use:

N

End Seal Materials

CIPP Reference Manual

Plan Sheet: NA
Manufacturer: NA
Supplier: NA
Applicable Standard: NA
Referenced Document: NA

Notes:
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7"\ MASONS SUPPLY COMPANY

MASCO

OREGON

WASHINGTON

MASCO FLASH | Cement Based Patching Mortar

DESCRIPTION

MASCO FLASH is a ready-to-use, cement based concrete and masonry
patching compound formulated specifically for use around water. It
requires only potable water for mixing. MASCO FLASH achieves initial
set in approximately 20 minutes, and final set in 35-40 minutes. After
initial set, MASCO FLASH may be shaved to conform to the contours of
the surrounding surface. MASCO FLASH undergoes a chemical "hyper
hydration" and produces a very stable, low permeable, cementitious
matrix, when combined with the correct amount of water. When properly
mixed and applied, MASCO FLASH develops a very high strength and a
tenacious bond.

USES
. Interior or exterior above or below grade
. Vertical, overhead and horizontal repairs
. Outstanding repair material for tunnels, basements, concrete
pipe, curbs, catch basins, vaults, formed and precast concrete
. Freeze thaw durable
. Trowelable repair mortar

FEATURES AND BENEFITS
. Initial set in 20 minutes

. Final set within 35-40 minutes
e  May be “shaved” to desired shape
. High strength
. Excellent durability
MATERIAL PROPERTIES AT 75° F.
ASTM C109
Compressive Strength, PSI 24 Hour 3,000
7 day 5,000
28 Day 6,000
ASTM C266
Set Time, Gilmore, Min Initial 20
Final 35-40
ASTM C190
Tensile Strength, PSI 7 Day Avg. 325
28 Day Avg. 450
ASTM C78
Flexural Strength, PSI 28 Day Avg. 990
OH DOT 1042
Shear Bond Strength, PSI 24 Hour Avg. 900
7 Day Avg. 1,250
ASTM C666
Freeze Thaw Durability Factor 300 Cycles 98.25%
ASTM C157
Shrinkage Initial 7 Day -0.053%
Final 28 Day -0.160%
Expansion Initial 7 Day 0.049%
Final 28 Day 0.102%
ASTM C672
Scaling Resistance 25 Cycles 0% loss
ASTM D1411
Chloride <0.01%

SURFACE PREPARATION
Concrete surfaces must be structurally sound, free of loose or
deteriorated concrete and free of dust, dirt, laitance, oil, grease,

curing compounds, coatings and other bond inhibiting materials
from surface. Be sure repair area is not less than 1/4 inch in
depth. Preparation work should be done by high pressure water
blast, scabbler, or other appropriate mechanical means to obtain
an exposed aggregate surface with a minimum surface profile of
+1/16 inch. Saturate surface with clean water. Substrate should
be saturated surface dry (SSD) with no standing water during
application.

MIXING INSTRUCTIONS

Mix only enough material that can be applied within 10 — 15
minutes. MASCO FLASH will require approximately 5 to 5-1/2
quarts of potable water per 50 Ib bag to achieve the proper mix
consistency. In a clean container, add 3/4 of mixing water.
Using a 2" slow speed (400-600 rpm) drill and a Jiffy mixer,
gradually add the MASCO FLASH powder to produce a mortar
with a smooth consistency and without lumps. Add remaining
liquid to obtain desired consistency. Do not mix longer than 60
seconds. Mix small quantities of MASCO FLASH in a clean pail
with a margin trowel at ratio of approximately 3 parts powder
with 1 part mixing water.

To fill horizontal patches or formed repair areas deeper than 1.0
inch depth, MASCO FLASH should be extended with 20 pounds
of clean 3/8 inch pea gravel. The pea gravel aggregate should
be added after the powder is added to the mixing water.

APPLICATION TECHNIQUES

Minimum ambient and surface temperatures 40°F and rising at
time of application. Saturate surface with clean water. Substrate
should be saturated surface dry (SSD) with no standing water
during application. Apply a scrub coat of the mixed MASCO
FLASH by hand or stiff brush working mixture thoroughly into
voids and pores of surface to eliminate air pockets. Before scrub
coat dries, follow immediately with a layer of MASCO FLASH. If
scrub coat dries before mortar is applied, scrub coat must be
mechanically removed back to a clean surface.

Alternatively a brush coat of MASCOBOND EVA can be used as
a bonding agent for areas not subject to water immersion or
applications below 50°F. Consult MASCOBOND EVA data sheet
for details. Expansion joints and control joints must be extended
through MASCO FLASH. Moving cracks will “telegraph” through
MASCO FLASH.

HAND APPLIED VERTICAL SURFACES: Follow application
techniques above, then apply MASCO FLASH from a minimum
1/4” to 17 depth by rubber gloves or trowel using sufficient
pressure to fill surface holes and voids and to ensure maximum
bond to the substrate. Completely fill all voids around steel
reinforcement. For repair depths greater than 1.0 inch, apply
MASCO FLASH in lifts. Rake or score the fresh MASCO FLASH
with edge of trowel to create a keyed surface area for improved
adhesion. After Initial set, (SSD) dampen surface and apply
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another layer of MASCO FLASH. Slightly overfill the final layer
and immediately following initial set, shave the material with edge
of margin trowel following the finished surface. Shave MASCO
FLASH toward the common bonding edge between repair
material and existing surface. Use a wet sponge float for final
finishing.

FOR HORIZONAL OR FORMED REPAIRS: Follow application
techniques above, then apply MASCO FLASH from a minimum
1/4” to 1” depth with trowel or float using sufficient pressure to fill
surface holes and voids and to ensure maximum bond to the
substrate. A broom, wood or steel trowel finish may be applied
to the surface. To fill areas deeper than 1.0 inch, MASCO
FLASH should be extended with up to 20 pounds of clean 3/8
inch pea gravel. When extended, MASCO FLASH can be
applied in lifts of up to 3 inches. Do not featheredge MASCO
FLASH.

CURING

As per ACI 308 Standard Practice for Curing Concrete, curing of
MASCO FLASH is required. Moist cure with wet burlap or
polyethylene or a water based compatible curing compound such
as MASCO CURE & SEAL WB. Moist cure should begin
immediately after finishing. Protect newly applied material from
direct sunlight, wind, rain, frost and freezing. Pretesting of curing
compound other than MASCO CURE & SEAL WB is
recommended. Curing compounds adversely affect the
adhesion of following layers of mortars, toppings or protective
coatings. If repairs will receive a subsequent coating or topping
complete removal of curing compound will be necessary.
Consult subsequent coating manufacturers’ guidelines. In hot
weather conditions refer to ACI 305R Hot Weather Concreting for
more information. In cold weather conditions refer to ACI 306R
Cold Weather Concreting for more information.

YIELD

One 50 bag of MASCO FLASH will yield approximately 0.50 cu.
ft. When extended with 20 Ibs clean washed 3/8” pea gravel
yield will be approximately 0.60 cu. ft.

CAUTIONS

Do not apply MASCO FLASH below 40°F. Do not apply to a
frost filled surface. Protect from freezing. Addition of coarse
aggregates may result in variations of the physical properties of
the mortar. Excessive moisture and high humidity will slow
curing time. Always do a sample area first. When used as an
underlayment, always follow the directions of floor covering
manufacturer concerning maximum moisture content and surface
bondability and perform required tests.

PACKAGING

50 Ib. bag MASCO FLASH Powder.
Storage: 50°-85°F in protected, dry storage.
Protect from freezing.

Shelf Life: 1 year.

Freight Class: 55.

DOT/UN Shipping Name: Non-regulated
DOT Hazard Class: Non-regulated
Shipping Name: Non-regulated

HAZARDS IDENTIFICATION

MASCO FLASH Powder: Breathing dust may cause nose,
throat, or lung irritation and choking. May cause eye irritation,
severe burns and damage to the cornea. May cause dry skin,
redness, discomfort, irritation or severe burns. May produce
allergic reaction. Thickening of the skin (scleroderma) may be
associated with exposure to high levels of crystalline silica.
Ingestion of large amounts may cause intestinal distress.
Prolonged inhalation of respirable silica will result in permanent
lung damage, silicosis.  Respirable crystalline silica is a
suspected cancer agent by NTP and IARC. Read MSDS for
more information.

FIRST AID:

Inhalation: Remove victim from exposure to fresh air.
medical attention.

Eyes: Rinse carefully with water. Seek medical attention.
Skin: Wash thoroughly with soap and water. Use moisturizing
creams for irritated skin. Seek medical attention for burns or if
irritation persists.

Ingestion: Do not induce vomiting but drink plenty of water.
Seek medical attention for discomfort.

Seek

CLEANUP INSTRUCTIONS

Clean tools and equipment with water before MASCO FLASH.
Hardened MASCOPATCH will require mechanical abrasion for
removal.

TECHNICAL SERVICE: For Technical Service on all Masons
Supply products contact:

MASONS SUPPLY
2637 SE 12" Ave
Portland, OR 97202
(503)234-4321, FAX (503)234-5606
masco.net

WARRANTIES

Seller warrants that the Products do not infringe upon any
copyright, patent, or trademark or trade secret, nor violate the
proprietary information rights of any third party. Seller warrants
that its Products will conform to and perform in accordance with
the Products' specifications. THE FOREGOING WARRANTIES,
ARE IN LIEU OF ALL OTHER WARRANTIES EXPRESS OR
IMPLIED, INCLUDING, BUT NOT LIMITED TO, THOSE
CONCERNING MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE. LIMITATION ON LIABILITIES:
Because of the difficulty of ascertaining and measuring damages
hereunder, it is agreed that, except for claims for bodily injury.
Seller's liability to the Buyer or any third party, for any losses or
damages, whether direct or otherwise, arising out of the
purchase of Product from Seller by Buyer shall not exceed the
total amount billed and billable to the Buyer for the Product
hereunder. IN NO EVENT WILL SELLER BE LIABLE FOR
ANY LOSS OF PROFITS OR OTHER SPECIAL OR
CONSEQUENTIAL DAMAGES, EVEN IF SELLER HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

3/07
OR Clackamas Eugene West Eugene Gresham Hillsboro Medford Portland Salem Wilsonville
(503) 722-1528 (541) 744-6696 (541) 683-1408 (503) 665-4650 (50321533-0107 (541) 772-6161 (503) 234-4321 (503) 585-5504 (503) 582-9320
WA Seattle Tacoma Vancouver Vanc. Form I3Voo inville MASCO.NET

(206) 767-4645 (253) 581-6161 (360) 694-8700 (360) 737-7969

(425) 487-6161
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Hydrotite

hydrophilic water sealing materials

The Benchmark for Expandable Waterstops

Hydrotite is a state-of-the-art hydrophilic waterstop with
unmatched durability and watersealing capacity. Comprised of
NON-BENTONITE, modified chloroprene rubber, Hydrotite
expands up to EIGHT TIMES its original volume when exposed to
water. This expansion creates an effective compression seal
within joints of limited movement. Recognized worldwide,
Hydrotite has a proven track record

as a high quality and cost effective solution to your water
containment needs.

Since 1950, GREENSTREAK has maintained its position of
industry leadership by responding to the unique needs

of our customers. Hydrotite is one more example of our
continued dedication to the construction market and to the
advancement of joint sealing technologies.

TYPICAL STRUCTURES UTILIZING HYDROTITE:

W Water and waste water treatment facilities

M Primary and secondary containment structures
M Tunnels and culverts
B Dams, locks, canals, water reservoirs and aqueducts

M Pipe penetrations
B Swimming pools
B Storage tanks

M Retaining walls
) Hydroelectric and Flood
M Foundations Control Projects

M Slabs on grade

Water and Waste Water Treatment Plants

GREENSTREAK

3400 Tree Court Industrial Blvd., St. Louis, Missouri 63122
Phone: 800. 325-9504 or 636. 225-9400
Fax: 800. 551-5145 or 636. 225-9854 D-45

www.greenstreak.com Flexible solutions. Concrete performance.

Tunnels


www.greenstreak.com
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HYDROTITE CJ: A Superior Waterstop for Concrete Joint Gaps

HYDROTITE: The Benchmark for
Expandable Waterstops

Hydrotite® is a state-of-the-art hydrophilic
waterstop now available from GREENSTREAK®.
Comprised of a modified chloroprene
rubber, Hydrotite has unmatched durability
and water sealing capacity. Hydrotite
expands up to EIGHT TIMES its volume
when exposed to water. This remarkable
hydrophilic property enables Hydrotite to
reliably seal joints.

BEFORE EXPANSION AFTER EXPANSION

Note: Hydrotite CJ-Type is not a sealing material for
expansion joints and should not be used as such.

Unparalleled Performance
B Swells up to EIGHT times its volume when
exposed to water

B Comprised of NON-BENTONITE, modified
chloroprene rubber

B Outstanding physical properties

W Available as a co-extruded profile to
provide directional expansion (also
available as a single extrusion)

W Special expansion delay coating to allow
concrete cure prior to expansion

B Reliable and durable (lifespan up to
100 years)

W IS0 9002 certified

M (J-0725-3K-ADH and CJ-1020-2K-ADH
offered with an adhesive back

W Simple, low cost installation

M Available in a multitude of sizes and shapes
for numerous applications

W Appropriate for retro-fit as well as
new construction

B Can withstand high hydrostatic pressures
(150" head minimum for most profiles)

M International acceptance

W 15 years of service

As this innovative product absorbs water and
expands, it conforms to gap variations along

the joint. This action ensures complete sealing
even under extraordinary hydrostatic pressures.
Due to its slim profile, it won't project like
conventional waterstops and trap air or become
displaced by the second pour. The result is
optimum concrete placement. Hydrotite CJ, is
treated with a special expansion-delay coating to
prevent it from reacting to the fresh, moist
concrete and expanding before curing takes
place.

Existing concrete

New concrete
or second pour

>

\ HYDROTITE CJ TYPE
A%

Al

or first pour

HYDROTITE RSS: Seal for Sawed Control Joints/Joint Repairs

Hydrotite RSS profiles create effective seals
in sawed control joints and in the repair of
failed joints. Hydrotite eliminates hydrostatic
pressure below the sealant, thus extending the
sealant’s life. Select solid profiles with slightly
larger diameters than the joint width for joints
of consistent widths. Hollow profiles should be
selected based on the maximum width of joints
with varying widths. Compress both profiles
slightly on initial insertion.

/Backer rod and sealant

<} D
\HYDROTITE RSS TYPE
AN
. >

2\

HYDROTITE DSS: Pipe Penetrations/Pipe Thimbles

The DSS profiles can be bonded to various piping

materials, including concrete, steel and plastic.
Bond Hydrotite DSS to the pipe prior to
concrete placement. Installation in existing
walls requires an oversize cutout be made and
Hydrotite installed both on the pipe and the
outside diameter of the cutout. Fill the annulus

with a non-shrink grout. Embedded pipe thimbles

can also be sealed with Hydrotite DSS.

Hydrotite HS-0540-30 is used to complete
liner systems. Placed under a batten bar,
between the liner and concrete wall,
Hydrotite HS effectively terminates the liner.
Dual composition prevents the profile from
expanding out from under the batten bar. The
HS profile can be supplied solid or with 3/8
inch diameter prepunched holes on 6 inch
centers for ease of installing anchors.

HYDROTITE DSS TYPE
Bonded to pipe with
rubber adhesive
1> >

.
Batten Bar
\Liner
HYDROTITE HS TYPE

HYDROTITE DS: |deal In Shield Segment Tunnel Lining Systems

The outstanding hydrophilic performance of
Hydrotite DS enables it to follow the expansion
and contraction of joint gaps, creating an
effective seal even under high water pressure.
In contrast, conventional compressive seals
tend to lose their elasticity and restoring force
over time and, therefore, their water-sealing
effectiveness. Furthermore, conventional seals
must be thicker compared to Hydrotite DS to
have the same gap-sealing ability.
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MATERIAL TYPE AND DESIGN SELECTION (800) 325-9504

Property Test Method | Unit Hydrophilic Rubber | Chloroprene Rubber
Minimum  (Typical | Minimum | Typical
Tensile Strength | ASTM D412 | Ib/in2 350 366 1300 1570
Elongation ASTM D412 | % 600 670 400 450
Hardness ASTM D2240 | Shore A 52+/-5 54 50+4/-5 50
Tear Resistance | ASTM D624 | Ib/in 50 60.3 100 123
Specific Gravity | ASTM D792 1.32+/-0.1 | 1.32 1.38+/-0.1 1.38

INSTALLATION GUIDELINES

1. For best results, apply Hydrotite to smooth, even surfaces to

ensure good bonding.

2. Provide 2” minimum concrete cover.
3. Hydrotite can be installed to the plain surface of concrete or

in a formed keyway.

4. Hydrotite should be spliced by cutting ends square (or mitered)

with a sharp knife or shears. Bond the prepared ends together with

a cyanacrylate (super glue) adhesive. Leakmaster can be used to
further protect the splice area.

. Remove all dust, oil, etc. From concrete surface prior to
adhering Hydrotite.

. (J-0725-3K-ADH and CJ-1020-2K-ADH are available with an
adhesive back for adhering to the concrete surface. Bonding of
other Hydrotite profiles can be accomplished using a contact
adhesive compatible with chloroprene rubber. On rough concrete

EXPANSION CHARACTERISTICS Jt SWELLING CHARACTERISTICS

Typical expansion pressures of
Hydrotite are shown below.

~
7]

3
S

©
S

expansion pressure (psi)
> &

o

1

2 3 4 5 6
days of immersion

7 8 9

Swelling characteristics of Hydrotite
depend on the water quality as typical
examples shown below.

150)
(%)

100 tap water

increase in thickness
a
8

salt water (3.0%)

10 15

- 20 25
days of immersion

30

surfaces, GREENSTREAK 7300 Epoxy or Leakmaster should be

used to smooth the surface and to adhere Hydrotite.

. Concrete nails, in conjunction with adhesives, are recommended
for vertical or overhead applications.
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SHAPE AND APPLICATION
ITEM NOMINAL SIZE PACKAGING UNIT
mm (inches) METERS/REEL x REELS
(FT/BOX)
FOR CONSTRUCTION JOINTS
H w

(07253K 7(.28) 25(98) [10mx4 (131)

(}-0725-3K-ADH | Same as above with pressure sensifive adhesive backing

(1020:2K 10 (.39) 20(79)  [10mx5 (164)

(J-1020-2K-ADH | Same as above with pressure sensitive adhesive backing

‘e/e o6 & | 010304M 10 (.39) 30(1.18) [10mx4 (131)

[i—
57

i | (30304 30(1.18) 30(1.18) | T0mx1 (33)

—W—
FOR PIPE PENETRATIONS, CONCRETE CURBS, TUNNEL LINING SEGMENTS
H w h

s |20 (200 L)

—w—f . . mx4 (328)

50320 31D | 20079 | - 25mx4 (328)

S50520 5(20) | 20(79) - 20mx4 (262)

Lt RS-0520-3.51 | 5(.20) | 20(79) | 3.5(14) | 20mx5 (328)

P—w—" | RS0723-351| 7(28) | 23(91) [ 35(14) | 15mx4 (196)

DS0415-2.51 4 (16) | 15(59) | 25(10) | 20mx5 (328)

A 4| DS04202.511 4(16) | 20(79) | 25(10) | 20mx5 (328)

F—v—" | 050520-351| 5(20) | 20(79) | 3.5(14) | 20mx5 (328)

i DS-0615-4.51| 6 (.24) | 15(59) | 45(18) | 15mx5 (245)

H DSS-0320 31D | 20079 | - 25mx4 (328)

I w DSS-0420 40160 | 20079 | - 25mx5 (328)

VR | 050030 | 5(20) (400157 | - | 20mx3 (19%)

FOR JOINT REPAIR, CONTROL JOINTS, SPECIAL APPLICATIONS
D B

RSS-1006 D 10039 | 6(24) | 20mx3 (196)

RSS-1208 D 12(47) | 8(31) | 20mx2 (131)

m RSS1409 D 14(55) | 9(35 [ 10mx2  (45)

RSS-1610 D 16(.63) | 10(.39) | 10mx2 (65

RSS-2014 D 20(79) | 14(55) | 10mx2  (65)

RSS-2519 D 25(98) | 19(75) | 5mx2 (32)

RSS-0806 C 8(31) | 6(24) | 20mx5 (320)

T €T | rssi07c 10(39) | 7(28) | 20mx3 (19)

RSS-1209 C 12(47) | 9(35) | 20mx2 (131)

RSS-1410 14(55 | 10(39) | 15mx2  (98)

RSS-040 P 4(16) - |20mx10 (656)

RSS-050 P 5(20) - 20mx10 (656)

T RSS-060 P 6 (.24) - |20mx10 (656)

_l_% RSS-080 P 8(31) - |20mx 5 (320)

RSS-100 P 10 (.39) - |20mx 3 (196)

RSS-120 P 12 (47) - |20mx 2 (131

, RSS-140 P 14 (.55) - |15mx 2 (98)

RSS-160 P 16 (.63) - 10mx 2 (65)




<& LEAKMASTER

SINGLE COMPONENT WATER-SWELLING SEALANT

() LEAKMASTER | () APPLICATION |

LEAKMASTER LV-1 is a single component
water-swelling sealant with excellent and
unique properties.
Its development was based on C.I. Kasei’s 1)559;2‘;[:‘; %?lii“trﬁe'%%(’g][‘?he
technplogy and long experience in water- cartridge, and remove the metal
swelling sealants. back seamer from the bottom.
LEAKMASTER may be applied in locations 2ot |
where conventional solid sealants cannot utthe nozzle at
be easily applied. This includes irregular . CHARACTERISTICS - thsﬁ?é); %ﬁ;g(tﬁ]a”y
shaped jpints, rough surfaces, odd 1. GENERAL PROPERTIES
penetrations, etc. .
Appearance Putty-Like
After curing, LEAKMASTER has excellent Color Grey
physical properties. The rubber-like elasticity Specific Gravity 1.30
of the material and expansion characteristics Extrudability Within 20 seconds (at 23°C) 1
‘ X - Vs NOZZLE LENGTH
create an effective watertight seal. Slump 3mm max. (at 23°C) /69 |DIAVETER
Tack-Free Time | Within 8 hours (at 23°C, 60% R.H.) 82 3mma (1/81in) |35-40m (125 ft)
JIS-A-5758 «—108 |6mma (1/4in) | 8-10m (30 ft)
. ADVANTAGES — 2. PROPERTIES AFTER HARDENING 8mma (3/81n) | 4-5m (15 1)
Hardness %5 Shore A 10mme (1/2in) |Approx. 3m (8 ft)
EASY APPLICATION — As a moisture-cure ;
i 2 i 3) Average extrudable length vs. nozzle diameter.
single component water-swelling sealant, ;eonnsg:“z:ength 30 k?féggﬂ 7 (425 psi) ) L :
standard caulking guns can be used. Tear Strength 10 kgf/cm (56 Ib/in)
PHYSICAL PROPERTIES - After curing, JIS-K-6301
LEAKMASTER has better physical properties 3. SWELLING PROPERTIES
than those of conventional sealants. (%)
120
EXPANSION — LEAKMASTER expands 100 4) Put the cartridge into
approximately two times its original volume & caulking gun.
when exposed to water. It provides excellent £
water sealing properties while retaining its S5
rubberlike elaStiCity' é Fsltgq'\dr/:]eetps%%ul]n water after hard_er;]i{]g !
ADHESION - Before swelling, LEAKMASTER g E;’A)?gsrgfeasel?réguease el
. . S 2. Test specimen: 20 x 10 x 50 mm
adheres to various materials such as 3. Water temperature: 20°C ~ 15°C 5) Apply Leakmaster
concrete, metal, glass, etc. 01 2 3Da;1$ | n?me?sed7 8 (% ay; )0 continuously without
4. ADHESION PROPERTIES o b seated
. to be sealed.
. MAIN APPLICATION Steel | Aluminum|  Mortar
W Water sealing at joints of in-situ cast concrete | 50% Modulus (kgf/em?) | 45 | 65 | 65
B Water sealing around H-section steel joints Max. Tensile Strength 70 | 122 | 11
and bars (kgf/cm?) 99 psi | 173 psi | 157 psi Item No. LEAKMASTER LV-1
W Caulking for water distribution systems Elongation at Break (%) | 330 | 580 | 570 Cartridge 320 cc
B Pipe penetrations JIS-A-5758 Carton 24 cartridges
B Irregular joint surfaces
B Waterproofing work
WARRII*NT)S lThGSf; specifications %re to lbg used OII}IY. as 4 3400 Tree Court Industrial Blvd., St. Louis, Missouri 63122
general guideline by engineers in formulating preliminary .
specifications, and should not be relied upon without site- Phone: 800. 325-9504 or 636. 225-9400
specific product testing; Greenstreak assumes no responsibility Fax: 800. 551-5145 or 636. 225-9854

for the improper reliance upon or misuse of such data. In

www.greenstreak.com
addition, product design and specifications are subject to g

change without notice.

All statements regarding this product are based upon ®

procedures and tests which the manufacturer believes are ©Win,

reliable, and may be changed for improvement of quality without £ /l/s‘é

notice; but it will be the sole responsibility of the customer GREENSTREAK GROUP INC S 2N ¥

and/or end user to use this product properly, and therefore Family of Construction C ompéni s AT Printed in U.SA.

assume all risk and liability in connection herewith.
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Hydrotite

hydrophilic water sealing materials

The Benchmark for Expandable Waterstops

Hydrotite is a state-of-the-art hydrophilic waterstop with
unmatched durability and watersealing capacity. Comprised of
NON-BENTONITE, modified chloroprene rubber, Hydrotite
expands up to EIGHT TIMES its original volume when exposed to
water. This expansion creates an effective compression seal
within joints of limited movement. Recognized worldwide,
Hydrotite has a proven track record

as a high quality and cost effective solution to your water
containment needs.

Since 1950, GREENSTREAK has maintained its position of
industry leadership by responding to the unique needs

of our customers. Hydrotite is one more example of our
continued dedication to the construction market and to the
advancement of joint sealing technologies.

TYPICAL STRUCTURES UTILIZING HYDROTITE:

W Water and waste water treatment facilities

M Primary and secondary containment structures
M Tunnels and culverts
B Dams, locks, canals, water reservoirs and aqueducts

M Pipe penetrations
B Swimming pools
B Storage tanks

M Retaining walls
) Hydroelectric and Flood
M Foundations Control Projects

M Slabs on grade

Water and Waste Water Treatment Plants

GREENSTREAK

3400 Tree Court Industrial Blvd., St. Louis, Missouri 63122
Phone: 800. 325-9504 or 636. 225-9400
Fax: 800. 551-5145 or 636. 225-9854 D-49

www.greenstreak.com Flexible solutions. Concrete performance.

Tunnels
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HYDROTITE CJ: A Superior Waterstop for Concrete Joint Gaps

HYDROTITE: The Benchmark for
Expandable Waterstops

Hydrotite® is a state-of-the-art hydrophilic
waterstop now available from GREENSTREAK®.
Comprised of a modified chloroprene
rubber, Hydrotite has unmatched durability
and water sealing capacity. Hydrotite
expands up to EIGHT TIMES its volume
when exposed to water. This remarkable
hydrophilic property enables Hydrotite to
reliably seal joints.

BEFORE EXPANSION AFTER EXPANSION

Note: Hydrotite CJ-Type is not a sealing material for
expansion joints and should not be used as such.

Unparalleled Performance
B Swells up to EIGHT times its volume when
exposed to water

B Comprised of NON-BENTONITE, modified
chloroprene rubber

B Outstanding physical properties

W Available as a co-extruded profile to
provide directional expansion (also
available as a single extrusion)

W Special expansion delay coating to allow
concrete cure prior to expansion

B Reliable and durable (lifespan up to
100 years)

W IS0 9002 certified

M (J-0725-3K-ADH and CJ-1020-2K-ADH
offered with an adhesive back

W Simple, low cost installation

M Available in a multitude of sizes and shapes
for numerous applications

W Appropriate for retro-fit as well as
new construction

B Can withstand high hydrostatic pressures
(150" head minimum for most profiles)

M International acceptance

W 15 years of service

As this innovative product absorbs water and
expands, it conforms to gap variations along

the joint. This action ensures complete sealing
even under extraordinary hydrostatic pressures.
Due to its slim profile, it won't project like
conventional waterstops and trap air or become
displaced by the second pour. The result is
optimum concrete placement. Hydrotite CJ, is
treated with a special expansion-delay coating to
prevent it from reacting to the fresh, moist
concrete and expanding before curing takes
place.

Existing concrete

New concrete
or second pour

>

\ HYDROTITE CJ TYPE
A%

Al

or first pour

HYDROTITE RSS: Seal for Sawed Control Joints/Joint Repairs

Hydrotite RSS profiles create effective seals
in sawed control joints and in the repair of
failed joints. Hydrotite eliminates hydrostatic
pressure below the sealant, thus extending the
sealant’s life. Select solid profiles with slightly
larger diameters than the joint width for joints
of consistent widths. Hollow profiles should be
selected based on the maximum width of joints
with varying widths. Compress both profiles
slightly on initial insertion.

/Backer rod and sealant

<} D
\HYDROTITE RSS TYPE
AN
. >

2\

HYDROTITE DSS: Pipe Penetrations/Pipe Thimbles

The DSS profiles can be bonded to various piping

materials, including concrete, steel and plastic.
Bond Hydrotite DSS to the pipe prior to
concrete placement. Installation in existing
walls requires an oversize cutout be made and
Hydrotite installed both on the pipe and the
outside diameter of the cutout. Fill the annulus

with a non-shrink grout. Embedded pipe thimbles

can also be sealed with Hydrotite DSS.

Hydrotite HS-0540-30 is used to complete
liner systems. Placed under a batten bar,
between the liner and concrete wall,
Hydrotite HS effectively terminates the liner.
Dual composition prevents the profile from
expanding out from under the batten bar. The
HS profile can be supplied solid or with 3/8
inch diameter prepunched holes on 6 inch
centers for ease of installing anchors.

HYDROTITE DSS TYPE
Bonded to pipe with
rubber adhesive
1> >

.
Batten Bar
\Liner
HYDROTITE HS TYPE

HYDROTITE DS: |deal In Shield Segment Tunnel Lining Systems

The outstanding hydrophilic performance of
Hydrotite DS enables it to follow the expansion
and contraction of joint gaps, creating an
effective seal even under high water pressure.
In contrast, conventional compressive seals
tend to lose their elasticity and restoring force
over time and, therefore, their water-sealing
effectiveness. Furthermore, conventional seals
must be thicker compared to Hydrotite DS to
have the same gap-sealing ability.

gap D5 3 ty

TUNNEL SHELDING JOINTS
STEEL SEGMENT CONCRETE SEGMENT WITH GROOVE
4 R
i Ei* P
eo—o




MATERIAL TYPE AND DESIGN SELECTION (800) 325-9504

Typical expansion pressures of
Hydrotite are shown below.

PROPERTIES OF HYDROTITE

Property Test Method | Unit Hydrophilic Rubber | Chloroprene Rubber
Minimum  (Typical | Minimum | Typical
Tensile Strength | ASTM D412 | Ib/in2 350 366 1300 1570
Elongation ASTM D412 | % 600 670 400 450
Hardness ASTM D2240 | Shore A 52+/-5 54 50+4/-5 50
Tear Resistance | ASTM D624 | Ib/in 50 60.3 100 123
Specific Gravity | ASTM D792 1.32+/-0.1 | 1.32 1.38+/-0.1 1.38

INSTALLATION GUIDELINES

1. For best results, apply Hydrotite to smooth, even surfaces to
ensure good bonding.

2. Provide 2” minimum concrete cover.

3. Hydrotite can be installed to the plain surface of concrete or
in a formed keyway.

4. Hydrotite should be spliced by cutting ends square (or mitered)
with a sharp knife or shears. Bond the prepared ends together with
a cyanacrylate (super glue) adhesive. Leakmaster can be used to
further protect the splice area.

5. Remove all dust, oil, etc. From concrete surface prior to
adhering Hydrotite.

6. (J-0725-3K-ADH and C]J-1020-2K-ADH are available with an
adhesive back for adhering to the concrete surface. Bonding of
other Hydrotite profiles can be accomplished using a contact
adhesive compatible with chloroprene rubber. On rough concrete
surfaces, GREENSTREAK 7300 Epoxy or Leakmaster should be
used to smooth the surface and to adhere Hydrotite.

7. Concrete nails, in conjunction with adhesives, are recommended
for vertical or overhead applications.
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days of immersion
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SWELLING CHARACTERISTICS
Swelling characteristics of Hydrotite
depend on the water quality as typical

examples shown below.

150)
(%)

1001

increase in thickness
a
8

salt

tap water

water (3.0%)

10 15 20
days of immersion

25 30

SHAPE AND APPLICATION
ITEM NOMINAL SIZE PACKAGING UNIT
mm (inches) METERS/REEL x REELS
(FT/BOX)
FOR CONSTRUCTION JOINTS
H w

(-0725-3K 7(.28) 25(98)  [10mx4 (131)

(}-0725-3K-ADH | Same as above with pressure sensifive adhesive backing

(1020:2K 10 (.39) 20(79)  [10mx5 (164)

(J-1020-2K-ADH | Same as above with pressure sensitive adhesive backing

‘e/e o6 & | 010304M 10 (.39) 30(1.18) [10mx4 (131)

[i—
57

i | (30304 30(1.18) 30(1.18) | T0mx1 (33)

—W—
FOR PIPE PENETRATIONS, CONCRETE CURBS, TUNNEL LINING SEGMENTS
H w h

T 85:0215 2(08) | 15(59) : 5mx4  (328)

—w—oq | 50220 2(.08) | 20(79) 25mx4 (328)

50320 31D | 20079 | - 5mx4 (328)

S50520 5(20) | 20(79) - 20mx4 (262)

T et RS-0520-3.51 | 5(.20) | 20(79) | 3.5(14) | 20mx5 (328)

P—w—" | RS0723-351| 7(28) | 23(91) [ 35(14) | 15mx4 (196)

DS0415-2.51 4 (16) | 15(59) | 25(10) | 20mx5 (328)

A 4| DS04202.511 4(16) | 20(79) | 25(10) | 20mx5 (328)

F—v—" | 050520-351| 5(20) | 20(79) | 3.5(14) | 20mx5 (328)

i DS06154.51 6(24) | 15(59) | 45(18) | 15mx5 (245)

H DSS-0320 31D | 20079 | - 5mx4 (328)

I w DSS-0420 40160 | 20079 | - 25mx5 (328)

VR | 050030 | 5(20) (400157 | - | 20mx3 (19%)

FOR JOINT REPAIR, CONTROL JOINTS, SPECIAL APPLICATIONS
D B

RSS-1006 D 10039 | 6(24) | 20mx3 (196)

RSS-1208 D 12(47) | 8(31) | 20mx2 (131)

m RSS1409 D 14(55) | 9(35 [ 10mx2  (45)

RSS-1610 D 16(.63) | 10(.39) | 10mx2 (65

RSS-2014 D 20(79) | 14(55) | 10mx2  (65)

RSS-2519 D 25(98) | 19(75) | 5mx2 (32)

RSS-0806 C 8(31) | 6(24) | 20mx5 (320)

T €T | rssi07c 10(39) | 7(28) | 20mx3 (19)

RSS-1209 C 12(47) | 9(35) | 20mx2 (131)

RSS-1410 14(55 | 10(39) | 15mx2  (98)

RSS-040 P 4(16) - |20mx10 (656)

RSS-050 P 5(20) - 20mx10 (656)

T RSS-060 P 6 (.24) - |20mx10 (656)

_A_% RSS-080 P 8 (.31) - |20mx 5 (320)

RSS-100 P 10 (.39) - |20mx 3 (196)

RSS-120 P 12 (47) - |20mx 2 (131

RSS-140 P 14 (.55) - |15mx 2 (98)

] RSS-160 P 16063 | - |lomx 2 (69)




<& LEAKMASTER

SINGLE COMPONENT WATER-SWELLING SEALANT

() LEAKMASTER | () APPLICATION |

LEAKMASTER LV-1 is a single component
water-swelling sealant with excellent and
unique properties.
Its development was based on C.I. Kasei’s 1)559;2‘;[:‘; %?lii“trﬁe'%%(’g][‘?he
technplogy and long experience in water- cartridge, and remove the metal
swelling sealants. back seamer from the bottom.
LEAKMASTER may be applied in locations 2ot |
where conventional solid sealants cannot utthe nozzle at
be easily applied. This includes irregular . CHARACTERISTICS - thsﬁ?é); %ﬁ;g(tﬁ]a”y
shaped jpints, rough surfaces, odd 1. GENERAL PROPERTIES
penetrations, etc. .
Appearance Putty-Like
After curing, LEAKMASTER has excellent Color Grey
physical properties. The rubber-like elasticity Specific Gravity 1.30
of the material and expansion characteristics Extrudability Within 20 seconds (at 23°C) 1
‘ X - Vs NOZZLE LENGTH
create an effective watertight seal. Slump 3mm max. (at 23°C) /69 |DIAVETER
Tack-Free Time | Within 8 hours (at 23°C, 60% R.H.) 82 3mma (1/81in) |35-40m (125 ft)
JIS-A-5758 «—108 |6mma (1/4in) | 8-10m (30 ft)
. ADVANTAGES — 2. PROPERTIES AFTER HARDENING 8mma (3/81n) | 4-5m (15 1)
Hardness %5 Shore A 10mme (1/2in) |Approx. 3m (8 ft)
EASY APPLICATION — As a moisture-cure ;
i 2 i 3) Average extrudable length vs. nozzle diameter.
single component water-swelling sealant, ;eonnsg:“z:ength 30 k?féggﬂ 7 (425 psi) ) L :
standard caulking guns can be used. Tear Strength 10 kgf/cm (56 Ib/in)
PHYSICAL PROPERTIES - After curing, JIS-K-6301
LEAKMASTER has better physical properties 3. SWELLING PROPERTIES
than those of conventional sealants. (%)
120
EXPANSION — LEAKMASTER expands 100 4) Put the cartridge into
approximately two times its original volume & caulking gun.
when exposed to water. It provides excellent £
water sealing properties while retaining its S5
rubberlike elaStiCity' é Fsltgq'\dr/:]eetps%%ul]n water after hard_er;]i{]g !
ADHESION - Before swelling, LEAKMASTER g E;’A)?gsrgfeasel?réguease el
. . S 2. Test specimen: 20 x 10 x 50 mm
adheres to various materials such as 3. Water temperature: 20°C ~ 15°C 5) Apply Leakmaster
concrete, metal, glass, etc. 01 2 3Da;1$ | n?me?sed7 8 (% ay; )0 continuously without
4. ADHESION PROPERTIES o b seated
. to be sealed.
. MAIN APPLICATION Steel | Aluminum|  Mortar
W Water sealing at joints of in-situ cast concrete | 50% Modulus (kgf/em?) | 45 | 65 | 65
B Water sealing around H-section steel joints Max. Tensile Strength 70 | 122 | 11
and bars (kgf/cm?) 99 psi | 173 psi | 157 psi Item No. LEAKMASTER LV-1
W Caulking for water distribution systems Elongation at Break (%) | 330 | 580 | 570 Cartridge 320 cc
B Pipe penetrations JIS-A-5758 Carton 24 cartridges
B Irregular joint surfaces
B Waterproofing work
WARRII*NT)S lThGSf; specifications %re to lbg used OII}IY. as 4 3400 Tree Court Industrial Blvd., St. Louis, Missouri 63122
general guideline by engineers in formulating preliminary .
specifications, and should not be relied upon without site- Phone: 800. 325-9504 or 636. 225-9400
specific product testing; Greenstreak assumes no responsibility Fax: 800. 551-5145 or 636. 225-9854

for the improper reliance upon or misuse of such data. In

www.greenstreak.com
addition, product design and specifications are subject to g

change without notice.

All statements regarding this product are based upon ®

procedures and tests which the manufacturer believes are ©Win,

reliable, and may be changed for improvement of quality without £ /l/s‘é
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Product Data Sheet
Edition 11.12.2010
ldentification no. D300032M
Sikadur 31, Hi-Mod Gel

Sikadur® 31, Hi-Mod Gel (1:1 Mix Ratio)

High-modulus, high-strength, structural, epoxy paste adhesive

Description Sikadur 31, HiMod Gel, is a 2-component, 100% solids, sclvent-free, moisture-folerant, high-modulus, high-

sirength. strucheral epoxy paste adhesive. It conforms o the current ASTM C-331, Types | and IV, Grade-3,
Class-BIC and AASHTO M-235 specifications.

» Structural bonding of concrete, masonry, metals, wood, ete. to a maxemum ghee line of % in_ {3 mm).
» Groat bolts, dowels, and pins.

n Seals cracks and arcund injection ports prior o pressure-injection grouting.

» |ntenior, vertical, and overhead repair of concrete as an epoxy morar binder,

» As 3 pick-proct sealant around windows, doors, bock-ups efc. inside comectional faclities.

» Meets physical requirements of ASTM C-881 Types |, Il & IV, Grade 3, Classes B & C.

» Suitable for potable water contact, meets NSF/ANSI Standard 81.

» Excallent adhesion to concrete, masonny, metals, wood, and most stuctural matenals.

» Pasie consistency ideal for vertical and overhead repar of concrele.

» Fast-zefling and strength-producing adhesve.

» Convenient easy mix ratic AB = 1:1 by volume.

Where to Use

Advantages

Typical Data (Marerial and curing conditions @ 73°F (23°C) and 50%: RH.}

Shelf Life 2 years in orignal, unopened contaners
Storage Conditions  Store dry at 40°-25°F (4°-35°C). Condition material to 65°-85°F [18°-25°C)
before using.
Color Gray
Mixing Ratio Component A’ : Component B = 1:1 by volume
Consistency Mon-sag paste
Pt Life Approximately &0 minutes @ T2°F (500 gram mass)
Tack-Free Time 1.5 - 25 hours at 30 mils. thick
Tensile Properties (ASTM D-638)
T day Tensde Strength 3,300 p=i (22.7 MPa)
Elongation at Break  0.8%

Flexural Properties (ASTM D-T30)
T day Flexural Strength (Modules of Rupture) 8,100 psi (42.0 MPa)
Tangent Modulus of Blasticty in Bending  1.67 X 10° psi (11,520 MPa}
Shear Strength (ASTMD-T32) Tday ShearStrength 4,600 psi (31.7 MPa)
Bond Strength (ASTM C-882)
Hardened Concrete to Hardened Concrere:
2day {dry cure) 2,200 psi (15.2 MPa)
2 day moist cure] 2200 psi I:1E.ﬁ- MPa)
14 day {moistcure) 2,900 psi (20.0 MPa)
Hardened Concrete o Steel:
2 day (dry cure} 2,900 p=i (20.0 MPa)
Tensile Bond Strength (Pull-off Method, Dyna, ASTR C-13583-04)
2 day 420 psi (2.8 MPa)
Heat Deflection Temperature (ASTM D-648) T day (Fiber Stress Loading = 264 psi}  135°F (5T°C)

Water Absorption (ASTM D-370) 24 hiour 0.0
Compressive sirength (ASTM D-6335) psi {MPa)
AFF (4*Cp = T¥F [23°Cp = B0°F (32°C)pr =

2 hour - - 450 {3.1)
4 howr - B0 (5.5) 10,500 (724}
8 howr - B,500 (548.8) 12,200 (34.1)
16 hiour 700 (4.8) 10,500 (72.4) 13,000 {39.68)
1 day 6,000 (41.4) 13.000 {38.8} 15,000 (103.4})
3 day 11,000 {75.8) 14,000 {26.5) 16,000 {110.3)
7 day 12,800 (BE.9} 15,000 (103.4) 16,000 {110.3)
14 day 13,500 (83.0) 15,400 {106.1) 16,000 {110.3)
28 day 14,000 (BE.5) 16,000 (110.2) 16,000 (110.3)

Compressive Modulus of Elasticity (ASTM D-825) Tday 7TO5X1Fpsi (5485MP3)

* Material cured and tested at temperatures indicated.
** See Limitations section for further mformaton.
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Cowverapge

1 gal. yiebds 231 cu. in. (3. TES cm?) of epoxy paste adhesive. 1 gal. (3.8 L) mixed with 1 gal. (3.3 L) by loose
volume of oven-dried aggregate yields approximately 248 cu_ in. (5,870 e’ of epoxy mortar

Packaging

g3l and 3 gal. (114 L) unis.

How to Use
Surface Preparation

Surizce must be clean and sound. It may be dry or darmp, but free of standing water Remove dust, [aiance,
grease. curnng compounds, impregnations, waxes, and any ofher contaminants.

Preparation Work: Concrete - Should be cleaned and prepared 1o achisve a latance and contaminant
free, open texiured surface by blastcleaning or equivalent mechanical means.

Steel - Should be cleaned and prepared thoroughly by blastcleaning.

Mixing

Pre-mix each component. Proportion 1 part Component ‘B to 1 part Component "&by wolurme into a clean
pail. Mix tvoroughly for 3 minutes with Sika paddie on low-spesed (400- 600 rpm) drill wetil uniformn in color
Wix only that guantity which can be used within its pot life. Prior to mixing, matenal should be conditioned fo
E5°-B5°F (18°-20°C). To prepars an epoxy mortar, slowly add up to 1 part, by boose volurme of an oven-
dried aggregate. to 1 part of the miked Sikadur 31, Hi-Mod Gel, and mix untd unifiorm in consistency.

Application

As a structural adhesive - Apply the neat mixed Sikadur 31, Hi-Mod Gel 1o the prepared substrates. Work
nio the substrate for positive athesion. Secure the bonded unit firmiy into place until the adhesive has
cured. Glue ine should not exceed V8-in. {2 mm).

To seal eracks for injection grouting - Flace the neat mixed material over the cracks to be pressure
njected and around each injection port. Allow suficient tme fo set before pressure injecting.

For interior vertical and overhead patching - Place the prepared mortar in void, werking the material into
the prepared substrate, filling the cawvity. Strike off level. Lifts should not excesd 1-n (25 mm).

As a pick-proof sealant - Use automated or manual method. Apply an appropriate size bead of matenal
around the area being sealed. Seal with neat Sikadur 31, Hi-Mod Gal.

Limitations

» THE NTSB HAS STATED THAT THIS PRODUCT 1S APPROVED FOR SHORT TERM LOADS OMLY
AND SHOULD NOT BE USED IN SUSTAINED TENSILE LOAD ADHESIVE ANCHORING APPLICA-
THINS WHERE ADHESIVE FAILURE COULD RESULT IN A PUBLIC SAFETY RISK. CONSULT A
DESIGN PROFESSIONAL PRIOR TO USE.

s Compenents of onginal 211 mix ratio formulation of Sikadur 31, H-Mod Gel cannct be cross-mixed with
compoenents of Sikadur 31, Hibod Gel (MEW 1:1 Mix Ratio) forrmudation.

m Minimum substrate and ambient temperature 40°F [4°ClL

m Do not tin. Schvents will prevent proper cure

» When preparing an epoxy monar, use cven-drisd aggregate only.

» Maximum epoxy mortar thickness s 1 in. (25 mm) per lift.

» Epoocy mortar is for intenor use only. Matenial is a vapor barrier afier cure.

m Minimum age of concrete must be 21-28 days, dapending upon cwring and drying condiions, for montar applications.

» Porous substrabes must be tested for mossture-vapor transmission peor to monar applications.

m Mot for sealing cracks under hydrostatic pressure.

m Mot an aesthetic product  Color may alter due to vanations in ighting and'or UV exposure.

WARNING

Component “A” - IRRITANT, SENSITIZER. Contains epoxy resin, silica, and calcium carbonate. Causes
eye imtaton. May cause skinfrespiratony mmtations. Prolonged andior repeated contact with skin may cause
allergic reaction/sensitzation. Hamfl f swalowed. Deliberate concentrations of vapors for purposes of
inhalation is harmful and zan be fatal.

Component ‘B - CORROSNE, SENSITIZER, IRRITANT. Contains Amines, silica guarz (sand), and
calzium carbonate. Contact with skin and eyes causes severe bums. Causes eyelskinfrespiratony mmitation.
Prolonged andior repeated contact may cause allamic reachon/sensitizaton. Hammiful i swallowed. Deliber-
ate concentrations of vapors for purposes of inhalation is harmful and can be fatal.

Cured matenial, if sanded, may result in exposure to a chermical known to te State of California to cause
CAmCEr

First Aid

Eyes - Hold eyelids apart and flush horoughly with water for 15 minutes. Skin - Remove contaminated
clothing. Wash skin thomughly for 15 minutes with soap and water. Inhalation - Remowe person io fresh air.
Ingestion - Do not induce vomiting. Contact a physician. In all cases, contact a physician immediateby if
sympioms persist.

Handling & Storage

Awoid direct contact with eyes and skin. Wear chemical resistant gloves/gogglesiciothing. Avoid breathing
vapors. LUse with adequate general and local exhaust ventilation. Use a propery fitted MIOSH approved
respirator. Wash thoroughly after handling product. Remove contaminated chothing and launder before
reuse. Shore product m a closed container in a cool, dry place.
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Clean Up

Awoad contact. Wear chemical resistant clothingiglowesigoggles. In absence of adequate ventilabon, use a
prepery fited MIOSH respiator. Uncured matenal can be removed with schvent. Follow solvent manufactur-
er's instrucions fior use and wamings. Cured material (when Component ‘A combined with Component 'B')
can only b= removed mechanically. In case of spill, ventilate area and contain spil. Collect with absorbent
material. Dispose of in accordance with cuent, applicable local, state and federal reguiations.

KEEPF CONTAINER THESTLY CLOGED - KEEP OUT OF REACH OF CHILDREN - NOT 20K 1N TERNAL CORSUMPFTION - FOR INDUSTRIAL UBE ONLY
Adl inforrmaiion proseided by Sika Corporation 5"} oonceming Siks products, inciuding bt rot Emitesd o, any recommendabions and adédos reading oS
sppdcation and wse of S producis, | ghver in good faith based on Sica's cument ssperisnce and kncsiedpes of i products when property siorsd, hamdied
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Department:
Project Location:
Project Title:

City's Project Number:

Prepared By:

Michels Project No:

DRIVING INNOVATION.
TRANSFORMING CONSTRUCTION.

CALTRANS

Michels Pipeline Construction
1715 16th St. SE

Salem, OR 97302
(503)364-1199 main
(503)391-8317 fax

RTE 50 at various locations near Kyburz, CA in El Dorado County

Construction on State HWY in El Dorado County

03-4M4404

Andy Thompson

40435

Date Received:

Engineer: Darlene Wulff

Contractor:  Michels Corp

Submittal number: 8

Submittal Date: 5/27/2014
Revision Date: NA
Revision Number: NA
Specification Section: 15-6.11A(3)
Subsection: 3.6

Item: Pre-Liner

Page: 20

Deviation (Y or N): N

Submittal Description:

Intended Use:

Preliner Description

CIPP Reference Manual

Plan Sheet: NA
Manufacturer: NA
Supplier: NA
Applicable Standard: NA
Referenced Document: NA

Notes:
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GRIFFOLYN® TX 1200

REEF INDUSTRIES, INC.

Griffolyn® TX-1200 is a 3-ply laminate combining two layers of linear low density polyethylene and
a high-strength cord grid. It is specifically engineered to provide high strength and durability in a

lightweight material.

The Manufacturing Leader of Specialized Industrial Plastic Films Since 1957.

* Multiple layers and cord reinforcement resist punctures and tears.

e UV stabilization protects the material from degradation during extended
exposure to sunlight.

e Cold-crack resistance eliminates failures in extremely cold temperatures.
* Low permeability greatly inhibits moisture transmission.
* Flexibility and light weight allow for easy handling and quick installation.

* Custom fabrication is available to meet your exact specifications.

* Long life expectancy allows for significant cost savings through reuse and fewer

replacements.

* Class C, ASTM E-1745-97 Standard Specification for water vapor retarders used in

contact with soil or granular fill under concrete slabs.

The information provided herein is based upon data believed to be reliable. All testing is performed in accordance with ASTM standards and
procedures. All values are typical and nominal and do not represent either minimum or maximum performance of the product. Although the
information is accurate to the best of our knowledge and belief, no representation of warranty or guarantee is made as to the suitability or
completeness of such information. Likewise, no representation of warranty or guarantee, expressed or implied, or merchantability, fitness
or otherwise, is made as to product application for a particular use.

©2008 REEF INDUSTRIES, INC. Griffolyn is a registered trademark of Reef Industries, Inc. 12-08 D-57

w

1

= | weight D751 38 LB/1000 FT2 185 KG/100 M2

=

= | 3'Load @ Vielo D-882 90 LBF 400N

= 54 LBF 240N

= | 3'Load @ Break D-882

- 2500 PSI 17 MPA

[—]

-

= | 3'Eongation @ Break D-882 400 % 400 %

w

= | Tongue Tear D-2261 22 LBF 98 N

o=

S | Tapezoical Tear 04533 29 LBF 129 N

(=]

= | PPT Resistance D-2582 29 LBF 129 N

= | Dart mpact Strength 0-1709 16185 073KG

& | Cold Impact Strength 0-1790 40°F -40°C

=

= | permeance E-96 0.040 GrainVHr-Fté-inHg 230 NG/(PA-S-M?)
FEATURES

TOLL 1.800.231.6074

9208 Almeda Genoa Rd.  Houston, Texas 77075
P: 713.507.4251 - F:713507.4295
Email: ri@reefindustries.com

PRODUCT INFORMATION - SPECIFICATION GUIDE




SUGGESTED APPLICATIONS

* Pallet, cable reel and drum covers for outside storage.

e Custom bags and tubing.

e Temporary walls, plant dividers, building enclosures and containment tents.
* Shipping container covers and liners.

* Floor covers, dust partitions and cleanroom enclosures.

e Soil covers to control leachate for stockpiles and landfills.

e Agricultural storage systems, hay covers and windbreaks.

* Athletic field and equipment covers.

e Interim landfill covers

e Architectural vapor retarder for underslab, walls, ceilings and in roofing systems.

ORDERING INFORMATION

Biock, White, and Clear

Standord rolls from 4" x 100 fo 40" x 1007 in heremanis of 4" widths are gwailable for immediote shiprnent, Siondard
lengit and width folerances are £ 1% (minenuemn 27

Customn szes up fo 200" x 300 ond cusfomn fobicahicn are ovolable fo mest your exact specificafions.

Mirirmen: -45°F -43°C
hcximurmn: 170°F 77°C

OUTDOOR EXPOSURE

Under normal continuous exposure the average life expectancy ranges from 30 to 48 months.

The information provided herein is based upon data believed to be reliable. All testing is performed in accordance with ASTM standards and -I- U I. I. ] 8 [] [] 2 3 ] B [] 7 4
procedures. All values are typical and nominal and do not represent either minimum or maximum performance of the product. Although the . . .

information is accurate to the best of our knowledge and belief, no representation of warranty or guarantee is made as to the suitability or

completeness of such information. Likewise, no representation of warranty or guarantee, expressed or implied, or merchantability, fitness 9209 Almeda Genoa Rd. + Houston, Texas 77073
or otherwise, is made as to product application for a particular use. P: 7135074251 - F: 713.507.4295

©2008 REEF INDUSTRIES, INC. Griffolyn is a registered trademark of Reef Industries, Inc. 12-08 D-58 Email: ri@reefindustries.com
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Pre-liner installation procedure

The procedure for installing a Preliner, for use with CIPP is as follows:

1. Upon completion of the final pre-video inspection of the pipe, attach Preliner, with a rope, to
the camera/tractor equipment

2. The pre-liner material should be either; rolled out above ground or suspended on a stand to
allow unspooling as it enters through the manhole.

3. Pre-liner often comes in 600’ lengths but the manufacturer recommends using duct tape to
join required lengths together.

4. Once the Preliner has been strung through the pipe, make sure there is at least 1 foot of
excess at each end.

5. On the end of the pipe, opposite from the CIPP installation manhole, attach the Preliner,
using duct tape, to a manhole blower in order to pre inflate the pre-liner.

6. With pre-liner inflated, help feed CIPP liner into the end of the pre-liner. Keeping the pre-
liner inflated during the CIPP installation helps to ensure that the pre-liner is not torn or ran
over during the install.

D-59
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Department:
Project Location:
Project Title:

City's Project Number:

Prepared By:

Michels Project No:

DRIVING INNOVATION.

Michels Pipeline Construction
1715 16th St. SE

Salem, OR 97302
(503)364-1199 main

TRANSFORMING CONSTRUCTION. (503)391-8317 fax

CALTRANS

RTE 50 at various locations near Kyburz, CA in El Dorado County

Construction on State HWY in El Dorado County

03-4M4404

Andy Thompson

40435

Date Received:

Engineer: Darlene Wulff

Contractor:  Michels Corp

Submittal number: 9
Submittal Date: 5/27/2014
Revision Date: NA
Revision Number: NA
Specification Section: 15-611A(3)
Subsection: 3.7

Item: CIPP Lubricant

Page: 20

Deviation (Y or N): N

Submittal Description:

Intended Use:

Mineral Qil or Vegetable Oil

CIPP Reference Mnaual

Plan Sheet: NA
Manufacturer: NA
Supplier: NA
Applicable Standard: NA
Referenced Document: NA

Notes:
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Material Safety Data Sheet Page 1 of 2

Vegetable Oil ScholAR
Chemistry

Section 1: Product and Company Identification |
Vegetable Oil

MSDS # 786.00

Synonyms/General Names: Soybean Oil
Product Use: For educational use only
Manufacturer: Columbus Chemical Industries, Inc., Columbus, WI 53925.
24 Hour Emergency Information Telephone Numbers
CHEMTREC (USA): 800-424-9300 CANUTEC (Canada): 613-424-6666
ScholAR Chemistry; 5100 W. Henrietta Rd, Rochester, NY 14586; (866) 260-0501; www.Scholarchemistry.com

Section 2: Hazards Identification |
Clear, light yellow, oily liquid; faint odor. HMIS (0 to 4)

CAUTION! Combustible liquid.
Target organs: None known.

This material is considered hazardous by the OSHA Hazard Communication Standard (29 CFR 1910.1200).

| Section 3: Composition / Information on Ingredients |
Vegetable Oil (8001-22-7), 100%

Always seek professional medical attention after first aid measures are provided.

Eyes: Immediately flush eyes with excess water for 15 minutes, lifting lower and upper eyelids occasionally.
Skin: Immediately flush skin with excess water for 15 minutes while removing contaminated clothing.
Ingestion: Call Poison Control immediately. Rinse mouth with cold water. Give victim 1-2 cups of water or milk to drink.

Induce vomiting immediately.
Inhalation: Remove to fresh air. If not breathing, give artificial respiration.

When heated to decomposition, emits acrid fumes.
Protective equipment and precautions for firefighters: Use foam or dry chemical to extinguish fire. oo
Firefighters should wear full fire fighting turn-out gear and respiratory protection (SCBA). Cool ‘

container with water spray. Material is not sensitive to mechanical impact or static discharge. NFPA

Section 6: Accidental Release Measures |

Use personal protection recommended in Section 8. Isolate the hazard area and deny entry to unnecessary and unprotected
personnel. Contain spill with sand or absorbent material and place in sealed bag or container for disposal. Ventilate and wash
spill area after pickup is complete. See Section 13 for disposal information.

Section 7: Handling and Storage Green

Handling: Use with adequate ventilation and do not breathe dust or vapor. Avoid contact with skin, eyes, or clothing. Wash
hands thoroughly after handling.

Storage: Store in General Storage Area [Green Storage] with other items with no specific storage hazards. Store in a cool, dry,
well-ventilated, locked store room away from incompatible materials.

Section 8: Exposure Controls / Personal Protection

Use ventilation to keep airborne concentrations below exposure limits. Have approved eyewash facility, safety shower, and fire
extinguishers readily available. Wear chemical splash goggles and chemical resistant clothing such as gloves and aprons. Wash
hands thoroughly after handling material and before eating or drinking. Exposure guidelines: Vegetable Oil : OSHA PEL: N/A,
ACGIH: TLV: N/A, STEL: N/A.

© 2008, Scholar Chemistry. All Rights Reserved. 12/19/2011
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Material Safety Data Sheet Page 2 of 2

MSDS # 786.00 Vegetable Oil Scholar Chemistry
Section 9: Physical and Chemical Properties

Molecular formula Natural Product. Appearance Clear, light yellow, oily liquid.
Molecular weight N/A. Odor Faint odor.

Specific Gravity ~0.9 g/mL @ 60°C. Odor Threshold N/A.

Vapor Density (air=1) N/A. Solubility Insoluble.

Melting Point 22-31°C. Evaporation rate N/A. (Butyl acetate = 1).
Boiling Point/Range N/A. Partition Coefficient N/A. (log Pop).

Vapor Pressure (20°C) N/A. pH N/A.

Flash Point: 255°C (491°F). LEL N/A.

Autoignition Temp.: N/A. UEL N/A.

N/A = Not available or applicable

Section 10: Stability and Reactivity

Avoid heat and moisture.

Stability: Stable under normal conditions of use and storage.
Incompatibility: Oxidizing materials.

Shelf life: Indefinite if stored properly.

Section 11: Toxicology Information

Acute Symptoms/Signs of exposure: Eyes: Redness, tearing, itching, burning, conjunctivitis. Skin: Redness, itching.
Ingestion: Irritation and burning sensations of mouth and throat, nausea, vomiting and abdominal pain. Inhalation: Irritation of
mucous membranes, coughing, wheezing, shortness of breath,

Chronic Effects: No information found.

Sensitization: none expected

Vegetable Oil: LD50 [oral, rat]; N/A; LC50 [rat]; N/A; LD50 Dermal [rabbit]; N/A

Material has not been found to be a carcinogen nor produce genetic, reproductive, or developmental effects.

| Section 12: Ecological Information
Ecotoxicity (aquatic and terrestrial): Not considered an environmental hazard.
| Section 13: Disposal Considerations

Check with all applicable local, regional, and national laws and regulations. Local regulations may be more stringent than
regional or national regulations. Small amounts of this material may be suitable for sanitary sewer or trash disposal.

| Section 14. Transport Information
DOT Shipping Name: Not regulated by DOT. Canada TDG: Not regulated by TDG.
DOT Hazard Class: Hazard Class:
Identification Number: UN Number:
Section 15: Regulatory Information
EINECS: Listed (232-274-4). WHMIS Canada: Not WHMIS Controlled.
TSCA: All components are listed or are exempt. California Proposition 65: Not listed.

The product has been classified in accordance with the hazard criteria of the Controlled Products Regulations and the MSDS
contains all the information required by the Controlled Products Regulations.

Section 16: Other Information

Current Issue Date: December 19, 2011

Disclaimer: Scholar Chemistry and Columbus Chemical Industries, Inc., (“S&C”) believes that the information herein is factual but is not intended to be all
inclusive. The information relates only to the specific material designated and does not relate to its use in combination with other materials or its use as to any
particular process. Because safety standards and regulations are subject to change and because S&C has no continuing control over the material, those
handling, storing or using the material should satisfy themselves that they have current information regarding the particular way the material is handled, stored
or used and that the same is done in accordance with federal, state and local law. S&C makes no warranty, expressed or implied, including (without
limitation) warranties with respect to the completeness or continuing accuracy of the information contained herein or with respect to fitness for any
particular use.

© 2008, Scholar Chemistry. All Rights Reserved. 12/19/2011
D-69



é‘“HE‘@ Michels Pipeline Construction

1715 16th St. SE
Salem, OR 97302

CORPORATION DRIVING INNOVATION.
- — | TRANSFORMING CONSTRUCTION. (503)391-8317 fax
Department: CALTRANS
Project Location: RTE 50 at various locations near Kyburz, CA in El Dorado County
Project Title: Construction on State HWY in El Dorado County

City's Project Number:  03-4M4404

Prepared By: Andy Thompson
Michels Project No: 40435

Date Received:

Engineer: Darlene Wulff

Contractor:  Michels Corp

Submittal number: 10
Submittal Date: 5/27/2014
Revision Date: NA
Revision Number: NA

Specification Section: 15-6.11A(3)

Subsection: 4

ltem: Calibration for Temp. and Pressure
Page: 20

Deviation (Y or N): N

Submittal Description:  Temperature Reader, Pressure Guages and Sample Cure Log.
Intended Use: CIPP Reference Manual
Plan Sheet: NA

Manufacturer: NA

Supplier: NA

Applicable Standard: NA

Referenced Document: NA

Notes:
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Bourdon Tube Pressure Gauge
Stainless Steel Construction
Model 21X.53

Applications

B [ntended for adverse service conditions where pulsating
or vibration exists (with liquid filling)

B Hydraulics & compressors

m Suitable for gaseous or liquid media that will not obstruct
the pressure system

Special Features

B Vibration and shock resistant (with liquid filling)
B Stainless steel case
B Pressure ranges up to 15,000 psi

Standard Features

Design
ASME B40.100 & EN 837-1

Sizes
27, 2¥2" & 4” (50, 63 & 100 mm)

Accuracy class
2" & 212" +2/1/2% of span (ASME B40.100 Grade A)
47 + 1% of span (ASME B40.100 Grade 1A)

Ranges

Vacuum / Compound to 200 psi

Pressure from 15 psi to 15,000 psi

Pressure from 15 psi to 10,000 psi - 2” size

or other equivalent units of pressure or vacuum

Working pressure

2&2¥%"  Steady: % full-scale value
Fluctuating: 2/s full-scale value
Shorttime: full-scale value

47 Steady: full-scale value
Fluctuating: 0.9 x full-scale value
Shorttime: 1.3 x full-scale value

WIKA Datasheet 21X.53 - 12/2011

D-71

Mechanical

Pressure Measurement

WIKA Datasheet 21X.53

Bourdon Tube Pressure Gauge Model 21X.53

Operating temperature
Ambient: -40°F to +140°F (-40°C to +60°C) - dry
-4°F to +140°F (-20°C to +60°C) - glycerine filled
-40°F to +140°F (-40°C to +60°C) - silicone filled
Medium: +140°F (+60°C) maximum

Temperature error

Additional error when temperature changes from reference
temperature of 68°F (20°C) +0.4% for every 18°F (10°C)
rising or falling. Percentage of span.

Weather protection
Weather tight (NEMA 4X/ IP 65)

Pressure connection

Material: copper alloy

Lower mount (LM) or center back mount (CBM) - 2” & 21%”
Lower mount (LM) or lower back mount (LBM) - 4”

¥8” NPT, ¥4” NPT or 12" NPT limited to wrench flat areaABS (2”
& 2'2") and white aluminum (4”)

Page 1 of 3
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Bourdon tube

215" Size- Material: Copper alloy

30” Hg (VAC) to 800 psi - C-type (soldered)
1000 psi to 15,000 psi - helical type (soldered)
Changes to stainless steel at 7,500 psi brazed
4” Size- Material: Copper alloy < 1,000 psi
316 stainless steel > 1,500 psi

30” Hg (Vac) to 1,000 psi- C-type (soldered)
1,500 psi to 15,000 psi- helical type (brazed)
Changes to stainless steel at 1,500 psi

Movement

Copper alloy

Dial

White ABS (2” & 272”) and white aluminum (4”)

Pointer
Black aluminum

Case

304 stainless steel with vent plug and stainless steel crimp
ring. Suitable for liquid filling.

Page 2 of 3

Case connection sealed with O-ring, (O-ring material

dependent on the case fill):

m 212" EPDM O-ring for Glycerine case fill; Viton O-ring for
Silicone fill

H 4”: EPDM O-ring for Glycerine or Silicone case fill; Viton
O-ring for Halocarbon or Fluorolube fill

Window
Polycarbonate with Buna-N gasket

Case fill
Glycerine 99.7% - Type 213.53

Optional extras

Brass restrictor

Stainless steel front or rear flange - 22" & 4”
Zinc-plated steel or SS U-clamp bracket (field installable)
External zero adjustment (22" only)

Red drag pointer or mark pointer

Silicone or Fluorolube case filling

Special connections limited to wrench flat area
Custom dial layout

Other pressure scales available

bar, kPa, MPa, kg/cm2 and dual scales

WIKA Datasheet 21X.53 - 12/2011
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Dimensions X
A" —E?C_E_— A ";:'c__l
hel | ==
” I I
_ B - ) -t
H
| u D+ HERE T
\_\— TpY ) ] \—\— T(npY
| W (sq.) W (sq.)

front flange

¥
i)
|
i
). ""L
o

~ Wisa)

rear flange [ u-clamp

55 48 30 50 12 53 36 72 71 60 17 55 14 0.271b. dry

in 217 189 1.18 197 047 209 - 014 283 280 236 280 022 % 055 0.33lb. (filled

22" mm 69 54 32 62 13 54 - 36 72 881 75 85 6.5 14 0.361b. dry
in 269 213 126 245 051 213 - 0.14 283 347 295 335 026 W 055 044Ib. filled

4 mm 107 87 48 100 155 795 30 48 109 132 116 132 8 22 1.10lb. dry

in 421 343 189 391 061 3.13 118 0.19 429 520 457 520 031 ¥ 087 1.76lb. filled
Note: For %4” NPT connections on 4” gauges, reduce B dimension by 5mm/0.2"

Recommended panel cut-out:

2’- U-clamp: 51mm 2%2"- U-clamp: 63mm 4’-  U-clamp: 101mm 4%2”- panel mount adapter 104mm minimum
front flange: n/a front flange: 65mm front flange: 104mm (not shown)
WIKA Datasheet 21X.53 - 12/2011 Page 3 of 3
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WIKA Instrument Corporation
1000 Wiegand Boulevard
Lawrenceville, GA 30043-5868

Tel: 888-WIKA-USA « 770-513-8200
Fax: 770-338-5118

E-Mail: info@wika.com
www.wika.com
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I !I WIKA INSTRUMENT LP

TYPE: 213.53 2.5"
RANGE:15PSI/BAR
CONN:1M4"NPT LM
P/N: 9691982

il

‘!’ WIKA INSTRUMENT

TYPE: 213.53 2,
RANGE 15PSIBAR
CONN:114 NPT Ly
PIN: 9691982
[

LT

Ll
14

_ATTENTION! g

AFTER SHIPMENT, POINTER
MAY NOT REST AT ZERQ DUE TO
INTERNAL CASE PRESSURE BUILDUP
CAUSED BY TEMPERATURE VARIATIONS.
ACCURACY MAY BE SIGNIFICANTLY REDUCED,
1O RESTORE GAUGE TO OPERATING CONDITION,
MOVE LEVER OF FILL PLUG TQ THE "OPEN"

IF GAUGE IS NOT MOUNTED UPRIGHT, MOVE LEVER TO

"CLOSED” POSITION AFTER VENTING. REPEAT P EDURE

REGULAR INTERVALS TO MAINTAIN GAUGE ACCURACY.
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TEST iNSTRUMENTS™

CERTIFICATE OF COMPLIANCE

UE] certifies that the instrument listed below was calibrated to UEi standards and
met or exceeded all published specifications at the time of shipment.

The recommended calibration interval for maintaining instrument accuracy is one year.

CUSTOMER: MICHELS CORP.

INSTRUMENT: DT301

SERIAL NUMBER; 131105494

- 04/08/14

TESTED BY; P.B.#060

UEi » 8030 SW Nimbus Ave. Beaverton, OR 97008 * Phone: (503) 644-8723 + Fax: (503) 643-6322
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TEST iNSTRUMENTS"

CERTIFICATE OF COMPLIANCE

UEi certifies that the instrument listed below was calibrated to UEi standards and
met or exceeded all published specifications at the time of shipment.

The recommended calibration interval for maintaining instrument accuracy is one year.

CUSTOMER: MICHELS CORP.

INSTRUMENT:; DT301

SERIAL NUMBER; 131105476

are 04/08/14

TESTED BY; P.B.#060

UEi » 8030 SW Nimbus Ave. Beaverton, OR 97008 « Phone: (503) 644-8723 - Fax: (503) 643-6322
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TEST iNSTRUMENTS"

CERTIFICATE OF COMPLIANCE

UEi certifies that the instrument listed below was calibrated to UEi standards and
met or exceeded all published specifications at the time of shipment.

The recommended calibration interval for maintaining instrument accuracy is one year.

CUSTOMER: MICHELS CORP.

INSTRUMENT: DT302

SERIAL NUMBER; 130402119

are 04/08/14

TESTED BY:; P.B.#060

UEi - 8030 SW Nimbus Ave. Beaverton, OR 97008 - Phone: (503) 644-8723 + Fax: (503) 643-6322
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B€a DT302 Digital Temperature Logger "\
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Page 1 of 3

will record temperature in 5 minute intervals.

| |
P
|
| ]
| |
Electrical  Electronic Environmental Fiber Optic HVAC Industrial Laboratory LAN Network  Telecom

Please enter a keyword: example: 380801 or Apliance Tester .etc..etc..

You are here: = Testers and Tools = HVAC - Temperature Recorder = UEI DT301 Apollo 1 Digital
Temperature Logger made by UEi Instruments

- List Price: $119-95
Find Brands .. .
UEI DT301 Apollo 1 Digital Temperature Sale Price: $113.95
+  Expand Al Logger You Save: $6.00
more products made by UEi Instruments ;
+ Accessories Quantity: 1
+ Electrical
+ Electronic
+ Environmental g.?%%lNumber:
+ Fiber Optic
+ HVAC Manufacturer:
. UEi Instruments - see more products
+ Industrial
Catalog #: 39896
+ Laboratory
In Stock. This product normally leaves our
+ LAN Network warehouse within 1 to 2 business day.
+ Telecom

Call for educational and
government discount (602) 795 -
4033

Description of UEI DT301 Apollo 1 Digital Temperature Logger:

UEI DT301 Apollo 1 Digital Temperature Logger offers logging capabilities with 9,999
- memory positions, monitoring and uploading data to a computer via USB can be routine,
Programmable Refrigerant g L s At i
Scale helping to analyze system performance trends with the included software. This digital
Made by Yellow Jacket | |temperature logger features an amber backlit display that offers large easy-to-read digits.

Yellow Jacket 68803

Characteristics of UEI DT301 Apollo 1 Digital Temperature Logger:

Single Thermocouple input

Temp range -346 to +2192 F (J)

Temp range -328 to +2498 F (K)

Data logging

9,999 Memory positions

New LED Stroboscope DT

-326 USB interface (software included)
Click here to see all
Shimpo Stroboscopes at Thermocouple temperature offset

promotional prices.

MIN, MAX, AVG & Hold
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Probe Storage

Accepts 1, K, T and E type probes

5 year limited warranty

Indudes:

1 ] type probe with dip, 2 AAA batteries, Quick Start

iELril::||i: and Owmers Manual

Specifications of UELI DT301 Apolle 1 D

igital Temperature Logger:

Mezsurement Range

JType: -346 to +2192 F(-210 to +1200 C); K-
Type: -328 to+2498 F(-200 to +1370 C): T-
Type: 418 to+752 F(-250 to +400 C); E-Type: -
238 to +1832 F(-150 to+1000 C)

Display Resolution

01 Ff C=<=1000 1.0 Ff C 1000

Accuracy

1, K, T, and E-Type; [0.1% +1.0 F (0.5 C)] [Below -
148 F(-100 C): add 0.2% of reading for J, K, and E-
Type: and 0.1% of reading for T-Type

Temperature Cosffident

0.01% of reading 0.1 F per F(+0.05 Cper C)for
<+64 F(+18 C)or +82 F(+28 C)[Below -148 F(-
100 C): add 0.05% of reading for 1, K, and E-type; and
0.1% of reading for T-type

Real Time Clock Tolerance

About 1 second per day

Maxirmum Differential Comemon Mode
Voltage

1V (maximum voltage difference between any pair of
inputs)

Temperature Scle

IT5-90 (International Temperature Scale of 1590)

Applicable Standards

M.L5.T. Monograph 173 revised to ITS-20

Battery

2 x LRO3 (AAA) type 1.5V

Dimnension

7.20 (H)x3.70 (W)x1.70 (D)

Weight

Approm. 16.2 oz

Certification

CE

Safety

IEC 1010-1 {2001}, UL 3111-1 (6, 1994}, EN 61010-1
(2001), CSA C22.2; Mo. 1010.1 (1992)

CAT I

| Ohver Voltage (Installation) CATEGORY I, Pollution
Degrea 2 par IEC 1010-1

Compliance

IEC &60529; IPE7 (Ingress Protection rating) Water
Immersion (3 upto 30 min) Mo ingress of dust
{20mBar up to 8 hrs.)

Diatasheet:

| Tellafriend | [ Bookmark this page |

Meed Technica! Advise? Please Call: 602-795-4033

: immilar Prod

Re
Mannix DLEE3ISCERT Te..

D-81
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Temperature and Pressure gauges.
At Michels Corporation we replace our temperature and pressure gauges frequently. We use

high quality oil filled pressure and temperature gauges. We stock brand new gauges on our
vehicles and we can replace the gauges at the construction managers / inspectors requests.

All submittals are provided on an “as needed” basis only.

All information contained within should be considered
CONFIDENTIAL and PROPRIETERY.

Any request for additional copies should be addressed to our attention.

If you should have any questions pertaining to this information please feel free
to contact our office at 503.364-1199.

D-82
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Department:
Project Location:
Project Title:

City's Project Number:

Prepared By:

Michels Project No:

DRIVING INNOVATION.
TRANSFORMING CONSTRUCTION.

CALTRANS

Michels Pipeline Construction
1715 16th St. SE

Salem, OR 97302
(503)364-1199 main
(503)391-8317 fax

RTE 50 at various locations near Kyburz, CA in El Dorado County

Construction on State HWY in El Dorado County

03-4M4404

Andy Thompson

40435

Date Received:

Engineer: Darlene Wulff

Contractor:

Michels Corp

Submittal number:
Submittal Date:
Revision Date:

Revision Number:

Specification Section:
Subsection:

Item:

11

5/27/2014

NA

NA

15-6.11A(3)

5

3rd Party Testing

Page: 20

Deviation (Y or N):

Submittal Description:

Intended Use:

N

3rd Party Testing Info

CIPP Refernece Manual

Plan Sheet: NA
Manufacturer: NA
Supplier: NA
Applicable Standard: ASTM F 1216
Referenced Document: ASTM F 1216

Notes:

D-83
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INTERPLASTIC CORPORATION
Thermoset Resins Division

2015 Northeast Broadway Street

Minneapolis, Minnesota 55413-1775

(651) 481-6860 Fax (612) 331-4235
Corrosion Test Data

COR?72-AT and AZ Type Products
Flexural Strength and Modulus Retention

ASTM F1216 & D543 (CIPP)

Flexural Strength Retention, %

Flexural Modulus Retention, %

Immersion Months Months

Media 1 3 6 12 1 3 6 12

100% Tap Water 94 100 97 89 100 96 93 91
5% Nitric Acid 100 92 86 82 86 88 81 80
10% Phosphoric Acid 98 88 90 95 84 89 83 80
10% Sulfuric Acid 93 91 93 93 92 92 94 93
100% Fuel C 85 100 100 100 96 97 99 94
0.1% Detergent 99 92 91 90 100 99 99 93
0.1% Soap Solution 100 87 100 90 97 94 100 92
100% Vegetable Oil 81 100 81 100 100 96 80 97

ASTM D5813, F1743 & D543 (CIPP)

1% Nitric Acid 100 84 86 100 100 93 86 93

5% Sulfuric Acid 94 81 95 87 87 92 81 80
100% Fuel C 85 100 100 100 96 97 99 94
0.1% Detergent 99 92 91 90 100 99 99 93
0.1% Soap Solution 100 87 100 90 97 94 100 92
100% Vegetable Oil 81 100 81 100 100 96 80 97

ASTM C581 & D543 (GRP)

100% Tap Water 100 97 100 100 100 95 100 91
1% Nitric Acid 100 100 100 80 100 93 99 83

5% Nitric Acid 100 100 96 80 97 94 96 81
10% Phosphoric Acid 100 100 100 100 100 100 99 88
5% Sulfuric Acid 100 100 91 82 98 100 88 90
10% Sulfuric Acid 100 100 100 95 94 83 85 80
100% Fuel C 100 100 90 100 95 100 100 100
0.1% Detergent 100 100 100 100 100 95 100 100
0.1% Soap Solution 91 96 82 100 97 100 93 90
100% Vegetable Oil 100 100 100 100 98 100 100 90
pH 0.5 Solution 100 100 91 82 98 100 88 90
pH 10 Solution 100 100 100 100 100 95 100 100

Other Corrosion Testing (CIPP)

1% Sodium Hydroxide 95 95 90 69 100 96 93 91
1% Sodium Hypochlorite 94 84 92 80 96 95 98 85
1% Ammonium Hydroxide 100 100 100 99 99 100 94 92

Note: Non-shaded regions are the applicable test durations as it relates to achievement of the minimum acceptable retentions.

All corrosion media maintained @ 73.4+ 3.6°F (23 + 2°C).

All specification and properties shown are approximate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no representations of
fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of the
suitability of the material for the use contemplated is the sole responsibility of the Buyer. The Thermoset Resins Division's technical sales representatives will assist in developing procedures to fit individual

Date: March 10, 2004

requirements.
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INTERPLASTIC CORPORATION

2015 Northeast Broadway Street

INTERPLASTIC CORPORATION Minneapolis, Minnesota 55413-1775
Thermoset Resins Division (651) 481-6860 Fax (612) 331-4235

COR78-AT-5XX Type Resins

ASTM F1216 & D543 (CIPP) Corrosion Data @ 73.4 +/- 3.6°F (23 +/- 2°C)

Flexural Strength Retention, % Flexural Modulus Retention, %
Immersion Months Months
Media 1 12 1 12
100% Tap Water (pH 6 - 9) 97 97
5% Nitric Acid 96 96
10% Phosphoric Acid 94 100
10% Sulfuric Acid 95 100
100% Gasoline 100 99
0.1% Detergent 94 96
0.1% Soap Solution 95 97
100% Vegetable Oil 98 100

ASTM D5813, F1743 & D543 (CIPP) Corrosion Data @ 73.4 +/- 3.6°F (23 +/- 2°C)

Flexural Strength Retention, % Flexural Modulus Retention, %
Immersion Months Months
Media 1 12 1 12

1% Nitric Acid 97 98
5% Sulfuric Acid 98 100
100% Gasoline 100 99
0.1% Detergent 94 96
0.1% Soap Solution 95 97
100% Vegetable Oil 98 100

Note: Non-shaded regions are the applicable test durations as it relates to achievement of the minimum
acceptable retentions.

**All testing was conducted by HTS Pipe Consultants, Inc.

All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given
above. Interplastic Corporation makes no representations of fact regarding the material except those specified above. No person has any authority to
bind Interplastic Corporation to any representation except those specified above. Final determination of the suitability of the material for the use
contemplated is the sole responsibility of the Buyer. Interplastic Corporation's sales representatives are available to assist in developing procedures to
fit individual requirements.
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HTS Pipe Consultants, nc. Phone 713-692-8373

420 Plekearing Street, Houston, TX 77081 Fax 713-692-8502
www.hispipegonsultanis.com Toll Free 1-800-692-TEST e e
-~ Pipe Consultants -
Aupgust 16, 2011

Interplastic Corporation

Thermoset Resins Division

2015 Northeast Broadway Street
Minneapolis, Minnesota 55413-4235

Attn;  Mr. Jason Schiro, Senior Chemist
Corrosion and Specialty Resins

Re:  One Month Test Results
Chemical Resistance Testing of
Cured in-Place Pipe (CIPF) Samples
No. LB-00048515

Dear Mr. Schiro:

Please find enclosed one month chemical resistance test results for samples of Cured-in-
Place Pipe received in our laboratory on July 7, 2011. Per your instructions the sample
hay been identified as #LB-00048515. The samples were constructed with COR78-AT-

5XX type resin.

-All of the test coupens were prepared and post-cured by the Research and Development
Laboratory of Interplastic Corporation’s Thermoset Resins Division. The resin was
initiated with 0.70% and 0.35% by weight of Akzo Nobe!’s Perkadox 16 and Trigonox

- 428, respectively. The initiated resin was impregnated into the felt and clamped between
metal plates with precision spacers. The panels were gelled at 150° F (66°C) and held at
that temperature for four hours. The panels were then post-cured at 180°F (32°C) for
sixteen additional hours. The test coupons were cut and labeled from the cured panels.
Bach coupon was edge-coated with the same resin used to construct the coupon, and post-
cured an additional 4 hours at 150°F (66°C). '

The testing program was conducted in accordance with the following:

e ASTM F1216, “Practice for Rehabilitation of Existing Pipelines and Conduits by
the Inversion and Curing of a Resin —Impregnated Tube”.

» ASTM F1743, “Standard Practice for Rehabilitation of Existing Pipelines and
Conduits by Pulled-in-Place Installation of Cured-in-Place Thermosetting Resin
Pipe (C1PPY".

e ASTM Di813, “Standard Specification for Cured-in-Flace Thermosetting Resin
Sewer Pipe™.

D-86 ‘
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s ASTM D2122, “Test Method for Determining Dimensions of Thermoplastic Pipe
and Fittings”.

s ASTM D790, “Test Method for Flexural Propemes of Unreinforced and
Reinforced Plastics”™.

The initial weight, hardness (ASTM D2583) and thickness (ASTM D2122) of each
coupon sample was recorded prior to immersion. One (1) coupon sample was utilized as
a control base sample.

The coupon samples were immersed in 10 different chemical reagents. Eight of the
reagents are as specified in ASTM F1216, section X2, Table X2.1. The other two
reagents (Nitric Acid 5% and Sulfuric Acid 10%) are as specified in ASTM F1743,
section 8, table 2. The coupon samples were exposed to the reagents for a period of 1
month. At the end of 1 month the coupon samples were removed from the reagent
containers, rinsed, dried, weighed and tested for thickness and hardness.

The coupon samples were then tested for flexural strength and flexural modulus of
elasticity. A summary of all test data and percent changs in each property is included in
the attached summary of test data. ASTM T1216, Section X2.2.1 states that the test
specimens should lose no more than 20% of their initial flexural strength and flexural
modulus  during the exposure time. As indicated by these test results all of these
samples comply with. that specification requirement.

Should you have any questions or comments regarding these tests or this report, please do
not hesitate to call us. Thank you very much.

Sincerely, T

%—\:{ M

Larry L. McMichael
Principal

S-/Clientinformation/mtarplasticCerp. «CIPPChemical Resistance
30DayResults/LB-00048515
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SUMMARY OF TEST DATA
RESISTANCE OF CIPP TO CHEMICAL REAGENTS

SAMPLE ID: COR78-AT-5XX Duration: 30 Days Date Tested:  8M2/2011
Chemical Reagent | Mechanical Test Method | Unit Control 30 Days
(Concentration) Property ASTM D Sample Value % Chang&
Tap water Observation 543 N/A  |No Change pH 7.5
(100%) Weight 543 9 144.84 145.47 0.43
Hardness 2583 89.2 89.2 0.00
Thickness 2122 in. 0.265 0.265 0.00
min. 6.7 6.7 0.00
Max. Flexural 790 psl 8180 7896 -3.47
Modulus 790 psi 665887 648714 -2,58
Nitric Acid Observation 543 N/A No Change pH 0.2
{5%) Weight 543 g 147.19 147.87 0.46
Hardness 2583 88.0 28.0 0.00
Thickness 2122 in. 0.269 0.269 0.00
mm. 6.8 6.8 0.00
Max, Flexural 790 psi 3180 7858 -3.94
Modulus 790 psi 665887 640045 -3.88
Phosphoric Acid Observation 543 NIA No Change pH 0.7
(10%) Weight 543 d 146.16 146.72 0.38
Hardness 2583 88.2 88.2 0.00
Thickness 2122 in. 0.276 0.276 0.00
mm. 7.0 7.0 0.00
Max. Flexural 790 psi 8180 7709 -5.76
Modulus 790 psl 665887 663334 -0.38
Sulfuric Acid Observation 543 N/A No Change pH 0.1
(10%) Weight 543 g 143.33 143.80 0.33
Hardness 2583 89.0 B9.0 0.00
Thickness 2122 in. 0.265 0.265 0.00
mm. 6.7 6.7 0.00
Max. Flexural 790 psi 8180 7774 4,96
Modulus 790 psi 665887 667650 0.26

ICF128.002.Doc - Page 1 of 3
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SUMMARY OF TEST DATA
RESISTANCE OF CIPP TO CHEMICAL REAGENTS

SAMPLE ID: COR7B-AT-BXX Duration: 30 Days Date Tested: 8/M12/2011
Chemical Reagent | Mechanical | Test Method | Unit | Control 30 Days
{Concentration) Property ASTM D Sample Value % Change |

Gasoline Observation 543 NIA No Change pH-NA
(100%) Weight 543 g 142.18 142.37 0.13
Hardness 2583 88.8 88.8 0.00
Thickness 2122 in. 0.27¢ 0.270 0.00
. 6.9 6.9 0.00
Max. Flaxural 790 psi 8180 8527 4.24

Modulus 790 psi 665887 656421 -1.42

Vegetable Qil Observation 543 N/A No Change pH-NA
{100%) Welght 543 g 150.03 150.11 0.05
Hardness 2583 88.8 88.8 0.00
Thickness 2122 I, 0,283 0.233 0.00
mm. 7.2 7.2 0.00

Max. Flexural 790 psi 8180 8039 -1.72
Modulus 790 psi 665887 675249 1.41

Detergent Observation 543 N/A Ne Change pH 5.6
(0.1%) Weight 543 g 154.08 154.72 0.42
Hardness 2583 89.4 294 0.00
Thickness 2122 in. 0.283 0.283 0.00

mm. 7.2 7.2 0.00

Max. Flexural 790 psi 8180 7647 -5.90

Modulus 790 psl 665887 638719 4,08

Soap Observation 543 N/A No Change pH 5.8
{0.1%) Weight 543 g 147.44 148.08 0.43
Hardness 2583 88.6 886 0.00

Thickness 2122 in. 0.274 0.274 0.00

mm. 7.0 7.0 0.00

Max. Flexural 790 psi 8180 7778 -4.91

Modulus 750 psi 665887 644970 -3.14

ICF128.002.Doc - Page 2 of 3

D-89

pe Consultants '



SUMMARY OF TEST DATA
RESISTANCE OF CIPP TO CHEMICAL REAGENTS

SAMPLE 1D: COR78-AT-5XX Duration: 30 Days Date Tested:  8/12/2011
Chemical Reagent | Mechanical | Test Method | Unit | CGontrol 30 Days
(Concentration) Property ASTMD sSample Value % Ghange
Nitric Acid Observation 543 N/A No Change pH 0.5
(1%} Weight 543 | 132.37 132.86 0.45
Hardness 2582 89.0 89.0 0.00
Thickness 2122 in. 0.254 0.254 0.00
. 6.5 6.5 0.00
Max. Flexural 790 psi 8180 7967 -2.60
Modulus 790 psi 665887 652904 -1.95
Sulfuric Acid Observation 543 N/A No Change pH 0.2
(5%) Weight 543 £ 136.69 137.23 0.40
Hardness 2583 88.4 g8.4 0.00
Thickness 2122 in. 0.258 0.258 0.00
mm. 6.6 6.6 0.00
Max. Flexural 780 psi 8180 8015 -2.02
Modulus 790 psi 665387 664824 -0.16

ICF128.002.Doc - Page 3 of 3
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HYTS Plips Consultants, lnc. Fhone 713-692-8373
420 Pickertng Strast, Houston, TX 77091 Fax 713-BB2-8502
www. htapipeconsuitants.com Toll Frae 1-800-892-TEST

. Pipe Consultants- -

Friday, August 12, 2011

FLEXURAL PROPERTIES OF PLASTICS
ASTM D790
3 POINT BEND

INSTRON CORPORATION
BLUEHILL V. 2.26.

QOFERATOR NAME:

E. CARRILLO

TEMPERATURE (F) / HUMIDITY (%)
71 / 50

RATE (In/min)

110

SAMPLE 1D:

78-AT-5XX, CONTROL

WIDTH THICKNESS SUPPORT SPAN |
(in) (in) (In)
1 0.532 0.242 4.0
2 0.534 0,250 4.0
3 0.535 0.258 4.0
4 0.533 0.263 4.0
5 0.537 0.269 4.0
FLEXURAL FLEXURAL
smﬁg/@)mx MAXI”('%'?) LOAD STRENGTH MODULUS
(psi) {psi)
1 0.0449 41.6 8020 653474
2 0.0505 44.4 7991 679712
3 0.0453 49.2 8282 672851
4 0.0500 50.5 8226 663459
5 0.0505 54.3 8382 659940
Mean 0.0482 48.0 8180 665887
Standard Deviation 0.0029 5.0 170 10428
Minimum 0.0449 41.6 7991 653474
MaxImum 0.0505 54.3 8382 679712

. F128-2-C.I15_flex
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HTS Plpe Consultants, inc. Phone 713-692-8373
420 Pickering Street, Houston, TX 77091 Fax 713-692-0502
www.htapipeconsultants.com Toll Free 1-800-6892-TEST

‘. Pipe Consultants -

Friday, August 12, 2011

FLEXURAL PROPERTIES OF PLASTICS
ASTM D720
3 POINT BEND

INSTRON CORPORATION
BLUEHILL V. 2.26,

OPERATOR NAME:

E. CARRILLO

TEMPERATURE (F) / HUMIDITY (%)
71 / 50

RATE (in/min)

110

SAMPLE ID:

78-AT-5XX, SAMPLE SOAKED IN TAP WATER (100%) FOR 30 DAYS

WIDTH THICKNESS SUPPORT SPAN
{(in) (in) {in)
1 0.531 0.242 4.0
2 0.533 0.253 4.0
3 0.538 0.264 4.0
4 0.536 0.274 4.0
n 5 0.535 0.280 4.0
FLEXURAL FLEXURAL
STRIET:_\I‘/I?)MAX MAX”‘EH;;') LOAD STRENGTH MODULUS
(psi) {psi)
1 0.0467 39.8 7674 636433
2 0.0485 45.1 7939 652616
3 0.0451 50.8 8132 648610
4 0.0498 53.5 7973 643495
5 0.0499 54.3 7761 662414
Mean 0.0480 48.7 7896 648714
Standard Devlation 0.0021 6.1 181 9759
Minimum 0.0451 39.8 7674 636433
Maximum 0.0499 54.3 8132 662414

F128-2-1.is_flex N U
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HTE Pipes Consaltants, Inc. Fnohe 713-882-8373

A20 Pickering Streat, Houston, TX 77091 Fax 712-692-8502
www.htspipacansultants com Toll Frea 1-800-692-TEST

.. Pipe Consultants -

Friday, August 12, 2011

FLEXURAL PROPERTIES OF PLASTICS
ASTM D790
3 POINT BEND

INSTRON CORPORATION
BLUEHILL V, 2.26.

OPERATOR NAME:

E. CARRILLO

TEMPERATURE (F) / HUMIDITY (%)
71 / 50

RATE (in/min)

110

SAMPLE ID:

78-AT-5XX, SAMPLE SOAKED IN NITRIC ACID (5%) FOR 30 DAYS

WIDTH THICKNESS SUPPORT SPAN
(in)_ (in) (in)
1 0.535 0.258 4.0
> 0.535 0.265 4.0
3 0.537 0.271 1.0
4 0.532 0.277 4.0
5 0.536 0.280 4.0
FLEXURAL FLEXURAL
STRAS::‘/&) MAX MAX“’E%"% LOAD STRENGTH MODULUS
{psi}) (psi)
1 0.0432 48.3 8130 631059
> 0.0500 48.3 7715 632280
3 0.0446 49.9 7589 630538
) 0.0500 53.1 7811 663120
5 0.0500 56.3 8044 643226
Mean 0.0476 51.2 7858 640045
Standard Deviation 0.0034 3.5 226 13510
Minimum 0.0432 8.3 7689 630538
Maximum 0.0500 56.3 8130 663120

F128-2-2.ls_flex
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HTS Fpea Consultants, inc. Phone 713-892-B273
420 Pickerng Straat, Houston, TX 77031 Fax 713-692-8502
wwnw, htspipeconsultanta.com Toll Frae 1-800-682-TEST

- Pipe Consultanits - .

Friday, August 12, 2011

FLEXLIRAL PROPERTIES OF PLASTICS
ASTM D790
3 POINT BEND

INSTRON CORFORATION
BLUEHILL V, 2.26.

OPERATOR NAME:

E. CARRILLO

TEMPERATURE (F) / HUMIDITY {%)
71 / 50

RATE (in/min)

110

SAMPLE 1D:

78-AT-5XX, SAMPLE SOAKED IN PHOPHORIC ACID (10%) FOR 30 DAYS

WIDTH THICKNESS SUPPORT SPAN
(in) (in) (in)
1 0.534 0.265 4.0
2 0.537 0.272 4.0
3 0.533 0.279 4.0
4 0.531 0.285 4.0
5 0.531 0.287 4.0
FLEXURAL FLEXURAL
ETRA&’;’/E’) MAX MAXI"EI%';") LOAD STRENGTH MODULUS
(psi) (psl)
1 0.0488 49.8 7672 676749
2 0.0462 51.4 7761 670671
F 3 0.0442 53.7 7768 651951
4 0.0311 51.0 7099 661853
5 0.0423 57.9 7948 655446
Mean 0.0425 52.8 7709 663334
Standard Deviation 0.0068 3.2 355 10341
MInimum 0.0311 49.8 7099 651951
Maximum 0.0488 57.9 7972 676749

F128-2-3.is_flex =
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HTS Pips Conaultanta, inc. Fhone 713-622-B373
420 Pickaring Streed, Houston, TX 77081 Fax 713-892-8502
www, htapipacansultants.com Toll Free 1-800-692-TEST

... Pipe Consultants- -

Friday, August 12, 2011

FLEXURAL PROPERTIES OF PLASTICS
ASTM D790
3 POINT BEND

INSTRON CORPORATION
BLUEHILL V. 2.26.

OPERATOR NAME:

E. CARRILLO

TEMPERATURE (F) / HUMIDITY (%)
71 / 50

RATE {In/min)

110

SAMPLE ID:

78-AT-5XX, SAMPLE SOAKED IN SULFURIC ACID (10%) FOR 30 DAYS

WIDTH THICKNESS SUPPORT SPAN
(in)- (In) (in)
1 0.532 0.252 4.0
2 0.537 0.262 4.0
3 0.537 0.269 2.0
4 0.538 0,375 4,0
5 0.533 0.279 4.0
FLEXURAL FLEXURAL
STR‘ﬁr‘:‘ﬁﬁ’) MAX MAxI'V(‘lLI'D';') LOAD STRENGTH MODULUS
(psi) (psl)
1 0.0440 44.5 7905 45290
2 0.0499 49.1 7901 653064
3 0.0501 50.7 7833 682337
a 0.0496 52.2 7694 694689
5 0.0383 51.5 7449 662871
Mean 0.0464 49.6 7774 667650
Standard Deviation 0.0053 3.1 512 20508
Minimum 0.0383 44.5 7449 645290
MaxImurm 0.0501 52.2 7991 694689

F128-2-4.1s_flex

 Gerving the Pipe Rehabliitation Industry




HTS Fips Consultants, Inc. Phone 713-£92-B373
430 Pickering Streset, Houston, TX 77091 Fax 713-692-8502
www, higpipeconsultants.com Toll Fraw 1-800-832-TEST

L. Pipe Consultants

Friday, August 12, 2011

FLEXURAL PROPERTIES OF PLASTICS
ASTM D790
3 POINT BEND

INSTRON CORPORATION
BLUEHILL V. 2.26

OPERATOR NAME:
E, Carrillo

TEMPERATURE (F) / HUMIDITY (%)
71 / 50

RATE (in/min)
110

SAMPLE 1D:
78-AT-5XX, SAMPLE SOAKED IN GASOLINE (100%) FOR 30 DAYS

WIDTH THICKNESS SUPPORT SPAN

L {in}) (i) {in)
B 1 0.535 0,257 4.0
) 2 0.534 0.265 4.0
~ 3 0.538 0.274 4.0
o 4 0.541, 0.281 4.0
5 0.540 0.285 4.0
; = FLEXURAL FLEXURAL
| STR’!&':‘/%MAX MAX”"H% LOAD | STRENGTH MODULUS
o e L (psl) (psi)
- 1 0.0512 47.5 8065 633658
2 0.0462 54.0 8647 664297
3 0.0438 58.0 8611 662401
_____ 4 0.0502 60.0 R426 657865
5 0.0503 64.9 8883 663883
Mean 0.0483 _ 56.9 8527 656421
Standard Deviation 0.0032 6.6 305 12978
Minimum 0.0438 47.5 8065 633658
Maximum 0.0512 64.9 8883 664257

F128-2-5.is_flex
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HTS Plpes Consultants, Ina. Phara 713-802-8373
420 Plekarlng Strast, Houston, TX 770581 Fax 713-6892-8502
www.hisplpeconsultents.com Toll Free 1-500-682-TEST

L Pipe Consultants

Friday, August 12, 2011

FLEXURAL PROPERTIES OF PLASTICS
ASTM D790
3 POINT BEND

INSTRON CORPORATION
BLUEHILL V. 2.26

OPERATOR NAME:

E. Carrillo

TEMPERATURE (F) / HUMIDITY (%)
71 / 50

RATE (in/min)

110

SAMPLE ID:

78-AT-5XX, SAMPLE SOAKED IN VEGETABLE OIL (100%) FOR 30 DAYS

WIDTH THICKNESS SUPPORT SPAN
L (in) (in) (in)
- 1 0.536 0.268 4.0
2 0.534 0.278 4.0
3 0.536 0.985 4.0
4 0,533 0.291 4.0
5 0.533 0.295 4.0
i ) FLEXURAL FLEXURAL
| STRAS::'/%) MAX MAXI“’E:',;'% LOAD STRENGTH MODULUS
_ {psD) {psi)
1 0.0500 53.7 8371 650918
) 2 0.0485 54.8 7967 680738
- .3 0.0411 55.4 7631 678077
i o 4 0.0490 6.4 8296 685359
T 5|  0.0433 61.3 7928 681152
0.0464 57.5 8039 675249
Mean .
Standard Deviation 0.0035 4.0 300 13849
Minimum 0.0411 53.7 7631 650918
Maximum 0.0500 62.4 8371 685359

. F128-2-6.i5_flex
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HTE Plps Consultants, Inc. Fhone 713-692-8373
420 Plckering Straet, Houston, TX 77091 Fax 713-682-B502
www.htsplpeconsultanta.com Toll Free 1-800-892-TEST -

- Pipe Consultanis

Friday, August 1.2, 2011

FLEXURAL PROPERTIES OF PLASTICS
ASTM D790
3 POINT BEND

INSTRON CORPORATION
BLUEHILL V. 2.26

OPERATOR NAME:
E. Carrillo

TEMPERATURE (F) / HUMIDITY (%)
71 / 50

RATE (in/min)
110

SAMPLE 1D:
78-AT-5XX, SAMPLE SOAKED IN DETERGENT(0.1%) FOR 30 DAYS

WIDTH THICKNESS SUPPORT SPAN
| (in) (in) {in) o
— i 0.520 0.268 4.0 N
2 0.534 0.278 2.0
— 3 0.537 0.285 4.0
4 0.536 0.290 4.0
5 0.536 0.293 4.0
FLEXURAL FLEXURAL |
STR“SF’:[/I?) MAX MAXIN('%';") LOAD STRENGTH MODULUS |
i ; (psi) . (psi) :
T ) 0.0450 50.5 7972 626162 i
] 51T T0.0447 557 8103 625880 :
______ 3] 0.0382 51.5 7082 652220 .
"""" 4] " T0.0484 50.0 7857 624722
50 0.0407 57.3 7472 664601
Maan 0.0436 4.8 7697 638719
Standard Deviation "T0.0041 3.7 417 18512
Minimum _ 0.0382 50.5 7082 | 624722
Maxirmum 0.0484 £9.0 ) 8103 6564601

F128-2-7.is_flex
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HTS Fipe Consuitants, nc, Fhona 713-692-8373
420 Pickering Street, Houstan, ‘% 77081 Fax 713-692-8502
www. htapipeconsultants.com Tell Free 1-800-692-TEST

ipe Consultants

Friday, August 12, 2011

FLEXURAL PROPERTIES OF PLASTICS
ASTM D/S0
2 POINT BEND

INSTRON CORPORATION
BLUEHILL V. 2.26

OPERATOR NAME:

E. Carrillo

TEMPERATURE (F) / HUMIDITY (%)
71 / 5D

RATE {in/min)

110

SAMPLE ID:

78-AT-5XX, SAMPLE SOAKED IN SOAP (0.1%) FOR 30 DAYS

] ) WIDTH THICKNESS SUPPORT SPAN
— 1 0,529 0.253 4.0
B 2 0.534 0.265 4.0
- 3 0.532 0.276 4.0
4 0.535 - 0.285 4.0
s 0.536 0.290 4.0 i
FLEXURAL FLEXURAL
STRAT I‘r:‘f MAX MAXW(’IL:D'\% LOAD STRENGTH MODULUS
e (in/in) (psi) (psi)
o 1] 0.0485 46,3 8202 626116
______ _ 2 0.0406 51.1 8169 667818
T 3 0.0439 52.3 7747 648301
T 4 0.0397 54,4 7516 639037
T 5 0.0459 54.5 7254 643577
Mean 0.0437 51.7 7778 6544970
Standard Deviation 0.0037 3.4 412 15213
Minimum_ 0.0397 46.3 7254 626116
Maximum 0.0485 54.5 8202 667818

F128-2-8.i5_flex
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HT3 Fipe Consultants, Inc. Phona 713-692-B273
420 Fickering Strest, Houston, T 77081 Fax 7136928502
www.hisplpeconsuitants.com Toll Free 1-800-692-TEST

Fipe Consultants -

Friday, August 12, 2011

FLEXURAL PROPERTIES OF PLASTICS
ASTM D720
3 POINT BEND

INSTRON CORPORATION
BLUEHILL V. 2.26

OPERATOR NAME:
E. Carrillo

TEMPERATURE (F) / HUMIDITY (%)
71 / 50

RATE (in/min)
110

SAMPLE ID:
78-AT-5XX, SAMPLE SOAKED IN NITRIC ACID (1%) FOR 30 DAYS

WIDTH THICKNESS | SUPPORT SPAN :
o {in) (in) (iny |
T 1 0.532 0.241 4.0 \
2 0.534 0.249 4.0 i
3 0.535 0.255 4.0
4 0,536 0.261 4.0
i 5 0.530 ‘ 0.265 4.0
; FLEXURAL FLEXURAL
STR%I:/% MAX MAX”\’E:‘;"% LOAD STRENGTH MODULUS
- 1 0.0421 40.9 7946 - 630824
~ 2 0.0411 43.8 7940 639510
3 $.0481 46.8 8067 658640
- 4 0.0487 48.5 7874 658865
e ... 5] . ..0.0477 49.1 7910 676680
M 0.0455 45.8 7967 652904
Standard Deviation 0.0036 3.4 &0 18032 '
Minlmum 0.0411 40.9 7910 630824
| Maximum L 0,0487 491 RO67 676680

F128-2-9.is_flex
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HTS Fipe Gonsultants, Inc. Phona F43-892-8073
AZ0 Plokering Street, HMouston, T 77081 Fax 713-602-8502
www. hiapipacansultants.com Toli Frea 1-B00-682-TEST

... Pipe Consultants '

Friday, August 12, 2011

FLEXURAL PROPERTIES OF PLASTICS
ASTM D790
3 POINT BEND

INSTRON CORPORATION
BLUEHMILL V. 2.26

OPERATOR NAME:

E. Carrillo

TEMPERATURE (F) / HUMIDITY (%)
71 / 50

RATE (in/min)

.110

SAMPLE ID:

78-AT-5XX, SAMPLE SOAKED IN SULFURIC ACID (5%) FOR 30 DAYS

T WIDTH THICKNESS SUPPORT SPAN
I (in) (in) i) N
Ty 0.536 (.248 4.0
2 0.536 0.255 4.0
— 3 0.535 0.262 4.0 _m
4 0.535 0.265 4.0
5 0.531 0.267 4.0
FLEXURAL FLEXURAL
STR”SE/I‘% MAX MAX”’E% LOAD STRENGTH MODULUS
(psi) (psi)
1 0.0476 42,3 7695 618620
T 2 0.0495 48.0 8270 673286
. _ 3 0.0500 48.8 7967 695363
_ 4 0.0465 49.9 7971 651761
5 0.0501 51.5 8169 ) 685090
0.0487 48.1 8015 664824
Mean
Standard Deviation 0.0016 3.5 221 30498
Minimum___ —_0.0465 42.3 7695 618620
Maximum 0.0501 51.5 8270 695363

F128-2-10.is_flex
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H
SSE

"CORPORATION
. |

Department:
Project Location:
Project Title:

City's Project Number:

Prepared By:

Michels Project No:

DRIVING INNOVATION.

Michels Pipeline Construction
1715 16th St. SE

Salem, OR 97302
(503)364-1199 main

TRANSFORMING CONSTRUCTION. (503)391-8317 fax

CALTRANS

RTE 50 at various locations near Kyburz, CA in El Dorado County

Construction on State HWY in El Dorado County

03-4M4404

Andy Thompson

40435

Date Received:

Engineer: Darlene Wulff

Contractor:  Michels Corp

Submittal number: 12

Submittal Date: 5/27/2014
Revision Date: NA

Revision Number: NA
Specification Section: 15-6.11A(3)
Subsection: 6

ltem: Manufactures Certifications
Page: 21

Deviation (Y or N): N

Submittal Description:

Intended Use:

Crew Certifications

Crew Certifications

Plan Sheet: NA
Manufacturer: NA
Supplier: NA
Applicable Standard: NA
Referenced Document: NA

Notes:
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INTERPLASTIC CORPORATION
‘ 1225 Willow Lake Boulevard
) Saint Paul, Minnesota 55110-5145
INTERPLASTIC (651) 481-6860 Fax (651)481-9836

May 2, 2014

Mr. Chris Tavernier
Michels Pipe Services
1715 16" Street SE
Salem, OR 97302

Dear Mr. Tavernier:

You have requested information on a cured-in-place pipe (CIPP) resin manufactured by
Interplastic Corporation, COR78-AT-559, T or TH. This resin has been manufactured by
Interplastic Corporation for over five (5) years and over 50 million pounds has been
used to successfully renovate deteriorated sewer and storm water lines.

Interplastic Corporation is certified under ISO9001-2000.

This resin meets the requirements found in ASTM F1216, ASTM F1743, and ASTM D-
5813 from the standpoint of achievable mechanical properties and corrosion resistance.
This resin has also been tested under ASTM D2990 and exhibits a creep retention
factor of 50%.

Michels Pipe Services have successfully used this resin to renovate deteriorated lines
using the CIPP process.

The formulation for this resin includes a resin enhancer which allows the system to
exhibit higher mechanical properties. Resin formulations for Interplastic Corporation are
proprietary. The enhancer amount used in the resin is approximately 27%. The
enhancer and resin form an acceptable bond resulting in the increased properties. This
system is designed to be used in an aqueous environment.

| hope that this information proves to be useful. Please contact me at 281-687-8617 if
you have additional questions or comments on this matter.

Sincerely,

Jo kel [Cobiinm

Kaleel Rahaim
Business Manager Remediation Polymers
Thermoset Resins Division
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INTERPLASTIC CORPORATION
Thermoset Resins Division

1225 Willow Lake Boulevard
Saint Paul, Minnesota 55110-5145
(651) 481-6860 Fax (651) 481-9836

February 18, 2013

Mr. Chris Tavernier, Operations Manager
Michels Pipe Services

1715 16™ Street SE

Salem, OR 97302

Dear Mr. Tavernier:

You have requested information on a cured-in-place pipe (CIPP) resin manufactured by
Interplastic Corporation, COR72-AT-470HT. This resin has been manufactured by
Interplastic Corporation for over twenty five(25) years and over 270 million pounds has
been used to successfully renovate deteriorated sewer and storm water lines.

Interplastic Corporation is certified under ISO9001-2000.

This resin meets the requirements found in ASTM F1216, ASTM F1743, and ASTM D-
5813 from the standpoint of achievable mechanical properties and corrosion resistance.
This resin has also been tested under ASTM D2990 and exhibits a creep retention
factor of 50%.

Michels Pipe Services have successfully used this resin to renovate deteriorated lines
using the CIPP process.

The formulation for this resin includes a resin enhancer which allows the system to
exhibit higher mechanical properties. Resin formulations for Interplastic Corporation are
proprietary. The enhancer amount used in the resin is approximately 25%. The
enhancer and resin form an acceptable bond resulting in the increased properties. This
system is designed to be used in an aqueous environment.

| hope that this information proves to be useful. Please contact me at 281-687-8617 if
you have additional questions or comments on this matter.

Sincerely,

fo kel [Crkiirnm

Kaleel Rahaim
Business Manager Remediation Polymers
Thermoset Resins Division

Cc: Nicole Kleweno, Dave Herzog, Ben Hazen, Jason Schiro
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Premier-Pipe USA

Ron Smisek
of
Michels Pipe Services

Is recognized as a trained and
certified CIPP wetout technician of
Premier-Pipe USA

TJames W, Mortell

President
Premier-Pipe USA
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Premier-Pipe USA

Josh Smisek
of
Michels Pipe Services

Is recognized as a trained and
certified CIPP installer of Premier-Pipe
USA

TJames W, Mortell

President
Premier-Pipe USA
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Premier-Pipe USA

Victor Garlock
of
Michels Pipe Services

Is recognized as a trained and
certified CIPP installer of Premier-Pipe
USA

TJames W, Mortell

President
Premier-Pipe USA
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Premier-Pipe USA

Buck Haupt
of
Michels Pipe Services

Is recognized as a trained and
certified CIPP installer of Premier-Pipe
USA

TJames W, Mortell

President
Premier-Pipe USA
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Premier-Pipe USA

Rick Field
of
Michels Pipe Services

is recognized as a trained and
certified Technical Expert of Premier-
Pipe USA

TJames W, Mortell

President
Premier-Pipe USA
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Premier-Pipe USA

Jerrick Rodriguez
of
Michels Pipe Services

is recognized as a trained and
certified Technical Expert of Premier-
Pipe USA

TJames W, Mortell

President
Premier-Pipe USA

D-114



Premier-Pipe USA

Paul Mallory
of
Michels Pipe Services

is recognized as a trained and
certified Technical Expert of Premier-
Pipe USA

TJames W, Mortell

President
Premier-Pipe USA
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Premier-Pipe USA

Eric McClain
of
Michels Pipe Services

is recognized as a trained and
certified Technical Expert of Premier-
Pipe USA

TJames W, Mortell

President
Premier-Pipe USA
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Premier-Pipe USA

Terry Baldridge
of
Michels Pipe Services

is recognized as a trained and
certified Technical Expert of Premier-
Pipe USA

TJames W, Mortell

President
Premier-Pipe USA
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Premier-Pipe USA

Colby Stacey
of
Michels Pipe Services

is recognized as a trained and
certified Technical Expert of Premier-
Pipe USA

TJames W, Mortell

President
Premier-Pipe USA
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Premier-Pipe USA

Roman Ybarra
of
Michels Pipe Services

is recognized as a trained and
certified Technical Expert of Premier-
Pipe USA

TJames W, Mortell

President
Premier-Pipe USA
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Premier-Pipe USA

Mike Schmeisser
of
Michels Pipe Services

is recognized as a trained and
certified Technical Expert of Premier-
Pipe USA

TJames W, Mortell

President
Premier-Pipe USA
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"CORPORATION
. |

Department:
Project Location:
Project Title:

City's Project Number:

Prepared By:

Michels Project No:

DRIVING INNOVATION.

Michels Pipeline Construction
1715 16th St. SE

Salem, OR 97302
(503)364-1199 main

TRANSFORMING CONSTRUCTION. (503)391-8317 fax

CALTRANS

RTE 50 at various locations near Kyburz, CA in El Dorado County

Construction on State HWY in El Dorado County

03-4M4404

Andy Thompson

40435

Date Received:

Engineer: Darlene Wulff

Contractor:  Michels Corp

Submittal number: 13
Submittal Date: 5/27/2014
Revision Date: NA
Revision Number: NA
Specification Section: 15-6.11A(3)
Subsection: 7

Item: MSDS Sheets

Page: 21

Deviation (Y or N): N

Submittal Description:

Intended Use:

MSDS Sheets for Chemicals on Site

Hazmat Awareness

Plan Sheet: NA
Manufacturer: NA
Supplier: NA
Applicable Standard: NA
Referenced Document: NA

Notes:
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Michels Corporation

May 27, 2014

RE: Subsection 7: MSDS Use and Location

To: Engineer
1. Mineral Oil — Not used. Replace with Vegetable Oil
2. Diesel — Used in trucks and Air Compressor
3. Sikadur 31 — Used on pipe ends and end seals
4. Triginox-C — Blended into the resin in Michels CIPP liners as a catalyst.
5. Perkadox -16 - Blended into the resin in Michels CIPP liners as a catalyst.

The items referenced above are used at the Drainage Sytems below.

DS 1-18, excluding DS 3 and 15

Sincerely,

Andy Thompson
Michels Corporation
503-428-2009
athompso@michels.us

Michels Corporation, 1715 16" Street SE, Salem, OR 97302
Ph: 503-364-1199 - Fx: 503-391-8317
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MSDS Code: 776510
Statns: Final

penrecs.

Page 1/6

Date of issue: 24-Jan-2005

MATERIAL SAFETY D.&TA,SHEET
Penreco® Drakeol® LT Mineral Off N.E.

1. PRODUCT AND COMPANY IDENTIFICATION

Product Hame;
Synanyms:

ntended Useat

Responsible Party:

Customer Service:

Technicat information:

Penreco® Drakeoi® LT Minaral Gif M.F,

FerrecoB Draleoi@ 100G, Penreco® Drakeot® 100

Penreco® Drakanld 5, 5A,, 6, BLP, BVR, 7, 7A, TPG, 8,8, 10,13, 15, GD

Penelech® and Drakesal® 260-AT
White Minerat O

Generat White OFf

Penraco

8701 New Trells Br. Suite 175
The Woodlands, TX 77381
BOD-245-3952

VW BENFeTD, oMY
BODN-245.3952

Emergency Overview

24 Hour Emergency Telephone Numbers:
Spil, Leak, Fire or Accident Calt CHEMTREC:

Norih Americe: (800) 424-9300

Dthers: (703} 527-3887 {collect)

Caffomia Poison Contrat System: (E0D} 356-3215

Health Hazards/Precautionary Measures: None aniiiclpaied,

Physical Hazards/Pracautionary Measures: Kaep away from all sources of ignition.

Appearance:
Physical Form:
Cdoer:

NFPA 704 Hazard Class;
Heaith:
Flammahbility:
instahifity:

2. COMPOSITION / INFORMATION ON INGREDIENTS

Trensparsnt Water-while
Liquid
None

0 {Least)
1 (Siight}
0 {least}

NON-HAZARBOUS COMPONENTS

omponent | GAS No: Concentration ACGH: OSHA: NIOSH: Other:
ot %)
White Minera! O3 it 8 mofm? TWA Smgim®TWA | 2500 moim® IDLH | Az OF Mist, I
3042.47.5 10 mg/m® STEL Ganerated
5 mgfm® NOHEC
TWA
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#5058 Code: 776510 Page 36
Status: Final - ilate of Issue: 24-Jan-2006

Fire Fighting instructions: For fires bayond the ingiplent stage, amargancy responders in the immediale hazand ﬁrea should wear
bunker gear, When ihe potentisf chemical harerd is unknown, in encosed or confined spaces, or when explcitly required by DOT. &
seif contained breathing apparatus should be womn. In addikn, wear othar appropsiato protectve equipment as conditlens warant (ses

Section 8).

Isolate immedtate hezard area, keap unaulherized personnel aut, Step spilifrmlease IFit an be done with minimal sisk. Move
undamaged contalers from inwnediate hazard area if it can be done with minimad risk

Water spray may be usefud in miﬂihﬂzing or disparsing vapors nd (o pratsct personnel, Cool equipment exaased io fire with waler, i #
can be done wilh minimat Hsk. Avoid spreading buming fiquid with water used far coafing purposas,

6. ACCIDENTAL RELEASE MEASURES

This matesdal may bum, but wilf not ignite readfly. Keap all soveces of ignition away from spiltrelsasa.

Stay vpwind and away from spilfielaasa. Molify persons down wind of the spiltfralzase, lsotate immediale hazard ares and keep
wravthorized personniel out. Stap spiilfmlease i it can ba done wilh minimai risk. Wear appyoprieie prolective equipment ncluding
respiratpry proteclion s condilions warant {sea Seclion B}

Pravant spilied melerial fom entering sewers, stanm drains, ofher wnauthorized drainage systems, 2nd natural waterways, Dike fr
ahead of spill for later recovery or disposal.  Spiled material may be absorbed inlo an appropriats absorbent meterial.

Nolify fire authorilies and appropdate federal, siate, and jocal agencigs. immediale cleanup of any spill is recommended.

7. HANDLING AND STORAGE

Handiing: Do not enter confined spaces such as tanks or pits withou! following proper entry procedires such ss ASTM D-4276 and
28CFR 1510.146. The use of appropriste respiretory protection fs advised when concenirabions excesd any established exposure fnits

(ses Seclions Z and B}
Do not waar'iiénlanﬁnated clothlng or shoas, Use good personaf hyglene praclices.

"Empty” contElners retaln resldus and may be dangerous. Do not pressuize, cut, weld, braze, soider, drilf, grind, or expose such
ronlsmers 16 fieat, Aame, sparks, or athaer sourcas of ignition. They may explode and cavse injuty or death. "Empty” drums sheuld be
compltely drained, propedy hunged, and promptly shipped to the supplierar a drum recondioner, AR contuiners should b dispased
ofin an environmentatly safe manner and in acoordence wilh governmental requiafiens,

Before working on or in tznks which ccniain or have containad this matadal, refer o OSHA regufations, ANSE 249.1, and other
rafsrences peralning to cleaning, repaidng, welding, or other contamplated operations.

Storage: Keep rontainar{s} ghtfy closed. Use and stors this materat in cool, dry, well-venlilated areas sway from heat and aft
sowres af fgnition.  Store anly In approved containers. feep away from any Incompatibte materal (see Seclion 10). Profect
conainet(s} againsi physicat damage.

8. EXPOSURE CONTROLS / PERSONAL PROTECTION

Engineering confroks: If current veplilalion praclices am noi adequate o maintain sitbame concentrations below the estahiished
exposure fimits {see Saction 2}, additionst gnginesring controls may be required.

Perscnal Protective Equipment (PPE):

Raspiratory: A NIOSH ceriified sir puifying respirtor with a Type 85 {Ror P} pariculate fiter may be used under condifons
where alrborne conceniralions are expasled tn exceed oxpasure fmits (zen Saction 2% .

Protection provided by #ir purifying respirators Is imied {see mamifaciurers respirator solection guide). Use & MIOSH approved
self-contained braathing apparshus {(SCBA) or equivalant operated in @ pressure demand or uther positive pressare mode i thers
I5 potentlal for an uncontrofled release, exposure levels are nat known, or any olher circumstances where afr purifying respirslors
may not provide adaqgusats protection. .

A respﬁfétory proteciion program that meels OSHA'S 29 CFR 1910134 and ANS! 788,29 regdiremaents must ba follawad
whernover workplacs conditfons warmant 8 respiraior's use.
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MSDS Code: 776510 Page 5/5
Status: Final Date of Issue; 24-Jan-2008

2. ECOLOGICAL INFORMATION

Mot svajuzted et this me.
13. DISPOSAL CONSIDERATIONS

This material, if discarded a5 produced, & not a RCRA *isted” hazerdous waste. However, i should be fully evaliated for hazartdsus
waste chareclerstics prior o disposal (40 CFR 261), Use which resulls In chemicad or physical change or contaminalion may subjact it
in reguialion as & hazerdous waste, Along with propery charactenzing all waste materials, consult state and local regulations fegading
the proper disposat of this material. :

Contamer contends should be completely used and contziness shauld be amplied prior to discard. Container rinsale could ba
consitered a RCRA hazendous wasle and must be disposed of with care snd In full compliancs wilh federal, stafe and jocal reguiations,
Laigar emply containers, such as drums, shoukt be returmed o the distributor or o a drum recondifioner. To assure proper disposal of
smajter emply containers, consulk with state and local regulations and disposal authorties.

14, TRANSPORTATION INFORMATION

DOoT
Shipping Deseription: Not Regulated
Proper Shipping Name: Nof classified as hazardous
Note; Malerial Is unregulated urfass shipped by land in a packagiog having a capacity of 3500 gafions or more. Then
provisions of 49 CFR, Part 130 apply. : ’

DG .
Shipping Description: Not ragulsted

ICACHATA -
Shipping Descripton: Not regidated

15. REGULATORY INFORMATION

U.5. Regulstions:
EPA SARA 311/312 {TTile 1 Hazard Categories).
No

Acute Health:

Chronic Health: No
Fira Hazard: No
Pressure Hazard: No
Raactive Hazard: No

SARA - Section 313 and 48 GFR 372:
Thiz material contains the blowing chemicals subject Io the reporiing requirements of SARA 313 and 40 CFR 372;

~MNone Known—
EPA{CERCLA} Reporiable Cluantity (i povnds:

—Nose Known—

Ci ARA - Section 3 ely Harardous Substances and fi undsi;
This matedial contains the following chemicals sublect to the repariing requiremenis of SARA 302 apd 40 CFR 372:
- Nene Known —

Laliforpia Proposition 65

Warning: This material conlains the foliowing chemicals which are known (o the Stata of Califomia ie cause cancer, birth defects
or othsr reproductive harm, 2nd are subjact 1o the requirements of Califomia Proposifion B5 (CA Heallh & Safely Cude Sectim

25245.5):
— Mone Known —~

Carcinanen identification;
This matanial es not been ideniified 85 a carcinagen by NTP, IARC, or OSHA.

D-126



D-127




-

Unleaded

P aTERas
b
-, A - -
LA

CITGO Gasolines, All Grades

Material Safety Data Sheet

CHGO Patraleum Gorparation .
F.C., Box 4689 MEDE Mo, LNLEAD

Houston, TX 77210 Ravisien Date 10/14/2008
MPORTART: This MSIE Ia préparcd ju accordance with 28 GER 154 2.1200. Read ihls

HBD3 bature fransporting, handfing, storng or disposing of this product and forward this

Infgrnation to employnes, sustomers and usars of this product,

Hazard Rankings

Emergency Overview

Fhysicnl State Liquid.

Color Transparent, clesr o Qdear
amber of red.

Pungent, characteristic
gasalineg.

DANGER:
Exiremely flammable liquid; vapor may cause flash fire or
axplosion. .
Vapor may Wavel considerable distance to source of ignition’
and flash back.
Use Only as a Motor Fuel. Do Not Siphon by Bouth,
Harmiui or fatal if swallowed - Can enter lungs and cause
damage.
High concentrations of vapor reduce oxygen available for
breathlng and may cause suffocation.
“tay be harmful if inhaled or absorbad through the skin.

JAst ar vapor may Irritate the eyes, mucous membranes, and
respiratory tract.
Liquid contact may cause aye and skin irritation,
Cverexposures may cause central nervous system (CNS)
depression and target organ effects (Seo Section 3).
Harmfuk or fatal i swallowed - Can enter lung and cause
damags.
Inhalation overexposure can increase the heart's suscaptibility
o arrhythmias {irregular baats).
Contains Benzene - Cancer Hazard,
Long tenn exposure to gasofine vapor has caused cancer In
lahoratory animais,
Avoid Spills, Spilis may present both a physica! and an

HMIS NFRA
Health Hazard ¥ Z {
Fire Hazard a 3
Rozctivity o Q

*# Chrontle Hasith Hazard

_ Protective Equipment

environmental hazard,

Minimem Racommendod
S04 Section 8 for Details

SECTION 1. PRODUCT IDENTIFICATION

Trade Name CITGQ Gasolines, Al Grades Tochnicat Contact {832) 436-5940
Unfeaded
Product Number Various fedical Emargency {8323 486-4700
CAS Humber Kixture. CHEMTREC Emargency {8003 4249300
{United Btatez Only}
et Family Mator fuels.
MS0S He.  UNLEAD Revision Date 101142008 Continuet on Next Paga Fage Numiber 1
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Synonyms

CITGO Gasoiines, All Grades Unleaded

Unleaded Gasolinas; Conventional Unieaded Gasgtine with Ethane!. Unleaded Gascline with
Cthanol, Reformulaied Unlesded Gasoline with Ethanol; Motor Gasolines: Petrol: Automohile
Mater Fusis: Finished Casolines: Gasoling, Regular Unleaded; Gasoline, Mid-grade
Urleaded; Gasaling, Premium Unleaded: Reformulated Gasolines (RFGY: Reformutated Motor

Fuets: Oxygenated Mator Bpirits; Gasoling, Regular Reformulated; Gasoline, Mid-grade
Refumalated, Gasaline, Premium Reformulatad; CBOB; RBOE: GTAR: Clean Burndng
Gasvhae (CBG), CARB Gasaline with Ethanal.

SECTION 2. COMPOSITION

Gasofine is a complex and variable mixlure that enginates from finished refinery streams. These streams can contain
the components &sted below that are regulsted or are associated with certain potentiai health effects. The typical
concertration of sthanol In gasofine does nat exceed 10% (wiv),

Component Name(s) CAS Registry N, Concantration {%)
Toluene 108-88-3 <25
Pentanes, ail isomers Mixture <20
Octanes, all isomaery Mixture =24
Kylene, all isomers 1330-20-7 <18
Hexans, other isomers Mixture <15
Heptane, 3l isomars 142-82-5 <15
Ethano ' 64.17-5 <30
n-Hexane 11(-54.3 <
Benzene 71-43-2 <8
Trimethyibenrenas, s isomers 25581-13-7 <G
2.2.4-Trmethylpeniana 540-84-1 <5
Cumene 8e.52-8 =4
Ethyibenzens 100414 =4
1,2, 4 Trimethybenzene 85-53-6 <3
Cyclohexana t40-82-F <3
“opaniane 2B7-92-3 <2
Asithalene Ft-20-2 <2
Blyrene 10G-¢2-5 <]
SECTION 3. HAZARDS IDENTIFICATION
Also see Emergency Cvarview and Hazard Ratings on the top of Page 1 of this WSDS.
WMafor Ronie{s) of Entry Skin contact. Eve contact, nhaiation. innestion.
Signe and Symptoms of Acule Exposure
Inhalation Breathing high cancentrations mey be harmful. Mist or vapar can irtitate the throat and iungs,

Breathing this materal may cause pontraf nervous system deprassion with symploms
inclding nattsea, headanhe, dizzingss, fatique, drowsiness, or unconssiolaness, Breathing
high concentrations of this mateclsl, for exampte, in an enclosed space or by intentianal
abuse, 2an ceuse irreguiar haartbeats which can cause death,

Eye Contact This praduct ¢an cause eye iirifation with short-tem cantact with fiquic, mists or vapor.
Symptoms include slinging, watering, rednases, and swelling. tn severe cases, permanant
eya damage can resuit.

Skin Contact Fhis material can cause skin irtation. The sevarity of iritation will depend on the amount of
material that {s applied & the skin and the spesd and thoroughness that it is removed. It is
likely that some components of this material are able (o pass into the body threugh the skin

may cause similar effects as from breathing or swallowing it. i the skin is damaged or

abraded, absorption increases. .

and

Ingestion

e

MSDS Moo UNLEAD
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CITGD Gasolines, All Grades Unleaded

if swallowed, (his material may initate the muocous membranes of the mouth, throat, and
asophagls. t can be readily absorped by the starnach and intesiinal fraet, Symptoms
incizde a burning sensation of the mouth and esophagus, nauses, vomiting, dizziness,
staggered gait, drowsiness, loas of consciousness and dellfurm, as wsil as additional cenal
nervous system {CNS) effects,

Due to its ight vistosity, there is a danger of aspiration info the lunga during swallovdng and
subsequent vomiting. Aspiration can result in severe lung damage o desth. Cardiovescular
efiecis clude shallow rapid pulse with patior (loss of color in the face) followed by flushing
{rednass of the face). Also, progressive CNS depression, respiratary insufficighey and
ventricular fibrillation leads to death,

Chronie Health Effects  inientional misuse by deliherately concentrating and inhating gasollne can be harmfut or Tatat,

Summary Adiered mental state, drowsiness, peripheral moter neurapathy, ireversibie brain damage
{"Petrol Sniffers Encephalopathy™, defirivm, ssizures and sudden death are assaciated with
repeated abuse of gasoiine or naphtha.

Chronic effects of ingestion and subsequent sspiration inte the lungs may includs
prevmatocsle {ung cavity} formatian and chronic jung dysfunctics,

Benzene, @ component of this product, is associated with blood disorders and may damage
bone marrow, causing certain types of anemia. The internationat Agency for Regearch on
Cancer (IARC) (1987, 2004, 2007} and the U.S. EPA {IRIS 2007) have determined that
benzene |5 a human carcinogen. Itis also capable of causing changes in living cells' genetic
rmatertal (Chromosomes} and {5 considared to be a mutagen.

Repeated and prolonged overexposure to n-hexane has besn associated with peripheral
nerve lissue demage. Adverse effects include numbness. fingling. pain, and toss of nuiscle
control in the extremities, disorientation. impaired vision and reflexes, decline In motor
function and paralysis.

Frolonged or repeated averexposure ta toluene, a campanent of this praduct, has baen
assaciated with reproductive effects in experirmental animats and in fong-term chemicat
abuse situations, Long-lenm overexposure to tolugne has besn zssociated with impaired
colar visicn. Alse, long-term pvergxposure 1o toluene in accupational environments have
been assoctated with hearing damage.

Prolonged or repeated overexposure to xylene, a component of this product, has been
associated with hearng damage in labdratory animals. Repeated overexposure may catse
injury to bone marrow, hinod cells, kidney, and liver.

Rater ta Section 11 of this MS0OS for addillonal health-related information,

Conditions Aggravated Disarders of the following organs or organ systemms that may be aggravaied by significant

by Exposure exposurs o this material or #is components inckide: Skin, Respiratory System, Liver,
Kidneys, Cendral Nervaus System {CNS), Cardivvascular System, Blood-forming system,
Target Crgans htay cause damage to the fallowing organs: blood, kidneys, kungs, the reproguctive system,

fvar, mucous membranes, neart, peripherat nervous systam. cardiovascular system, upper
resgiratory tract, skin, auditory system, bone marrow, cendral nervols system (CW3}. eye,
lens ar comea

Carcinegenic Potantial  This materiss may contsin benzene, ethylbenzene, naphthalens or styrene at concemtrations
abave 0.1%. Benzene is considered fo be a known human carcinagen by OSHA, 1ARC and
NTP. JARC has ideniified ethylbanzene, styrene, naphthalene, gasoling and gasafine angine
@xhaust as possibly carcinogenic 1o humans (Group 283 based an laboratory animat studiss.

g WEY . o
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CITGO Gasollnes, All Gradses Unlesdad

] OSHA Hazard Classification is indicated by an "X" In the bax 2djacent to the hazard fitle. I no "X" s prosent,
the product doss nol exhibif the hazard as defined in the OSHA Hazard Communicstion Standsrd {FJWCFR
“0,4200)

OSHA Haalth Hazord Clazeification QSHA Physical Hazard Classilication

Irritant Sonsitkeor E} Cambustibin r'_"]';. Explostve E:] Pyropliorie [:]
Toxie [:J Highly Toxic {:] Flammsble m%n&xid?:mr ]:] Wator-reactye D
Corrasive [::} Carcinogenic Compressed Gat [_.__”Drganin Peroxide I::'] Unstable [:l

SECTION 4. FIRST AlD MEASURES

Take proper procautions 10 ensure your own heatth and safety beforo atiempting rescue or providing firet aid.
For mara specific Information, refer to Exposute Gonirols and Psisonial Protection In Saction B of this MSDS.

inhatation Immediately move victiy to fresh aie. ¥f victim is not breathing, immediately begin rescue
breathing. if heart has stopped, immediately begin cardispuimonary resuscitalion {CPR),
breathing is difficult, 100 percent humidified oxygen should be administered by a qualifled
mndividual, Seek menical attention immediately. If exposed to benzena in an emergancy
siluation, a medical evaluation should be compieted at the end af the work-shift in accordance
wittr DSHA reguirements.

Eya Cantact Flush eyes with cool, cisan, low-pressure water fos at least 15 minutes, Hold eyelids apart to
ensure complets irigation of the eye and eyelid tissue. If easfly accomplished, check for and
remove condact lenses. if contae! lenses cannot be removed, seek anmediate medical
attendion. (a net uze eye cintmen). Seek imedical attention,

“in Cantagt Remove canteminated shoes and clofing. Flush afactad area with large amounis of water,
1 skin surface is damaged, apply a clasn dressing and seek medical altention. Do not use
girtments. If skin surtace is nat damaged, clean sffasted area thoroughly with mitd soap and
water. Seek medicat attention if tissue appeary damaged or if pein or irtation persists,

inpestion Da not induce vormiting. If spantangous vomiling is about to occur, place vietim's head below
knees. If viclim is drowsy or unconscious, piaca on the lefl side with head down, Never give
arything by mouth to & person who is not fully conscious. Do net teave victim unattended.
Seek medical attention immediately,

Motes to Physician INHALATION: Inhalation sverexposwie can produce foxic effests. Monitor for respiratory
distress. }f cough oc difficulty in breathing develaps, evatuate for upper respiratory tract
inflamniation, bronchitis, and pneumaonitis, Administer suppiemental oxygen with assisted
veniation, as reguired.

This material (or 2 component) sensitizes the heart i the elfects of sympathermimatic amines.
Epinephiine and other sympathomimetic drugs may inftiate cardiae arthythmias in individuals
sxposed {0 this material. Adeinistration of sympathomimetic drugs should be avoiged.

INGESTION: If ingested, this material presants a significant aspiration and chemical
pneumonitls hazard. Industion of ernesis is no! recommended. Consider activated charcoal
andfor gastric lavage. If palient I3 obtunded, protect the airway by cuffad endatracheal
intubation or by platamer of the body in a Trendelenburg and left iateral decubiius pasition.

SECTION &, FIRE FIGHTING MEASURES

NFPA Flammabllity NEPA Class-|B flammable liguid.
~geification

. .sh Point Closed cup: 43°C (-45°F), (Tagliabue [ASTHM D-56))

Lowes Flammable Limit AP 1.4 % Upper Flammable Limit AP 7.6 %
BISDS Mo, UMLEAD Ravision Qale 1071452008 Cantirwed 6o MNéxt Page Page Nurhar 4
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CITGQ Gasolinss, Alf Grades Unleadad

Auteignition AP 2B0°C {(536°F)

Temperature
rardous Combustion Casbon dioxide, eatbion mencxide, smoke, fumes, urburmed hydrocashons, aldehydes and
2tucts other products of Incernplets combustion.

Speciat Froparties Flammable Liquid! This material releases vapors af or below ambient temperatures. When

rnixed with air in cerlain proportions and axpesed to an ignition solrce. #s vapor can calse a
fiashfire. Use only with adequate veniltation. Vapors are heavier than air and may travet
long distances afong the ground te an igaition source and fazh hack. A vapor and afr
fmisture can craate an explosion hazard In confinad spaces such as sewars. if containeris
not proparly cooled, & can ruplure in the heat of 4 fre.

Extinguishing Media  SMALL FIRE: Use dry chemicsls, carbon dioxide. foam _ or inart gas (nitrogen), Garhan
dioxide and imert gus can displace oxygen. Use caution when applying sarben dioxide or
ineri gas in confined spaces.

LARGE FIRE: Uise toam, water fag. o water spray. Water may be ineffective. Water may
net extinguish the fire. Water fog and spray are effective in cooling containers and adjacent
siructires. However, water can be tised to cool the external walls of vessais lo prevent
excessive pragsura, autalgnition or explosion. 0O NOT use 2 sulid siream of water directly
of the fice 88 the water may spread ihe fire to a larger areq.

Proteation of Fire Firefighters must use full bunker gear including NIOSH-appraved positive pressure

Fightore self-cantained breathing apparatus 1o protect against potential hazardous combustian af
qecomnpesitiart products and oxygen defiviencies. Evacuate arga snd fight the fire from a
tnaximum distance or use unmanned hose holders or menitor nozzies. Covar poaling fiquid
with foam. Coentainers can bulld preesure it expesed to radiant heat; cool adjacent containers
with floading quantities of water untit well after the fire is out. Withdraw immediately from the
area if there is & rising sounid from a venting safiely device or discotoralion of vessels, tanks,
or pipelines. Be sware that burning liguid will lost on water, Notify apprapriate authorifies of
potential ire and explosion hazard ff liquid ender sewers or watarways,

CTION 6. ACCIDENTAL RELEASE MEASURES

Take propor precautions to shsure your own health and safety before attempling spil! contrel or ctran-u p. For
maore specific information, refer to the Emergency Overview on Page 4, Exposure Conirols and Personal
Frotection in Section 8 and Disposal Considerations In Soction 13 of this MSDS,

Flammable Liquid® Release causes an immediate fire or explosion hazard. Evacuate alf
nan-gssential parsonnel from immediate area and eatablizh a "reguiated zone™ with site
cuntrol and seeutily, A vaper-suppressing faam msy be used o reduce vapors. Bliminate all
ignitton sources. All equipment vaed when handfing this material ruel be grounded. Stop the
leak if # can dune without risk. Do not tauch or walk through spilled matedal, Remove
spillage immediately from hard, smooth walking aveas, Prevent spilied materiaf from entoring
waienways, sewers, basemants, or contined arcas, Absart or cover with dey earth, sand, ar
other non-combustible materal and transfer to appropriate waste containers, Use clean,
ran-sparking touls o collect absarbed material,

For arge spals, secure the ares and control access. Pravant spilled matetial from entering
sewers, storm drains, other dreinage systems, and natural waterways. Dike far ahead of a
llguid spilt to ensure complete collection. VWater mist or spray may be Used io recuce or
disperse vapars; but, it may not prevent ignillon in ¢losed spaces. This material will float o
waler and its run-off may craate an expiosion or fire hazard, Verify that responders ara
properly HAZWOPER-Irained and wearing appropriate e gpiratary equipment and _
fire-registant protective ciuthing during cleanup operations. In an urbien ares, cleanup spill as
sgon as possitle; in natural environments, cleanup on advice from spaciatists. Pick up free
Hguid for recycle sndior disposat if it pan be accomplished safety with explosion-proof
equipment. Coltest any excess material with absorbani pads, sand, or other inet
non-combustible ahsorbent materials. Placs into approprate waste containers for Jater
dizposal, Gomply with all applicable local, state and federal laws and regufations.

MSDS N0, UNLEAD Revision Date 1001472008 Continued on Next Page Faga Nuraber. 5
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GITGO Gasolines, All Geades Unlsaded

SECTION 7. HANDLING AND STORAGE

»andling

FLAMIABLE LIQUID AND VAPOR. USE ONLY as a motor fued. DO NOT siphon by
mouth. DO NOT use &s = lighter fluid, sofvent or cleaning fluid. Priar fo handiing or refusting,
stop ail engines and auxifiary equipment. Tum off all electronic eguipment inciuding cellular
telephones. DO NGT leave nozzle unattended dunng filing of refueling a vehidle. 0O NOT
re-enter vehicle while refueiing. Keep nazzle spout in contact with the container during the
entire fiting operations,

A static slectiical charge can avcumulate when this materiat is flowing thraugh piped. nozzles
or fiters and when it is egitated. A statie spark discharge ean ignite accumulated vapors
particutarly during dry weather conditions. Always bond receiving containars fo the §ill pipe
before and during loading, following NFPA-704 and /or AP} RP 2003 requirements. Always
keep nazzle in contact with the container throughaut the loading process. Do not i any
portabla container in or on a vehicis. Special precautions, siieh as retuced leading rakes and
increased monitating. must be ohservad during "switch leading” operations {l.e., loading this
matertal in tanks or shipping comparimants that previsusly contained middle distillates or
stmitar predusts).

A spill or teak can cavuse an immediate fire or explosion hazard. Keep conlainers clased and
do nok handle ar slare near heat, sparks, or any ather potential ignition seurces.  Avord
cantact with oxidizing agents. Uo NOT breathe vaper. Uss anly with stequate veniifation and
persansi protaction. Mever siphon by mouth. Avold cordact with eves, skin, and clothing.
Prevent contact with food and tobacco products, Do NOT ake internally.

When performing repairs snd mafntsnance on contaminated equiprent, keep unnecessary
persons away from the area. Eliminate all potentisl ignition sources. Crain and purge
aquipment, as necessary, to ramove matetial residues. Follow proper endry procedures,
ihctuding compfiance with 29 CFR 19101146 prior to entering confinad spaces such as tanks
of pits. Use roves constiucted of impervious materials and protective clothing if direct
confact is anficipated.  Uge appropriate respiratory protgction when coticentrations excesd
any ostablished ocoupational exposure level (See Seclion 8) Prompliy remove contaminated
clotting. Wash exposed skin thoroughly with soap and water after handiing.

Non-equiltbrium conditions may increase ths fire hazend sseociated with this product. A
static elechical charge can acsumulate wher this material ia Tlowing theough pipes, nozzles or
fiters and when it is agitaled. A static spark discharge can ignite accumutated vapors
particulsrly during dry weather conditions, Always bord recelving containers to the il pipe
hefore and duting loading.  Always confirm that receiving coniainer is praperty grounded,
Honding and grounding slone may be inadaquate to sliminate fire and explosion hazards
agsociated with electrostatic charges. Carefully review operations that may increass the nsks
associated with stalic elactrivity such as tank and container filiing, fank cleaning. sampiing,
gauging, loading, fitering, mixing, agitation, ate. In sddtion o konding and grounding, effons
to mitigate the hazards of an electrostatic discharge may includs, but are not limited 1o,
ventiiation, ingrling andfor reduction of iransfer velnclifes.  Dissipation of electrostatic charges
may be improved with the use of conductvity additives when used with other mitigedion
afforls, mcluding beanding and greunding.  Always keeg nozzle in contact vith the container
thraughowt the Inading process.

Do NOT Ht any panabie container in or an a velicls, Do NOT use compressed gir for flling,
discharging or other handling operations. Pronfuct containet is NOT designed for elevated
pressure. Do NOT pressunize, cut, weid, braze solder, diill, or grind on containers. De NOT
expose product containers ta flames, sparks, haat or athar potentlal ignition scurces. Emply
contalners may cantain material residues which can ignite with explosive faree. Observe Jabel
pracautions.

Protect the environment from releases of this material. Prevent discharges to suiface wators
and groundwater. Maintsin handing, fransfer and stérage equipment in proper working ordar,

Misuse of erpty containers can be dangeraus, Empty containers may contain materal
residuas which can ignite with explosive force.  Guiting or walding of empty contalners
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can cause fire, explosion, or release of toxic fumes from residues. Do not pressurize
Of expose empty conlainers to open flame, sparks, or heat. Keap contsingr closed and drum
bungs in place. All labet warnings and precaufions must be ohservad, Retiurn empty drums
to a quatiied reconditioner. Consult appropriaie federal, state and local authorities before
reusing, reconditioning, reckiming. recycling, or dispasing of empty cantainers andfor wasts
residues of this materlal.

Keap container tightly closed. Stare in a cool, dry, wellventiiated area, Stere anly in
approved containgrs. Do net store with axidizing agents. Do not stoe at elevaied
ternperatures ar in direct sunlight, Protect cantainers sgainst physical damage. Head spaces
in tanks and offier contatners may contain & mixiure of air and vapor in the flammabie range.
Veapor may be ignited by static discharge. Slorage atea must mest OSHA requirements and
applicable Yre codes.  Additional Information regarding the desin and contro! of harards
associated with the handiing and storage of flammable and combustible liqiids may bs fouad
in professional and industrial documeants including, but not limited o, the Natiora! Fire
Protection Assoclation (NFPA} publications NFFPA 30 {"Flammabie and Combustible Liquid
Code”t, NFPA 77 ("Recommended Practice on Static Electriciiy} and {he Americar
Petroizum tnstitute (APl Recommended Practice 2003, ("Protection Against ignitions Arsing
Ot of Static, Lightning, and Stray Currents”}.

Consuli appropriate federal, stele and locat autnorities before reusing, recondiioning,
recipiming, recysling or disposing of emgpty containers or waste residues of this product,

SECTION 8. EXPOSURE CONTROLS AND PERSONAL PROTECTION

Enginesring Sohtmls

vsonal Protective

dipmant

Eye Peotsction

Hand Protection

Bedy Protection

Frovide venfialion ar viher engineering controls {n keep the airborme concentrations of
vapar oF mists belaw the applinable waorkplace exposure Hmits indicated befow. All electrical
equipment should comply with the Mational Electrical Code. An emergency eye wash station
and safety shower shouid be lotated near the work-station,

Personal proetective squipment should be seilscted based upon the conditions upder whigh
this material is used. A hazard assessment of he work area for PPE requiremants sholdd
e condusted by 2 quaiifisd professional pursuant to OSHA regulations. The following
pletograms represent the minimum requitements for personat proteclive equipment. For
carain aperatiohs, additional PPE may be required.

Safety glasses squipped with side shisids are recommended as minimum protetiion in
industial settings. Chemical goggles sheuld be worn during {ransfer operafions or when
there Is a likelihaod of misting, splashing, or spraying of this material. A suitable emergancy
eye wash water and safety shower should be located near the work station.

Avoid skin contact, Use gloves {e.q., disposabie PVC. neoprene, nitrite, vinwt, or PVC/NBR).
Wash hands with plenty of mild soap and waler before sating. drinking, smaking, use of foitst
facitities ar leaving work. 00 NOT use this material as 5 skin cleaner.

Avold skin contact. Wear lorig-steoved fire-retardznt garmsnts {e.g., Nomex®} white
working With Sammable and combustible fiquids, Additional chemical-resistani protective
gear inay be required i spiashing ar spraying conditions exist. This may inefuda an apron.
hoots and additional facial protestion. If praduct comes in contact with clothing, immediately
remave soaked alothing and showar. Promplly refhave and dizgcard comtaninated leather
noeds. ‘
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Guoneral Comments

Subsignco
Gasollne

Pentanes, s iaomerz

Octanas, ali isomers

Tolyens

r X808, oiher isomers

Heplane. all isomers

Kylene, alf isomers

Ethanat

Benrene

n-Hexane

L TIETIR

CITGO Gasolings, AH Grades Unleaded

Resplratory Protection For known vapor coneenirations above the cceupational sxposure guidelines {see batow},
use a NMiOSH-approved arganic vapor respirator if adequate protection s provided,
Protection factors vary depending upan the type of respirator used. Regpirators should be
used in accardance with OSHA requirements (29 CFR 18101343, For alrborne vapor
cancenirations that exceed the recommended protaction factars for arganic vapor
respirators, use a full-face, positive-pressure, supplled air respirator. Due fa fire and
explosion hazards, do nat enter atmosphares containing concankrations greater than 19% of
the lower flammabie fimit of this product.

Warningl Use of this material i spaces without adeguale vengiiation may resull in
generstion of hazardous levels of combustion products and/or inadequate axygen ievels for
breathing. Odor is an nadeguate warning fur hazardous conditians.

Qoenpationsd Exposure Guidelings

Applicattis Workplace Exposure Levels

ACGIH (United States).
TWA: 300 ppm B howurfsh.
STEL: 500 pam 15 minuie(s).
ACGIHH {United States).
TWA: 600 pprt 8 hour{s). -
QOSHA [Unlted States).
TWA: 100 ppm 8 houwr(s).
ACGIH (Unijted States).
TWa: 300 ppm 8 hoyirs},
OSHA {Unifed States),
TWA: BOQ apra § houris).
AGGIH {Unlied States). Skin
TWA 20 ppm 8 hour(e),
OSHA {(United States).
TWAr 200 ppm & hour(s).
CEIL: 300 ppm
PEAI: 500 pprm 1 times per shift, 10 minute(s).
ACGIH {United Stalos).
TWA: 500 ppm 8 hour{z).
STEL: 1000 ppin 15 mimste({s].
ACGIH {iInited States).
TWA: 400 pprm 8 hour(s).
STEL: 500 ppr1 18 minuta(s).
OSHA (Haited States),
TWA; 500 ppm 8 hoyr{s).
ACGIHH {United States),
TWA: 100 ppm B hourds).
STEL 180 ppm 15 minuteds).
O8HA {Unitad States).
TWA: 100 ppm B hour(sy.
ACGIH {United States}.
TWA, 100Q ppm 3 hour(s}.
GEHA {Unifed States),
TWWA: 100D pprm & hour(a).
ACGIH {Unitad Statas}). Skin
TWA: 0.5 ppm 8 hour(s),
STEL: 2.5 ppin 15 minute(s).
OSHA [Unitad States). Skin Notes: See Tuble 2-2 for sxciusions
in 20 CER 7910.1028 to the PEL.
TWA: 1 ppm § hour(s).
JHTEL: 5 ppm 15 minute(s).
ACGH {Unitod States). Skin
TWA: 50 ppm & hous(s).
QSEHA {Unlead States),
TWA: 500 ppm & how{s),
ACGH (United Statas).
TWA: 50 ppm @ hourds),
QSHA (Unlted States). Skin

Y
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Trimethyibenzenes,

yibenzene

Cydlohexane

Cyciopshtane

Naphthalene

Styrena

CiTGO Gasolines, Al Gratles Unleaded

TWA 50 ppm 8 hour(s).

ait isomers

ACGIH (United Stales).

TWA: 25 ppmy & hour{s).
ACGIH (United States),

TWA: 100 ppm 8 haur{s}.

ETEL: 126 ppm 15 minute(s}.
USHA (United States).

TWA: 100 ppm: & hiour{s).
AGGH {Unfted States).

TWA: 100 ppiny & hour{s).
OSHA (Unlted Stales),

TWA: 300 ppme B howrs).
ACGIH (nited States).

TWA: 600 ppm & hoar(s},
ACGIH (Unlted States). Skin

TVWA: 10 ppm 8 hourds).

STEL: 15 ppm 15 minuta(s).
GBHA {Unlted States).

TWa: 10 ppre & houris).
ACGIH (United States),

TWA: 20 ppm 5 hoar{s}.

STEL: 40 ppm 15 minuteds),
Q5HA {(Unlted Statoz],

TWHA: 100 ppm B hourds},

BTEL: 200 ppm 15 minute{s).

PEAK: 600 ppm

SECTION 8. PHYSICAL AND GHEMICAL PROPERTIES (TYPICAL)

Physgical Stale

Speciiic Gravity

Bolling Range
Vapor Pressire

Solubiiity in
Water
Flash Point

Adgiticn
Properties

Licpid. Calor  Transparent, clesr  Odor
io amber ar rad.
0.72-0.77 pH Nat applicable Vapor
{Water = 1} Density
38 to 204°C {100 to 400°F) Malting/Froezing
Foint
220 to 450 mm Hg at 20°C (8B°F Y or Volptility
6o 15 Reid-psia af 37.8°C {H00°F}.
Verty sfightly sofuble in cotd water. {<0,1 % Viscosiy
wiw) {c5t @ 40°C)

Clased cups -43°C (45'F}. {Taglabus [ASTM D-561)
Aveeage Density ai GO°F = 6.0 to 8.4 {hs./gal. (ASTM D-2181)

SECTION 10. STABILITY AND REACTIVITY

Chemical Stability
Conditions to Avold

Matorials
meompatibllity

Siabie.

Pungent, charactaristic
gasoline,

itnd
{Adr= 131

Mot avaiiablae.
720 to 770 g NVOC (wiv)

1

Hazardous Polymerization Mot expected o ocour,

Keep away from heat, flame and other potential ignition sources. Keep away from sirong
oxidizing cenditions and agents.

Strong acids, atkaties and oxidizers such as Kquid chiorine, other halogens, hydiogen peroxide

and axygen.

v

ardousg o addiionat hazardous decomposition praducts were identified other than the combustion
Decompasition products identified in Section 5 of this MSDS.
Preducts
M3DS Mo, UMLEAD Revislon [ale 1042008 Confinued an Nex{ Paga Page Numbar: @
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SECTION 11. TOXICOLOGICAL INFORMATION

. . other health-related Informatlon, tefor to the Emergency Qverview on Page 1 and the Hazards identification
in Saciton 3 of this MS0S, -

Toxlcity Data

Gagolina

VAPOR {TELg} Acute; 140 ppm (Human) (8 hours} - Mitd eye irfitant,

VAPOR {TELo) Acute: 500 ppra (Humvan) (1 hour’ - Moderate eye iritant.
INHALATION (TCLo) Acite: 900 ppm (Human} ¢f hour) - CNS and putrsenary affects.
DERMAL (TDLoj Acute: 53 mgtky (Human} - Skin aliergy effects.

INHALATION (1050 Acule: 161,200 ppm {Rat, Mousz, & Guinea Pig) {5 minutes).

A major epidemipiogical study concisdad ihat there was no Increzsad rsk of kidney cancer
associated with gasoline exposives for petroleur refinery emplayses of neighhoring
residents, Another study ideitified a elight trend in kidnay cancers among service slation
emplaoyees following a 3{-year latency period. Fwa-ysar inhalation toxicity studies with fully
vaporfzed unfeaded gasolng {at concentrations of 87, 292 and 2,056 ppm in airt produced
kidney damage and kidney tumors in made rafs, bat not in female rats of mice of either sex.
Results from subsequent sclentific studies suggest that the kidnay damage, and probably ihe
Kidney tumor response, Is fimited to the male rat. The kidney tumors apparently were the
result of the formatian of alpha-2u-glabdfin, 2 proteln unique to male rais, This finding is not
considered relevant to human exposurs. Under conditions of the study, there was no
evidence that exposure to unleaded gasatine vapor Is associated with developmantal foxicity.
Experimentet studies with aboratory snimals did suggest that overexposure 1o gasoline may
adversely effect male reproductive performance. Alse, in labaratory studies with rats, the
malernal and davelopmental "no observable adverse effect level® (NDAEL) was determined
to be 9,000 ppin {75% of the LEL value). Female mice davelnpead a slighily higher incidence
of liver fumuers compared to controls at the highasi conceniration. |n a four wesek inhalation
study of Sprague Dawley® rats, gascline vapor condensate was dejenminad to induca sistar
chromatid exchanges in peripheral lymphocytes. LARC has listed pasoline as passibly
carcinogenic to humans [Group 28).

Pantanes, all isomera .

Studies of pentane isomers in laboratory animals indicate exposure 1o extrernely high levals
{roughly 10 voi.%} may intuca cardiac archythmias (tfegular heartbeats) which mray be
serigus of fatal.

Tolusne

Effects fromm Acutie Exposure:

Deliberate inhatation of teluene at high soncantrations {8 g.. glue sriffing and solvent abuse)
nas been associated with adverse affscts on the fiver, kidney and niervous system and can
cause CNS depression, cardiae arrhyihmigs and death. Cass studies of persons ghusing
toluene suggest isolated incidences of adverse effects on the fatus inciuding bifh defects.

£fiecls from Repeated ar Pralongod Exposure:

Studies of workers indiente long-term exposure may be related to impaired color vision and
hearing. Some studies of warkers suggest long-term exposure may be refated to
neurabshavioral and cognitive changes, Some of these effects have been ohaerved in
lahoratary animais foliowing fepeated expusure to high levels of inluena. Several studies of
warkers suggest Iong-term exposure may be refated 1o smak increases in sponianeous
ahorfions and changes in some gonadotropic hormones. However, tha weight of evidence
does not indicate toliane is a reproductive hazard to humans. Studies in laboratory animals
indicate samme shanges i reproductive orgsns foliowing high levels of expasure, but e
significant effects on mating performance o reproduction were observed. Crze studles of
parsens abusing tivens suggest isclated incidences of adverse sffects o the fatus including
birth detecis, Findings In iaboratory atimals Were largely neagative. Fasilive findings include
small increases in minor skeletal and wisceral malformations and develapmentst delays
fullowing very high levels of maternial exposure. Studies of workers indteats long-term
oxposure may be related to effects on the liver, kidney and blood, buf these appear to be
limited fo changes In serum enzymas and decressed leukooyts caunts. Sludies in laboratary

M30S N,
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animals indicate some evidence of adverse effacts on the liver, kidney, thyroid, and pituitary
gland fufiawing veey high levels of exposure. The relsvance of these findinga to humans is
not eiear at this thme.

Heptaneg, afl isomers
n-Heplane was not mutagenic in the Salmoneliaimicrosome {Armas) assay and is not
considered fo be careinggenic.

. Xylene, sl isomerg

Effects from Route Exposure;

ORAL (LDs), Aguie: 4,300 mgfkg [Rat).

INHALATION (LCss), Asute: 4.550 ppm for four houss [Rai].

DERMAL {LDs}, Acuter 14,100 ulikg {Rabbli.
Qvarexposure Io xytens may cause upper resplatory tracd italion, headache, cyanosks,
blood serun changes, CNS damage and narcosis, Effects may be increased by the use of
alcoholic baverages, Evidance of Bver and Kidney impairment were rapotied in workers
recovering from a groes oYerexposure,

Effecls from Prolonged or Repeated Exposure:

impaired neurological function was reported in Warkers exposed tn solvents incliding xylete.
Studies in laboratory animals have shown evidence of impaired hearing following high levels
of axposure. Studies in sboratary animals sugpest some ¢hangas in reproductive ofgans
oflowing bigh tevels of exposure but no significant efiscts an reproduction were observed.
Studies in laboratory animals indicate skeletal and viscers! mafformations, developrnential
delays, and increasad fatal resoiplions foffowing exiremely high levels of malernal exposure.
Adverse effects an the fiver, kidiey, bote marrow {Changes in blood calt parsmeters) were
ohserved in laboratary anirtals foltowing high levels of expasure. The relevsnce of these
observatians to humens is not clear at this time.

Ethanat

inhatation exposure to ethano! vapar at concantrations above applicable workplace exposure
tevels is expected lo praduce aye and mucus membrane ititafion, Huean gxposure ak
concentyations from 1000 to 6000 ppm produced symptoms of narosis, stupor and
unconsclatistess. Subjects exposed to ethanol vapat in concentrations between 500 and
10,000 ppm experiencad coughing and emarting of the syes and nose. At 15,006 ppm there
vas continuous larimation and coughing. While extensive acute and chronic effects can ba
expecied with ethano! censumptivn, Ingastion is not expected to ba a significant route of
exposire ta this. product,

Henzene
ORAL (LDSO) Actte: 330 mglkg [Ral], 4700 moikg fMouse],
INHALATION (ECao): .
(VAPOR}; Acuie; 10000 ppm 7 hour{s} [Rat]. 9980 ppm 8 hour{s} [Mouse].

Siudins of Workers Over-Exposed 1o Benzena:

Studies of workars exposed o benzene show clear evidence that over-sxposure can cayss
tancer of the blaod forming organs (acute myelogenous zukemis} and aplastic anamia, an
ofter fafal disease. Sludies also suggeat over-exposurs 1o benzena may be assovialed with
vther types of leukemia and other blood disorders. Some studies of workers exposad to
benzene have shown an assoclaiion with increased 1aies of chromasame abemations in
cirewtating lymphocytes, One study of women workers exposed to benzene suggested a
weak association with ireqular menstruation. However, other studies of warkers exposad to
benzeas fave not demonstrated clsar evidense of an effect on fertifity or reprodusive
outcome in humans., Benzene cab cross the placenta and affect the developing fetus. Cases
of aplastic anamiz have been reporied in the offspring of parsons severely over-exposed fo
benzene.

Sludies in Lakoratory Animals:

Studies in laboratory animals indicate that prolanged, repeated axpasure o high levels of
benzene vaper can gause done marrow suppression and cancer in multiple organ systems.
Studies in laboratory animals show evidenes of adverse 2ifects on male repraductive otgans
following high levels of exposure but ne significant effecis on reproduction have been
ohserved. Embryotoxicity has been reporied in studies of iabaratory animais hut effects were

S5 Mo,
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hrmited to reduced fetal weight and sketetal vadations.

n-Hexane

This material containg n-hexana, Long-term or repested exposure 1o nehexane can cause
permanent peripheral nerve damage. Inlifal symploms are numbneas of the fingers and loes.
Alss, mélor weakness can oncur in the digits, bui may also involve musclas of the arms.
thighs and forearms. The ohaet of these symptoms may be defayed for several months fo a
year after the beginning of exposure, Go-gxposure ta methylethyl ketone or methy) ischutyt
ketone mereases e cgurotoxic properties of n-hexane. in laboratory studies, prolanged
exposure to elevated concentrations of f-hexane was associated with decreased sperm
count and degenerative chenges in the testicles of rats.

Gumens

Effests from Acute Exposure:

Overexpgsure to cmene may ¢ause Lpper respiratory tract frritation abd severs SRS
deprassion.

Effesis fram Prolonged or Repeated Expostive:

Studies in laboratery animals indicate avidenes of adverse effects on the kidney and adrenal
glands following high level expasura, The relevance of these lindings to humane is not clear
af this tims,

Trimathyihenzenes, all isomers

Studies of Workars:

Levels of total hydrocarhan vapors present in the breathing atmosphere of these workers
ranged fram 10 {o 80 pprt. The T0Le for huenans is 18 ppm, with somnolence and
respiratary tract titation noted.

Gtudies In Laboratory Animais:

in inhatation studies with rats, four of ten animals died after exposires of 2400 ppm for 24
hours. An oral dose of 5 mLky resulted in death in ong of ter rals, Mintmum lefhat
intraperitaneal dozes were 1.510 2.0 mifky in rats and 1.13 to 12 mEdky in guines pigs.
Mesitylene (t. 3, § Trimethylbenzene) inhalation at concentrations of 1.8, 3.0, ahd 6.0 mgit.
for six hours was assocdiated eith dese-ralated changes in white biood cell counts in rats. No
signifcan efects an the complate blocd count wers hoted with six hours par dey exposure
Tor five weeks, it elevations of alkaline phosphatase and SGOT were observed. Central
netvous syslem depression and ataxia were noted in rats exposed is 5,100 t0 9,180 ppm for
fwo hours.

Ethylbenzane

Effects from Acute Exposure:

ORAL (LDBO), Acute: 3,800 mgikg fRati,

DERMAL (LD5G), Acutar 17,800 ultky [Rabbit].
INTRAPERITONEAL (LD350), Acuts: 2,624 myg/kg Rat],

Effects from Prolonged or Repeated Exposure:

Findings from a 2-year Inkalation study in redents conducted by NTP were as {ollows: Effects
were abeerved only at the highest exposure tevat (750 ppm). At this level the incidence of
renal fumors was glevated in male rats Qubular carcinomas) and female rats fiubutar
adenoimas). Also, the hoidence of tumors was elevated in male mice {aiveoiar and
bronchialar carcinontas} and female mice (hepatacalular carcinomas). AR nas classified
ethyl benzene as "possibly carcinogenic to humans” (Group 2B). Siudies in laboratory
antmals Indicate some evidencs of pestdmplantation deaths faliowing high tevels of matemal
exgnsure. The refevance of thesa findings o humana is not clear at this ine, Skudies in
fabyratory aninvals indicate limhted evidente of renal tnalfarmations, resorptions, and
developmental delays following high levels of maternal exposure. The relevancs of thase
findings 1o humans is not clear at itds time. Studias in laboratory gnimals indicate some
evidence of adverse effects on the fiver. kidney, thyraid, and pituitary gland.

Cyclohexans
ORAL (LDSDY: Acutz: 12705 mgikg (Rafl. €13 mykg {Mouse]

Cyclchexane cars cause ey2, skin and mucous membrang iritadion, GHS depressant and

pME0Z No,
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narcosis at efevated concentations. n experimental animais exposed to jethal
concentrations by inhafation or oral tute, gensralized vascular damage and degenerative
changes in the heart, iungs, fiver, kidneys and brain were identified,

Cyclohexane has been the focus of substantial testing in laboratory animals. Cyclohexane
was not found to be genoloxit in several tests including ynscheduled DNA synthesis,
bacierial and mammalian celt mutation assays, and n vivo chromosamat aberration.  An
inerease in chromasomal aberrations in bone marrow cells of rats exposed ta oyclohexane
was reported in the 1980's. However, a careful re-evaluation of stidas from this study by the
faboratory which conductas fhe sfudy indicates these findings were in error, and that no
significant chrgmosamal effacts were observed in animals exposkd to cyclohexane. Findings
indicate long-term exposure to cyclohexane daes not promote dermal fumorgenesis,

MNaphthalena

Studies in Humang Qvetexposed to Naphthalene:

Severe jaurdice, peurctoxicity temicterus} and fataFlies have heen reporied in young
¢hildren and infents as a result of hemolytic anenia from over-2xpostre to naphthaiene.
Persons with Glucose B-phosphate dehydrogenase (GEPD) deficiency are mare prone to the
hemolytic effeats of naphthalene, Adverse effects on the kidney have also been reported
from over-exposure o naphthalene but these effesis are believed inbe a conseduence of
hemalytic anemia, and not a diract effeot,

Studies in Laboratory Animais:

Hemglytic anemia has been ohserved in labaratery animals exposad 10 naphthalens,
Laboratory rodents exposed to naphthaleng vaper far 2 years (ifetime studies) developed
non-neaptastic and neoplastic tumors and infizmmatory tesions of the nasal arw) respiratory
fract Catarasts and other adverse effscts on the eye have been observed in iaboratary
animals expesed {o high levels of naphthalene. Findings from a large number of baclerial
and mameaalian <ell mulation assays have been nagative. A few studies have shown
chromesomal effocts (elevated levels of Sister Chromalid Exchange ot chromososa]
aberratiohs) i viiro,

Styrena

Meusologicat injury aseociated with chronie styrens exposure include distal hypesthesia,
deersaserd perve conduction velocity, and aliered psychomotar pasfarmanee, These effects
did not occur with expesures to aitborne concentrations that were less than 100 ppm.
Increased deaths from degengrative neurclogical disarders were found in a comprehensive
epiderninloyical study of Danish reinforced plastics workers. These workers were reparied to
have a 2.9-fold increased risk for myeloid leukemia with clonal chrornosome abesrations.
Alsqg, there are several siudles that sugrest poteniial reproductive efiects In humans and
experimental animals from overexpasure to styrene. Styrene was not mutzganic in the
standard (fiquid phase) Ames Sakmaonafia/microsome gssay, but was weakly posilive when
tested in the vapor phase. |ARC has listed styrena a8 possibly carcinogenic to humans
{Group 2B).

SECTION 12. ECOLOGICAL INFORMATION

Ecofexicity

Environracntal Fate

Unleaded gasaiine iz potentialiy toxic {6 freshwater and safiwaler eCosystems. Verous
grades of gasoling exhibited tange of lethal toxicity (£ ) from 40 BPM to 100 PPM jn
ambient stream weder with Rainbow Trout { Saimo ifdeus). A 24-hour FLm (Median Toxic
Limid) was caleulated to be S0 PPR with juvenile American Shad ( Squafivs cophsafus). I
Bluegill Suniish (Lepamis macrochinig), Grey Mulle! (Chelon fabroaust and Gulf Menhaden {

. Brevooriiz pafronys), gasoine exivbited a 36-haur LC e of 3 PPM, 2 PEM, and 2 PPM,

respactively.

Biodegradsbility. Readdy blodegradeble in aerobic conditions, Residuai somponents most
retakitrant to hiodegration are branched alkanes.

Partition Caoetficient Jog Kow), 2.13 to 4.85.

Fhatadegration: Gasoline wili partition to air, wilh the stmaspheric haif-ifs for constituents
ranging from 0.8 days o 16 days,

MSDS Mo
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Stabdity in water. Gasoline ja not readily sbisceplible to hydralysis under aquatic canditions.
and the constituents readily partiffon 1o air,

SECTICON 13, DISPOSAL CONSIDERATIONS

Hazard sharacteristic and regulatory waste stream clagsification can change with product use. Accordingly, it is
tha respansibility of the usor to defermine the praper storage, transportation, treatment andfor digposal
methodologles for spent materials and residuss al ths time of dispeshian,

Maximize materal recovery for reuse ar recyeting, Rectvered non-usable material may be
reguinted by US EPA as a hazamkus waste due to its ignitibllity (D001} andlor is foxic
(D18} eharacterisics, Conditions of use may cause this nisterial {o become a "hazardous
wagte", as defihed by federal or siate regulations. 1t is the respoensibility of the user to
determine if the materiat is 2 RCRA "hozardous waste” at the fime of disposal.
Transportation, reatment, sterage and disposal of waste material must be conducted in
agcordance with RCRA regulations {see 40 CFR 260 through 40 GFR 2713, Steie andfer
tocal reguimtions may be more restrictive. Contact yaur regionat U3 EPA office Tor quidance
conceming case specfic disposal issues.

SECTION 14. TRANSPORT INFORMATION

The shipping description below may noi represent requirements for af modos of transporiation, shipping
methods or logations outside of the Unitod Staos.

S DOT Skatus A US. Department of Transpotiation regulated matesial

Proper Shipping Mame  Gaseline, 3, UN 12063, PG H
Gasgohol, 3, NA 1203, PGli {Use only for gasolitie blended with lese than 20% ethanol}

ard Clags 3 DOT CGiass; Flammable iquid, Packing Group I
UNMA Number UN1203 or NAT203
Reportablo Quantity A Reportabla Quantity {RQ5 has not been eslablished for this material.

Placard(s) Emergency Regponse 128

Guide No,
MARPOL 1l Status Nt 8 DOT "Marine
Pallutart” per 489 GFR
171.8.
SECTION 15. REGULATORY INFORMATION
TSCA Inveniory This product andior s components are fisted on the Toxlc Substances Control Act {TSCA}
inverdory.
SARA 302304 The Superuhd Améndments and Reauthorization Act of 1986 (SARA) Title lHl requires
Emergency Planning  faclities subject lo Subparts 302 and 304 {o submit emergency planting and netification
anct NotHlcation information based on Thrashoid Planning Quaniities (TFOs) and Reportabie Quaniilies

{RGs} for "Extremety Hazardous Sobstances” listed In 40 CFR 302.4 and 40 OFR 255, No
componenis were identifiad,

SARA 311012 Hazard  Ths Supetfund Amendments and Reauthorization Act of 1988 {SARA} Titke i requites

wification faciities subject to this subpart ta subimit aggregate information on chemicals by “Hazard
Categaiy” as defined in 40 CFR 370.2. This material would be clssslfied under the following
hazard categaries)
MEDS Ma.  LMLEAD Revision Dats 1041442003 Continued on Next Pags Page Mumber 14
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SARA 313 Toxic
yaical Notification
-..d Relvase Reporting

CERCLA

Cloan Water Act
1WA}

GaHfornia
Proposition 65

New Jorsey
Righi-to-Know Labe!

Additional Remnarks

CITGD Gasolines, All Grades Unleaded
Fire, Acue {immediate’ Health Hazard, Chronic (Defayed) Health Hazard

This pradudt contalns the following components in concenirations shove de minimis fevels
that are fisted as toaxic chemicals in 40 CFR Pat{ 377 gurzuant to the requirements of Section
313 of BARA:

Toluene [CAS No.: 108-B8-3] Concentration; <25%

Kylene, all isomers [CAS No,: 1330-20-7] Concentralion: <1B%

n-Hexane [CAS Moo 110-54-3] Concentration: <8%

Benzene {CAS No.: 71-43-2] Concantration: <5%

Cumane [CAS No.: 98-82-8] Conceniration; <4%

Ethythenzensa [CAS No.: 100-41-4] Concentration: <4%

1,2 A~Trimetiythenzene [CAS No.: 95-63-6] Concentralion: <3%

Cyclohexane [CAS No.: 110-82-7] Concentration: <3%

Naphthatene {CAS Mo.: 91-20-3] Concentration: <2%

Styrene [CAS No.! 100-42-5] Concentration: <1%

The Comprehensive Enviranmental Response, Compensation, and Liabiity Act of 1980
{CERCLA; requires notification ot the Nafionat Response Center toncerning raleass of
quantities of “hazardous substances” equal 1o or greater han the reportable quantitiss (RQ's)
tisted in 40 CFR 302.4. As defined by CERCLA, tha term "hazardous subsianes” does nol
include pefrgteun, including crude off or eny fraction hereo! whick is ot otherasse
specifically designated in 40 CFR 302.4. Chemical substances present in this praduct or

reflnety streant that may be subject to this statuie sre:

Taluene [CAS Ma.: 108-88-3] RQ = 1000 lns. {4535 kg} Concentration: <25%

Xylene, all ispmers {CAZ Ne.: 1330-20-7F RQ = 100 Ibs, (45.26 Ky} Concentration: <18%
n-Hexane {CAS No- 110-54-3] RQ = 5000 lbs. (2268 ky) Coneentration: <8%

Benzene [CAS No: 71-43-2] RGO = 10 fbs. {4.536 kg) Concaniration: =<5%

2.2 4-Trimethyipentane {CAS No.: 540-84-1) RO = 1000 Ibs, (4536 kg} Cancaniration: <5%
Curngne [CAS Na,: 58-82-8] RQ = 5000 1ba, {2268 kg) Concenlration: <4%

Ethytbenzene [CAS Na.: 100-41-4¥ R0 = 1000 tha. {453.6 ky Concentration: <4%
Cycichexane [CAS Na.. 110.82-7] RQ = 1000 Ibs. (453 6 kg) Concantration: <336
MNaphthalene [CAS No.: §1-20-3] RQ = 100 e, (45,38 kg) Congentratlon: <2%

Styrene (CAS No. 100-42-5] RQ = 1009 Ibs, (453.8 kg Concentration: <1%

This material is classifled as an olf under Saction 311 of the Clean Water At (CWA) and the
Oil Polwtion Act of 1980 (OPA). Discharges o spllis which produce a visible sheen on watars
aof the United Siates, thel adjsining shorelines, or into conduits feading o surface waters must
be reparted to the EPA's Nalional Responsz Center at (B00) 424-8802,

This material may contain the folfowing components which are knawn fo the State of Californta
to eavse cancer, birth defects or other reproductive harm, and may be subject to the -
requirements of Calliomia Propasifion 66 (CA Health & Safety Code Sectian 25249 5);
Gasoline (Whally Vaporized and Enging Exhaust). Benzene [CAS Na, 71433}, Toluens {CAS
to. 106-88-3], Ethyfbenzene (CAS No.100-11-4] and Nephthatene [CAS No $1-20-3)

Gasoiine [MJDEF CAS No. 8005-81-9]

Ag minimurm requiremtents, CITGC resommends that the following advisory infarmation be
dispiayed on equipment used to dispense gaseline in motor vehictes. Additional warnings
speciiied by vanqus reguiatory authorifies may be requiied: "DANGER: Extremety
Flammable. Use as 2 Motor Fusi Only, No Smoking. Stop Bngine. Turn OF Ali Electronic
Equipment including Cellular Telophones. Do Not Overfit Tank. Keep Away from Heat and
Flames. Do Not izave nozzle unaitended during refueling. Statle Sparks Can Cause a Flre,
aspacially when flliing poriable contaihers, Containers must be metal ar other material
approved for sioring gasoline. PLAGE COMTAINER ON GROUND, DO NOT FLL ANMY
PORTARLE CONTAIMER IN OR ON A VEHICLE, Kesp nozzle spout in santacy with the
confainer during e entive ftling eperalion, Harmiul or Fatal if Swallowad, Loag
Tertm-Exposure Has Caused Cancar {h Laberatory Animals. Avoild profonged braathing
ot vapors. Keep face away from no:zle end gas tank. Never siphon by mauth,”

WHMIS Class B-2: Flammatle fiquid with a fash point fower than 37.8°C {100°F).

YWHMIS Class 0-28: Material causing otter toxic sflects {TOXIC).

MSDE Mo, UNLEAD

ten
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CITGO Gasolines, All Grades Unlaaded

SECTION 18, OTHER INFORMATION

«vior to the i0D of Page 1 for the HMIS and NFPA Hazard Ratings for this produst.
REVISION INFORMATION

Varsion Number 8.1

Revision Dato 101472008

ARBBREVIATIONS )

AR Approgimalely EQ: Equal = Geostar Than < Less Than
MA: Mot Appficabls ND: Mo Data ME: Not Established

ATGIH; Ameiican Gonderence of Governments: ndusitiat Hygienists
AR Aamardesn industis! Hygiene Association
' FEC Intemattanat Agency for Ressarch on Capcer
MIDSH: Nationgt nstitule s Qocupstioral Safely and Health
MPCA; Mational Fainl and Coating ManuRriiirers Assocution
EPA. UGS Environniendal Profeghon Agancy
HIAKS: Hiozardous Malarials infuenedus Systen

OSHA Decupationat Safoty and Health Asatdinisteation
MTP. batonat Toxitolugy Fragrem

MEPA. Navonaf Firo Protegtion Asaggiation
MECLAIMER OF LIABIITY

THE INFORMATION IN THIS MSDS WAS OBTAINED FROM SQLIRGES WHICH WE BELIEVE ARE RELIABLE.

ICWEVER, THE INFORMATION IS PROVIDED WITROUT ANY WARRANTY, EXPRESSEDN OR IMPLIED

" T ARDING TS CORRECTNESS, SOME INFORMATION PRESENTED AND CONCLUSIONS DRAWN HEREIN ARE
F A SOURCES OTHER THAN DIRECT TEST DATA ON THE SUBSTANCE ITSELF. THIS MSDS WAS PREPARED
AND IS TO BE USED ONLY FOR THIS PRODUCT, IF THE PRODUCT 18 USED AS A COMPGNENT IN ANOTHER
PRODUCT, THIS MSDS INFORMATICN MAY NOT BE APPLICABLE. USERS SHOULD MAKE THEIR OWN
INVESTIGATIONS T0 DETERMINE THE SUITABILITY OF THE INFORMATION OR PRODUGTS FOR THEIR
PARTICULAR FURPOSE.

THE CONDITIONS OR METHODS OF HANDLING, STORAGE, USE, AND DISPOSAL OF THE PRODUGCT ARE
BEYOND OUR CONTROL AND MAY BE BEYCHD OUR KNOWILEDGE, FOR THIS AND OTHER REASOMS, WE DO
NOT ASSUME RESPONSIBILITY AND EXPRESSLY DISCLAIM IIABILITY FOR LOSS, DAMAGE OR EXPENSE
ARISING OUT OF OR {R ANY WAY GONNECTED WITH HANDLING, STORAGE, USE OR DISPOSAL OF THE
PRODUCT.

vewss END OF MSDS  4t-e

D-143



MATERIAL SAFETY DATA SHEET

Dieseol Fuel {All Types) MSOE No. 9508

s s

ENERGENCY OVERVIEW
CAUTION!
OSHAMFPA COMBUSTIBLE LIGUID - SLIGHT TO MODERATE IRRITANT
EFFECTS CENTRAL RERVOUS 5YSTEM
HARMFUL OR FATAL iF SWaLLOWED _
Moduarate fire hazard, Aveid breathing vapoers of mists. May causs dlzzlness
and drowsiness, May cause moderate eye irritation and skin irritation {rash),
Leng-erim, repeated expostirg may cause skin cancer,
If Ingested, do NOT induce vomiting, as this may cause chemizal pneumsnlia
{Huid in the lungs).

NEFA 704 {Section 6}

B — ——
S b s

. frserartt

[ 1. CHEMICAL PRODUCT AND COMPANY INFORMATION . - .

tiess Corporation
1 kess Plaza
Wondhridge, W2 070950964

EMERGENGY TELEPHONE NURBER (24 ey CHEMTREC {600} 424-930D

QOMPANY CONTACT (busineas hotrsj: Comorate Safety (7323 760-3000
K303 TERNET WERSITE: warw hess.com  (See Envirgnment, Mealth, Bafaly & Social Regpansibaity)

SYNONYRS: Ultra Low Sulfux Dissef {ULSD); Low Sutfir Dizsel Motot Vehicle Dieset Fust [Hesal
Fuel #2; Dyedt Diesal Fuel; Non-Read, Locomotive and Marine Diess} Fuel; Tax-exampt
Biesal Fust

See Section 16 for abbreviations and acronyms.

[ 2. _COMPOSMON and CHEMICAL INFORMATION DN INGREDIENTS 1
INGREDIENT NAME [CAS No.) CONCENTRATION PERCENT BY WEIGHT
Dlissel Fuet (63475-34.6) 100
Naphihalene (91-20-3} Typically < 0.01

A -camplex mixhire of hydrocarbons with carbon numbers in the range C¥ andg higher, Dissal fusl may ba
dyed (red) fx tax pUrposes. May conlain g multifunctionat additive.

i3, HAZARDS IDENTIFICATION

EVES

Contact with iquid o vapor may ctuse mild hmitation.

SKIN

May cause skin inftation with prolonged or repaatad cantact. Practically non-toxic if absorbed foliowing
acute (single} exposure. Liquid may be absarbed theougs the skin in Ioxic amounts i iarge areas of skin
are repestadiy exposed, ’ ’

INGESTION

The major heaith threat of ingestion eceurs fror the danger of aspiration {breathing) of liquid drops into
the lungs, particulardy from vomiting. Aspiration may result in chemical prauntonia (A in the ings},
sevaie lung damage, respiratary fallure and even death,

ingestion may cause gastointestinal disturbances, including Iviistion, nauses, voriting and diarthes, and
oentrat nervous system (brawn) effects sititar to aleohol intoxication. In severa cases, fremors,
convulsions, loss of consciousness, coma, raspiratory arest, and desth may oceur,

Revigion Dale; 1041872006 Page ] of 7
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MATERIAL SAFETY DATA SHEET
Diesel Fuel {AHl Yypes) HSDS Mo, 5809

IHALATION

Excessive exposure may cause iirlations to the nose, thwoat, fungs and respiratory fract. Cantral nervous
system {brain} affects may include headache, dizziness, loss of balance and coordinatian,
LUNCONsHnUShEss, coma, respiratery failure, and death.

WARNNG: the burning of any hydrocarion ss a fusl In et aren without adequate vettilation may result
in hazardous levels of combustion products, indluding carhon ronoxide, and Ihadequate oxmen levels,
which may causs unconsaausness. sulfacation, and death,

CHRONIC EFFECTS and CARCINOGERIGITY

Simitar preducts produced skin cahcer and ystemic toxicity in laboratory animals following repeated
applicalions. The significance of thesa results to human exposurss has not been determined - see
Section 11 Toxicological lformetion.

ARG classifies whole diesel Tuel exhaust panlcilates as probably carcinegenic to humans (Group 2A).
MNIGEH regards whole diesel fuel exhaust particulates 43 a pofential ¢ause of occupations! Ling cander
based on animal studies and Fmited evidanca in humans.

CONDIZIDNS AGGRAVATED BY EXPOSURE

Irrtatian from skin exposure may aggravale existing open wounds, skin discrders, and detmatitis {rash),

i 4, FIRST AID MEASURES }
EYES
In caae of contsct with eyes, immadistaly flust with clean, lowspreasure water for af least 15 min. Hoid
evelids open lo ensures adequate flushing, Seak medical atteniion.

SKIN
Remove coraminatad cothing. Wash contatiineded sreas thoroughly with soap and waler or weterless
hand cfeanser. Obtain medical attention H inftation or redness devefops.

JHEESTION
BO NOT INDLICE VOMITING. Oo nod give liquids. Chitain immediate medical altention, If sponteneous
vomiting oocuys, lean vistim forward to reduce the risk of aspiration. Monitor fav braathing diffculties.
Small amounts of material which enter the mouth should be fipsed out undll the tasts is dissipated.

INHALATION
Remove person fo fash air. If persen is not breathing provide antificlal raspiration. If neceseary, provide
additional nxygen once breathing is restored if trained o do 50, Seek medical attantion inmadiztely.

{5, FIRE FIGHTING BAEASURES ]

FLANMABLE PROPERTIES:

FLASH POINT: > $25 °F (= 52 °C} minimum PMCG
AUTOICNITION POINT: 494 'F {257 °C)

QSHA/NFPA FLAMMABILITY CLASS: 2 {COMBUSTIBLE)

LOWER EXPLOSIVE LIMIT {%): 0.6

UPPER EXPLOSIVE LIMIT (%) . 7.5

FIRE AND EXPLOSION HAZARDS

Vapors may be ignited rapldly when exposed to heat, spark, open flame or other source of ignifion.

When mixed with air and sxposed to an ighition source, fammable vapers can bugy in the open or
explodes in confined spaces. Balig haavier thah air, vapors may travet long distances to an ignition source
and fiash back. Runcff io sewer may cause fire or explosion hiazard.

EXTINGERSHING MEDIA
SMALL FIRES! Any extinguisher suitable for Cleas B fires, dry chemical, CO2, watur apray, fire fighting
foam, or Halon,

Revision Date: 10182006 PagaZ of 7
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MATERIAL SAFETY DATA SHEET
Diesel Fusl {All Types) MSDS Mo, 2508

P

LARGE FIRES; Water spray, feg or fire fighting foam, Water may be ineffactive for fighting the fire, but
may be usad to cool fire-exposed containers.

FIRE FIGHTING INSTRUCTIONS
Small fires in the hdpient (begenning} stage may typicelly be exdinguished vsing handheld portable fire
extinguishers and other bre fighting equipment.

Firefiihting activitios that raay result i potentiat exposiee to high heat, smoke or toxic by-products of
combustion should require KIOSHMSHA- approved pressure-demand self-contained breathing
apparatus with full facopiece and fulf protetiive dothing,

{solate area around container involved in fire. Cool tanks, shells, and containers exposed to fire and
exceseive heat with water. For massive fires the use of unmanmned kose holders or monitar nozzles may
be advantageons to further minimiZe garsonnst exposure, Major fires may requite withdrawal, atlowing
the tank fo burn. Large storags tank fires typicaly require spedially rained personnel and equipment to
extinguish the fire, often including the neéd for properly applled fire fighting foam,

See Section 16 for the NFPA T04 Hazard Rating.

(6. ACCIDENTAL RELEASE MEASURES

ACTIVATE FACILITY'S SPILL CONTINGENCY OR EMERGENCY RESPONSE PLAN,

Evacuate nonessential personnal and ramove or sectre all ignition sources. Gonsider wind direction; stay
upwind and uphill, if possibls. Evaivale the direciion of product travel, diking, sewers, elc, to confirm splli
areas. Spiifs may infitrate subsurface soil and grourdwater; professional assistance may be necessary
1o determine the exdent of subsurface impast.

Carsfudly contain and stop tho sturee of the splll, if safe {o do 5o, Protact bodies of watsr by diking,
ebsorbents, or absorbent boom, if possible. Do nol flush down sewer or drainage sysiems, unfass
sysiem iz designed and permitted o handie such material. The use of fire fighting foam may ke vseful in
certain situations to reducs vapors. The proper use of waler spray may effectively disperse product
vapors of the Hiquid #sell, preveniing contact with ignition sourges of areasfequipment thal require
protaction, .

Take up with sand or other ol absorhing materials. Corefully shoved, scoop or sweep up info & waste
comtainer for reclamation or disposal - caution, flammable vapors may accumulate in dosed contalners.
Rasponge and cleab-up crews must be propsrly trained and must villize proper proteciive equipment
{see Soction 8}, '

A HANDLING and STORAGE

HANDLING PRECALITIONS

Handie s & combusiible liquid. Keep away from heat, sparks, and npen flame! Efstirical equioment
should be approved far ciassified area. Bond and ground containers during product transfer o reduce e
possibiity of statiednitiatsd fire or explosion.

Diese! fuel, and in particitar low and uitra low sulfur diesel fuel, has the expabiity of stcumulating a static
elecirical charge of sufficient ensrgy to cause a hrefexpiotion in the presence of lower flashpeint praducts
such as gagcline. The accumufation of such a static charge oocurs s the diesel flaws through pipelines,
fillers, nozzies end various work tasks such as lank/cantainar (fing, splash leading. tank cleaning:
product sampling; tank gaoging; cleaning, mixing, vecuum truck aperations, awiteh loading, and product
agitation. There is & greater patential for static cherge accumitalion i cold temperature, fow humidity
concitions.

Dozcuments such g5 28 CFR OSHA 1910106 "Flanmimakis and Combustible Liquicds, NFPA 77 :
Recommended Prastice on Stalic Electricity, AP} 2003 "Proteciion Against ignitions Arising Out of Static,
Lightning. and Stray Gurrents and ASTHM D4885 "Stendard Guide for Ganeration and Dissipation of Static

Revigion Date: 10/18/2008 _ Page 3 of 7
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Electricily in Petroleurn Fuet Systems” address special precautions and design requirements invoiving
tnading rates, grounding, bonding, fiter instatiation, canductivity additives and especially tha hazards
associated with "switch Joading.” ["Switch Loading” is when & nigher fash point product (such as iesel)
is Icaded Into tanks previcusly containing a iow flash point product {such as gasoline} and the elactrical
tharge generated during lnading of the diesel resuils in s siatic ignition of the vapor from ihe previcus
cargo {gasoiing) )

Note: When conductivity addilivas are used or are nécessary the product shoutd achisye 25
picosigmensimeier or greater 2t tha handfing temperature.

STORAGE PRECAUTIONS

keep away from flame, sparks, excessive temperetures and open fame, Use approved vared
coftainers. Keep containers diosed and clearly iabeled. Emply produst contalness or vesseis may cantain
explosive vapors, Do not pressurize, Gut, heat, weld or exposa such containers 1o souress of ignition.

Store in 2 wefi-ventilated area. This storage area shoutd somply with NFPA 20 "Flammabie and
Combusiible Liquid Coda™. Avoid starage near incompatitie matetlals. The cleaning of tanks previously
contpining this product should follow AP Recommendad Practics (RP) 2013 "Cleaning Mobile Tanks in
Fammable and Combustible Liquid Service” and API RP 2015 "Cleaning Petroleum Storage Tanks”.

WORIWIHYGIERIC PRACTICES

Emergency eye wash capabilty should be available in tha near prodmily to operations presanting 8
patential splash expoaure. Use good personal hglene practicas. Avoid repeated andior prolonged akin
exposure, Wash hands before eating, drinking, stnaking, or using tollet fagililes. Do not uss as a
cleaning solvent vy the skin. Do not uke solvents of harsh abrasiva skin deanes for washing this produc
from exposed skin areas.  Waterless hand clesnars are affective. Promptly remova contaminated
clothingy and launder bofora reuse, Uss cara when iaundering to prevent the formaton of larmmabie
vapors which could ignite viz washer or dryer. Consider fhe need to digeard contarminated leathor shees
and gloves,

{8, EXPDSURE CONTROLS and PERSQNAL PROTECTION |

EXPOSURE LIMITS
Exposurs Limits
Zomponents (CAS No.j Source o JWAISTEL Hots s o e
] _ DSHA b mgim, se minaral olf miat
Biesal Fual aea74-24-8) AGGIH 100 mo/m® {as totatly fivaoCalbon vapee) TV A2, skin
GSHA 10 ppm TWA
Maphthalene {¢4-20-3) ARG 15 ppm TVEA ¥ 25 ppm STEL A Sk

CENGINEEARING CONYROLS T e
Usa sdequale ventitalion (o keep vapor coneantrations of this produrt befow accupational exposure and
flammability Himits, padicularly in confing spaces.

EYEFACE PROTECTION
Safely giasses or goggles sre recommended whera there is & possibilify of sptashing or spraying.

SKIN FROTECTION

Gloves constructed of nilrile, neoprone, or PVG are recommended. Chemical profective clothing such as
of E.L. DuPont TyChem®, Saranex® or equivatent recommended basad on degree of exposure. Nota:
The reasistance of speclfic material may vary from produet i prodict a5 eell 46 with degrae of exposure.
Gonsult manufactierer specifications for further information.
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RESPIRATORY PROTECTION )

A MIOSFNMSHA-approved air-purfying respiratar with orgaric vapor carltidges or canister may bis
pemissible under cerain arcumstances where airbornie concentrations are or may be expscied to
exceed exposure fimits or for edor or imitation. Protection provided by alr-purifying respirators is fimited,
Refer o OSHA 28 CFR $910.134, NiOSH Respirator Declslon Logic, and the manufacturer for additional
guidarce on respiraory protectinn sefection,

Lise a pasitive pressure, air-supplied teapirator if there is @ potential for uncontrolied releass, exposurs
levels are not known, in dxygen-deficient atmospheres, or any other circumstanca where an air-piritying
respirater may hot provide adequate protection,

i g PHYSIGAL and GHEMICAL FROPERTIES i
APPEARANCE
Clegt, slrawyelow figuid. Dyed fuel ol will be red or regdish-colored,

QDOR
Mid, petrofeum distilate ador

BASIC PHYSICAL PROPERTIES
BOILING RANGBE: 32010 89Q of {160 o 366 °C)

VAPOR PRESBURE; 0.008 psia & 70 °F (21 °C)
VAPOR DEMNSITY fair =1} > 1.0
SPECIFIC GRAVITY (H,0 = 1); (.83 to 0.88 ¢ 60 °F (16°C)

PERGENT VOLATILES: 130 %
EVAPORATION RATE: Blrw; varies with conditions
SOLUAILITY (K08 Negfinikle

10, STABILITY and REACTIVITY ]
STASHITY: Stable. Hazardous polymerization will not ocour.

CONDITIONS TO AVOID spd INGOMPATIBLE MATERIALS
Avoid high temperatures, open flames, sparks, welding, smoking and other ignition sources. Keep awgy
from sfrang oxidizers; Viton & Fluctel ®

HAZ&BQOUS DECOMPOSITION PRODUCTS
Carbon monaxide, carhon dioxide and non-combusied hydrocarbons (smoke).

{11, TOXICOLOGICAL PROPERTIES
AGUTE TOXICITY
Acute deemal LDAG {rabhits): > 5 milky Acute arat LDS0 {rats}; 8 mikg
Primary derma! intation: axremaly mitating {rabbits)  Draize eye imitation: hon-iritating {rabhils)
Guinea plg sensitization: negative

CHEONIC EFFECTS AND CARGINOGEMICITY
Carcinogenic; DSHA: NO IARC: NO NTF, NO ACGHH: A3

Studies have shown that similar praducts prodilce skin tumors in laboratory animals following repaated
appieztions without washing or removal. The significance of this finding to human axposure has net
heen determined. Other eludles with active skin carcinogens have shown that washing the arimal’s skin
vith soap and water betwsen applications reduced {umor formation.

MUTAGENICHY {qenetic effects]
This material has been pesftive in 8 mutagenicity stiudy.

-— ..-n..mn'l
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MATERIAL SBAFETY DATA SHEET

Biesel Fuel (Al Types} 41303 No. 9909
{12 ECOLOGICAL (NFORMATIOR . ]
Keep out of sewers, drainaga areas, and waterways. Report spitfs ann reledses, as applicable, undar
Fedarat and Site reguiations.
{13, DISPOSAL CONSIDERATIONS 3

Consult fedaret, state and loca! wasle regulalions to determine appropriate disposal options.

f1a TRANSPORTATION INFORMATION

PROPER SHIFPING NAME: Diesel Fust Phacard (Internations! Only):
HAZARD CLASS and PACKING GROUF: 3,806 :
DOTHDENTIFICATION NUKMBER: NA 1903 Domestic}

: UN 1202 {International)

DOT SHIPPING LABEL: None

Use Combustible Platard i
shipping In bulk domestically

{ 16 REGULATORY INFORMATION

4.5, FEDERAL, STATE and 1 OCAL REGULATORY INFORMATION

This product and its constitusnts Ested herein are on the EPA TSCA Invetiory. Any spil or untontralied
refease of this produdt, including any substantial threat of refoase, thay be subject io federal, stele andlot
focal reparting requirements.  This prodoct andfor its constiitients may alaw be subject to cther requiations
at the state andfor iocat level, Consult thase regulations applicable to your faciity/operation.

CLEAN WATER ACT {OfL SPiLLS} .

Ay spilt or raleasa of this product o "navigable weters” {essantially any surface water, including certain
wellands) or adcining shorelines sufficlent 1o cause a visitie sheen or dapost of a sludne or emulEon
st bé reported immediately to the National Response Center {1-800-424-8802) as requirad by U.S.
Faderal Law. Also contact appropsiate skate and local regulstory ageneies ar required,

CERCLA BEGTION 103 and SARA SECTION 304 (RELEASE 7O THE ENVIRONNENT)

The CERCLA definition of hazardous substaness contzins & "petrolewn exclusion” clause which exempts
crude off, refined, end unrefined petroleum products and any indigenous components of such. However,
ather federal reporting requitements {e.g., SARA Section 304 ax wall a8 the Clean Water Ack i the spil
oteurs on navigable waters) may sl apply.

PARA SECTION 311312 - HAZARD CLASSES
ACUMEHEALTR  CHRONIC HEALTH  FIRE  SUDDEN RELEASE OF PRESSURE REACTIVE
X - T

X X |
SARA SECTION 313 - SUPPLIER NONFICATION

This product rray contaih listed chamicals bsiow the de minimis levels which therefore are not subject 1o
the suppliar notification requiraments of Secticn 313 of the Emergency Plarming and Community Righte
FTo-Know Act (EFCRA) of 1986 and of 40 CFR 372 If you may be required fo repon releases of
chenigals listed in 40 CFR 372 .28, you may contact Hess Carporate Safety if you require additional
information regarding s praduet, .

CALIFORHNIA PROPOSITON 66 LIST OF CREMICALS

This product enhtains the following chemicals that are inclyded on the Fropoaition 65 "List of Chanicals”
required by the Galifornia Safa Drinking Water and Toxic Enforcameant Aol of 1086:

-

GREDIEHT NAME (GG NUMBER) ta st
Dissel Enging Exdaust {5 CAS Number listet) 100k

SANADIAN REGULATORY INFORMATION (VHMIS)
Class B, Division 3 {Combustible Liquid) and Clase D, Division 2, Subdivision B (Texic by olher means}
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{16, OTHER INFORMATION

NEPAR HAZARD RATING HEALTH: i
FIRE: 2
: REACTIVITY: 0
Rafer io NFPA 704 “ldentification of the Fire Hazards of Matarials® for further Information
HMIS® HAZARD RATING  HEALTH: 1% *Chvopls
' FiIRE: 2
PHYSICAL: O

SHPERSEDES MSDE DATED: 02/2872004

ABBREVIATIONS:

AP = Approximyately = = Lesaihan > = Grealer than

NiA = Mot Applicable  NMD = Nol Determined  ppm = paris per milion

AGRONYMS:

ACGIH  American Conferance of Governmental NTP Nationat Toxicology Program
Industrial Hygiensts OFA Qil Poliution Act of 1990

AfHA American Indushial Hygiene Associaion  OBHA  U.S, Ocoupational Safety & Hoalth

AN American National Standards institute Administration
{212} 6424300 PEL Permissible Exposura Limit (OSHA)

AFE American Petrofeurn nstifute RCRA  Resource Conservation sod Recovery
{202) 582-8000 Act

CERCLA Comprehensive Emergency Response, REL Recoinménded Exposura Lirait {MIQSH)
Compensation, and tiabiity Act SARA  Supefund Amendmonts and

DOT U.5. Department of Transporiation Reauthorization Act of 1986 Titte il
[General info; (8O0} 467-4927) SCBA  Self-Conteined Breathing Apparatus

EPA U.5. Environmenta! Protection Agency SPLC  Splll Prevention, Control, and

HAMES  Mazanious Metergls Information System Courdarmeaasures

ARG mtemationsl Agency For Research On STEL  Short-Term Expesurs Limit (generatly
Cancer 10 minutes)

MSHA  Wine Safely and Haslih Agministration TLV Threshold Lirit Ve (ACGEH)

NFPA  National Firg Protection Assaciation TECA  Toxc Substances Control Adt
{B17)y770-3000 TWA Timme Weighted Average {8 hr.}

NIOSH  Netional Insiute of Octupationat Safety  WEEL  Workplace Environmental Exposure
and Heoalih Levet (AIHA}

NOIC Netice of infended Change (praposed WHMIS  GCanadien Viorkplacs Hazardous
change fo ACGIH TLY) Katerials Information Systam

DISCLAIMER OF EXPRESSED AND JPLIET! WARRANTIES

Infarsnatian presented hezein hea baan compled fmm SURCES consiiaies o be dapendsbia, and i3 accurate and taiabte o e besi
of aur knowlotys and befief, bit is apt guarsnieed 1o ba se. Shice condilang of uss are beyond our comol, we make fiv wiranties,
axprossad o impliod, except those that may be containad In oz witen cortract of sals of acknowiedgment.

Vandor aseumes ne resgopsbily for injury to vendee of thinf pareone predmately cased by the matoral if reaconatie satety
praceduras arg nol adibared to an sipuisted in the dats sheot. Additonally, ventar asturmes no respensibifity for injury 16 vendee of
fhlrd pedsons groxtmately cauoed by 2bnonnal wae of the maisial, aven ¥ 7eas pnable sefely procedures ars followed. Furthermons,
varufpe assiimey the sk fo ey use of e matarial.
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MATERIAL SAFETY DATA SHEET

INTERPLASTIC CORFORATION
1228 Willow Lake Boulewvard
St. Paul, MN G5L110-K1£5
{651} 481-6&860

CHEMTREC 24-Hour Emergency Telephone {8CC) 424-8300

ATTN: PLANT MGR/SAFETY DIR Date Printed: 12/15/10
Revision Date: 12/15/1¢
MSDS File ID: MSDSLETO
Customer No:
Warshouse No: ooo0L

This MSDS complies with 23 CFR 1510.1200 {Hazard Communication).

SECTION I - PRCDUCT IDENTIFICATION

Product Name: COR72-AT-470 CIPP IS0 RESIN
General or CGeneric ID: Unsaturated Polyester Resin
Hazard Classification: Flammable Liguid

SECTICN II -~ HAZARDCUS CCMPCHENTS

INGREDIENT CAS NOC. PERCENT QSHA-PEL ACGIH-TL NOTE
Unsaturated Polyester Base Resin See Index £5.0 HNone-Estb. None-Est
Styrene l00-42-58 31.4 50 ppm TWA G50 ppm (1&2)

(1) OSHA has formally endorsed a styrene industry proposal for a voluntary
50 ppm PEL for workplace exposure to styrene. This proposal was agreed
upont by representatives of the UPR industry. The OSHA STEL is 100 ppm.
The ACCIH recently changed the TLV for styrene from 50 ppm to 20 ppm,
and the STEL from 100 ppm to 40 ppm.

{2) HMIS Ratlng for btyrene Health=2; Fire=3; Physical Hazard=2

SECTICN III - PHYSICAL DATA

PROPERTY MEASUREMENT
Initial Boiling Point Far Styrene 292.40 Deg F (145.22 Deg C}
@ 760.00 mm Hg
Vapor Pressure For Styrene 4.3 mm Hg

€68 Deg F {20 Deg C)

Specific Gravity 1.81-1.30

@ 77 Deg F {25 Deg o]
Yapor Density air = 1 3.8
Evaporation Rate Slower than Ether
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COR72-AT-470

SECTION IV ~ FIRE BND EXPLOSION DATRH

Filash Point: 88 Deg F {(31.1 Deg C} for Veolatile Component
Fiammable: {Lowest Value of Styrene) Lower - 1.1%

{Upper Value of Styrene) Upper - 6.1%
Extinguishing Media: Foam, carbon dioxide, dry chemical, or water fog.

Hazardous Decomposition Preducts: May form toxic materials such as carbon
dioxide, carbon monoxide, and variocus
hydrocarbons.

Special Firefighting Proceduress: Wear self-contained breathing apparatus
with & full facepiece operated in pressure
demand or cther positive pressure mode when
fighting fires.

Vapors are heavier than air and may travel along the ground or may be moved
by ventilation and ignited by ignition sources at leocablions distant from
material handling point.

Never use welding or cutting terch on or near drum {even empty) because
product vapor ¢an ignite explosively.

SECTION V -~ HEALTH DATZ

Paermissible Exposure Level: Not established for product. See Section II.
POTENTIAL HEALTH EFFECTS
Eyes - {an c¢ause severe irritation, redness, tearing, blurred vision.

Skin - Prolonged or repeated contact can cause moderate irritation,
defatting, dermatitis.

Inhalation -~ Excessive inhalation cof vapors can cause nasal irritation,
dizziness, weakness, fatigue, nausea, headache, possikble
unconsciousness, and even asphyxiation.

Swallowing - Can cause gastrointestinal irritation, nausea, vomiting,

diarrhea. Aspiration of material into the lungs can cause
chemical pneumonitis.
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SECTION Vv - HEALTH DATA {continued)

TARGET ORGAN EFFECTS

Overexposure tc this material (or its components) has been suggested as a
cause of the follcwing effects in laboratory animals, and may aggravate
pre-existing disorders cf these organs in humans: mild, reversible kidney
affects, effects on hearing, respiratory tract {ncse, throat, and airways},
testis, liver. Overexposure to this material {or its components) has been
suggested as a cause of the following effects in humans, and may aggravate
pre-existing disorders of these organs: central nervous system effects,

mild effecks on color vision, effects on hearing, and respiratory tract
damage {(nocse, throat, and airwaysi.

FIRST AID
If on Skin: Thoroughly wash exposed area with scap and water. Remove
contaminated cleothing. Launder contaminated clecthing hefore

re-use.

If in Eyes: Flush with large amount cof water, lifting upper and lower lids
occasionally. Get medical attention.

If Swallowed: Do not induce vemiting., Keep person warm, guiet, and get
medical attention. Aspiration of material into the lungs due
to vomiting can cause chemical pneumconitis which can be fatal.

If Inhaled: If affected, remove individual to fresh air. If breathing is

difficult, administer oxygen. If breathing has stopped, give
artificial respiration. Keep person warm, guiet, and get
medical attention.

PRIMARY RQUTE{S) OF ENTRY

Inhalation, skin absorption, skin contact, eye contact.
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SECTION VI - REACTIVITY DATA

Hazardous Polymerization: Fossible
Stapility: Stable
Incompatibility: aveoid ceontact witch strong alkalies, strong

mineral acids, and oxidizing agents.

Cenditiens to Avoid: Exposure tc excessive heat or open flame,
storage in open containers, prolonged
stocrage {6 mcnths}, storage akove 100 Deg F
{38 Deg C}, and contamination with
oxidizing agents.

Hazardous Decomposition Products: Carbon monoxide, carbon dioxide, low
molecular weight hydrocarbons, and organic
acids.

SECTION VII - SPILL OR LEAK PROCEDURES

Eliminate all ignition sources {flares, flames (including pilot lights),
and electrical sparks}. Perscns not wearing protective equipment should

be excluded from area of spill until clean-up has keen completed. Stop
spill at source, dike area of spill to prevent spreading, shovel or pump to
tank or drums. Remaining liquid may be absorbed in sand, clay, earth, or
cther absorbent material and sheoveled inte containers.

SECTICON VIII - PROTECTIVE EQUIPMENT TO BE USED

Respiratory Protection: If PEL of the product or any component lis
exceeded, an NIOSH/MSHA approved respirator
is advised in absence of proper engineering
control {see your safety equipment supplier).
Engineering or administrative centreols should
be implemented to reduce axposure.

Ventilation: Provide sufficient mechanical {genmeral and/or
local exhaust} ventilation to maintain exposure
below TLV{s}.

Praotective Gloves: Wear chemical resistarnt gloves that afford
proper protection to the hands, such barrier
creams maybe used in some environments as leong as
proper skin protecticn is afforded.

Eye Protection: Chemical splash goggles in compliance with OSHA
regulations are advised; however, OSHA
regulaticns alsc permit cther type safety
glasses. (Consult your safety egquipment
supplier.}

Other Protective Eguipment: Work clothing that covers arms and legs.
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SECTION IX - SPECIAL PRECAUTIONS

Containers of this material may be hagzardous when empty. Since empty
gcontainers retain product residues {vapors, ligquid, and/or sclids}, all
hazard precauticns given in this MSDS must ke observed.

The information accumulated herein is believed to be accuratse, bhut is not
warranted to be, whether criginating with Interplastic or not. EHecipients
are advised to confirm in advance of need that the informaticon is current,
applicable, and suitable to their circumstances.

SECTION X - SUPPLEMENT

Styrene has been identified as a possible human carcinogen by the Inter-
national Agency for Research on Cancer {TARC}. The IARC determination is
based on "limited evidence" in animals and other *relevant data.® IARC
concedes there is "inadequate evidence® on humans for its findings.

The Styrene Information and Research Center {(SIRC) recently sponscred studies
to evaluate potential health effects in laboratory rats and mice exposed by
inhalation to styrene for six hours per day for five days per week of their
i1ifetime. The rat study, completed in 1996, showed no increased incidence of
tumors related to styrene exposure at levels up to 1000 parts per million
{ppm} . The results of the mouse study are in the process of being analyzed,
and so far only the lungs have been esvaluated. The number of lung tumors
observed at exposure levels of 20 to 160 ppm was increased as compared to

the number of tumcrs seen in unexposed mice. These lung tumor results from
the mouse study have been added to the MSDS for styrene.

The iung effects in the new mouse study are in contrast to findings in other
studies in both rodents and humans, including the recent SIRC-sponsored study
in rats. No link between styrene exposure and an increased incidence of
cancer has been found coliectively in eight studies of workers in the
reinforced plastics and composites industries pricr to 1992, or in twoe
subseguent studies of composites/reinforced plastics workers. All together,
over 90,000 peopie have been studied. Exposure levels irn these industries are
above the levels routinely measured in styrene and pelystyrene production.

Also in the recent animal studies, irritation and degererative effects on the
olfactory cells in the nose {responsible for the sense of smell} were cbserved
in mice exposed repeatedly by inhalation to 20 ppm and above, and in rats
expoged to 50 ppm and above. Abtrophy {degeneration} of the olfactery nerve
was observed at levels at or above 40 ppm in mice and at or above 500 ppm in
rats. SIRC is conducting follow-up research to further understand these
findings and their possible importance to humans. Liver damage has been
reported in mice at exposure levels of 100 ppm or above; comparable liver
damage has not been reported in rats or humans exposed tc styrene. It appears
that mice are more sensitive to styrene than are other species. Information
about potential damage to olfactory cells, irritation in the respiratory
tract, and potential liver damage has been added toc the MSDS for styrene.

We recommend that the precauticns in this MSDS be followed.
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SECTICKH XI -~ SUPPLIER NOTIFICATION

This product contains toxic chemicals subject to the reporting requirements of
Section 313 of the Emergency Planning and Community Right-To-XKnow Act of 1986
and of 40 CFR 372. Please refer to "Section II - Hazardous Components" for the
specific product and concentraticon.

SECTICN XII - TRANSPORTATION IMNFORMATICN

iRegulatory [UN Number| Properxr iClass | Packaging| Label additional
{Information Shipping | Group Information

| Name i |

i

i UsS DOT UN-~1B866 Resin é 3 ITX Flammable | RQ for

i | Sclution | Liguid |Styrene=1000}
i i pounds*

i l

exceeding the RQ for styrene the
shipping name.

* For shipments in a single container
letters RQ must appear in the proper

BASE RESIN CAS INDEX

The base resins indicated under Section II are identified by one or more of the

foliowing CAS numbers:

113060G-15-4 28572-30-7 58182-50-6 67859-89-6
135108-85-3 28679-80-3 61224~63~3 49624-93-3
141224-31-9 25011-83-4 62569-28-2 79-41-1
14807-96-56 29350~-58-1 64386-66-9
149717-53-3 29403-69-8 67380-21-6
155122-62-6 29403-69-8 64386-67-0

21645-51-2 30110-900-0 67595-~39-7

25037-66-5 30946-90-8 67712-08-7

25101-G3-5 31260-98-7 67845-68-5

25215~72-9 31472-46-5 67939-08-6

25464-21-5 32505-78-5 67939-40-6

2560%-89-5 32677-47-7 6B002-44-8

25749-46-6 32762-75-7 68140~84~1

25749-49-9 36346+15+~3 68140-88-5

25987-82-0 36425-15-7 68171-28-8

26098-37-3 36425-16-~8 68238-98-2

26123-45-5 37339~47-2 68299-40-1

26265-08-7 37347-B6~7 68492-68-2

26301-26~-8 37999-57-8 68511-26-2

26588-55~6 42133-45-9 68585-94-4

26795-76-6 4645920-01-2 68647-07-4

27342-37-6 52453-94-8 72259-64-4

27837-75-8 54228-09-0 81192-92-9

27863-48-6 56083-98-8 9003-20-7

28472-89-~1 56083-99-9 9065-66-3

28516~390-5 57863-48-6 37625-93-7
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SAFETY DATA SHEET AKD) N‘QBE'L

TRIGONOX C

1. CHEMICAL PRODUGT AND COMPANY INFORMATION

Product name Chemical description

Trigonox G tert-Butyl peroxybenzoate
Chemical formula
C11H14 O3 ‘

CAS-number Chemical famity

514-45-9 Organic Peroxides/peroxyesters

Suppller

Akzo Nobel Polymer Chemicals LLC
525 West Van Buren Street
Chicage, I, 60607-3823

USA

www.akzonobel-polymerchemicals.com

Emergency telephone transportation Emergency

+ 1-914-693-6946 CHEMTREC - LISA; 1-800-424-9300

Dobhg Ferry, NY LISA CANUTEC - CANADA: 1-613-996-6666

Product use productitechnical information

Polymerization initiator 1-300-828-7929

Date of first issue Pate cf last issue / Revision

1994-03-31 ‘ 20058-02-28 /9,00

2. COMPOSITION/INFORMATION ON INGREDIENTS =~~~ =~ )
Ingredients Percentage(s) CAS number
tert-Butyl peroxybenzoate $8.00 200614-45-9

3. HAZARDS IDENTIFICATION

Emergency overview

Ciear, white-lo-pale yellow liguid with an aromatic odor.

DANGER!

QORGANIC PEROXIDE.

HEAT OR CONTAMINATION MAY CAUSE HAZARDOWS DECOMPOSITION.

COMBUSTIBLE LIQUID AND VAPOR.

MAY CAUSE EYE, SKIN AND RESPIRATORY TRAGT IRRITATION.

This product is a combustibie liguid, Feroxides and decomposition products are fiammable and can ignite with

Health effects

Skin or eye contact and inhalation of vapor or mists are the principal routes of exposure to this prodiact.
Inhalation of vapors andfer mists may cause irritation of the nose, throat and Iungs.

Skin contact may cause ifritation and redness.

Eye contact may cause shight irritation,

Irritation to the mouth, throat, esophagus and stomach may he caused by ingestion of this material. Ingestion
may result in nauses and/or vomiting.

Product code  11-055850 Date of last issue 2005-02-28 page 1 of 7
Date of tant wxsup 200602-28 US‘“U"“.BC! Stﬂtﬂlfi Df Amnrica
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Akzo Nobel Polymer Chemicals LLC o f’_,m
SAFETY DATA SHEET

AXIOMOBE.
TRIGONOX C e

4. FIRST AID MEASURES

Irthalation
Remove to fresh air. I not breathing, clear victim's airway and start artificial respiration. |f victim is bireathing,
supplemental oxygen may he given from a demand-type or continuous-flow inhaler, preferably with «
physician's advice, Get medical attention immediately.

Skin — —
irmmediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing and
shoes. Seek medical attention lnumaied Wash clothing before reuse,

Eye

Immediately flush eyes with farge quantities of sunning wader for a minimurn of 15 minutes, If the victim is
wearing contact ienses, remove them. Take care not fo contarninate the victim's healthy skin and eves. Hofd
the eyelids apart during the flushing 1o ensure rinsing of the enfire surface of the aye and lids. DO NOT let
victim rub eye{s). Do not atlempt to neutralize with chemical agents. Get medical attention immediately. Qils or
ointments should not ba used ot this time. Continue flushing for an additional 15 minutes if a physician is not
immediately available.

Ingestion

Do NOT induce varniting. Call & physician or a poison contral center immediately, Give victin plenty of water to
drink. Never give anything by rmouth to an unconscious or convulsing person. Get medical altention
rnmadiately, ‘

Mote to physician

There are no data available that address medicat conditions that are generally recognized as heing aggravated
by exposure to this product.

No specific antidote is known. Based on the individual reactions of the patient, the physician's Judgement
shatid be used 1o control symptoms and clinical conditions,

5. FIRE-FIGHTING MEASURES

Flash point
Above the SADT v_alge

“Autmgnltlon tnmperature

not determined

Flash Methad =
Setaftash Closed Cup

Explosion limits
fower: N/
upper: N/D

Extinguishing media

L!se water fog or spray, dry chemical, foam or carbon diDdeD ext;ngumhmg agents.

Fire fighting procedures

As in any fire, prevent human exposire to fire, smoke, fumes or products of combustion. Evacuate
non-essential personnel from the fire area.  Firefighters should wear fuit-face, seif-contained breathing
apparatus and impervious protective clothing. 1T possible, move containers frorm the fire area
keep fire exposed containers cool with 8 water fog or epray o prevent rupture due to excessive haat.
pressure water may spread preduct from broken containers increasing contamination or fire hazard.
Contaminaled buijldings, areas and eguipment must not be used untit they are properly decontaminated. Dike
fire water for lter dizpassl, Do net aliow confarminatad water (o anter waterways.

i not leaking,
High

Fire and explosion hazard

gxplosive foree if confinad.

This product is a combustible liquid, Paroxides and decomposition products are flammabie and can ignite with

This product can produce flarnmable vapors which may travel to a saurce of ignilion and flash back,

Hazardous products of combustion

Thermal decomposition produces oxides of carbon and/or hazardous furmes, vapors and/or gasses,

Product code 11065850

Dot of laat jdmun 2005-02-

Date of last i IEEUE 2005-02-28

page 2 of 7
US.-United States of America
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SAFETY DATA SHEET AKZD NOBEL

TRIGONOX C

NFPA ratings

Hazard | Rating

Health - 1

Flarnimability
Reactivity

EaL ]

L

6. ACCIDENTAL RELEASE MEASURES

Methods for cleaning up

Remove alf sources of ignition from the spill area. Stop source of spill. if tools are needed, they should be
non-sparking. Dike area to prevent spill from spreading. i permitted to enter sewers, this material rmay create
a fire or explosion hazard. Ventitate enciosed areas to prevent formation of flammable or oxygen deficient
atmasphere, A water fog, fing spray or blanket of fire-Tighting foarn can be used to reducs vapors.

Evacuate alt non-essential personnel Lpwind. Any person entering an area of a significant spill or af an
urknown concentration of a gas or a vapor should use a NIOSH-appraved, positive-pressure/pressuredemand,
solf-contained breathing apparatus. Frotective equipment to prevent skin and eye contact should be: worn,
Soak up liquid with a suitable absorbent such as clay, vermiculite, sand or earth. Sweep up absorbed material
and place In a chemical waste container for disposat,

Contaminated areas, buildings and equipment must not be used until they are properly decontaminated,
Ganerously cover contaminated area with a slurry of cormron household, powdered taundry detergent and
water. Using a stitf brush, work the slurmy into cracks and crevices, Aliow to stand for 2-3 minutes. Then flush
with water. Rapeat if necessary. Dike water for later disposal, Do neot allow contaminated water to enter
waterways.

7. HANDLING AND STORAGE

{Handling

Containers should be focated in an area where they can be rotated regutarly (first in, first out) and visually
inspected for damage or bulging on a regular basis,

Lse approved equipment for transport of containers 1o avold puncturing or rupturing containers. D¢ not Use air
pressure to empty centainers.

Protective equipment should ba worn when handling this product to avoid eye and skin contact,

Emptied container may retain product residues. Foliow all warnings and precautions even after cantainer is
empliad,

Storage

To ingure product quality, storage temperatures should not exceed 77 F {25 C). To insure against possible
exothermic self-acceterating decomposition, storage temperatures must not exoeed 131 F (85 C). This storaga
terperafure is derived from the SADT (see Section 10). Keep containers tightly closed, Store away from
reducing agents, streng oxidizers, acids, atkalis and accelerators,

Maximum storage tempearature
7700 F 2500 °C

General comments
Containers should not be opened until ready for use. Use clean nan-sparking equipment and tools when
handling,

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Respiratory protection

Use a NIOSH-approved organic vapor respirator with dust, mist and fisrme filters to reduce potential for
inhatation exposure if use sonditions generate vapor, mist or aerosol and adecuate ventilation (e.q., cutdoor of
well-ventilated area) is not available. Where exposure potential necessitates a higher level of protection, use a
NIOSH-approved, positive-pressure/pressure-demand, airsupplied respirator,

When using respirator cartridges or canisters, they must be changed frequently {following each use or at the
end of the workshift) to assure breakthrough exposure does not nceur,

Product code 11065850 Date of last i issue 2005-02-28 page 3 of 7
Bate of last sk Z006:07-7 US-United States of America
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SKin protection
Skin contact with this product should be prevented through the use of suitable protective clathing, gleves, and
footwear seiptted with regard jor use CDndltiDn expasure potential,

Eye protection

Eye contact with liquid or serosol must be prevented through the use of chernical safety goggies or a face
shield selected with regard for use condition exposure potential.

Eye wash fountains or other means of washing the eyes with a gentle flow of water should be readily available
in ail areas where this product is handled or stored. Water should be supplied through insutated anc/or
heat-traced pipes to prevent freeze-up in winter.

ventilation protection
syfficient good general ventitation should be provided o keep concentration below the exposure imit. All work
with laboratory samples should be conducted in a hood,

Other information

Safety showers, with quick opening valves which stay open, and eye wash fountains, or other means of washing
the eyes with a gentle flow of sool 1o tepld tap water, should be readily available in al) areas where this material
is handled or stored. Water should be supphed through insulated and heat-traced lines fo prevent freexeups in
cold weather.

Applicable exposure limnits
There are no available exposure imits for this progiuct.

Agency Value/Unit of maasurement

PEL = Permissibie Exposure Limit

TLV = Threshold Limit Value

TWA = Time Weighted Average

STEL = Short Term Exposure Lirmit

CEIL = Ceiling Exposure Limit

REL = Recommended Exposure Limit

WEEL = Workpiace Envircnmental Exposure Limit
1DLH = immediate Dangerous to Life and Health

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance and Odour pH value

Clear, white-to-pale yeliow liquid with an aromatic odar. | not determined

Odor threshold (ppm) Relative vapour density (air=1)
nat determined 1= &

Volatite % Vapour pressure (mm Hg)

not determined 033@ 80 deg C

Boiling point/range Evaporation rate

not deter mmed not determined

Melting panrange
46 40 °F 8.00 *C

Clnud point Pour point

not determined » not determined

Flash point Solubility in water

Above the SADT value tnsolitble

Flash method Solubility in other solvents

Setaflash Closed Cup . nat determined

Froduct code 11.065850 Date of last isgue 2005-02-28 page 4 of 7
Qo of lant istue 2005-03-78 US"United States Df Amﬂrica
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headache and throat irrtation.

The peraoxide has been found to be genetically active
in the Mouse Lymphoma Forward Mutation Assay.
Inconclusive results have been obiained in the Ames
Test, | did not induce the formation of micronuclia
when tested in mice.

The reproductive toxicity of this product is rot known,
The neurotoxic effects of this product are not known.

Overexposure to this product may affect th: skin, eyes
and respiratory system.

Othar toxicological information Prolonged contact with clothing saturaied with
tert-butyl peroxy benzoate may cause skin irmitation
and biistering,

12. ECOLOGICAL INFORMATION

Ecotoxicological information The ecological toxicity of this product is not known.

Bivaccumulation Chemical fate information on this product is. not kKnown.

Other information Other ecological information an this product is not
known.

13, DISFOSAL CONSIDERATIONS

| Waste disposal In accordance with regulatmns

The characteristics of ignitability (D001) and Reactivity (D003) as per RCRA, would be exhibited by unused
product if it becomes a waste material. !t is the responsibility of the waste generator to evaluate whether his
wastes are hazardous by characteristic or listing. All waste should be disposed of in accord with feceral, state
and local regutations. Note: State and/or local regulations miay be more stringent than federal regulations.

Container disposal
Containers should be cleaned of residual product before disposal. Empty containers should be dispused of in
accordance with all applicable laws and regulations.

14. TRANSPORT INFORMATION

Shipping description ORGANIC PEROXIDE TYPE ¢, LIQUID
(TERT-BUTYL PERQXYBENZOATE, 98%)
52, UN3103, PG H

NORTH AMERICAN ERG NO:146

Required labels ORGANIC PEROXIDE.

Environmentally hazardous subetance This pradust does not contain sn enviranmuantally
hazardous sutrtance per 49 GFR 172,101, Appendix
A

15. REGULATORY {NFORMATION )
Froducts andfor components listed below are subject to the fellowing:

tert-Butyf peroxybenzoate

Massachusetts Substance List ’ yes

New Jersey R-T-K Hazard, Sub, yes

Toxic Subst, Cord. Act -listed yBs

Product code  11-065850 Data of last i issue 2005-02-28 pagef of 7
Gato of Jask |Rsua 2005022 US-United States of America
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|Dorﬂestic Substance List-Canada yes ﬂ ,,,,,,,,,,, — 4]

Hazard classes

Description . Applicahl‘e

HMIS Hazard Rating Source | AMTEs -

HMIS Heafth rm——

HMIS Flammability | =15 - O —
HMIS Reactivity 3 —

WHMIS Hazard classes B-3.C D2B F

Other regulatory information
This product has been classified in accordance with the hazard eriteria of the Controlled Froducts Regulations
and the M3DS contains all of the information required by the Controlled Products Regulations.

16. OTHER INFORMATION

Other information
TRIGONOX is & reqgistered trademark of Akzo Nobel Chemicals inc.

Created by
B. McHenry, Regulatory Affgirs - Americas

The information in this material safety data sheet should be provided to all who will use, handle, store, transport
or otherwise be exposed to this product. All infarmation concerning this praduct and/er suggestions for
handling and use contained herein are offered in good faith and are believad o be reliable as of the date of
publication. However, no warranty is made as to the accuracy of and/or sufficiency of such informaion and/or
suggestions as to the merchantability or fitness of the product for any particular purpese, or that any suggesied
use will not infringe any patent. Nothing in here shall be construed as granting or extending any ficense under
any patent, Buyar must determine for himself, by preliminary tests or otherwise, the suitability of this product for
his purposes, including mixing with other products. The information contained herein supersedes all previously
issued bulletins on the subject matter covered. If theé daie on this document is more than three years old, call to
make certaln that this sheet is current,

FProduct code 11-065B850 Date of last issue 2005.02-28 page 7 of 7
Date of last issuw 2005-02-28 USHUH!tﬂd $tat8-s Df Amel’ica
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MATERJAL SAFETY DATA SHEET
North American Composites
300 Apollo Drive
Lino Lakes, MN 55014
24-Hour Emergency Telephone (800) 424-9300

3701126200

GELCO SERVICES, INC. Issue Date:  12/08/2004
P.O.BOX 17370

SALEM, DR 97305-7370

The Material Safety Data Sheet accompanying this cover page is for a compound

supplied, not manufactured, By Norith American Composites. It complies with 29 CFR
1910.100. ,

Product Number Product Description

0801 STYRENE - 15PFM 0BOY.pdf
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Interplastic Corporation
1225 Willow Lake Blwvd
Vadnais Heights, MN 55110-5145

24-Hour Emergency Telephone (B00) 424-9300

Revision Date: 04/20/92
ATTN: PLANT MGR/SAFETY DIR Issue Date: . 12/09/03

MSDS File id: MSDSLT14
Customer No:
Whse No: 0001

This MSDS complies with 29 CFR 13910.1200 (The Hazard Communication Standard)

I. IDENTIFICATION

Product NMame: Styrene
Formula: C6HS5CHCH2

IT. ITNGREDIENTS AND RECOMMENDED OCCUOPATIONAL EXPOSURE LIMITS

Component: Styrene

% Weight: Approximately 100

CAS5 No.: 100-42-5

Exposure Limits: OSHA-PEL: TWA-50 ppm; STEL-100 ppm
ACGIH-TLV: TWA-30 ppm; STEL-100 ppm

- RZARD DATA - DANGER!

cxtremely flammable liquid and vapor. May cause eye, skin, and
upper respiratory tract irritation.

INGREDIENT HAZARD INFORMATION
Identified as a SARA Section 313 chemical.

ITII. PHYSICAL DATA

Boiling Point (oF): 295

Melting Point (oF): =138

Vapor Pressure {mm Hg.)} @ 200C: 180

Vapor Density (AIR=1): 4.5

Appearance and Odor: Colorless liquid; aromatic, sweet odor
Specific Gravity (H20=1) @ 250/25: 0.90

Evaporation Rate (n-BufAc=1.0): 5.6 Fast

pH: Not Applicable

Solubility in Water: Negligible
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VI. S5PILL OR LEAK PROCEDURES

J/RANSPORTATION EMERGENCIES
Call CHEMTREC (800) 424-3300

STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED
Release can cause fire/explosion. May polymerize/release
heat/gases. Liquids/vapors may ignite. Evacuate/limit access.
Equip responders with proper protection. Extinguish all ignition
sources. Stop release, prevent flow to sewers/public waters.
Notify fire/environmental authorities. Blanket with firefighting
foam. Restrict water use for clean-up. Impound/recover large
land spill. Soak up small spill with inert solids. Use vented
disposal containers. On water, material insoluble/floats.
Contain/minimize dispersion/collect. Disperse residue to reduce
aquatic harm. If spill hardens, contain/collect as any solid.
Report per regulatory requirements.

WASTE DISPOSAL METHODS

Contaminated product/soil/water may be RCRA/0SHA hazardous waste
due to potential for internal heat generation. (See 40 CFR 261
and 29 CFR 1910.} Landfill solids at permitted sites. Use
registered transporters. Burn concentrated liquids in systems
that use compatible fuel. Dilute with clean, low viscosity fuel.
Avoid flameouts. Assure emissions comply with applicable
regulationg. Dilute aqueous waste may biodegrade. Avoid over-
loading/poisoning plant biomass. Assure effluent complies with
applicable ,regulations. : : '

VII. HEALTH HAZARD DATA

MAJOR EXPOSBURE HAZARDS
Inhalation: Yes

Skin Contact: Yes
Eye Contact: Yes
Ingestion: Yes

EFFECTS OF OVEREXPOSURE

INHALATION: Overexposure may cause irritation to the respiratory
tract and to other mucous membranes.

EYE CONTACT: May cause moderate irritation, including burning
sensation, tearing, redness, or swelling.

SKIN ABSORPTION: No significant signs or symptoms indicative of
any health hazard are expected to occur as a result of skin

absorption exposure.

SKIN IRRITATION: May cause delayed skin irritaticn and
blistering.

INGESTION: This material may be a slight health hazard if
ingested in large quantities.
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SKIN: When skin contact is possible, protective clothing,
_including gloves, apron, sleeves, boots, head, and face
rotection should be worn. This equipment must be cleaned
~horoughly after each use.

ENGINEERING CONTROLS: Local exhaust_véntilation méy be required
to meet exposure standard{s} in addition to general room
ventilation.

OTHER HYGIENIC AND WORK PRACTICES: Emergency eye wash fountains
and safety showers should be available in the immediate vicinity
of any potential exposure.

Use good personal hygiene practices. Wash hands before eating,
drinking, smoking, or using toilet facilities. Promptly remove
soiled clothing/wash thoroughly before re-use. Shower after work
using plenty of soap and water.

X. REGULATORY STATUS

TSCA STATUS: This product {or its ingredients if it is a
mixture) appears on the Toxic Substances Control Act Inventory
(TSCA) .

SARA HAZARD CATEGORIES ({Section 311 and Section 312):
Reactivity: Yes

Immediate Health: Yes

.Delayed Health: Yes

_ire: Yes

SARA Section 313: See Section II, Ingrédient Hazard Statement
DOT SHIPPING NAME: Styrene Monomer

DOT HAZARD CLASS: Flammable Liguid

IDENTIFICATION NUMBER: UN2055

HMIS RATINGS (Hazardous Materials Identification System, Scale 0-
4) :

Health: 2

Flammability: 3

Reactivity: 2

NFPA RATINGS {National Fire Protection Associlation, Scale 0-4):
Health: 2

Flammability: 3
Reactivity: 2
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SAFETY DATA SHEET

PERKADOX 16

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE COMPANYAINDERTAKING

Product tabel name
Di{4-tert-butyleyciohexyl) peroxydicarbonate, powder

Supplier

Akzo Nobe! Polymer Chemicals LLC
525 West Van Buren Street
Chicago, IL 60607-3823

Emeargency telephone
+ 1-914-692-6946
BDobbs Farry, NY USA

trar;spﬁrtaticm emergency
CHEMTREC - LISA 1-800-424-2300
CANUTEG - CANADA; 1-613-506-6665

Inténded use
potymerization initiator

Pate of first issue
2005.12-08

Pate of last issue / Revision
2005.12-068/2.88

Chermical family
peraxidas

2. COMPOSITIONANFORMATION ON INGREDIENTS

information on hazardcus ingredients

Chemical description
Di{4-tert-butyleyclohexyl) peroxydicarbonate, powder

Composition / information on ingroadiants

% wiw CAS-pumber

Chemical name

1 > 94.0

015520-11-3

Di(4-t_¢r1—butylcy¢mhex}ml) ﬁéroxyclicarbanate

3. HAZARDS IDENTIFICATION

Emergency overviaw

white powder with faint odour
DANGER!

ORGANIC PEROXIDIEE.

MAY CAUSE RESPIRATORY TRAGT IRRITATION.

REFRIGERATED ORGANIC PEROXITE- MAINTAIN COOLING.
HEAT OR CONTAMINATION MAY CAUSE HAZARDOUS DECOMPOSITION.

Peroxides and peroxide decompesition products are flammable and can ignite with explosive force if confined

Health eects

Skin contact is not expected to cause irritation.
Eye contact may cause slight irritation.

Skin and eye contact ara the primary routes of exposure to this product.
Inhalation of dust may cause iritation to nose, throat and upper respiratory system.

Carcinogenicity

Description Applicable
ARG no

NTP no

Product code 661451
[rats f printng/

Pt Tike guneeated 2006-12.20

Date of lask izsue 2005-12-08

Page 1 of &
US-MA global
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4. FIRET AID MEASURES

Symptoms and effects
Dust may be irritating to the respiratory tract Eand‘tl:ause symptoms of bronchitis

Flrst aid

Genera}

In all cases of doubt, or when symptoms persist, seek medical attention .

Inhalation
Remove to fresh air . I not breathing, give artificial respiration . Oxygen may additionally be given, by trained
personnel, if it is available . Get medical altention if symptoms occur .

Skin
Flush skin with plenty of water . Remove contaminated clothing and shoes . Get medical attention if irritation
develops and persists . Wash clothing before reuse . Thoroughly clean or destroy contaminated shoes .

Eye

immediately flush eyes with plenty of water . if easy to do, contact lenses should be removed duing the
flushing, by trained personnel . Oceasionaily hold the eyelids apart during the flushing to ansure rinsing the
entire suiface of the eye and lids with water . Get medical altention if irritation develops and persists .

ingestion

Call a physician or a poison control center immediately . Induce vomiting anty if directed by medizal
personnel . The patient should lie on their left side while vomiting to reduce the risk of aspiration . Never give
anything by mouth to an unconscicus or convulsing person .

Advice to physician

There are no data available that address medical conditions that are genesrally recognized as being aggravated by
gxposure to this material .

Attending physician shauld treat exposed patients symptomatically |

5, FIRE-FIGHTING MEASURES
Extinguishing media
waterspray | foam , sand | dry cheinical powder , CO2

Unsuitable extinguishing media
hialones .

Hazardous decomposition/
combustion products
CQz2 | Carbon monoxide 4-fert-Bulyioyclohexano! 3

Protective equipment

Firafighters must wear fire resistant protective equipment . Wear approvad respiratar and protective gloves

Other informaticn
Evacuate all non-essential personnel . Extinguish a small fire with powder or carbon dioxide then apply water to
prevent re-ignition . Caol clased containers with water . Water used to extinguish a fire should not be allowed to
enier the drainage system or water courses | After & fire, ventilate thoroughly the area and soak with water, clean
the walls and metallic surfaces .

Fire and explosion hazard
CAUTION: reignition may occur . Decomposition tnder effect of heating (See also Section Hazardous
decarngosition products ). I involved in a fire, it will support combustion . dust explosion hazard | Vapours may
form explosive mixtures with air . In case of firg and/or explosion do not breathe fumes .

Product code 661451 {Dati of (el isbue Z005.92.08 F'age 2 of o
Date of printing! US-NA glﬂbﬂl

pdf filz generated 2004-12-20
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NFPA ratings

H p lt"I‘:l" ------ L A aim—rm S 1
Fiararmability T
Reaciivity | 3 o

8. ACCIDENTAL RELEASE MEASURES
Personal precautions
o net breathe dust . [-or personal protection see Section 8 .

Environmental precautions
[Do not aliow to enter drains or waler courses .

Mathods for cleaning up

Stop leakage if possible . Eliminate all sources of ignition, and do not generate flames or sparks . Sweaep up and
put it into a container for disposal . Avoid dust generation . Keep contents moist . The waste shoutd NC'T be
confined . Flush surroundings with large amounts of water and soap .

Other information
CAUTION: reignition may occur . Evacuate personnel lo safe area

7, HANDLING AND STORAGE

Handling

Never weigh out in the storage room . When using do not eat, drink or smoke . Do not breathe dust . Handle in well
ventilated areas . Eliminate all sources of ignition, and do not generate flames or sparks . Keep away from reducing
{agents (e.g. amines), acids, alkalies and heavy metal compounds (e.g. accelerators, driers, metal sbaps) . Keep
product and emptied container away from heat and sources of ignition . Confinemerit must be avoided , Avoid
Incompatible materials (See Section 10),

Storage reguirements

| Store in accordance with lecal/nationat regulations . Keep away from foud, drink and animal feedingstuffs . Store in
a dry well ventilated place away from sources of heat and direct sunlight | Store separate from other chemicals .
Keep only in the original container .

Storage

For safety, store below 30 °C .
For maximum quality store balow: 20 °C .

Other information

It is recommended to use electrical equipment of temperature group T3. However, autcignition can never be
excluded . Wash hands thoraughly after bandling or contact . Keep working clothing separately and do not take
thern home .

8. EXPOSURE CONTROLS/PERSONAL PROTECTION
Engineering controls
Ensure good ventilation and [ocal exhaustion of the working ared . Explosion proof ventilation recommended .

Personal protection

| Respiratory
in cage of dust formation use dust mask .

Hand
Wear suitable proteciive gloves of neaprene or synih etlc. rubber

Eye
Wear eye/face protection .

Prﬂduﬂt code 561451 Drate of tas Beue 2005-12-0B Page a Df 1]
Fraba of printing US“NA gimbal

paf o grneratacd Z005-12-10

D-176



i

SAFETY DATA SHEET ARZIC ﬂD’BEL

PERKADOX16

Skin and body
Wear suftable protective clothing

Other information

Emergency-shower and facilities.for rinsing eyes must be acoessible | Launder clothes before reuse .

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance and Cdour
white powder with faint odour .

Beiling pointirange
not applicable (Decompeses )

Melting point/range
Decompaosss prior to melting .

Flash point
not applicatye

Flammabifity
Decomposition products may be flammable .

Explosive properties
no

Oxidizing properties
not applicable

Vapour pressure
not applicable

Density
T30 kg/m?* (20°C 7 68°F )Specific gravily = 1.13(20°C /68°F )

Bulk density
450-480 kg/r? (20°C /68°F 1Specific gravity = 0.45-0,48 (20°C 7 &RF 3

Solubifity in water
Insoluble ab 20°C 768"F

Solubility in other solvents
Soluble with aliphatic scivents

pH value
slightly acidic

Partition coefficient n-octanoliwater
not determined

Relative vapour density (air=1}
not applicabie

Viscosity
not applicable

Active oxygen content
3.6 %

Peroxide content
95 U

Froduct code 661441 Diate of fast issun 20051208
Paty of printing/
pLH HIE ganerated 200513220

D-177
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Autoignition temperature
Test method not applicable (See Section 7)

SADT
4070 . See also Section 10,

Explosion limits
not determined

Volatile %
not determined

10, STABILITY AND REACTIVITY

Stability

SADT - (Self accelerating decompusition temperature) is the lowest temperature at which self accelerating
decomposition may occur with a substance in the packaging as used in transport . A dangerous
selfacselerating decomposition reaction and, under certain circumstances, explosion or fire can be causaed
by thermat decornposition at and above the following temperature: 40 °C . Contact with incompatible
substances can cause decamposition at or below the SADT 40 °C |

Tao insure against possible exothermic self-aceelerating decomposition, storage temperatures myst not
exceed emergency temperature of 35°C .

Conditions to avoid

Under no circumstances should this product be exposed to temperatures above the emergency lemperature
of 35°C _If the product termperature exceads 35 “C all available means shall be used to bring the
temperatiure under control and the emergency procedures shail be started . Emergency procedures will vary
denending on conditions . Contact Akzo Nobel for assistance with developing an emergency resaonse plan .
To maintain guality storeé in original closed container below: 20 °C .

Confinement must be avoided .

Incompatibilities

| Avaid contact with rust |, iron and Copper . Contact with incompatible materials such as acids, atkalies. heavy
rnetals and reducing anents will resuit in hazardous decomposition . Do not mix with peroxide acceleraors . Use
only Stainless steel 316, PVC, polyethylene or glass-lined eguipment |

Polymerization

Polymerization does not occur

Decomposition

Hazardous decornpasition products @ 4-tert-Butyleyciohexano! .

Other information

Emargency procedures will vary depending on conditions . The customer musl have an emeargency response plan
in place . Contact Akzo Nobel for assistance with developing an emeargency response plan .

11 TOXICOLOGICAL INFORMATION
Di{d-tert-butylcyclehexyl) peroxydicarbonate

Acute toxicity

Oral LDS0
rat :» 2000 ma/kg _
[Iritation

Skin

Non-irritating {24 hours exposure time )

Eye

Mildly irritating

Froduct code 68145 g‘“:" “:“’:‘t‘_““f" 2005-17-08 Page & of 6
Ale o ntin
Raf e ;Bﬂllr&?ﬂl 2006-12-20 US-NA gl(}bal
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Genotoxicity
Amey test : Not mutagenic

12. ECOLOGICAL INFORMATION

BDi{4-1er-butyicyclohexyl} peroxydicarbonate

Ecotoxicity

fish

Acute toxicity , { Oncorhynchus mykiss ) 96h-LC50 = 704 mg/l . No Observed Effect Concentration (NOEC)
=320 mgft

bacteria

| Activated sludge respiration inhibition: test EC50 = =1000 mg/l .
Fate -

Degradation Biotic
Not readily biodegradahble { Closed bottle test ).

13. ISPOSAL CONSIDERATIONS

Froduct

Due to the high risk of contamination recycling/recovery is not recommended . Waste disposal in accordance with
reguiations {most probably controfled incineration ).

Contaminated packaging

According to local regulations . Emptied container might retain praduct rasiduss . Foliow all warmngs esen after the
container is emptied |

Other information
Fmr furthier adwce contact manufacturer .

14. TRANSPORT INFORMATION

Land transport (ADR/ RID) and for DOT

Class
52

TREM-Card or ERG Number
NORTH AMERICAN ERG NO: 148

UN numher
3114

Propear Shipping Name
Organic peroxide type ¢, solid, temperature vontrolied  ( Dif4-tert-butyleyclohexyl) peroxydicarbonate } |
Required labels

ORGANIC FEROXIDE. o
EMERGENCY TEMPERATURE : 35 °C .

CONTROL TEMPERATURE : 30 °C .

The control temperature is the maximum temperature at which the tormuialion can be transported safely durmg a
profonged perod of time

Ses transport (IMDG-code/ IMO)

Class
52

Prﬂducl che 651451 Dtz of last izssue FO05-72-08 Pﬂge 5 of 8
Datn aaf primling) wl
2 Ml ganerated 2005-17-20 US-NA giﬂbal
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UN numiber
3114

EMS
F-F, SR

Marine pollutant
no

Proper Shipping Name
Organic peroxide type ¢, solid, temperature controlled  ( Dig-ter-hutyloyciohexyl) peroxydicarbonate )

Other information

Label(s) : 5.2

EMERGENCY TEMPERATURE : 35°C .
CONTROL TEMFERATURE : 30 °C .

The control temperature is the maximum temperature at which the formulation can be transponted safely during a
prolaonged period of time .

Alr transport (ICAO-Ti/ IATA-DGR)

UN number
Forbidden

15, REGULATORY INFORMATION

Products andior components listed below are subject to the following:

Di{4-tert-butylcyciohexyl) pernﬁgicarhmate

. | New Jersey R-T-K Hazard. Sub. yas B
.| Toxic Subst, Cont. Act -isted yes
Domestic Substance List-Canada yes

Hazard classes

Descriptian Applicable -

HMIS Hazard Rating Source  |HMIS

HMIS Heatth ]

HMIS Fiamimability s - .
HMIS Reactivity 5

WHMIS Hazard classes CD2BF . -

Other reguiatory information
No other reguiatory information is available on this product.

Product che 661451 Rate of last isAna 2005-12-08 Page 7 Df ﬂ

Date of prindng/ |
petf file generated 200%12-2 US-NA global
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SAFETY DATA SHEET AKZO NOBEL

PERKADOX 16

16. OTHER INFORMATION

History

Other information PERKADOX: This i$ a registered trademark of Akzo
Nobel Chernicals BV or any of its affitated companies in
one or more territories in the werld .

Date of printing/ 2005-12-20

pdf file generated

Revision 288

Composed by N. Shoshenskiy, Regulatory Affairs - North America .
JW. Wassels - Regulatory Affairs - Europe |

Changes were made in section gicbalized

The information in this maleris safety dota sheol should ba provided to all wiho will use, handle, stocg, 1ra'\ga0r;;; athrrwise He axposed b this product, All informatian wneerning this

prnduct andfor suggestans Yor hendling end use comtalied rrsin ate ofered in good SN RN Sre beliovad to e naliakle 32 of the dats of pubkcatian, Howavar, fa win lansty is sneds as lo

the accuracy af and?or suficiensy of such information Andor SUPINSHANG 88 L thi marchantagiiny or Mness of ha product for any pacloular gurpese, of that any sugges (e Wie wild 1ot

Inlringe sy palent. Nothing in here shall by conttrued as granting or extonding 6y Ickmae wader any poatgm, Huyer must datermin for himaall, by pralivlesry teels or sthervise,

suitabyiity of this procucd Tor his purposo, ingliding miving with othee producis. The information contained Hermin suparsades Bl previvusly sswed bufletine on e subje | melar coverad. i

the date on s dacsment 1 more than three yeacs old, call to moko cartain that dhig sheet is current.

Product code 661451 gm n;m:l Pesus 2008.13-08 Page § of 8
ate of o
podl file ;&numted 005-132-20 US-NA global
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é‘“HE‘@ Michels Pipeline Construction

1715 16th St. SE
Salem, OR 97302

CORPORATION DRIVING INNOVATION.
- — | TRANSFORMING CONSTRUCTION. (503)391-8317 fax
Department: CALTRANS
Project Location: RTE 50 at various locations near Kyburz, CA in El Dorado County
Project Title: Construction on State HWY in El Dorado County

City's Project Number:  03-4M4404

Prepared By: Andy Thompson
Michels Project No: 40435

Date Received:

Engineer: Darlene Wulff

Contractor:  Michels Corp

Submittal number: 14
Submittal Date: 5/27/2014
Revision Date: NA
Revision Number: NA

Specification Section: 15-6.11A(3)

Subsection: 8

ltem: CIPP Liner Designs

Page: 21

Deviation (Y or N): N

Submittal Description:  CIPP Liner Design for Each Culvert Location
Intended Use: Design Guide
Plan Sheet: NA
Manufacturer: NA

Supplier: NA
Applicable Standard: ASTM F1216
Referenced Document: ASTM F1216
Notes:
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PREMIER-PIPE USA
MICHELS PIPE SERVICES

CIPP-DESIGN
CIPP Liner Thickness for Non-Pressure Pipes
By ASTM F1216-09 Appendix X1 Design Method

PROJECT INFORMATION
27-May-14

CALTRANS 03-4M4404 - In El Dorado County
DS 1,4,5,6,7,9,10,11,12,13,14,17,18
Required minimum thickness is 8.6mm

Michels recommends a nominal liner thickness of 9mm
for all 18" depths

Ground Surface
A A |

9.00 ft
17.50ft __©  WaterTable,
19.00 ft
Existing Pipe 10001t
Size 18 in
Ovality 5.0%
Invert

Partially Deteriorated Design
Required Liner Thickness: 8.6 mm

BY ASTM F1216 VERSION F1216-09 CIPP liner design by Appendix X1 method of ASTM F1216-09

EXISTING PIPE PARAMETERS ENTERED FACTOR SUMMARY - PARTIALLY DETERIORATED
Design Condition Partially Det. Flexural Modulus Design 125,000 psi 50% of Short-term
Inside Dia. of Existing Pipe 18 in Flexural Strength Design 2,250 psi 50% of Short-term
Depth to Invert 19 ft Minimum Dia for host pipe 17.10in For 5% ovality
Water Table Below Surface 9 ft Maximum Dia for host pipe 18.90 in For 5% ovality
Ovality, A 5% Ovality Reduction Factor, C 0.640
Soil Density Note 1 120 Ib/ft3 Water Pressure - Invert 4.33 psi 10.00 ft
Soil Modulus Note 1 1,000 psi Vacuum Pressure 0.00 psi
Live Load Note 1 2. HS-20 Total Design Pressure, Invert 4.33 psi For X1.1 & X1.2
Other Load Note 1 0 psi
Vacuum Condition 0 psi

CIPP LINER PARAMETERS ENTERED
Flexural Modulus short-term 250,000 psi
Flexural Strength short-term 4,500 psi
Long-term Retention 50%
Enhancement Factor 7
Poisson's Ratio 0.3 Note 1: Entries ignored for Partially Deteriorated design.
Safety Factor 2

PARTIALLY DETERIORATED DESIGN REQUIRES SATISFYING F1216-X1 EQUATIONS X1.1 & X1.2

Equations X1.1 & X1.2 solved for liner thickness t t mm tin
X1.1: P = [2KE_/(1-vA)] x [1/(DR-1)°] x [C/N] Governs 8.6 mm 0.34in
For load due to groundwater at invert

X1.2: (1 .5A/1OO)(1+A/100)DR2-O.5(1+A/100)DR=0L/(PN) 7.6 mm 0.30in
For minimum thickness for ovality

Required Liner Thickness - Partially Deteriorated 8.6 mm 0.34 in

t mm is rounded-up to 1 decimal place; tin =tmm/25.4; DR = (Inside Diameter in)/(t mm/25.4)

DR
53.2

60.2

53.2

NA - Not Available/Applicable

FLOW COMPARISON PARAMETERS FLOW COMPARISON FOR: ENTERED LINER THICKNESS

Liner Thickness - Entered 9.0 mm Inside Diameter before Lining 18.00 in
Before Lining Manning n 0.0150 Inside Diameter after Lining 17.29 in
After Lining Manning n 0.0100 Flow Capacity after Lining 135%

9.0 mm liner
Of before Lining

COMMENTS

PREMIER-PIPE USA Summary Page
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PREMIER-PIPE USA CIPP-DESIGN

MICHELS PIPE SERVICES CIPP Liner Thickness for Non-Pressure Pipes
By ASTM F1216-09 Appendix X1 Design Method
ASTM F1216 APPENDIX X1 CALCULATION DETAILS: PARTIALLY DETERIORATED DESIGN F1216-09

Partially deteriorated design requires satisfying 2 equations: X1.1 and X1.2
Check Equation X1.1
P = [2KE_/(1-v®)] x [1/(DR-1)%] x [C/N]
P is the maximum allowed external pressure on the liner, with safety factor, from groundwater and any vacuum
Determine P for liner thickness of ........................ t=8.6 mm t is from summary page
K = Enhancement factor = 7
E_ = Flexural Modulus Long-term = (Flexural Modulus Short-term) x (Long-term Retention)
= 250000 x 50% = 125000 psi
v = Poisson's ratio = 0.3
DR =D/t = 18/(8.6/25.4) = 563.16 where D = inside diameter of existing pipe as entered
C = Ovality Reduction Factor = ([1-A/100]/[1+A/100]4)d, where A is ovality of host pipe as entered. A=5
C = ([1- 5/100)/[1+5/100]"2)"3 = 0.64
N = Safety Factor =2 As entered.
P =[(2 x 7 x 125000)/(1-0.3"2)] x [1/(53.16-1)"3] x [0.64/2] = 4.34 psi
Determine actual external pressure on liner, Pa
Pa = Ground water pressure, Pgw, + Vacuum pressure, Pv, (if any vacuum)
Pgw =0.433 xH =0.433 x10 ft =4.33 psi. Where H is height of water over invert.
Pv=0psi As entered.
Pa=Pgw + Pv =4.33 +0=4.33 psi
Compare Pato P
Actual external pressure on liner, Pa = 4.33 psi
Allowed external pressure for 8.6 mm liner, P = 4.34 psi
Is P = Pa? Yes. Equation X1.1 is satisfied by 8.6 mm liner rhickness
Check for DR < 100 as per F1216 Appendix X1 Note X1.2
DR =53.16 as calculated above
Is DR <100? Yes. Note X1.2 is satisfied by liner DR of 53.2
Check Equation X1.2

X1.2: [(1.5 xA/100 ) x (1+A/100) x DRZ] -[0.5 x (1+A/100) x DR] = (o )/(P x N)

A =5 As shown above in determination of C, Ovality Reduction Factor, above.

DR, calculated above = 53.16

oL = Flex Strength Long-term = (Flex Strength Short-term) x (Long-term Retention) =4500 x 50% = 2250 psi
P = External pressure on liner = Pa = 4.33 psi See above

N = safety factor = 2

Solve Eq. X1.2 for liner thickness, t. Where DR = (Liner OD)/(t)

t =[3 x (A/100) x D0)]/[0.5 + {0.25 + (6 x (A/100) x (o, /(P x N x (1+(A/100))}*.5]

t=[3 x (5/100) x 18)]/[0.5 + {0.25 + (6 x (5/100) x (2250/(4.33 x 2 x (1+(5/100))}*0.5] = 7.6 mm

Compare liner t to t required by Equation X1.2

Liner t: 8.6 mm t is from summary page
Required t: 7.6 mm
Is Liner t 2 Required t? Yes. Equation X1.2 is satisfied by 8.6 mm liner thicknes.

Summary for Partially Deteriorated Design
Partially Deteriorated design requires satisfying Eqs X1.1 & X1.2
Eq X1.1 Satisfied by selected liner thickness of 8.6 mm
Eq X1.2 Satisfied by selected liner thickness of 8.6 mm

Required liner thickness for Partially Deteriorated design is.............. 8.6 mm

FULL FLOW CAPACITY COMPARISON BEFORE & AFTER LINING - For Entered t

Flow = Q = Area x Velocity =[(Pi x DZ)/4] x [(1.486/n) x R%3 x S”Z] Manning formula, imperial units t=9mm
S = Slope = same before & after lining; R = Hydraulic Radius = D/4 for full flow (D in ft) D1=18in=15ft
Q2/Q1 = {[(Pi x (D,°)/4] x [(1.486/n,)] x (D,/4)*?} / {{(Pi x (D4%)/4] x [(1.486/n,)] x (D4/4)**} D2 =17.29 in = 1.441 ft
= {[(3.142 x (1.44172)/4] x [(1.486/0.01)] x (1.441/4)N2/3)} / {[(3.142 X (1.5)"2)/4] x [(1.486/0.015)] X (1.5/4)"(2/3) = 1.35

Q1 is existing (before lining). Q2 is after lining. Lined capacity is 135% of existing capacity.

PREMIER-PIPE USA Calculation Details: Page 1 of 1 CIPP-DESIGN: D151109-1usw
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PREMIER-PIPE USA CIPP-DESIGN
MICHELS PIPE SERVICES CIPP Liner Thickness for Non-Pressure Pipes
By ASTM F1216-09 Appendix X1 Design Method

IGNORE THIS PAGE - NOT REQUIRED FOR PARTIALLY DETERIORATED DESIGN
Check Equation X1.3 X1.3 not required for Partially Deteriorated Design
If F1216-07a, Equation X1.3 is: q=[C/N] x [32R,B'E's(E_ I/D’)] " Not using this equation
If F1216-09, Equation X1.3 is: q=[1/N] x [32R,,B'E'sC(E_1I/D’)] " Using this equation

Where qt is the maximum allowed external pressure on the liner from cover, live loads and other loads

Determine qt for liner thickness of ........................ t=8.6 mm t is from summary page

C = Ovality Reduction Factor, calculated on page 1, = 0.64

N = Safety Factor = 2

Rw = Water Bouyancy Factor (0.67 min, 1.0 max) = 1-0.33(Hw/H) = 1-0.33(8.5/17.5) = 0.84
Where Hw and H are height of water and height of soil over top of pipe. See F1216 X1.2.2

B' = Coefficent of elastic support = 1/(1+4e”[-0.065H]) = 0.4381 Where H=17.5and e =2.718

E's = Modulus of soil reaction = 1000 psi. As entered.

EL = Long-term modulus for CIPP, calculated on page 1, = 125000 psi

I = Moment of inertia for liner = (t~3)/12 = (8.6/25.4)"~3)/12 = 0.003235

D = Inside diameter of existing pipe (as entered) = mean OD of liner = 18 in

qt=[1/NIx[32xRwxB'XE'sxCx(ELxI/D*3)]"(1/2)

gt =(1/2 x[32 x0.84 x 0.4381 x 1000 x 0.64 x ((125000 x 0.003235)/18"3)]*(1/2) = 11.43 psi

Determine actual external pressure on liner, gta

gqta =Pw + Ps + Pl + Po

Pw = Water load = 0.433 x Hw = 0.433 x 8.5 = 3.68 psi  Hw is water over top of pipe.

Ps = Soil Load = (w x H x Rw)/144 = (120 x 17.5 x 0.84)/144) = 12.25 psi  H is soil height over top of pipe

Pl = Live load = 0.05 psi Note 1: Entries ignored for Partially Deteriorated design.

Po = Other load =0 psi  As entered

gta=3.68 + 12.25 + 0.05 + 0 = 15.98 psi

Compare gta to gt

gta = 15.98 psi Actual external pressure on liner
qt= 11.43 psi Allowed external pressure for 8.6 mm liner
Is gt 2 gta? NA
Check Equation X1.4 X1.4 not required for Partially Deteriorated Design
(E x 1)/D*3 = E/(12 x (DR"3)) =0.093
Determine for liner thickness ......................... t=8.6 mm t is from summary page

E = initial (short-term) modulus = 250000 psi
DR = liner dimension ratio = D/t =18/ (8.6 / 25.4) = 53.16
E/(12 x (DR”3)) = 250000/(12 x 53.16"3) = 0.13868
Is E/(12 x (DR"3)) = 0.093? NA
Summary for Fully Deteriorated Design
Fully Deteriorated design requires satisfying Eqs X1.1, X1.2, X1.3, X1.4

Eq X1.1 Ignore this page
Eq X1.2 Ignore this page
Eq X1.3 Ignore this page
Eq X1.4 Ignore this page

IGNORE THIS PAGE - FOR FULLY DETERIORATED ONLY.

PREMIER-PIPE USA This Page Not Required for Partially Deteriorated CIPP-DESIGN: D151109-1usw
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PREMIER-PIPE USA
MICHELS PIPE SERVICES

CIPP-DESIGN
CIPP Liner Thickness for Non-Pressure Pipes
By ASTM F1216-09 Appendix X1 Design Method

PROJECT INFORMATION
27-May-14

CALTRANS 03-4M4404 - In El Dorado County
DS 2,16
Required minimum thickness is 12.8mm

Michels recommends a nominal liner thickness of 13.5mm
for all 24" depths

Ground Surface
A A |

14.00 ft
26.001t ., .. WaterTakle,
28.00 ft
Existing Pipe 14.001t
Size 24 in
Ovality 5.0%
Invert

Partially Deteriorated Design
Required Liner Thickness: 12.8 mm

BY ASTM F1216 VERSION F1216-09 CIPP liner design by Appendix X1 method of ASTM F1216-09

EXISTING PIPE PARAMETERS ENTERED FACTOR SUMMARY - PARTIALLY DETERIORATED
Design Condition Partially Det. Flexural Modulus Design 125,000 psi 50% of Short-term
Inside Dia. of Existing Pipe 24 in Flexural Strength Design 2,250 psi 50% of Short-term
Depth to Invert 28 ft Minimum Dia for host pipe 22.80in For 5% ovality
Water Table Below Surface 14 ft Maximum Dia for host pipe 25.20in For 5% ovality
Ovality, A 5% Ovality Reduction Factor, C 0.640
Soil Density Note 1 120 Ib/ft3 Water Pressure - Invert 6.06 psi 14.00 ft
Soil Modulus Note 1 1,000 psi Vacuum Pressure 0.00 psi
Live Load Note 1 2. HS-20 Total Design Pressure, Invert 6.06 psi For X1.1 & X1.2
Other Load Note 1 0 psi
Vacuum Condition 0 psi

CIPP LINER PARAMETERS ENTERED
Flexural Modulus short-term 250,000 psi
Flexural Strength short-term 4,500 psi
Long-term Retention 50%
Enhancement Factor 7
Poisson's Ratio 0.3 Note 1: Entries ignored for Partially Deteriorated design.
Safety Factor 2

PARTIALLY DETERIORATED DESIGN REQUIRES SATISFYING F1216-X1 EQUATIONS X1.1 & X1.2

Equations X1.1 & X1.2 solved for liner thickness t
X1.1: P = [2KE_/(1-vA)] x [1/(DR-1)°] x [C/N]

For load due to groundwater at invert

X1.2: (1.5A/100)(1 +A/100)DR2—0.5(1 +A/100)DR=0./(PN)
For minimum thickness for ovality

Governs

Required Liner Thickness - Partially Deteriorated

t mm is rounded-up to 1 decimal place; tin =tmm/25.4; DR = (Inside Diameter in)/(t mm/25.4)

t mm tin DR
12.8 mm 0.50in 47.6
11.8 mm 0.46 in 51.7
12.8 mm 0.50 in 47.6

NA - Not Available/Applicable

FLOW COMPARISON PARAMETERS

FLOW COMPARISON FOR: ENTERED LINER THICKNESS

Liner Thickness - Entered 13.5 mm Inside Diameter before Lining 24.00 in
Before Lining Manning n 0.0150 Inside Diameter after Lining 22.94 in 13.5 mm liner
After Lining Manning n 0.0100 Flow Capacity after Lining 133% Of before Lining

COMMENTS

PREMIER-PIPE USA Summary Page
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PREMIER-PIPE USA CIPP-DESIGN

MICHELS PIPE SERVICES CIPP Liner Thickness for Non-Pressure Pipes
By ASTM F1216-09 Appendix X1 Design Method
ASTM F1216 APPENDIX X1 CALCULATION DETAILS: PARTIALLY DETERIORATED DESIGN F1216-09

Partially deteriorated design requires satisfying 2 equations: X1.1 and X1.2
Check Equation X1.1
P = [2KE_/(1-v®)] x [1/(DR-1)%] x [C/N]
P is the maximum allowed external pressure on the liner, with safety factor, from groundwater and any vacuum
Determine P for liner thickness of ........................ t=12.8 mm t is from summary page
K = Enhancement factor = 7
E_ = Flexural Modulus Long-term = (Flexural Modulus Short-term) x (Long-term Retention)
= 250000 x 50% = 125000 psi
v = Poisson's ratio = 0.3
DR =D/t =24/(12.8/25.4) = 47.63 where D = inside diameter of existing pipe as entered
C = Ovality Reduction Factor = ([1-A/100]/[1+A/100]4)d, where A is ovality of host pipe as entered. A=5
C = ([1- 5/100)/[1+5/100]"2)"3 = 0.64
N = Safety Factor =2 As entered.
P =[(2 x 7 x 125000)/(1-0.3"2)] x [1/(47.63-1)"3] x [0.64/2] = 6.07 psi
Determine actual external pressure on liner, Pa
Pa = Ground water pressure, Pgw, + Vacuum pressure, Pv, (if any vacuum)
Pgw =0.433 xH =0.433 x 14 ft =6.06 psi. Where H is height of water over invert.
Pv=0psi As entered.
Pa=Pgw +Pv =6.06 + 0 =6.06 psi
Compare Pato P
Actual external pressure on liner, Pa = 6.06 psi
Allowed external pressure for 12.8 mm liner, P = 6.07 psi
Is P2 Pa? Yes. Equation X1.1 is satisfied by 12.8 mm liner rhickness
Check for DR = 100 as per F1216 Appendix X1 Note X1.2
DR =47.63 as calculated above
Is DR <100? Yes. Note X1.2 is satisfied by liner DR of 47.6
Check Equation X1.2

X1.2: [(1.5 xA/100 ) x (1+A/100) x DRZ] -[0.5 x (1+A/100) x DR] = (o )/(P x N)

A =5 As shown above in determination of C, Ovality Reduction Factor, above.

DR, calculated above = 47.63

oL = Flex Strength Long-term = (Flex Strength Short-term) x (Long-term Retention) =4500 x 50% = 2250 psi
P = External pressure on liner = Pa = 6.06 psi See above

N = safety factor = 2

Solve Eq. X1.2 for liner thickness, t. Where DR = (Liner OD)/(t)

t =[3 x (A/100) x D0)]/[0.5 + {0.25 + (6 x (A/100) x (o, /(P x N x (1+(A/100))}*.5]

t =[3 x (5/100) x 24)]/[0.5 + {0.25 + (6 x (5/100) x (2250/(6.06 x 2 x (1+(5/100))}*0.5] = 11.8 mm

Compare liner t to t required by Equation X1.2

Liner t: 12.8 mm t is from summary page
Required t: 11.8 mm
Is Liner t 2 Required t? Yes. Equation X1.2 is satisfied by 12.8 mm liner thicknes.

Summary for Partially Deteriorated Design
Partially Deteriorated design requires satisfying Eqs X1.1 & X1.2
Eq X1.1 Satisfied by selected liner thickness of 12.8 mm
Eq X1.2 Satisfied by selected liner thickness of 12.8 mm

Required liner thickness for Partially Deteriorated design is.............. 12.8 mm

FULL FLOW CAPACITY COMPARISON BEFORE & AFTER LINING - For Entered t

Flow = Q = Area x Velocity =[(Pi x DZ)/4] x [(1.486/n) x R%3 x S”Z] Manning formula, imperial units t=13.5mm
S = Slope = same before & after lining; R = Hydraulic Radius = D/4 for full flow (D in ft) D1=24in=2ft
Q2/Q1 = {[(Pi x (D,°)/4] x [(1.486/n,)] x (D,/4)*?} / {{(Pi x (D4%)/4] x [(1.486/n,)] x (D4/4)**} D2 =22.94in=1.911ft
= {[(3.142 x (1.91142)/4] x [(1.486/0.01)] x (1.911/4)M2/3)} / {[(3.142 x (2)"2)/4] x [(1.486/0.015)] x (2/4)(2/3) = 1.33

Q1 is existing (before lining). Q2 is after lining. Lined capacity is 133% of existing capacity.

PREMIER-PIPE USA Calculation Details: Page 1 of 1 CIPP-DESIGN: D151109-1usw
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PREMIER-PIPE USA CIPP-DESIGN
MICHELS PIPE SERVICES CIPP Liner Thickness for Non-Pressure Pipes
By ASTM F1216-09 Appendix X1 Design Method

IGNORE THIS PAGE - NOT REQUIRED FOR PARTIALLY DETERIORATED DESIGN
Check Equation X1.3 X1.3 not required for Partially Deteriorated Design
If F1216-07a, Equation X1.3 is: q=[C/N] x [32R,B'E's(E_ I/D’)] " Not using this equation
If F1216-09, Equation X1.3 is: q=[1/N] x [32R,,B'E'sC(E_1I/D’)] " Using this equation

Where qt is the maximum allowed external pressure on the liner from cover, live loads and other loads

Determine qt for liner thickness of ........................ t=12.8 mm t is from summary page

C = Ovality Reduction Factor, calculated on page 1, = 0.64

N = Safety Factor = 2

Rw = Water Bouyancy Factor (0.67 min, 1.0 max) = 1-0.33(Hw/H) = 1-0.33(12/26) = 0.848
Where Hw and H are height of water and height of soil over top of pipe. See F1216 X1.2.2

B' = Coefficent of elastic support = 1/(1+4e”[-0.065H]) = 0.5753 Where H=26 and e =2.718

E's = Modulus of soil reaction = 1000 psi. As entered.

EL = Long-term modulus for CIPP, calculated on page 1, = 125000 psi

I = Moment of inertia for liner = (t~3)/12 = (12.8/25.4)~3)/12 = 0.010665

D = Inside diameter of existing pipe (as entered) = mean OD of liner = 24 in

qt=[1/NIx[32xRwxB'XE'sxCx(ELxI/D*3)]"(1/2)

gt =(1/2 x[32 x0.848 x 0.5753 x 1000 x 0.64 x ((125000 x 0.010665)/24*3)]*(1/2) = 15.52 psi

Determine actual external pressure on liner, gta

gqta =Pw + Ps + Pl + Po

Pw = Water load = 0.433 x Hw = 0.433 x12=5.2 psi Hw is water over top of pipe.

Ps = Soil Load = (w x H x Rw)/144 = (120 x 26 x 0.848)/144) = 18.37 psi  H is soil height over top of pipe

Pl = Live load = 0 psi Note 1: Entries ignored for Partially Deteriorated design.

Po = Other load =0 psi  As entered

qta=5.2+18.37 + 0 + 0 = 23.57 psi

Compare gta to gt

qta = 23.57 psi Actual external pressure on liner
qt = 15.52 psi Allowed external pressure for 12.8 mm liner
Is gt 2 gta? NA
Check Equation X1.4 X1.4 not required for Partially Deteriorated Design
(E x 1)/D*3 = E/(12 x (DR"3)) =0.093
Determine for liner thickness ......................... t=12.8 mm t is from summary page

E = initial (short-term) modulus = 250000 psi
DR = liner dimension ratio = D/t =24 / (12.8 / 25.4) = 47.63
E/(12 x (DR”3)) = 250000/(12 x 47.63*3) = 0.1928
Is E/(12 x (DR"3)) = 0.093? NA
Summary for Fully Deteriorated Design
Fully Deteriorated design requires satisfying Eqs X1.1, X1.2, X1.3, X1.4

Eq X1.1 Ignore this page
Eq X1.2 Ignore this page
Eq X1.3 Ignore this page
Eq X1.4 Ignore this page

IGNORE THIS PAGE - FOR FULLY DETERIORATED ONLY.
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PREMIER-PIPE USA
MICHELS PIPE SERVICES

CIPP-DESIGN
CIPP Liner Thickness for Non-Pressure Pipes
By ASTM F1216-09 Appendix X1 Design Method

PROJECT INFORMATION
27-May-14

CALTRANS 03-4M4404 - In El Dorado County
DS 2,16
Required minimum thickness is 10.7mm

Michels recommends a nominal liner thickness of 12mm

Ground Surface
A A |

4.00 ft
580ft I, .WaterTable,
8.00 ft
Existing Pipe 4.00 ft
Size 30 in
Ovality 5.0%
Invert

Partially Deteriorated Design
Required Liner Thickness: 10.7 mm

BY ASTM F1216 VERSION F1216-09

EXISTING PIPE PARAMETERS ENTERED
Design Condition Partially Det.
Inside Dia. of Existing Pipe 30in
Depth to Invert 8 ft
Water Table Below Surface 4 ft
Ovality, A 5%
Soil Density Note 1 120 Ib/ft3
Soil Modulus Note 1 1,000 psi
Live Load Note 1 2. HS-20
Other Load Note 1 0 psi
Vacuum Condition 0 psi

CIPP LINER PARAMETERS ENTERED
Flexural Modulus short-term 250,000 psi
Flexural Strength short-term 4,500 psi
Long-term Retention 50%
Enhancement Factor 7
Poisson's Ratio 0.3
Safety Factor 2

CIPP liner design by Appendix X1 method of ASTM F1216-09

FACTOR SUMMARY - PARTIALLY DETERIORATED

Flexural Modulus Design 125,000 psi 50% of Short-term
Flexural Strength Design 2,250 psi 50% of Short-term
Minimum Dia for host pipe 28.50 in For 5% ovality
Maximum Dia for host pipe 31.50in For 5% ovality
Ovality Reduction Factor, C 0.640

Water Pressure - Invert 1.73 psi 4.00 ft

Vacuum Pressure 0.00 psi

Total Design Pressure, Invert 1.73 psi For X1.1 & X1.2

Note 1: Entries ignored for Partially Deteriorated design.

PARTIALLY DETERIORATED DESIGN REQUIRES SATISFYING F1216-X1 EQUATIONS X1.1 & X1.2

Equations X1.1 & X1.2 solved for liner thickness t
X1.1: P = [2KE_/(1-vA)] x [1/(DR-1)°] x [C/N]

For load due to groundwater at invert

X1.2: (1.5A/100)(1 +A/100)DR2—0.5(1 +A/100)DR=0./(PN)
For minimum thickness for ovality

Required Liner Thickness - Partially Deteriorated

t mm is rounded-up to 1 decimal place; tin =tmm/25.4; DR = (Inside Diameter in)/(t mm/25.4)

t mm tin DR

Governs 10.7 mm 0.42in 71.2
8.1 mm 0.321in 94.1

10.7 mm 0.42in 71.2

NA - Not Available/Applicable

FLOW COMPARISON PARAMETERS

Liner Thickness - Entered 12.0 mm
Before Lining Manning n 0.0150
After Lining Manning n 0.0100

FLOW COMPARISON FOR: ENTERED LINER THICKNESS

Inside Diameter before Lining 30.00 in
Inside Diameter after Lining 29.06 in 12.0 mm liner
Flow Capacity after Lining 138% Of before Lining

COMMENTS

PREMIER-PIPE USA

Summary Page CIPP-DESIGN: D151109-1usw
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PREMIER-PIPE USA CIPP-DESIGN

MICHELS PIPE SERVICES CIPP Liner Thickness for Non-Pressure Pipes
By ASTM F1216-09 Appendix X1 Design Method
ASTM F1216 APPENDIX X1 CALCULATION DETAILS: PARTIALLY DETERIORATED DESIGN F1216-09

Partially deteriorated design requires satisfying 2 equations: X1.1 and X1.2
Check Equation X1.1
P = [2KE_/(1-v®)] x [1/(DR-1)%] x [C/N]
P is the maximum allowed external pressure on the liner, with safety factor, from groundwater and any vacuum
Determine P for liner thickness of ........................ t=10.7 mm t is from summary page
K = Enhancement factor = 7
E_ = Flexural Modulus Long-term = (Flexural Modulus Short-term) x (Long-term Retention)
= 250000 x 50% = 125000 psi
v = Poisson's ratio = 0.3
DR =D/t =30/(10.7/25.4) = 71.21 where D = inside diameter of existing pipe as entered
C = Ovality Reduction Factor = ([1-A/100]/[1+A/100]4)d, where A is ovality of host pipe as entered. A=5
C = ([1- 5/100)/[1+5/100]"2)"3 = 0.64
N = Safety Factor =2 As entered.
P =[(2 x 7 x 125000)/(1-0.3"2)] x [1/(71.21-1)"3] x [0.64/2] = 1.78 psi
Determine actual external pressure on liner, Pa
Pa = Ground water pressure, Pgw, + Vacuum pressure, Pv, (if any vacuum)
Pgw =0.433 xH =0.433 x4 ft =1.73 psi. Where H is height of water over invert.
Pv=0psi As entered.
Pa=Pgw+Pv =1.73+0=1.73 psi
Compare Pato P
Actual external pressure on liner, Pa = 1.73 psi
Allowed external pressure for 10.7 mm liner, P = 1.78 psi
Is P2 Pa? Yes. Equation X1.1 is satisfied by 10.7 mm liner rhickness
Check for DR = 100 as per F1216 Appendix X1 Note X1.2
DR =71.21 as calculated above
Is DR <100? Yes. Note X1.2 is satisfied by liner DR of 71.2
Check Equation X1.2

X1.2: [(1.5 xA/100 ) x (1+A/100) x DRZ] -[0.5 x (1+A/100) x DR] = (o )/(P x N)

A =5 As shown above in determination of C, Ovality Reduction Factor, above.

DR, calculated above = 71.21

oL = Flex Strength Long-term = (Flex Strength Short-term) x (Long-term Retention) =4500 x 50% = 2250 psi
P = External pressure on liner = Pa = 1.73 psi See above

N = safety factor = 2

Solve Eq. X1.2 for liner thickness, t. Where DR = (Liner OD)/(t)

t =[3 x (A/100) x D0)]/[0.5 + {0.25 + (6 x (A/100) x (o, /(P x N x (1+(A/100))}*.5]

t =[3 x (5/100) x 30)]/[0.5 + {0.25 + (6 x (5/100) x (2250/(1.73 x 2 x (1+(5/100))}*0.5] = 8.1 mm

Compare liner t to t required by Equation X1.2

Liner t: 10.7 mm t is from summary page
Required t: 8.1 mm
Is Liner t 2 Required t? Yes. Equation X1.2 is satisfied by 10.7 mm liner thicknes.

Summary for Partially Deteriorated Design
Partially Deteriorated design requires satisfying Eqs X1.1 & X1.2
Eq X1.1 Satisfied by selected liner thickness of 10.7 mm
Eq X1.2 Satisfied by selected liner thickness of 10.7 mm

Required liner thickness for Partially Deteriorated design is.............. 10.7 mm

FULL FLOW CAPACITY COMPARISON BEFORE & AFTER LINING - For Entered t

Flow = Q = Area x Velocity =[(Pi x DZ)/4] x [(1.486/n) x R%3 x S”Z] Manning formula, imperial units t=12mm
S = Slope = same before & after lining; R = Hydraulic Radius = D/4 for full flow (D in ft) D1=30in=25ft
Q2/Q1 = {[(Pi x (D,°)/4] x [(1.486/n,)] x (D,/4)*?} / {{(Pi x (D4%)/4] x [(1.486/n,)] x (D4/4)**} D2 =29.06 in = 2.421 ft
= {[(3.142 x (2.42172)/4] x [(1.486/0.01)] x (2.421/4)N2/3)} / {[(3.142 X (2.5)"2)/4] x [(1.486/0.015)] X (2.5/4)*(2/3) = 1.38

Q1 is existing (before lining). Q2 is after lining. Lined capacity is 138% of existing capacity.

PREMIER-PIPE USA Calculation Details: Page 1 of 1 CIPP-DESIGN: D151109-1usw
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PREMIER-PIPE USA CIPP-DESIGN
MICHELS PIPE SERVICES CIPP Liner Thickness for Non-Pressure Pipes
By ASTM F1216-09 Appendix X1 Design Method

IGNORE THIS PAGE - NOT REQUIRED FOR PARTIALLY DETERIORATED DESIGN
Check Equation X1.3 X1.3 not required for Partially Deteriorated Design
If F1216-07a, Equation X1.3 is: q=[C/N] x [32R,B'E's(E_ I/D’)] " Not using this equation
If F1216-09, Equation X1.3 is: q=[1/N] x [32R,,B'E'sC(E_1I/D’)] " Using this equation

Where qt is the maximum allowed external pressure on the liner from cover, live loads and other loads

Determine qt for liner thickness of ........................ t=10.7 mm t is from summary page

C = Ovality Reduction Factor, calculated on page 1, = 0.64

N = Safety Factor = 2

Rw = Water Bouyancy Factor (0.67 min, 1.0 max) = 1-0.33(Hw/H) = 1-0.33(1.5/5.5) = 0.91
Where Hw and H are height of water and height of soil over top of pipe. See F1216 X1.2.2

B' = Coefficent of elastic support = 1/(1+4e”[-0.065H]) = 0.2633 Where H=5.5and e =2.718

E's = Modulus of soil reaction = 1000 psi. As entered.

EL = Long-term modulus for CIPP, calculated on page 1, = 125000 psi

I = Moment of inertia for liner = (t~3)/12 = (10.7/25.4)~3)/12 = 0.00623

D = Inside diameter of existing pipe (as entered) = mean OD of liner = 30 in

qt=[1/NIx[32xRwxB'XE'sxCx(ELxI/D*3)]"(1/2)

gt =(1/2 x[32 x0.91 x 0.2633 x 1000 x 0.64 x ((125000 x 0.00623)/30"3)]*(1/2) = 5.95 psi

Determine actual external pressure on liner, gta

gqta =Pw + Ps + Pl + Po

Pw = Water load = 0.433 x Hw = 0.433 x 1.5 =0.65 psi Hw is water over top of pipe.

Ps = Soil Load = (w x H x Rw)/144 = (120 x 5.5 x 0.91)/144) = 4.17 psi  H is soil height over top of pipe

Pl = Live load = 1.63 psi Note 1: Entries ignored for Partially Deteriorated design.

Po = Other load =0 psi  As entered

qta=0.65+4.17 + 1.63 + 0 = 6.45 psi

Compare gta to gt

qta = 6.45 psi Actual external pressure on liner
qt = 5.95 psi Allowed external pressure for 10.7 mm liner
Is gt 2 gta? NA
Check Equation X1.4 X1.4 not required for Partially Deteriorated Design
(E x 1)/D*3 = E/(12 x (DR"3)) =0.093
Determine for liner thickness ......................... t=10.7 mm t is from summary page

E = initial (short-term) modulus = 250000 psi
DR = liner dimension ratio = D/t =30/ (10.7 / 25.4) = 71.21
E/(12 x (DR”3)) = 250000/(12 x 71.213) = 0.05769
Is E/(12 x (DR"3)) = 0.093? NA
Summary for Fully Deteriorated Design
Fully Deteriorated design requires satisfying Eqs X1.1, X1.2, X1.3, X1.4

Eq X1.1 Ignore this page
Eq X1.2 Ignore this page
Eq X1.3 Ignore this page
Eq X1.4 Ignore this page

IGNORE THIS PAGE - FOR FULLY DETERIORATED ONLY.

PREMIER-PIPE USA This Page Not Required for Partially Deteriorated CIPP-DESIGN: D151109-1usw
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Quality Assurance Testing Results — Manufacturer Alphaliner 500 Alphaliner 1500
Circumferential Flexural Modulus (psi) (DIN EN 1228)! 1,378,000 1,740,000
Curved Beam Flexural Modulus (psi) (ISO 178)? 1,218,000 1,653,000
Curved Beam Flexural Strength (psi) (ISO 178)? 26,110 30,460
Porosity of finished liner (APS Water Tightness Standard)? Insignificant (0%) Insignificant (0%)
Wall thickness of the finished liner (mm) # "per design" "per design"
CIPP Design Properties & Qualification Testing Results
Chemical Resistance °

Corrosion Resistance Enhanced Polyester Resin See note 5 See note 5

Vinyl ester Resin System See note 5 See note 5
Strain Corrosion Resistance (1SO 10952) © 0.68% 0.68%
Conformance with Host Pipe ’ Excellent Excellent
Fiber Reinforcement 8 E-CR Fiberglass E-CR Fiberglass
50-year Strength Retention Factor ° 0.625 0.750
Liner rinsing performance qualification test ° Pass Pass
Wicking at cuts in finished liner 1 Insignificant (0%) Insignificant (0%)

—

~

w

4

DIN EN 1228 is a test method that determines the initial ring stiffness which is a measure of the ring's response to bending immediately upon loading.
The initial ring stiffness returns a more accurate stiffness than the three-point bend test method (ISO 178 or ASTM D790) because it is measured on
a complete ring, which represents a more realistic sample than a sample cut out from a ring. Modulus values obtained from complete hoops (rings)
are in the range of 5-15% higher than those obtained from curved beam samples per ISO 178 (three-point bending test). This is most likely attributable
to the complete hoop's ability to carry some of the loading in thrust similar to the actual in place liner's response to a bending load. DIN EN 1228 is
quite similar to the ASTM D 2412 parallel plate deflection test which takes the specimen to the point of cracking. ISO 7685 appears to have replaced
this test in the current version of ISO 11296-4.

The ISO 178 and ASTM D 790 test methods are designed to measure the flexural strength of flat specimens using three-point bending. Because of
the Alphaliner's isotropic design, a curved beam specimen must be substituted for the flat beam specimen. ISO 11296-4, Annex B, provides the
specific changes necessary to use adapt the ISO 178 test method to perform the required quality assurance testing on field samples of liners with an
isotropic glass fiber reinforced liners. Further, per the Note 2 therein, the engineer is advised that this modification to the testing has demonstrated
that the curved specimen will generally deliver modulus values that are in the range of 10-15% lower than that of the flat beam specimen with the
same matrix (resin and orientation of the glass fibers). (While the ASTM D 790 could be similarly modified for the curved beam specimen, Reline
America is still investigating the wisdom of using this test method.)

DIN EN 1610 is the installation standard for new pipe construction. Section 13 of this standard covers the procedures and requirements for testing
gravity pipelines using either pressurized air or water. The allowable leakage rate, or drop in pressure, is based upon the diameter of the pipe being
tested and the differential pressure created by the slope of the pipe. This is analogous to the ASTM F 1216 and F 1743 allowable leakage rates being
based on new pipe installation standards. Reline America promotes the testing of the pipe wall itself to determine whether the liner is "tight" or "not
tight".

The wall thickness is calculated using an approved engineering approach. The installer should always submit the calculated minimum value and not
the nominal thickness manufactured for the installation. The quality assurance testing is based upon the minimum required finished thickness. The
wall thickness together with the physical properties of the finished liner establishes the factor of safety achieved by the installer in the field. Reline
America previously issued a calculator to its installers which use the design appendix X.1 in ASTM D1216. Ed Kampbell has designed a new
calculator for Reline America that allows one to use a more technically sound approach to this design appendix; and also contains a new and much
improved design approach that takes proper advantage of the Alphaliner material properties, especially with non-circular shaped pipes.
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5 The chemical corrosion resistance performance of the enhanced orthophthalic polyester resin used by Reline America is quite superior to the standard isopthalic
polyester resins used by most CIPP system manufacturers. Recent, unpublished test results done by an independent lab in accordance with Reline America's
"Greenbook pickle jar testing" effort have demonstrated that this enhanced polyester resin reaches the performance levels previously only attainable with
vinyl ester resins. Once Reline America has fully digested the data from this testing, it is highly likely that this will begin to blur the line between when our
standard polyester resin is required versus our vinyl ester resin system. That being said, corrosion resistance performance is only part of the equation when
selecting the appropriate resin system for a particular application.

¢ Strain corrosion testing must be performed on liners containing reinforcing fibers other than the standard polyester fibers. The specified ISO 10952 determines
the resistance to chemical attack of a liner in deflected, or strained, condition. A range of estimated deflections is selected such that the times to failure of at
least 18 test pieces will be distributed between 0.1 hours and over 10,000 hours; with 4 failures occurring between 10 and 1000 hours, 3 failures occurring
between 1000 and 6000 hours, and 3 failures occurring at greater than 6000 hours (at least one of which must exceed 10,000 hours). The interior of each of
these full ring test pieces is exposed to a corrosive test fluid maintained at the specified concentration while being maintained in a fixed diametrically deflected
condition. The results are plotted in a graph that is used to fit a curve that can be used to calculate an extrapolated defection value for a specified period of
time greater than that of the test. The greater the deflection after a set time, the better the liner is in its resistant against chemical attack. The minimum failure
strain level after 50 years is set in ISO 11294-4 at 0.45%. Alphaliner came in considerably better at a 0.68% strain.

N

Both Alphaliner 500 and 1500 are dimensioned and designed to conform to the contours of the host pipe's geometry very tightly. Alphaliner 500 and 1500
both have at least a 10% expansion capability built into their design. With the ID of the host pipe measured for each and every reach of pipe prior to its
manufacture, the Alphaliner glass fiber tubes have the ability to expand differentially to the demands of any localized deviations from the pipe's global
geometry (jogs, offsets, damage, etc.) making for an unrivaled fit compared with other UV cure liners.

8 The fiberglass reinforcements in both the Alphaliner 500 and 1500 systems are of a corrosion resistant E-glass, commonly referred to as E-CR glass. The use

of glass fibers meeting this class designation is essential to the finished liner's performance in the types of environments into which it can be installed. In
addition to the fibers themselves, it is the sizing that is put onto the fibers to create the mechanical lock or bond between the resin and the fiber that assures
the long-term composite action of this system. The selection of the fibers, the choice of the resin system, and the coordination of the type of sizing are tightly
controlled by the materials design process.

% Sustained external hydrostatic loading on a liner can over time exact a circumferential shortening of the liner which, in turn, can lead to localized bending in

the region of the liner where the radius is the greatest (most flattened). Using the test method described in the DIN EN 761 the Alphaliner systems have been
subjected to a ring deformation of three percent and the amount of pressure or load to maintain this deformation is then recorded over a time period up to
10,000 hours at prescribed points along this timeline. These data points are then plotted in a graphical format where a line can be fitted to them that allow an
engineer to extrapolate what the value would be at the end of the stated design life of the liner. Typically this design point is 50 years (or 438,000 hours). The
value estimated at this design life point (i.e. 50 years) is compared to the initial or short-term value derived from the ISO 178.The ratio of the long-term
estimated value to the initial value is the percentage retained. Given the stability of the glass fiber reinforcement, the retention factors for the Alphaliner
systems are much higher than the standard felt fiber and resin CIPP.

19 The liner firmness in rinsing is a qualifications testing process to assure that the finished liner can stand up to the powerful jetting used today to remove debris
and obstructions that will be a part of the service life of the CIPP liner. The level of the cleaning pressures, the angle of the hydraulic jets, and the cleaning
actions (speed of retrieval) normally used are applied to the liner to simulate the level of hydraulic action the hardened liner must endure throughout its
proposed 50 year life cycle. This is used to evaluate the toughness of the liner materials in this very real world requirement.

11 Reinstating branch connections to the new liner presents an opportunity for the fluid in the pipe to enter the liner matrix via the fibers if they have not been

properly sized to hold tight to the resin matrix. If this were to happen the structural integrity of the liner wall could become compromised. Testing for the
potential for wicking action of water through any cut edges in the liner is an essential part of the design validation (qualification) process.
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CLIENT
STREET
PROJECT NUMBER

MANHOLE TO MANHOLE

PIPE DIAMETER
LENGTH
SOURCE OF LIGHT

Date_Time

1/12/2016 6:40:53 AM
1/12/2016 6:41:24 AM
1/12/2016 6:41:55 AM
1/12/2016 6:42:26 AM
1/12/2016 6:42:57 AM
1/12/2016 6:43:28 AM
1/12/2016 6:43:59 AM
1/12/2016 6:44:30 AM
1/12/2016 6:45:01 AM
1/12/2016 6:45:32 AM
1/12/2016 6:46:03 AM
1/12/2016 6:46:34 AM
1/12/2016 6:47.05 AM
1/12/2016 6:47:36 AM
1/12/2016 6:48:07 AM
1/12/2016 6:48:38 AM
1/12/2016 6:49:09 AM
1/12/2016 6:49:40 AM
1/12/2016 6:50:11 AM
1/12/2016 6:50:42 AM
1/12/2016 6:51:13 AM
1/12/2016 6:51:44 AM
1/12/2016 6:52:15 AM
1/12/2016 6:52:46 AM
1/12/2016 6:53:17 AM
1/12/2016 6:53:48 AM
1/12/2016 6:54:19 AM
1/12/2016 6:54:50 AM
1/12/2016 6:55:21 AM
1/12/2016 6:55:52 AM
1/12/2016 6:56:23 AM
1/12/2016 6:56:54 AM
1/12/2016 6:57:25 AM
1/12/2016 6:57:56 AM
1/12/2016 6:58:27 AM
1/12/2016 6:58:58 AM
1/12/2016 6:59:29 AM
1/12/2016 7.00:00 AM
1/12/2016 7:00:31 AM
1/12/2016 7:01:02 AM
1/12/2016 7:01:33 AM
1/12/2016 7:02:04 AM
1/12/2016 7:02:35 AM
1/12/2016 7:03:06 AM
1/12/2016 7:.03:37 AM
1/12/2016 7:04:08 AM
1/12/2016 7:04:38 AM
1/12/2016 7:05:10 AM
1/12/2016 7.05:41 AM
1/12/2016 7:06:12 AM
1/12/2016 7:06:43 AM
1/12/2016 7:07:14 AM
1/12/2016 7:07:45 AM
1/12/2016 7:08:16 AM
1/12/2016 7:08:47 AM
1/12/2016 7:09:18 AM
1/12/2016 7:09:48 AM
1/12/2016 7:10:20 AM
1/12/2016 7:10:51 AM
1/12/2016 7:11:22 AM
1/12/2016 7:11:53 AM
1/12/2016 7:12:24 AM
1/12/2016 7:12:55 AM
1/12/2016 7:13:26 AM
1/12/2016 7:13:57 AM
1/12/2016 7:14:28 AM
1/12/2016 7:14:59 AM
1/12/2016 7:15:30 AM
1/12/2016 7:16:01 AM
1/12/2016 7:16:32 AM
1/12/2016 7:17:03 AM

Length
5.1
51
5.1
5.1
5.1

INSTALLATION REPORT
sacramento PROJECT
collagetowne

stateuniversity

MANUFACTURE
PRODUCTION ID

updown PRODUCTION DATE
18.00 WALL THICKNESS
20.00 STORAGE TEMPERATURE
600 OUTSIDE TEMPERATURE
WEATHER
Speed_SP  Spee Pressure Temp_1 Temp_2 Temp_3

1.7 . 1.2 43 32 0
1.7 1.3 43 32 0
1.7 18 43 32 0
157 - 1.4 42 32 0
1.7 - 14 42 32 0
7 - 1.5 42 33 0
W7 . 2.8 42 32 0
57 - 0.1 42 32 0
17 - 0.0 42 32 0
17 - 1.3 42 32 [o]
" - 2.6 42 32 0
W7 - 0.2 42 32 0
L7 - 0.1 42 32 0
1.7 - 1.3 42 32 0
W - 1.8 42 32 0
"7 - 2.3 42 33 0
7 - 23 42 32 0
1.7 0 2.3 42 32 0
1.7 - 2.3 42.00 31.00 0,00
1.7 - 23 42.00 31.00 0.00
1.7 - 2.3 42.00 31.00 0.00
17 - 23 42,00 31.00 0.00
1.7 - 23 42.00 31.00 0.00
1.7 - 2.3 42.00 31.00 0.00
1.7 - 27 43.00 32.00 0.00
1.7 - 27 43.00 32.00 0.00
1.7 - 29 43,00 32.00 0.00
1.7 - 2.9 43,00 32.00 0.00
1.7 N 2:9 43.00 32.00 0.00
1s7 . 2.9 43.00 32.00 0.00
1.7 - 2.9 43.00 32.00 0.00
1.7 - 2.9 43.00 32.00 0.00
1.7 - 2.9 43,00 32.00 0.00
1.7 - 3.0 43,00 32,00 0.00
1.7 - 3.0 43.00 32.00 0.00
1.7 - 3.4 43.00 32.00 0.00
1.7 - 3.1 43,00 32.00 0.00
1.7 - 3.0 43.00 32.00 0.00
1.7 - -0.1 43.00 32.00 0.00
1.7 - -0.1 43,00 32.00 0.00
1.7 - -0.1 43,00 32.00 0.00
1.7 - -0.1 43,00 32.00 0.00
1.7 - -0.1 43.00 32.00 0.00
1.7 - -0.1 43,00 40.00 0.00
1.7 - -0.1 0.00 0.00 0.00
1.7 - -0.1 44,00 42.00 0.00
1.7 0.10 -0.1 44,00 42,00 0.00
1.7 - -0.1 44.00 41.00 0.00
1.7 -0.1 45.00 42.00 0.00
1.7 - -0.1 45.00 42.00 0.00
1.7 - 05 45,00 43.00 0.00
1.7 - 0.5 45.00 43.00 0.00
1.7 0.5 45,00 43.00 0.00
1.7 o 0.5 45,00 43.00 0.00
1.7 77.50 0.5 46.00 43.00 0.00
1.7 - 0.5 46.00 43.00 0,00
1.7 - 0.5 46.00 43.00 0.00
1.7 0.10 05 46.00 43.00 0.00
1.7 - 0.5 46.00 44,00 0.00
1.7 0.10 05 46.00 44,00 0.00
1.7 - 0.5 46.00 44,00 0.00
1.7 0.5 47,00 44,00 0.00
1.7 - 0.7 47.00 44,00 0.00
1.7 - 1.1 47.00 44.00 0.00
1.7 - 1.4 47.00 44.00 0.00
1.7 - 1.8 47.00 44,00 0.00
1.7 - 18 47.00 44,00 0.00
1.7 - 23 47.00 45,00 0.00
1.7 2.6 47.00 45,00 0.00
1.7 - 3.1 48.00 45.00 0.00
1.7 - 31 48.00 45.00 0.00
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CLIENT
STREET

PROJECT NUMBER

MANHOLE TO MANHOLE

PIPE DIAMETER

LENGTH

SOURCE OF LIGHT

Dale_Time

1/12/2016 7:17:34 AM
1/12/2016 7:18:05 AM
1/12/2016 7:18:36 AM
1/12/2016 7:19:07 AM
1/12/2016 7:19:38 AM
1/12/2016 7:20:09 AM
1/12/2016 7:20:40 AM
1/12/2016 7:21:11 AM
1/12/2016 7:21:42 AM
1/12/2016 7:22:13 AM
1/12/2016 7:22:44 AM
1/12/2016 7:23:15 AM
1/12/2016 7:23:46 AM
1/12/2016 7:24:17 AM
1/12/2016 7:24:48 AM
1/12/2016 7:25:19 AM
1/12/2016 7:25:50 AM
1/12/2016 7:26:21 AM
1/12/2016 7:26:52 AM
1/12/2016 7:27:23 AM
1/12/2016 7:27:54 AM
1/12/2016 7:28:25 AM
1/12/2016 7:28:56 AM
1/12/2016 7:29:27 AM
1/12/2016 7:29:58 AM
1/12/2016 7:30:29 AM
1/12/2016 7:31:00 AM
1/12/2016 7:31:31 AM
1/12/2016 7:32:02 AM
1/12/2016 7:32:33 AM
1/12/2016 7:33:.04 AM
1/12/2016 7:33:35 AM
1/12/2016 7:34.06 AM
1/12/2016 7:34.37 AM
1/12/2016 7.35.08 AM
1/12/2016 7:35:39 AM
1/12/2016 7:36:10 AM
1/12/2016 7:36:41 AM
1/12/2016 7:37:12 AM
1/12/2016 7:37:43 AM
1/12/2016 7:38:14 AM
1/12/2016 7:38:45 AM
1/12/2016 7:39:16 AM
1/12/2016 7:39:47 AM
1/12/2016 7:40:18 AM
1/12/2018 7:40:49 AM
1/12/2016 7:41:20 AM
1/12/2016 7:41:51 AM
1/12/2016 7:42:22 AM
1/12/2016 7:42:53 AM
1/12/2016 7:43:24 AM
1/12/2016 7:43:55 AM
1/12/2016 7:44:26 AM
1/12/2016 7:44:57 AM
1/12/2016 7:45:28 AM
1/12/2016 7:45:59 AM
1/12/2016 7:46:30 AM
1/12/2016 7:47:01 AM
1/12/2016 7:47:32 AM
1/12/2016 7:48:03 AM
1/12/2016 7:48:34 AM
1/12/2016 7:49:05 AM
1/12/2016 7:49:36 AM
1/12/20186 7:50:07 AM
1/12/2016 7:50:38 AM
1/12/2016 7:51:09 AM
1/12/2016 7:51:40 AM
1/12/2016 7:52:11 AM
1/12/2016 7:52:42 AM
1/12/2016 7:53:13 AM
1/12/2016 7:53:44 AM

Length
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
272
27.2
27.2
27.2
27.2
272
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
27.1
27.1
27.1
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
27.2
272
27.2
27.2
27.2
27.2
27.2
272
27.2
27.2
27.2
27.2
27.2
27.2

INSTALLATION REPORT
sacramento PROJECT
collagetowne

stateuniversity

MANUFACTURE
PRODUCTION ID

updown PRODUCTION DATE
18.00 WALL THICKNESS
20.00 STORAGE TEMPERATURE
600 OUTSIDE TEMPERATURE
WEATHER
Speed_SP Speed  Pressure Temp_1 Temp_2 Temp_3

L - 31 48.00 45,00 0.00
1.7 - 3.9 48.00 46.00 000
1.7 - 4.0 48.00 45.00 0.00
1.7 - 4.1 48.00 45.00 0.00
1.7 - 4.1 49.00 45.00 0.00
1.7 - 4.1 49.00 46.00 0.00
1.7 - 4.4 49.00 46.00 0.00
1.7 - 4.9 49.00 46.00 0.00
15 - 4.9 48.00 46.00 0.00
1.7 - 5.0 50.00 46.00 0.00
1.7 - 5.0 50.00 46.00 0.00
1.7 - 53 50.00 46.00 0.00
1.7 - 54 51.00 46.00 0.00
1.7 - 55 51.00 47.00 0.00
1.7 - 55 51.00 47.00 0.00
17 = 55 51.00 47.00 0.00
1.7 - 55 52.00 47.00 0.00
1.7 - 5.5 52.00 47.00 0.00
1.7 - 5.5 52,00 47.00 0.00
1.7 - 55 53.00 47.00 0.00
1.7 - 5.6 53.00 47.00 0.00
1.7 - 56 53.00 47.00 0.00
1.7 - 56 53.00 48.00 0.00
1.7 - 5.6 54.00 48.00 0.00
1.7 - 56 54.00 48.00 0.00
1.7 . 5.6 54.00 48.00 0.00
1.7 - 5.6 54.00 48.00 0.00
1.7 - 5.6 55.00 48.00 0.00
1.7 - 5.6 55.00 48.00 0.00
1.7 - 56 55.00 48.00 0.00
1.7 - 57 55.00 48.00 0.00
1.7 = 57 56.00 49.00 0.00
1.7 - 57 56.00 49.00 0.00
1.7 - 57 56.00 49.00 0.00
17 - 57 56.00 49.00 0.00
1.7 - 57 56,00 49.00 0.00
1.7 - 5.8 57.00 49.00 0.00
1.7 - 58 57.00 49.00 0.00
1.7 - 58 57.00 50.00 0.00
T - 5.8 57.00 50.00 0.00
1.7 - 58 57.00 50.00 0.00
1.7 = 58 58.00 50,00 0.00
1.7 - 58 58.00 50.00 0.00
1.7 - 58 58.00 50.00 0.00
1.7 - 5.8 58.00 50.00 0.00
45 ] - 5.8 58.00 51.00 0.00
1.7 - 5.9 59.00 51.00 0.00
1.7 - 6.0 59.00 51.00 0.00
1.7 0.10 6.0 59.00 51.00 0.00
17 - 6.0 59.00 51.00 0.00
1.7 - 6.0 59.00 51.00 0.00
1.7 - 6.0 60.00 52.00 0.00
1.7 - 6.1 60.00 52.00 000
1.7 - 6.1 60.00 52.00 0.00
1.7 - 6.1 60.00 52.00 0.00
1.7 . 6.1 60.00 52.00 0.00
1.7 - 6.1 61.00 52.00 0.00
1.7 - 6.1 61.00 52.00 0.00
1.7 - 6.6 61.00 53.00 0.00
1.7 - 6.6 61.00 53.00 0.00
1.7 - 66 61.00 53.00 0.00
1.7 - 6.6 61.00 53.00 0.00
1.7 - 6.6 61.00 53.00 0.00
1a7 - 6.6 62.00 53.00 0.00
1.7 - 6.6 62,00 53.00 0.00
1.7 - 6.6 62.00 53.00 0.00
1.7 - 6.6 62.00 54.00 0.00
15 - 6.6 62.00 54.00 0.00
1.7 - 6.6 62.00 54.00 0.00
1.7 - 6.6 62.00 54.00 0.00
1.7 - 6.6 63.00 54.00 0.00
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CLIENT
STREET
PROJECT NUMBER

sacramento
collagetowne
stateunlversity

MANHOLE TO MANHOLE

PIPE DIAMETER
LENGTH
SOURCE OF LIGHT

Date_Time

1/12/2016 7:54:15 AM
1/12/2016 7:54:46 AM
1/12/2016 7:55:17 AM
1/12/2016 7:55:48 AM
1/12/2016 7:56:19 AM
1/12/2016 7:56:50 AM
171212016 7:57:21 AM
1/12/2016 7:57:.52 AM
1/12/2016 7:58:23 AM
1/12/2016 7:58:54 AM
1/12/2016 7:59:25 AM
1/12/2016 7:59:56 AM
1/12/2016 8:00:27 AM
1/12/2016 8:00:58 AM
1/12/2016 8:01:29 AM
1/12/2016 8:02:00 AM
1/12/2016 8:02:31 AM
1/12/2016 B:03:02 AM
1/12/2016 8:03:33 AM
1/12/2016 8:04:04 AM
1/12/2016 8:04:35 AM
1/12/2016 8:05:06 AM
1/12/2016 8:05:37 AM
1/12/2016 8:06:08 AM
1/12/2016 8:06:39 AM
1/12/2016 8:07:10 AM
1/12/2016 8:07:41 AM
1/12/2016 8:08:12 AM
1/12/2016 8:08:43 AM
1/12/2016 8:09:14 AM
1/12/2016 8:09:45 AM
1/12/2016 8:10:16 AM
1/12/2016 8:10:47 AM
1/12/2016 8:11:18 AM
1/12/2016 8:11:43 AM
1/12/2016 8:12:20 AM
1/12/2016 8:12:51 AM
1/12/2016 8:13:22 AM
1/12/2016 8:13:53 AM
1/12/2016 8:14:24 AM
1/12/2016 8:14:55 AM
1/12/2016 8:15:26 AM
1/12/2016 8:15:57 AM
1/12/2016 8:16:28 AM
1/12/2016 8:16:59 AM
1/12/2016 8:17:30 AM
1/12/2016 8:18:01 AM
1/12/2016 B:18:32 AM
1/12/2016 8:19:03 AM

Length Speed
27.2
27.2
27.2
27.2
27.2
27.2
22.0
18.6
18.6
18.6
18.6
18.6
18.6
18.6
18.4
18.0
17.5
16.9
16.3
15.8
15.4
14.8
14.1
13.4
126
119
111

updown

18.00

20.00

600
_SP Speed
1.7 -
1.7 -
1.7 -
1.7 -
1.7 -
1.7 -
1.7 41.30
17 -
157 -
1.0 -
1.0 -
1.0
1.0
1.0 -
1.0 0.80
1.0 1.30
1.5 1.10
1.0 0.90
1.0 0.90
1.0 0.90
1.0 0.90
15 1.40
1.5 1.30
15 1.30
1.5 1.40
1.5 1.50
1.5 1.60
1.5 1.60
1.5 1.40
1.5 1.60
1.5 1.40
1.5 1.60
1.5 1.50
1.5 1.50
1.5 1.50
1.5 .
1.5 .
1.5 -
1.5
15 -
156
15

INSTALLATION REPORT
PROJECT
MANUFACTURE
PRODUCTION ID
PRODUCTION DATE

Pressure

D-196

WALL THICKNESS
STORAGE TEMPERATURE
OUTSIDE TEMPERATURE

WEATHER
Temp_1 Temp_2 Temp_3
63.00 54.00 0.00
63.00 55.00 0.00
63.00 55.00 0.00
63.00 56.00 0.00
64.00 57.00 0.00
65.00 57.00 0.00
67.00 58.00 0.00
69.00 68.00 0.00
72.00 77.00 0.00
75.00 87.00 0.00
79.00 97.00 0.00
82,00 105.00 0.00
85.00 114,00 0.00
88.00 121.00 0.00
92.00 129.00 0.00
96.00 132.00 0.00
100.00 124.00 0.00
103.00 112.00 0.00
107.00 121.00 0.00
111.00 126.00 0.00
115.00 135.00 0.00
119.00 142.00 0.00
123.00 145.00 0.00
126.00 144.00 0.00
130.00 144.00 0.00
133.00 143.00 0.00
137.00 145.00 0.00
140.00 146.00 0.00
144.00 149.00 0.00
147.00 153.00 0.00
151.00 155.00 0.00
154.00 155.00 0.00
158.00 161,00 0.00
161.00 168.00 0.00
165.00 182.00 0.00
168.00 193.00 0.00
172.00 202,00 0.00
175.00 208.00 0.00
177.00 214.00 0.00
180.00 218.00 0.00
181.00 217.00 0.00
183.00 221.00 0.00
184.00 220.00 0.00
184.00 219.00 0.00
185.00 218.00 0.00
185.00 217.00 0.00
185.00 216.00 0.00
184.00 214.00 0.00
184.00 213.00 0.00
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Page 1 of the National Technical Approval no. Z-42.3-330 from 28 April, 2008

DEUTSCHES INSTITUT FUR BAUTECHNIK

German Institute for Construction Technology - a public corporation

10829 Berlin, 28 April, 2008
Kolonnenstrale 30 L

Telephone: +49 (0) 30 78730-296
Telefax: +49 (0) 30 78730-320
Ref.no.: 111 59-1.42.3-3/07

National Technical Approval

Approval number Z-42.3-330

Applicant: Brandenburger Liner GmbH & Co. KG
Taubensuhlstrasse 6
76829 Landau (Palatinate), Germany

Object of approval: Pipe lining procedure called “Brandenburger liner” for rehabilitation of underground,
damaged sewage pipes with circular profile and inverted egg-shaped profiles in the
diameter range of DN 150 to DN 1000 and 200/300 mm to 800/1200 mm

Valid till: 30 April, 2011

The object of approval named above is nationally technically approved.*
This national technical approval encompasses 22 pages and 25 appendices.

Official seal Nr. 23 of the
German Institute for
Construction Technology

This national technical approval replaces the national technical approval no Z-42.3-330 from 27 September extended by
notification from 12 February 2007.
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Page 17 and 18 of the National Technical Approval no. Z-42.3-330 from 28 April, 2008

Kersten

Regulations for the measurements

The stability of the intended pipe liners needs to be verified by a stress analysis for each rehabilitation
according to the ATV-DVWK Advisory Leaflet M 127-2" from the “Deutsche Vereinigung fiir
Wasserwirtschaft, Abwasser und Abfall e.V. (DWA)” (German Association of Water, Sewage and Waste
Management).

For the stress analysis for the pipe liner rigidity of SN = 5,000 M/m?, a deformation module of the base
needs to be applied that matches the lateral line zone of the old pipe. For the stress calculation, a safety
coefficient of y = 2.0 needs to be taken into account.

The reduction factor A for determining the long-time valued according to 10,000-hour test (in accordance with
DIN EN 76121) is A = 1.78 for the pipe liner “ADV 75, A = 1.60 for the pipe liner “ADV 95” and A = 1.33 for
the pipe liner “ADV 120

This results the following Young modulus and bending stress values for the stress analysis according to
the ATV-DVWK Advisory Leaflet M 127-2":

1. Pipe liner “ADV 75”:

Tensile bending stresSshort.term, 5% quantile =180 N/mm?  (26,105psi) In accordance with DIN EN 1SO 178"
Tensile bending stressiong-term, 5% quantile =100 N/mm?  (14,503psi)
Circumference Eghort-term, 5% quantile = 8,500 N/mm? (1,232,755psi) In accordance with DIN EN ISO 1228
Circumference Elong-term, 5% quantile = 4,700 N/mm2 (681 1641 pSI)
Young modulus Exhort-term, 5% quantiie = 7,500 N/mm?* (1,087,725psi) In accordance with DIN EN ISO 178"
Long-term Ejong-time, 5% quantile = 4,200 N/mm? (609,126psi)

2. Pipe liner “ADV 95”:
Tensile bending stresSshort-term, 5% quantile =200 N/mm? In accordance with DIN EN 1SO 178"
Tensile bending stressiong.term, 5% quantile =125 N/mm?
Circumference Eshort.term, 5% quantie = 9,500 N/mm? In accordance with DIN EN 1SO 1228"
Circumference Eiong-term, 5% quantile = 5,900 N/mm?
Young modulus Eshort-term, 5% quantiie = 9,500 N/mm? In accordance with DIN EN 1SO 178"
LO”g-term Elong-time, 5% quantile = 5,900 N/mm2

3. Pipe liner “ADV 120”:
Tensile bending stresSsnort.term, 5% quantite =230 N/mm?  (33,356psi) In accordance with DIN EN 1SO 178"
Tensile bending stressiong.term, 5% quantile =170 N/mm?  (24,655psi)
Circumference Eshort.term, 5% quantie = 12,000 N/mm?(1,740,360psi) In accordance with DIN EN I1SO 1228
Circumference Ejong-term, 5% quantie =9,000 N/mm? (1,305,270psi)
Young modulus Esport term, 5% quantie = 10,800 N/mm? (1,566,324psi) In accordance with DIN EN SO 178"
Long'term Elong-time, 5% quantile = 8,100 N/mm2 (1 ,174,743p$|)

Regulations for the maintenance

Each of the six sewage pipes rehabilitated during the validity period of this approval as well as at least
six residential connections re-established by cap profile technology have to be visually inspected by the
applicant. These results along with the accompanying descriptions of the rehabilitated damages have to
be submitted without request to the German Institute for Construction Technology during the validity
period of this approval.

Three of these completed rehabilitations have to be inspected for leaks at the cost of the applicant under
auspices of an expert in addition to the leakage test conducted immediately following the rehabilitation,
before the termination of the validity date of this approval.

Certified
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INTERNATIONAL ISO
STANDARD 7685

First edition
1998-07-15

Plastics piping systems — Glass-reinforced
thermosetting plastics (GRP) pipes —
Determination of initial specific ring
stiffness

Systémes de canalisation en matiéres plastiques — Tubes en plastiques
thermodurcissables renforcés de verre (PRV) — Détermination de la rigidité
annulaire spécifique initiale

=N = Reference number
e —am 1SO 7685:1998(E)
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Foreword

ISO (the International Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work of
preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which
a technical committee has been established has the right to be represented
on that committee. International organizations, governmental and non-
governmental, in liaison with ISO, also take part in the work. ISO collab-
orates closely with the International Electrotechnical Commission (IEC) on
all matters of electrotechnical standardization.

Draft International Standards adopted by the technical commitiees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International Standard ISO 7685 was prepared by Technical Committee
ISO/TC 138, Plastics pipes, fittings and valves for the transport of fluids,
Subcommittee SC 6, Reinforced plastics pipes and fittings for all
applications, in collaboration with CEN/TC 155, Plastics piping systems
and ducting systems.

This International Standard is one of a series of standards on test methods
for plastics piping systems and ducting systems.

© SO 1998

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced
or utilized in any form or by any means, electronic or mechanical, including photocopying and
microfilm, without permission in writing from the publisher.

Intemational Organization for Standardization
Case postale 56 * CH-1211 Genéve 20 « Switzerland
Internet  iso@iso.ch

Printed in Switzerland
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INTERNATIONAL STANDARD @ISO ISO 7685:1998(E)

Plastics piping systems — Glass-reinforced thermosetting plastics
(GRP) pipes — Determination of initial specific ring stiffness

1 Scope

This International Standard specifies methods for determining the initial specific ring stiffness of glass-reinforced
thermosetting plastics (GRP) pipes. Two methods are given, and within the specified deflection limits each is
equally valid and may be used for any diameter.

2 Definitions
For the purposes of this International Standard, the following definitions apply:

2.1
compressive load (F)
load applied to a pipe to cause a diametric deflection

It is expressed in newtons.

22

vertical deflection (y)
vertical change in diameter of a pipe in a horizontal position in response to a vertical compressive load (see 2.1)

It is expressed in metres.

23
relative vertical deflection (y/4dy;)
ratio of the vertical deflection y (see 2.2) to the mean diameter of the pipe dy, (see 2.4)

24
mean diameter (d;)
diameter of the circle corresponding with the middle of the pipe wall cross-section

It is given, in metres, by either of the following equations:

dm=di+e
dm=de"'e
where

d; s the average of the measured internal diameters (see 5.3.3), in metres;
dg is the average of the measured external diameters (see 5.3.3), in metres;

e s the average of the measured wall thicknesses of the pipe (see 5.3.2), in metres.
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2.5
specific ring stiffness (S)
a physical characteristic of the pipe, which is a measure of the resistance to ring deflection under external load

This characteristic is determined by testing and is defined, in newtons per square metre, by the equation

S E : I
dm
where
E s the apparent modulus of elasticity as determined in the ring stiffness test, in newtons per square metre,

I is the second moment of area in the longitudinal direction per metre length, expressed in metres to the
fourth power per metre, i.e.

where
e is the wall thickness of the test piece, in metres;

dm is the mean diameter (see 2.4) of the test piece, in metres.

2.6
initial specific ring stiffness (Sg)
initial value of S obtained by testing in accordance with this International Standard

It is expressed in newtons per square metre.

3 Principle

A length of pipe is loaded throughout its length to compress it diametrically. Two ways are given for doing this,
method A (constant load) and method B (constant deflection), either of which can be used:

Method A: After applying the load necessary to give a relative deflection of (3 + 0,5) %, the load is kept constant for
a specified period of time and the final deflection is determined at the end of this period.

Method B: After applying the load necessary to give the initial relative deflection specified in the referring standard,
the deflection is kept constant for a specified period of time and at the end of this period the final load being applied
is determined.

NOTE — It is assumed that the following test parameters are set by the standard making reference to this International
Standard:

a) the method to be used (A or B);

b) the length of the test pieces (see 5.1);

c) the number of test pieces (see 5.2);

d) if applicable, the details of conditioning of the test pieces (see clause 6);

e) for method B, the relative deflection to be applied (see 7.3.3).

4 Apparatus

4.1 Compressive-loading machine, comprising a system capable of applying, without shock, a compressive
force (suitable for method A or B) at a controlled rate through two parallel load application surfaces conforming to
4.2 so that a horizontally orientated pipe test piece conforming to clause 5 can be compressed vertically. The
accuracy of loading shall be + 1 % of the maximum indicated load.
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4.2 Load application surfaces

4.2.1 General arrangement

The surfaces shall be provided by a pair of plates (see 4.2.2), or a pair of beam bars (see 4.2.3), or a combination
of one such plate and one such bar, with their major axes perpendicular to and centred on the direction of
application of the load F by the compressive-loading machine, as shown in figure 1. The surfaces in contact with the
test piece shall be flat, smooth, clean and parallel.

Plates and beam bars shall have a length at least equal to that of the test piece (see clause 5) and a thickness such
that visible deformation does not occur during the test.

4.2.2 Plates

The plate(s) shall have a width of at least 100 mm.

4.2.3 Beam bars

Each beam bar shall have rounded edges, a flat face (see figure 1) without sharp edges and a width dependent
upon the pipe as follows:

a) for pipes with a nominal size not greater than DN 300, the width shall be 20 mm + 2 mm;

b) for pipes of nominal sizes greater than DN 300, the width shall be 50 mm £ 5 mm.

The beam bars shall be designed and supported such that no other surface of the beam bar structure comes into
contact with the test piece during the test.

4.3 Dimension-measuring instruments, capable of determining

— the necessary dimensions (length, diameter, wall thickness) to an accuracy of within + 0,1 mm,;

— the deflection of the test piece in the vertical direction to an accuracy of within + 1,0 % of the maximum value.

Detail of beam bar
width of
F fhe flat F
] surface !
|
A |
i
M\\\\\\\\\‘l Deflection measurement

taken af mid-length
of test piece

Plate

Beam bar
NN NN
Plate loading Beam bar loading
Figure 1 — Schematic diagram of the test arrangement
3
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5 Test pieces

5.1 Preparation

Each test piece shall be a complete ring cut from the pipe to be tested. The length of the test piece shall be as
specified in the referring standard, with permissible deviations of + 5 %. Where a referring standard does not exist
or does not specify the length of the test piece, the said length shall be 300 mm + 15 mm.

The cut ends shall be smooth and perpendicular to the axis of the pipe.

Straight lines, to serve as reference lines, shall be drawn on the inside or the outside along the length of the test
piece at 60° intervals around its circumference.

5.2 Number

The number of test pieces shall be as specified in the referring standard. Where a referring standard does not exist
or does not specify the number of test pieces the said number shall be one per pipe size.

5.3 Determination of dimensions

5.3.1 Length

Measure the length of the test piece along each reference line to an accuracy of 0,2 mm.

Calculate the average length L, in metres, of the test piece from the six measured values.

5.3.2 Wall thickness

Measure to within £ 0,2 mm the wall thickness of the test piece at each end of each reference line.

Calculate the average wall thickness e, in metres, of the 12 measured values.

5.3.3 Mean diameter

Measure to an accuracy of within £ 0,5 mm either of the following:

a) the internal diameter dj of the test piece between each pair of diametrically opposed reference lines at their mid-
length, e.g. by means of a pair of calipers;

b) the external diameter de of the test piece at the mid-points of the reference lines, e.g. by means of
circumferential-wrap steel tape.

Calculate the mean diameter dp, of the test piece using the values obtained for wall thickness and either the internal
or the external diameter (see 2.4).

6 Conditioning

Unless otherwise specified by the referring standard, store the test pieces for at least 0,5 h at the test temperature
(see 7.1) prior to testing.

In cases of dispute, condition the test pieces for 24 h at 23 °C + 3 °C before testing, or subject them to a mutually
agreed conditioning schedule.

7 Procedure

7.1 Test temperature

Conduct the following procedure at the temperature specified in the referring standard.
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7.2 Positioning of the test piece

Place a test piece in the apparatus with a pair of diametrically opposed reference lines in contact with the plate(s)
and/or beam bar(s).

Ensure that the contact between the test piece and each plate or beam bar is as uniform as possible and that the
plate(s) and/or beam bar(s) are not tilted laterally.

7.3 Application of load and measurement of deflection

7.3.1 General
Carry out a test in accordance with 7.3.2 or 7.3.3 at each pair of reference lines (see 5.1). Allow the test piece to
recover between each test. In cases of dispute, allow 15 min between each test.

7.3.2 Method A: Using constant load

See figure 2.

Apply the compressive load at an approximately constant rate so that a relative deflection between 2,5 % and 3,5 %
isreachedin60s+10s;

Keep this load constant for 2 min, and at the end of this period determine and record the load and the deflection.

3 s
>~ 0,05 L LL
c ®
e Load held constant S
§ : \' H
‘w 0,04 — | -
G ! Load i
7]
= |
b i
» 1
& 0,03 : -
|
|
Relative deflection i
0,02 | i i =
] i
I 1
1 ]
] ]
I t
0,01 — ] -
i
]
1
! !
0 T I T T T f T T T
0 0,5 1 15 2 25 3 35 4 4,5 5
Time (min)

Figure 2 — Method A: Load and corresponding deflection versus time

7.3.3 Method B: Using constant deflection

See figure 3.

Apply the compressive load at an aproximately constant rate so that a relative deflection between 2,5 % and 3,5 %
isreachedin60s+10s.

Keep this deflection constant for 2 min, and at the end of this period determine and record the deflection and the
load.
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Figure 3 — Method B: Deflection and corresponding load versus time

8 Calculation
Calculate the initial specific ring stiffness S, for each of the three positions using the following equation:

=fo
Lxy

So

where

f isthe deflection coefficient, given by the equation
£={1860+ (2500 y/dmp)} x107°;

L isthe average length of the test piece, expressed in metres;
F isthe applied load, expressed in newtons;

y isthe deflection, expressed in metres;

dm is the mean diameter, expressed in metres.

Calculate the average of the three values and record this value as the initial specific ring stifiness of the test piece.

9 Test report
The test report shall include the following information:

a) areference to this International Standard and the referring standard;
_ b) all details necessary for complete identification of the pipe tested;
c) the dimensions of each test piece;

d) the number of test pieces;
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e)
f)
9)
h)
i)
)
k)

the positions in the pipe from which the test pieces were obtained;

the equipment details, including whether beam bars and/or plates were used;

the test temperature;

the test method used, i.e. method A or B;

for each test piece, the loads and corresponding deflections used to calculate the initial specific ring stiffness;
the initial specific ring stiffness of each test piece;

any factors which may have affected the results, such as any incidents which may have occurred or any
operating details not specified in this International Standard;

the date of the test.
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ICS 23.040.20

Descriptors: piping, pipes (tubes), thermosetting resins, glass reinforced plastics, plastic tubes, tests, mechanical tests, stiffness tests,
rules of calculation.




RELINE

SAFETY DATA SHEET (SDS)

“ Section 1: Identification lI

Product Name(s): ALPHALINER
Ultraviolet (UV) Light Cured
Cured-In-Place Pipe (CIPP)
Fiberglass Reinforced Liner
(Non-Cured Condition)

Manufacturer: Reline America, Inc.
116 Battleground Avenue
Saltville VA 24370-3387
276-496-4000 or 866-998-0808
(8:00 am — 4:30 pm Eastern Time weekdays)

Emergency Contacts: Manufacturing (8:00 am — 4:30 pm ET weekdays): 276-496-4000
CHEMTREC (24 hours everyday): 800-424-9300

Health & Technical Contacts: Health issues: 276-496-4000 (8:00 am — 4:30 pm ET)
Technical product information: 276-496-4000 or fax 276-494-4870

Recommended Use of Product: Impermeable liner for existing piping.

Section 2: Hazard(s) Identification

Hazard Classification: Category 9 other regulated substance, solid, n.o.s (contains styrene)
Packing Group 11 NA3077

Cauti Flash point >23 °C (73 °F) but <60 °C (140 °F) in liquid (gel) form. Can be ignited
aution: ; : . ! . Py
readily and will burn vigorously and persistently when in solid form.

Emergency Overview: No unusual emergency situations are expected from this product.

Primary Route(s) of Exposure: Inhalation, skin, eye.

Potential Health Effects
Acute (short term):

Eyes — Severe eye irritant which may result in redness, burning, tearing and blurred vision.

Skin — Skin irritant which may result in burning sensation. Repeated or prolonged skin contact may cause
dermatitis.

Ingestion — Ingestion may result in mouth, throat, and gastrointestinal irritation, nausea, vomiting, and diarrhea.

Inhalation — Inhalation of gaseous vapors may cause upper respiratory irritation and possible central nervous
system effects including headaches, nausea, vomiting, dizziness, loss of coordination, impaired judgment, and
general weakness.

Version 2.0 (April 23, 2014) — Page 1 of 8 —
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Chronic (long term): N
Styrene — Classified by ACGIH (the American Conference of Governmental Industrial Hygienists) as
category A4 (not classifiable as a human carcinogen).

—  Classified by IARC (the International Agency for Research on Cancer) as category 2B (possibly
carcinogenic to humans).

—  Classified by NTP (the National Toxicology Program) in Group 2 (reasonably anticipated to be a
human carcinogen).

—  An increased incidence of lung tumors was observed in mice from a recent inhalation study. The
relevance of this finding is uncertain since data from other long-term animal studies and from
epidemiology studies of workers exposed to styrene do not provide a basis to conclude that
styrene is carcinogenic to humans.

lSection 3 Composition/Information on Ingredients |
Name C.A.S. Number % by Weight
Polyester resin N/A 20-40
Styrene 100-42-5 13=25
Glass fiber N/A 35-65
Proprietary filler (chemical identity withheld as a trade secret) N/A 0-6
Barrier film N/A 0-2

Section 4: First Aid Measures

Inhalation: Move to a safe area as soon as possible, Rest in a well-ventilated area. Provide oxygen if
breathing is difficult. Perform mouth-to-mouth resuscitation if not breathing. Seek immediate
medical attention.

Eye Contact: Flush eyes with a continuous flow of water for at least 15 minutes, occasionally lifting the
upper and lower eyelids. Use of buffered baby shampoo will aid in removal. Seek medical
attention.

Skin Contact:  Gently and thoroughly wash with contaminated skin with running water and non-abrasive
soap. Seek medical attention if irritation persists.

Ingestion: Do not induce vomiting. Seek immediate medical attention.

|l Section 5: Fire Fighting Measures II
Flash Point & Method: 83 °F (28 °C) — Styrene, Pensky-Martens closed-cup method
Flammability Limits (%): LFL: 0.9% (Styrene)

UFL: 6.8% (Styrene)

Version 2.0 (April 23, 2014) — Page 2 of 8 —
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Auto Ignition Temperature: 914 °F (490 °C) —Styrene

Extinguishing Media: Water spray, foam, CO; or dry chemical

Unusual Fire & Explosion Hazards: Keep cool with water spray

In a sustained fire wear self-contained breathing apparatus and full
protective bunker turnout gear.

Fire Fighting Instructions:

Primary combustion products are carbon monoxide, carbon dioxide
and low molecular weight hydrocarbons. Other undetermined
compounds could be released in small quantities.

Hazardous Combustion Products:

Section 6: Accidental Release Measures

Rupture of pipe liner packaging to land, water, and air may require reporting to local, state, and/or federal
agencies.

Absorb any spilled resin with an inert material and place in sunlight to cure prior to
placing in an appropriate waste disposal container.

Small Spill:

Eliminate all ignition sources. Keep unauthorized personnel away from spill and prevent
entry into confined areas. Contain with an inert material. Recover as much as possible
and cure the remainder in sunlight before placing in an appropriate waste disposal
container.

Large Spill:

Section 7:

Handling & Storage

Storage Temperature: Store below 95 °F (35 °C), avoid prolonged exposure to higher temperatures

Storage Pressure: Not applicable
General: Store below 95 °F (35 °C)

Section 8: Exposure Controls/Personal Protection

Ingredients

ACGIH TLV
(US, 312012)

OSHA PEL 72
(US, 11/2006)

NIOSH REL
(US, 6/2009)

Polyester Resin

None Established

None Established

None Established

Styrene

8-hour TWA: 20 ppm
(85 mg/m?)
15-minute STEL: 40 ppm
(170 mg/m?)

Version 2.0 (April 23, 2014)

8-hour TWA: 100 ppm
5-minute AMP: 600 ppm
Ceiling: 200 ppm
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Engineering Controls: Provide exhaust ventilation or other engineering controls to keep airborne vapor
concentrations below their respective occupational exposure limits. Provide adequate safety showers and
eyewash stations in areas of use.

Personal Protection:

Respiratory Protection: For uncured product: If irritation occurs, or if the TLVs or PELs are exceeded,
used a NIOSH/MSHA approved air purifying respirator with organic vapor cartridges or canisters, or
supplied air respirators.

During fabrication operations: If irritation occurs, or if the TLVs or PELs are exceeded, wear a NIOSH
approved disposable dust respirator such as 3M 8710. Use respiratory protection in accordance with your
company’s respiratory protection program, local regulations or OSHA regulations under 29 CFR 1910.134.

Skin Protection: Avoid skin contact. Wear impervious gloves. Other protective items include long sleeves,
lab coats, or impervious jackets.

Eye Protection: Wear eye protection such as safety glasses with side shields.

Work/Hygienic Practices: Handle in accordance with good industrial hygiene and safety practices. These
include avoiding unnecessary exposure and removal of the product from skin, eyes and clothing. Launder
contaminated clothing before reuse. Eye wash stations should be available.

|| Section 9: Physical and Chemical Properties ll

Appearance

Non-flowable, semisolid/liquid gel impregnated into a glass fiber
matrix and encapsulated within a plastic (polyamide) sleeve

Flammability Limits (%)

Odor Type

Vapor Pressure (mm Hg @ 20 °C)
Odor Threshold

Vapor Density (air = 1)

pH

Relative Density (water = 1)
Freezing Point

Water Solubility

Boiling Point

Flash Point & Method

Version 2.0 (April 23, 2014)

Styrene LFL = 0.9%, UFL = 6.8%
Aromatic

Styrene = 4.5

Styrene = 0.14 ppm (0.60 mg/m?)
Styrene = 3.59

Not Applicable

1.2-—2.0

Not Available

Insoluble

Styrene: 293 °F (145 °C)

Styrene: 83 °F (28 °C), Pensky-Martens closed-cup method

— Page 4 of 8 —
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Evaporation Rate (n-butyl acetate = 1)  Not available

Flammability Category 3 as liquid: flash point >23 °C (73 °F) but <60 °C (14Q °F)
Category 2 as solid: can be ignited readily, will burn vigorously/persistently

Octanol/Water Partition Coefficient  Styrene: Log (Kow) =2.95

Auto Ignition Temperature: Styrene: 914 °F (490 °C)
Decomposition Temperature Styrene: >660 °F (>350 °C)
Viscosity Not available

Section 10: Stability and Reactivity

General: Stable below 95°F (35°C)

Incompatible Materials & Conditions to Avoid: Peroxides, oxidizers, catalysts for vinyl polymers, strong
acids or bases, aluminum chloride.

Hazardous Decomposition Products: Oxides of carbon and low molecular weight hydrocarbons. See Section
5 of this SDS for combustion products statement.

Hazardous Polymerization: Normally stable compound, hazardous polymerization unlikely to occur.

|! Section 11: Toxicological Information ||
Toxicity to Animals: Polyester Resin Styrene
. 2650 mg/Kg (rat)

LDsp Oral Not Available 5,000 mg/Kg

LDsy Intraperitoneal Not Available 898 mg/Kg (rat)

LCso Inhalation (gas) Not Available 2,770 ppm for 4 hours (rat)

LCs¢ Inhalation (vapor) Not Available 11.800 mg/m? for 4 hours (rat)
TDL© Dermal Not Available 26.4 mg/Kg (rat)

Special remarks on toxicity to animals: Lung effects have been observed in mouse studies, which have been
shown to be the result of mouse-specific enzymes (not in humans) that enable cancer production in mice.

Special remarks on chronic effects in humans: No additional remarks.

Special remarks on other toxic effects in humans: No additional remarks.

Version 2.0 (April 23, 2014) — Page 5 of 8 —
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Carcinogenicity:
Ingredients ACGIH IARC NTP OSHA
Polyester No No No No
Styrene No Yes (Group 2B)*  Yes (Group 2)t No

ACGIH = American Conference of Industrial Hygienists; IARC = International Agency for Research on Cancer;
NTP = National Toxicology Program; OSHA = Occupational Health and Safety Administration;

*Group 2B = possibly carcinogenic to humans — prior to March 1987 the IARC classified styrene monomer as a
Group 3 compound (meaning not classified as to human carcinogenicity);

TGroup 2 = reasonably anticipated to be a human carcinogen — prior to June 2011 the NTP did not classify styrene
as to carcinogenicity.

ll Section 12: Ecological Information !I

Toxic to aquatic organisms. Should not be released to sewage system or bodies of water at concentrations above
limits established in regulations or permit.

Section 13: Disposal Considerations

RCRA Hazard Class: Cured product is non-hazardous. Recycle uncured product to process if possible. Consult
state and local disposal authorities for disposal options prior to disposing any uncured resin product.

Section 14: Transport Information |
DOT Shipping Name: Other regulated substance, solid, n.o.s. (contains styrene)

Hazard Class or Division: 9 Secondary: None

Identification No.: NA3077 Packing Group: I11

Label(s) required (if not excepted): 9

Bulk Packaging: Non-DOT specification, shift-proof, closed motor vehicle

EPA Hazardous Substances: Styrene RO: 1,000 pounds
Marine Pollutants: Styrene Monomer, inhibited

Freight Description: CIPP Liner

Version 2.0 (April 23, 2014) — Page 6 of 8 —
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Saturated tubes containing less than 2,500 pounds of neat resin (3,000 of a filled resin) are below the threshold
that requires labeling as an environmentally hazardous material. However, Reline America, Inc. recommends
placing an information label on the end of the tube with the following information:

This tube contains a glass fiber matrix saturated with a polyester or vinyl ester resin system. The amount
of styrene monomer contained in the resin system present in this tube is less than the amount required (o
classify it as a regulated quantity of an environmentally hazardous material. Please be advised that DOT
has deemed the coating and glass fiber matrix of this tube a sufficient container for domestic transport of
this material to the project worksite. This product is not subject to hazardous materials communication
requirements when each of the tubes in transit is below the regulated quantity of styrene (1,000 pounds)

per tube.

Saturated tubes containing 2,500 or more pounds of neat resin (3,000 or more pounds of a filled resin) must be
labeled for transport, on each end of the tube and each side, as follows:

NA3077, other regulated substance, solid, n.o.s. (“Styrene”) 9 lll RQ

This tube contains a regulated quantity of an environmentally hazardous material. The
material is styrene monomer, which in its current state of a polyester or vinyl ester
resin solution is designated as a Class 9, NA 3077, Packing Group IlI substance. Please
be advised that DOT has deemed the coating and glass fiber matrix of this tube a
sufficient container for transporting this resin material to the project work site. Each
tube should have this label on each end and each side of the tube.

The transport vehicle shipping a tube containing 2,500 pounds or more of a neat resin (3,000 pounds or more of
a filled resin system) may also display the number “3077" on an “orange™ panel or “white square-on-point”
configuration, on each side and each end, if any tube in the vehicle contains this regulated quantity.

¢

/\\
1110

/

Pursuant to 49 CFR § 172.504(f)(9), the driver of a commercial motor vehicle transporting Alphaliner UV light
cured CIPP does not need to have a ‘Hazardous Materials’ endorsement on their Commercial Driver’s License

(whether or not the vehicle is placarded).
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Section 15: Regulatory Information

TSCA Status: Each ingredient is on the Inventory.

SARA Title I1I Section 302 Components: None
SARA Title I1I Section 313 Components: Styrene.

California Proposition 65: The State of California lists styrene oxide (a metabolite of styrene monomer) as a
known carcinogen on their list of “Chemicals Known to the State to Cause Cancer or Reproductive Toxicity.”

Clean Air Act: The federal Clean Air Act, as amended, lists styrene monomer as a hazardous air pollutant.

Section 16: Other Information

NFPA Hazard Rating: (Styrene) Fire

Health Reactivity

N

i

Specific Hazard

Version 2.0 (April 23, 2014) — Page 8 of 8 —
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CERTIFICATE OF CONFORMITY

THIS CONFIRMS THAT
Alphaliner 1500 and AOC Vipel Resin meets the standards set out for a
50 Year Design Life
per the National Standards

ASTM F1216 Standard Practice for Rehabilitation of Existing Pipelines and Conduits by the
Inversion and Curing of a Resin-Impregnated Tube

ASTM F 2019 Standard Practice for Rehabilitation of Existing Pipelines and Conduits by the Pulled in Place Installation of Glass Reinforced
Plastic, (GRP) cured in Place Thermosetting Resin Pipe (CIPP)

ASTM D5813 Standard Specification for Cured in Place Thermosetting Resin Sewer Piping Systems

ASTM F1743 Standard Practice for Rehabilitation of Existing Pipelines and Conduits by Pulled in Place Installation of Cured in Place
Thermosetting Resin Pipe (CIPP)

1: The Product was installed by an Installer trained by Reline America personnel or official appointed agents, on the specific product listed above
2. The Installer has abided with the rules stated on Reline America Quality Statement

3. The Goods were sold in accordance with Reline America Standard Terms of Sale.

Dated 08 January 2016
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Reline America Liner Wall Thickness Design Analysis Report - ASTIV

Date: Thursday, November 3, 2016
[Calculations made by: Jamie Lienberger

[Calculations reviewed by:  Gary Lienberger

Project Mame: CSUS
Project Location: Sacramento SEGMENT DESIGNATION
1
DESIGN INFORMATION SUMMARY
[Condition of Host Pipe FD
Inside Diameter of Host Pipe (in) o 18
jovality of Host Pipe (%) q 5.0
Flexural Modulus of Elasticity of CIPP, initial {psi) E 1,653,000
Flexural Strength of CIPP, Initial (psi) 5 30,460
[Tensile Strength of CIPP, Initial {psi) 5 30,000
Design Safety Factor N 2
Unit Weight of Sail {pcf) d, 120
Depth of Cover {ft) H 1.0
Estimated Constrained Soil Modulus s 2000.00
Height of Groundwater (ft} H, 0.0
lSurface Live Loading Condition - none -
Pavement Type Flexible
WALL THICKNESS CALCULATIONS SUMMARY
Partially Deteriorated Gravity Pipe Condition:
Minimum Thickness Required, Hydrostatic Buckling (in) Eg.x11 009
hMinimum Thickness Required, Ovality Check (in) Eg.x12 003
[Fully Deteriorated Gravity Pipe Condition:
Minimum Thickness Required, Luscher's Buckling Equation (in) Eg.¥x13 004
Minimum Thickness Required, Pipe Stiffness (in) Eg.x14 (016
CIPP WALL THICKNESS DESIGN SUMMARY
Minimum CIPP Thickness Required {in) o 0.138
hinimum CIPP Thickness Required {mm} {mimy) 457
pinimum CIPP Thickness Required (DR ) DRy 100
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Submittals

1. Resin sample submitted and accepted
2. Work Plan
2.1. Calculated thickness of liner —9 mill. (see calculations)
2.2 Manufactures recommendations:
2.2.1 Minumum pressure — 5 Ibs. PSI
2.2.2 Maxum pressure — 15 |bs. PSI
2.2.3 Postcure temperature — 110 degrees F.
2.2.4 Cure pressures — Min cold = 5 Ibs, Maxuim heated and cold — 15 Ibs PSI
2.2.5 Curing time for steam — 1.5 hrs.
2.3 Resin Trade Name — AOC
2.4 Expected maximum exothermic temperature — 160 degees F.
2.5 Insertion type — Inversion
2.6 Method of cure — Steam
2.7 Termination of segment — extend 3 feet at each end of host pipe
3. Manufacures information:
3.1.1 Supplier — AOC
3.1.2 Infared scans p. 59
3.1.3 N/A (host pipe contains no bituminous coating)
3.1.4 Certificates —p 43 — 58
3.2.1-5. N/A (no enhancer used in resin)
3.3.1 Fabric tubesupplier — Applied Felts
3.3.2 Membrane type — Polyeurethane
3.3.3 N/A — Inversion of the liner
3.4 Resin inserted at factory
3.5 Sealing Material — Soka Flex 1A
3.6 N/A —no splicing
3.7 Lubricant — vegetable oil
4 Annual pressure calabration — N/A (temperature and pressure range does not require)
5. Flexual testing — P. 44-47
6. Manufactures certification letterhead — see attached.
7. MSDS - P.19
8. Design Calc — See attached

9. Testing Lab - HAUSER LABORATORIES www.hauserlabs.com A Division of Microbac

Laboratories, Inc.
4750 Nautilus Court South, Unit A, Boulder, CO 80301-3240 Phone: 720 406 4800 Fax: 303 581 0195
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www.hauserlabs.com

8/13/13

Installation Procedure

Clean line from top manhole.

CCTV line from top manhole.

Place refrigerated liner transport truck and boiler truck at top manhole.
Insert liner from top manhole.

Introduce air and steam to the liner from top manhole

Moniter air pressure and temperature from bottom manhole

After liner is fully cured and cooled, remove excess liner from manhole.
Post CCTV line.

ONO RN =

Tom Byrd
President
Christian Brothers Lining Co.
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FerraTex Liner Cured-In-Place Pipe

FErRRATEX

Frofessional Cured-In-Place wet out services built on 25 years of experience!

SPINIELLO CIPP INSTALLATION PROCEDURES

The following are guidelines for installing the Spiniello Liner CIPP system for the Annual
Sewer Inspection & Rehabilitation Services (Cured-in-Place Pipe). The field conditions can
vary, especially in these areas of standing water with varying depths, therefore, more
specific procedures will be determined after verifying the field conditions.

PREPARATORY WORK

A. Clean each length of pipe to be lined and dispose of any resulting material in accordance
with the cleaning and disposal procedures.

B. Control active leaks to the extent required to install the liner.
C. Provide bypass pumping of sewage flows.

D. Perform a pre-lining television inspection to document that the sewer is clean of all dirt
and debris. The CONTRACTOR shall confirm that the conditions are suitable for lining.

E. Prior to inversion, the CONTRACTOR shall take necessary precautions and install
temporary dams at the downstream end of the lining work to prevent material from
leaving the work area. All temporary devices and construction debris shall be removed
prior to reinstating flow through the sewer.

STORAGE AND HANDLING

A. Resin products will be stored in a refrigerated truck at the recommended storage
temperature listed for each product. A resin impregnated liner shall be stored in the same
manner as the resin products. A liner that has not been impregnated with resin shall be
kept out of direct sunlight by covering with a tarp or similar type of covering.

B. Precautions for safe handling of all material shall be performed by adhering to the
handling guidelines stated in the manufacturer’s MSDS.

RESIN IMPREGNATION

A. The liner tube shall be vacuum-impregnated with resin under controlled conditions to
thoroughly saturate the tube prior to being sent for installation. The volume of resin used
shall be sufficient to fill all voids in the tube material at nominal thickness and diameter,
and to allow for any migration of resin into the cracks and joints of the pipe being
rehabilitated.
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B. In this case, which is factory resin impregnation; the liner shall be transported and kept in
a refrigerated truck until the time of installation. The refrigerated truck shall be equipped
with a sealed temperature recording device that continuously monitors the temperature of
the liner at all times after leaving the wet-out site. Transportation and storage of the resin
impregnated liner shall be done so that the liner is not damaged, exposed to direct sunlight
or creates a safety hazard.

C. For more details on the resin impregnation process refer to Wet-Out Procedures below.
INVERSION

A. No CIPP installations shall be undertaken in weather conditions that could jeopardize the
installation of the CIPP, or be detrimental to the long term performance of the CIPP.

B. The first step before setting equipment up for inversion is to establish site specific safety
measures and the correct traffic control. Once traffic control has been set-up the inversion
tower is then erected over the access pit (inversion point). The height of the inversion
platform is adjusted to meet the required inversion head depending on the depth of the
pipe to be rehabilitated.

C. With the water inversion platform, the liner is then pulled into position and the open end
of the down tube is turned inside out and attached to the horizontal frame on the inversion
tower. The liner was resin impregnated at the factory, therefore; it will be pulled out of a
refrigerated trailer. The inversion down-tube which is suspended from the platform is then
formed by inverting the liner through itself. Water is poured into the downtube to carry
the inversion along, a lubricant is also added to reduce friction on the liner coating and
allow a smooth inversion. The lubricant is in the form of a non-toxic oil-based product
such as vegetable oil. The liner then enters through the access pit (inversion point) until it
reaches the invert, at which point the inversion end is angled so that its direction of
progression is straight into the direction of the host pipe to be lined. This is achieved by
pulling up on the turn ropes attached to the mouth of the pipe at the invert of the liner
causing the inversion tube to bend approximately 90 degrees (this will of course vary
depending on the angular arrangement of the inversion point and the host pipe).

D. As the liner enters the host pipe an electrical thermocouple is placed in the invert between
the tube and the pipe wall. This thermocouple placement serves to monitor temperatures
during the curing and cool-down process.

E. Water is introduced into the down tube maintaining the required inversion pressure and
the water level is constantly regulated during the inversion process. The water pressure is
maintained to ensure a tight fit of the liner along the host pipe wall.

F. For the water inversion process, the procedure above continues until the end of the liner is
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within approximately ten feet of the top of the downtube, this is approximately the
halfway point of the inversion. The inversion is then temporarily stopped and a hold back
rope and lay flat hose is then tied to the end of the liner. The other end of the hold back
rope is then wrapped around the capstan at the top of the inversion tower. The inversion
process then continues and the rate of progression is controlled by the force applied to the
holdback rope.

G. Using water, the inversion continues until the liner enters approximately 6 to 12 inches
into the receiving access pit at the end of the inversion and a backstop is installed at the
termination point as a precaution to prevent the liner from progressing past that point (the
majority of the force however will be held by the holdback rope).

H. Once the liner is in its satisfactory position and is up to size, the curing process can then
begin.

CURING (Resin Manufacturer’s cure recommendations govern over general procedures noted below)

A. Curing shall begin immediately following inversion. Curing shall be done by the use of
circulating heated water. The CONTRACTOR shall provide adequate equipment and
monitoring devices in order to maintain the specified curing temperature until the CIPP
has attained its ultimate exotherm.

B. For water installation the water in the liner is heated up to approximately 170 — 200
degrees F to initiate the exothermic reaction of the resin/catalyst mixture. The temperature
of the liner and the resulting temperature “spike” during the exothermic reaction is
monitored and recorded at the thermocouples. This information along with the size and
length of the installation, equipment performance and surrounding site conditions, dictate
the length of time used to hold a curing temperature in the liner. The actual time required
to cure a liner is left to the Contractor’s discretion because of the numerous factors
involved. Please refer to the cure schedule for more information (Appendix C).

C. After the liner has cured it is then allowed to cool down before cutting the ends. For water
installation, cool water is slowly introduced into the CIPP to cool down the water
temperature to approximately 100 degrees F before completely draining. Once again the
actual time required for cool down is left to the Contractor’s discretion because of the
numerous factors involved. Please refer to the cure schedule for more information
(Appendix C).

POST CURING

A. Cool down and draining of the pipe shall be undertaken in such a manner to avoid
creating a vacuum in the pipe.
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B. For each segment of liner installed, samples will be prepared and will be submitted for
testing purposes per the project specifications, in accordance with ASTM F1216 and
ASTM D790. Restrained samples are preferred as noted.

C. All cutting and sealing of the liner at the ends shall provide a watertight pipe

D. Any gap between an installed liner and the host pipe shall be reviewed on a case by case
basis.

E. The liner shall be cleaned and the debris removed. The CONTRACTOR shall then
conduct a post-lining television inspection of the completed work. The post-lining
television inspection shall verify the quality of the lining work. The CONTRACTOR
shall correct non-conforming lining work as noted from the post-lining inspections or
otherwise noted by the ENGINEER. The CONTRACTOR shall re-televise or have still
digital photographs taken to verify and document the quality of the corrective work.

F. The CONTRACTOR shall prepare and submit internal inspection records according to the
CONTRACT DOCUMENTS.

SPINIELLO CIPP INSTALLATION PROCEDURES (AIR)

The following are guidelines for installing the Spiniello Liner CIPP system for the Annual
Sewer Inspection & Rehabilitation Services (Cured-in-Place Pipe). Actual field conditions
can vary and thus may require adjustments or deviations from these procedures as needed.
PREPARATORY WORK

F. Clean each length of pipe to be lined and dispose of any resulting material in accordance
with the cleaning and disposal procedures.

G. Control active leaks to the extent required to install the liner.

H. Provide bypass pumping of sewage flows only when necessary in conditions of flow.

I. Perform a pre-lining television inspection to document that the sewer is clean of all dirt
and debris and any protruding laterals have been cut prior to lining. Spiniello shall
confirm that the conditions are suitable for lining.

STORAGE AND HANDLING

C. Resin products will be stored in a refrigerated truck at the recommended storage
temperature listed for each product. The resin impregnated liner shall be stored in the
same manner as the resin products.
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D.

Precautions for safe handling of all material shall be performed by adhering to the
handling guidelines stated in the manufacturer's MSDS.

RESIN IMPREGNATION

D.

The liner tube shall be vacuum-impregnated with resin under controlled conditions to
thoroughly saturate the tube prior to being sent for installation. The volume of resin used
shall be sufficient to fill all voids in the tube material at nominal thickness and diameter,
and to allow for any migration of resin into the cracks and joints of the pipe being
rehabilitated.

In this case, factory or off site resin impregnation, the liner shall be transported and kept
in a refrigerated truck until the time of installation. The refrigerated truck shall be
equipped with a sealed temperature recording device that continuously monitors the
temperature of the liner at all times after leaving the wet-out site. Transportation and
storage of the resin impregnated liner shall be done so that the liner is not damaged,
exposed to direct sunlight or creates a safety hazard.

For more details on the resin impregnation process refer to the section titled Spiniello
CIPP Wet-Out Procedures.

INVERSION

No CIPP installations shall be undertaken in weather conditions that could jeopardize the
installation of the CIPP, or be detrimental to the long term performance of the CIPP.

The first step before setting equipment up for inversion is to establish site specific safety
measures and the correct traffic control. Once traffic control has been set-up the
inversion tower is then erected over the manhole or point of inversion. The height of the
inversion tower is adjusted to meet the required inversion head depending on the depth
of the pipe to be rehabilitated. In this case, the installation is scheduled to be an air
inversion, so the same depth measurement is converted into PSI. (Please note: if the
inversion vessel is planned for use, the impregnated liner is already loaded into the
vessel before the unit arrives on site).

With the portable shooter in place, the liner is then pulled into position and the open end
of the down tube is turned inside out and attached to the vertical portable shooter. The
liner was resin Impregnated at the factory; therefore, it will be pulled out of a refrigerated
trailer. The inversion down-tube which is suspended from the portable shooter is then
preformed by inverting the liner through itself. For air inversion the portable shooter is
then attached to the truck using steam hose. A lubricant is then added to the inside and
outside to reduce friction for a smooth inversion. The lubricant is in the form of a non-
toxic oil-based product such as vegetable oil. We may also use Dawn dish-washing liquid
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for the inversion process. The liner then enters through the manhole or other inversion
point until it reaches the invert, at which point the inversion end is angled so that its
direction of progression is straight into the direction of the host pipe to be lined. This is
achieved by angling the liner in the direction of the host pipe. The angle of the liner is
based on the invert in the manhole. After installed in the mouth of the invert, the
procedure is to apply air in order to invert the liner. After the half way point, a can is then
put on for the rest of the full inversion.

L. As the liner enters the host pipe an electrical thermocouple is placed in the invert
between the tube and the pipe wall. This thermocouple placement is repeated at
intermediate manholes to monitor temperatures during the curing and cool-down
process.

M. Air is introduced into the down tube maintaining the required inversion pressure and air
pressure is constantly regulated during the inversion process. When using air, only
regulating the air supply allows the operator to slow down or speed up the inversion
process. The air pressure is maintained to ensure a tight fit of the liner along the host
pipe wall. The inversion process continues until the liner is completely installed to the
termination point.

N. Using the air method and since the liner has reached its destination point, the pressure
can be reduced and an air hose connection is then attached to the liner allowing
pressure to be regulated through a device (B station) that can allow the operator to
regulate both the air pressure and record the heat as the curing process takes place

O. Once the liner is in its satisfactory position and is up to size the curing process can then
begin.

CURING (Resin Manufacturer’s cure recommendations govern over general procedures noted below)

D. Curing shall begin immediately following inversion. Curing shall be accomplished by
adding heat to the air source with the use of steam. The CONTRACTOR shall provide
adequate equipment and monitoring devices in order to maintain the specified curing
temperature until the CIPP has attained its ultimate exotherm.

E. For steam installation, air in the liner is heated by the introduction of steam at
approximately 125 - 240 degrees F to initiate the exothermic reaction of the resin/catalyst
mixture. The temperature of the liner and the resulting temperature “spike” during the
exothermic reaction is monitored and recorded at the thermocouples. This information
along with the size and length of the installation, equipment performance and
surrounding site conditions, dictate the length of time used to hold a curing temperature
in the liner. Please refer to the cure schedule for more information (Appendix C).
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The actual time required to cure a liner is left to the Contractor’s discretion because of
the numerous factors involved. Some of the factors that can affect the curing process are
the catalyst used, the liner thickness, the material of the host pipe, the heating capacities
(Boiler used), the ambient temperature and water content of the surrounding soil. Please
refer to the cure schedule for more information (Appendix C).

. After the liner has cured, it is then allowed to cool down before cutting the ends. For
steam installation, the steam introduction is first stopped and compressed air continues
to be circulated through the air/water until the temperature measures approximately 115
degrees F at the outgoing end (B station) or is close to sending temperature at A station.
Once again the actual time required for cool down is left to the Contractor’s discretion
because of the numerous factors involved.

POST CURING

G.

H.

Cool down and draining of the pipe shall be undertaken in such a manner to avoid
creating a vacuum in the pipe.

For each segment of liner installed, samples will be prepared and will be submitted for
testing purposes per the project specifications, in accordance with ASTM F1216 and
ASTM D790. Restrained samples are preferred as noted.

All cutting and sealing of the liner at manhole connections shall provide watertight pipe
and manhole trough seals.

Any gap between installed liner and host pipe shall be filled using Aquatapoxy A6.

Following installation of the liner, the liner shall be cleaned and the debris removed. The
CONTRACTOR shall then conduct a post-lining television inspection of the completed
work. The post-lining television inspection shall verify the quality of the lining work,
including the opening and sealing of manholes and service connections. The
CONTRACTOR shall correct non-conforming lining work as noted from the post-lining
inspections or otherwise noted by the ENGINEER. The CONTRACTOR shall re-televise
or have still digital photographs taken to verify and document the quality of the corrective
work.

The CONTRACTOR shall prepare and submit internal inspection records according to
the CONTRACT DOCUMENTS.
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Quality Assurance/Quality Control Program

I. Summary

FerraTex has established and refined a strict Quality Control Program to ensure that all
material and workmanship exceed the minimum standards and guarantee the finished
product/facility performs according to design. This Program has been successfully
implemented on past projects and is used on all current and future projects. The Program
provides a rigid framework but is easily modified to incorporate specific requirements of the
Owner.

A. Measurements made to verify the length and cross-section dimensions of the original
sewer pipe prior to ordering materials and the liner thickness to be provided for each
segment will be submitted.

B. Initial flexural stress will meet or exceed 4500 psi, initial flexural modulus will meet or
exceed 300,000 psi and tensile strength is not applicable with gravity pipe.

C. Any liner showing a split or tear, which cannot be repaired, shall be marked as rejected
and immediately removed from the job site.

D. The cured-in-place pipe lining system has a minimum design service life of fifty (50)
years.

E. The CIPP liner, when cured, will form a continuous, tight fitting, hard, impermeable liner
that is resistant to chemicals found in domestic sewage and trace amounts of gasoline and
other oil products commonly found in municipal sewage and soils adjacent to the pipe to
be lined.

F. The CIPP liners will be fabricated to a size that when reformed will tightly fit the internal
surface and the length of the pipe being rehabilitated. Confirm that allowances for
circumferential and longitudinal expansion will be taken into account.

G. All dimensions shall be field verified prior to fabricating the liner and that the fabricator
shall confirm all dimensions and installation parameters with the field superintendents
prior to fabricating the tube. The tube fabricator shall certify that the tube has been
fabricated to tightly fit the internal circumference of the original sewer based on the data
provided.

H. To ensure that the material and workmanship involved in installing a FerraTex CIPP liner
is of the highest quality, open communication pathways are maintained between the
Superintendent (field operations), the QC Supervisor (project management), and the
material Supplier. These communication pathways are depicted in the flow chart in
Appendix A.
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QA/QC

II. Liner Production QA/OC

This section details the QA/QC procedures involved in production of the FerraTex Liner

CIPP.

e Liner requirements are collected by way of the job order from the superintendent, and are
confirmed by the plant manager.

e Once all requirements are known, a liner is designed which will fulfill all the

requirements.

e The design is detailed to the production department and then entered into the production

schedule.

e The control and test of the liner properties are detailed in Table 1.

e From each liner produced, a sample is cut from one end for QC inspection and test. This
sample is destructively tested to ensure that all of the liner properties are within the

manufacturing criteria.

Table 1-Control & Testing During Production

Property

Control

Test

Circumference of Liner

Monitored at each
production stage
against
manufacturing
criteria.

Destructive test of sample. All layers
are measured.

Monitored at each
production stage

Inspection procedure includes

Length of Liner against measurement of a sample of liners
manufacturing against manufacturing criteria.
criteria.

All welding L . .

Felt Weld Strength equipment operates Each weld is V1sua11y' inspected during
production.
at set parameters.
Sealing Tape Weld .All welding Each weld is visually inspected for air
equipment operates . .
Strengths inclusion

at set parameters.
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1 Liner Components

The history of FerraTex’s operation dates back to 1989. Our Cured-In-Place Pipe Liners
are made of flat stock polyester felt material and Isophthalic polyester resin and are
manufactured to comply with requirements of ASTM F1216. The FerraTex Liner CIPP
is manufactured at our facility in McKenney, VA. The dry or wet-out tube (depending
on the installation) is folded and shipped to the job site according to the installation
schedule. The following table lists the components that make up the FerraTex Liner
CIPP.

Table 2 — FerraTex Liner CIPP Components

Material Type Product Name Manufacturer
Raw Felt (Flat stock) Polyethylene Polyester Needled Felt Non Woven
Terephthalate
. Polypropylene or
o Polyurethane Thermoplastic PEYPAERETS €
o M Polyurethane Coated Haartz
o embrane Polyurethane Liner
o Polymer
z
. Paliesitsn COR series Interplastics Corp.
. Vinyl Ester
ﬁ Nl Styrene Free-Vinyl
= E L7 Series AOC
< ster
&
II:II_J Peroxide TRIGNOX® C Akzo Nobel
Catalyst (Initiator) Peroxide TRIGNOX® K-90 Akzo Nobel
! Peroxide TRIGNOX® 121 BB75 Akzo Nobel
Peroxide PERKADOX® 16 Akzo Nobel

* Resin System may be either polyester, vinyl ester or styrene free vinyl ester type systems, depending on
the application

2 Pipe Lining System

The product description is taken from observation during the installation process. This
process changes from application to application. The following notes are not intended to be
complete and exhaustive descriptions, but are a brief description of the proposed
construction system.

FerraTex Liner CIPP consists of polyester felt, polyester resin, and polyurethane (PU) or
polypropylene PP coating. The polyester felt is overlaid on one side with a PU or PP barrier
and formed into a tube with a diameter to match the pipe, and a thickness as required for
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strength. The polyester felt tube is impregnated with polyester resin and the tube is inverted
in place and cured.

2.1 Cured Resin Properties

The cured resin can attain physical properties as high as the following values:

Table 3 — Cured Resin Properties
Description Value Test Method

Initial Flexural Strength (psi) >4,500 ASTM D-790
(Typically = 6,000)
Initial Flexural Modulus (psi) > 300,000 ASTM D-790
(Typically =2 400,000)
Tensile elongation (%) <2 ASTM D-638
Compressive Strength (psi) 15,000 ASTM D-695
Hardness (Barcol) 50 — 55 ASTM D-785
Color Blue/Green visual

2.2 Lining System Materials & Processes

2.2.1 Material Inspection & Receiving Report
The shipping documents received at the plant in McKenney, VA or at the site with each
individual load will include: (a) the shipper; (b) shipping point; (c) consignee; (d)
contract and item number; (e) product identification; (f) gallons or dimensions; (g) (if
shop wetout).

2.2.2 Housekeeping & Cleanliness During Manufacturing
Cleanliness is essential during the resin mixing process. Resins must not be in direct
sunlight during mixing, transportation or inversion.

2.2.2.1 Resin Storage
Improper storage of the resin will cause premature exotherm. Resins are perishable
materials that have a shelf and pot life. Resin storage is as recommended by the
manufacturer. The tests for deterioration of resin include visual observation, gel time
and/or viscosity.

2.2.2.2 Catalyst & Promoters
Catalyst and promoters are stored separately and away from other flammable material.
The stock is rotated so the maximum storage time is as recommended by the
manufacturer.

20520 Unico Road McKenney, VA 23872 P: 804.451.3667 F: 804.414.7759 W: www.FerraTex.com
D-231




FerraTex Liner Cured-In-Place Pipe

FErRrRATEX 0AI0C

Professional Cured-In-Place wet out services built on 25 years of experience!

2.2.2.3 Solvents
Solvents are used in the tube manufacturing process for patching the coating and taping
the seams. The most commonly used solvent is Tetrahydofuran (THF), which is highly
flammable; only a small quantity of this solvent is needed to bond the tube coating..

2.2.3 Tube Fabrication
Liner fabrication starts with a field report of the actual length of the line to be
rehabilitated. This initial record includes the diameter of the pipe, depth of each manhole
structures on either side of the reach and the height of the water inversion tower. The
liner length is indicated by making tic marcs, with the actual length value in 5-foot
intervals, on the liner itself using a permanent ink. The thickness of the liner is made with
one or many layers of felt with the outer layer coated with polyurethane.

2.2.3.1 Heat Bonding
Plain felt is jointed by heat bonding. This process will be performed at the factory plant
only. Only in rare cases of a liner being too long to ship, it may become necessary to field
splice two or more sections together. Heated air is passed quickly between the felt layers
so that only the extreme outer fibers of each felt layer are melted.

2.2.3.2 Thickness Varying
A particular liner maybe designed and constructed with varying thicknesses over a certain
length, particularly if that liner is being installed through multiple pipe segments. The
amount of overlying ground and water pressure loading typically varies over the length of
a pipe segment and more so with multiple pipe segments. With that in mind when a liner
is designed it may be beneficial to design the liner with varying thicknesses over the
length of the liner. The minimum thickness of the liner is calculated (according to ASTM
F1216-07b) based on the maximum ground and water pressure loading over the particular
pipe length. The liner is then constructed according to the liner design with the thickness
always equal to or greater than the minimum design thickness. For quality assurance the
transition from one thickness to another is carried out so that the thicker of the two liner
sections extends 10ft in the direction of decreasing thickness to assure that the thickness
of the installed liner is never less than the minimum design thickness.

2.2.3.3 Diameter Varying
A particular liner maybe designed and constructed with varying diameter over a certain
length. This is done when producing a liner that is to be installed through multiple pipe
segments that do not have the same diameter sizes. Using the information from the field
reports of the measured host pipe a liner maybe constructed so that it is tapered to
transition from one diameter to another.
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2.2.3.4 Inspections & Reporting During Tube Fabrication.
All relevant facts about the dry tube fabrication is recorded by direct observation.
Measurements of the liner in its ‘lay-flat’ configuration along with length numbering,
bag end installation and rope installation information are indicated on the quality
control report completed for each liner produced (see sample report in Appendix B). A
certificate of compliance is also generated for each liner certifying its dimensions and
build information (see Appendix C). Cutting and assembling of the materials is done in
a well-ventilated and well lighted area.
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Technical Data Sheet

TPU COATED NONWOVEN PIPELINER MATERIAL

STYLE: LHI
PHYSICAL
PROPERTIES TEST METHOD SPECIFICATION TYPICAL DATA
WEIGHT: ASTM D751 934 - 1094 g/m? 1014 g/m’
THICKNESS: DM9000 (W4.10.1.84) 3.2 -4.0 mm 3.6 mm
STYRENE : DM9000 (W4.10.1.59)  PASS/FAIL PASS
TENSILE: ASTM D751 950 x1030 (N) MIN. 1739 x 1735 (N)
Warp x Fill
TRAPEZOID TEAR: ASTM D1117 195 x 270 (N) MIN. 949 x 841 (N)
Warp x Fill
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Technical Data Sheet

TPU COATED NONWOVEN PIPELINER MATERIAL

STYLE: FRE
PHYSICAL
PROPERTIES TEST METHOD SPECIFICATION TYPICAL DATA
WEIGHT: ASTM D751 746 - 906 g/m* 826 g/m’
THICKNESS: DM9000 (W4.10.1.84) 2.3 -2.9 mm 2.6 mm
STYRENE: DM9000 (W4.10.1.59)  PASS/FAIL PASS
TENSILE: ASTM D751 950 X 1030 (N) MIN. 1512 x 1608 (N)
Warp x Fill
TRAPEZOID TEAR: ASTM D1117 195 x 270 (N) MIN. 614 X 603 (N)
Warp x Fill
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Material Safety Data Sheet

May be used to comply with

OSHA's Hazard Communication Standard
29 CFR 1910.1200. Standard must be
consulted for specific requirements.

U.S. Department of Labor (é
Occupational Safety and Health Administration ))
(Non-Mandatory Form)

Form Approved
OMB No. 1218-0072 Forms Published by WindowChem (707)864-0846

IDENTITY (As Used on Label and List)
HAARTZ I-TPU COATED FELT

Note: Blank spaces are not permitted. If any item is not applicable, or no
information is available, the space must be marked to indicate that.

Section |

Manufacturer's Name
HAARTZ CORPORATION

Emergency Telephone Number
(978) 264 2600

Address (Number, Street, City, State, and ZIP Code)
87 HAYWARD ROAD

Telephone Number for Information
(978) 264 2600

ACTON, MA 01720-3000

Date Prepared
3/6/2013

Signature of Preparer (optional)

Section llIA - Ingredients/Identity Information

% (optional)

THERMOPLASTIC POLYURETHANE (TPU) COMPOUND

POLYESTER FIBER WEB

Rest of the Information considered Proprietary By Haartz Corp.

List of Suppliers, addresses and telephone numbers can be obtained from

Haartz Corporation

Stabilizers (Trade Secret)

Section IIB - Hazardous Ingredients/Identity Information

Hazardous Components (Specific Chemical Identity; Common
Name(s))

Other Limits
OSHA PEL ACGIH TLV Recommended % (optional)

Section lll - Physical/Chemical Characteristics

Boiling Point
N/A N/A

Specific Gravity (H20 = 1)
N/A

Vapor Pressure (mm Hg)
N/A N/A

Melting Point
N/A

Vapor Density (AIR = 1)
N/A N/A

Evaporation rate
(Butyl Acetate = 1) N/A

Solubility in Water
INSOLUBLE

Appearance and Odor
MILD OLOFINIC ODOR

Section IV - Fire and Explosion Hazard Data

Flash Point (Method Used)
N/A (ASTM D-1929)

Flammable Limits LEL UEL
N/A N/A N/A

Extinguishing Media

SMALL FIRE: USE DRY CHEMICAL POWDER, LARGE

DO NOT USE WATER JET.

FIRE: USE WATER SPRAY, FOR OR FOAM.

Special Firefighting Procedures

FIRE FIGHTERS AND OTHER PERSONS SUBJECT TO

SELF-CONTAINED BREATHING APPARATUS.
Unusual Fire and Explosion Hazards

DURING A FIRE, IRRITATING AND HIGHLY TOXIC

OR DECOMPOSITION.

PRODUCTS OF COMBUSTION SHOULD WEAR

GASES MAY BE GENERATED DURING COMBUSTION
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Section V - Reactivity Data

Stability Unstable Conditions to Avoid

Stable

X

Incompatibility (Materials to Avoid)
N/A

Hazardous Decomposition or Byproducts
co, CO; , AND SMALL AMOUNTS OF ALIPHATIC AND AROMATIC HYDROCARBONS

Hazardous May Occur Conditions to Avoid
Polymerization
Will Not Occur
X
Section VI - Health Hazard Data
Route(s) of Entry: Inhalation? Skin? Ingestion?
No No unless in molten state Unlikely

Health Hazards (Acute and Chronic)
NO KNOWN SIGNIFICANT EFFECTS OR CRITICAL HAZARDS.

Carcinogenicity: NTP? IARC Monographs? OSHA Regulated?
None Known No No No

Signs and Symptoms of Exposure
PRODUCT FINES, DUST MAY CAUSE MECHANICAL IRRITATION

Medical Conditions
PRE-EXISTING EYE AND RESPIRATORY DISORDERS MAY BE AGGRIVATED BY PRODUCT DUST.

Emergency and First Aid Procedure
FLUSH EYES WITH WATER FOR AT LEAST 10 MINUTES. CONTACT WITH MOLTEN MATERIAL SHOULD

BE TREATED AS A THERMAL BURN. SEEK MEDICAL ATTENTION FOR ALL BURNS, PARTICULARLY
IN THE FACIAL AREA.

Section VII - Precautions for Safe Handling and Use

Steps to be Taken in Case Material is Released or Spilled
AVOID COLLECT PRODUCT FOR DISPOSAL. FOLLOW STANDARD DISPOSAL PROCEDURES.

GENERATING DUST CLOUDS.

Waste Disposal Method
PLACE IN APPROPRIATE CONTAINER AND DISPOSE OF IN COMPLIANCE WITH ALL FEDERAL, STATE

AND LOCAL ORDINANCES.

Precautions to be Taken in Handling and Storage
TREAT AS A SOLID THAT CAN BURN. AVOID MOISTURE CONTAMINATION.

Other Precautions
Not Determined

Section VIl - Control Measures

Respiratory Protection (Specify Type)
No special protection for normal use.

Ventilation Local Exhaust Local exhaust around |Special
processing is recommended N/A
Mechanical (General) Other
N/A N/A

Protective Gloves
As required for hot materials

Other Protective Clothing or Equipment
N/A

Work/Hygienic Practices
USE GOOD INDUSTRIAL HYGIENE PRACTICES AND PROCEDURES.

D-237



NON WOVEN SOLUTIONS

Provisional Technical Data Sheet

Product Identification: 07016222 6MM

Product Description: 100% Polyester Needle Felt

Property Target Tolerance Method
Weight: 32.7 0zZ/sY +/- 10% ASTM D461
Thickness: 0.295” +/- 10% ASTM D5729
Tensile MD/CD: 250/230 LBS Target ASTM D4632
Elongation MD/CD: 100/120% +/- 25 ASTM D4632
Total PSI: (TBD ) LBS/IN? Minimum NWS Internal
Fiber Composition: 100% 15Dx3"” Polyester Fiber Auriga Polymer

Width: As Specified NWS Internal
NWS043014 (Temporary) NWS ltem#t 1320295-xxx.00
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NON WOVEN SOLUTIONS

Provisional Technical Data Sheet

Product Identification: 07016222 4.5MM

Product Description: 100% Polyester Needle Felt

Property Target Tolerance Method
Weight: 24.8 0Z/SY +/- 10% ASTM D461
Thickness: 0.235” +/- 10% ASTM D5729
Tensile MD/CD: 177/177 LBS Target ASTM D4632
Elongation MD/CD: 95/110% +/-25 ASTM D4632
Total PSI: (TBD ) LBS/IN? Minimum NWS Internal
Fiber Composition: 100% 15Dx3” Polyester Fiber Auriga Polymer

Width: As Specified NWS Internal
NWS043014 (Temporary) NWS ltem#t 1248320-xxx.00
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NON WOVEN SOLUTIONS

Provisional Technical Data Sheet

Product Identification: 07016222 3MM

Product Description: 100% Polyester Needle Felt

Property Target Tolerance Method
Weight: 16.6 0zZ/SY +/- 10% ASTM D461
Thickness: 0.175” +/- 10% ASTM D5729
Tensile MD/CD: 130/140 LBS Target ASTM D4632
Elongation MD/CD: 85/95% +/-25 ASTM D4632

Total PSI: (TBD ) LBS/IN? Minimum NWS Internal
Fiber Composition: 100% 6Dx3" Polyester Fiber Polymer DAK 54W

Width: As Specified NWS Internal
NWS043014 (Temporary) NWS ltem#t 1164170-xxx.00
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Material Safety Data Sheet

May be used to comply with OSHA's Hazard Communication Standard, 29 CFR 1910.1200
Standard must be consulted for specific requirements.

Identity (as used on Label and List INote: Blank spaces are not permitted. If any item is not applicable
1164170-xxx.00 (07016222 3mm) or no information is available, spaces must be marked to indicate that.

1248320-xxx.00 (07016222 4.5mm)
1327295-xxx.00 (07016222 6mm)
Section 1 - Manufacturer's Information
Manutacturer's Name Emergency lelephone Number
NONWOVEN SOLUTIONS LLC 1-866-697-0277
Address (Number, Street, State and Zip Code) Telephone Number for Information
27981 CONCRETE DRIVE 1-866-697-0277
Date Prepared Date Updated
INGLESIDE, IL, 60041 4/29/2014 | 4/29/2014
Signature of Preparer
Jsovran

Section Il - Hazardous Ingredients/ldentity Information

Hazardous Components (Specify Chemical Identity) OSHA PEL ACGIHTLY  OtherLimits %
Recommended

Polyester Fiber Web N/A N/A N/A

CAS # 25038-59-9

Minor Pigments and Additives N/A N/A N/A

CAS #N/A

This material is an "Article" and is considered non-hazardous per OSHA Hazard Communication

Standard - 29 CFR 1910.1200

Section Il - Physical/Chemical Characteristics

Boiling Point Not AppIicabIe Specific Gravity (H,0=1) 1.38

Vapour Pressure (mm Hg) Not Applicable Melting Point 258° ¢

Vapour Density (AIR = 1) . Evaporation Rate .
Not Applicable (Butyl Acetate = 1) Not Applicable

Solubility in Water

Insoluble
Appearance and Odor
Nonwoven fiber web, no distinct odor

Section IV - Fire and Explosion Hazard Data

Flash Point (Method Used) Flammable Limits LEL UEL
Not Applicable N/A N/A

Extinguishing Media

Water fog, foam dry (ABC)

Special Fire Fighting Procedure
Use full bunker gear including NIOSH approved breathing apparatus

Unusual Fire and/or Explosion Hazards
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Treat as a solid that burns generally with a low smoke density

Page 1 of 2
Section V - Reactivity Data
Stability Unstable Conditions to Avoid
Stable xxX___|None Known
Incombatibility (Materials to Avoid)
Strong Oxidizing Agents

Hazardous Decomposition of Byproducts
CO, CO,, and small amounts of aliphatic and aromatic hydrocarbons

Hazardous Unstable Conditions to Avoid
Polymerization Stable xxx  [None Known
Section VI - Health Hazard Data
Route(s) of Entry: Inhalation? Skin? Ingestion?
N/A N/A N/A
Health Hazards (Acute and Chronic
None Known
Carcinogenicity: NTP? IARC Monographs? OSHA Regulated?

N/A N/A N/A

Signs and Symptoms of Exposure
Product fines, dust may cause mechanical irritation

Medical Conditions Genrally Aggravated by Exposure
Pre-existing eye and respiratory disorders may be aggavated by product dust

Emergency and First Aid Procedures
Flush eyes with water for at least 10 minutes. Contact with molten material should be treated as a

thermal burn. Seek medical attention for all burns, particularly if in the facial area.

Section VII - Precautions for Safe Handling and Use

Steps to Be Taken in Case Material is Released or Spmed
Shovel, sweep or vacuum. Avoid generating dust clouds.

Waste Disposal Method
Place in appropriate container and dispose of in compliance with all federal, state and local

ordinances.

Precautions to Be Taken in Handling and Storing
Treat as a solid that can burn

Other Precautions
Store away from oxidizing agents.

Section VIII - Control Measures

Respiratory Protection (Specify Type)

Not required, but appropriate dust mask can be used if product dust is present
A

Ventilation Local Exhaust Special
Mechanical (General) Recommended Other N/A
Protective Gloves Eye Protection
Not Required ANSI Z87 Safety glasses recommended
Other Protective Clothing or Equipment
Not Required
Work/Hygiene Practices

Use good industrial hygiene practices and procedures

Page 2 of 2
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FErRrRATEX"

www.FerraTex.com

Inversion Head Pressures

Pipe Diameter CIPP pressure | Recommended Minimum Maximum

thickness Inversion Inversion Inversion

pressure pressure pressure
IN MM MM PSI PSI PSI
6 152 4.5 10 8 13
6 152 6 14 10 17
8 203 4.5 7 6 10
8 203 6 10 7 13
8 203 7.5 12 9 16
10 254 6 7 5 10
10 254 7.5 9 7 13
10 254 9 10 8 16

As installation conditions, Installers experience and equipment may vary these values stated above are recommendations only.
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NOC

World Leader in Resin Technology

Product Information

Vipele L704-NET-11
Series Polyester Resin

Vipel® Isophthalic Based
Resin for Underground
Sewer Pipe Liners

TYPICAL LIQUID RESIN PROPERTIES*(1) Vipel® L704-NET-11 see back page

Nominal

Viscosity @ 77°F/25°C,RVF Brookfield

Spindle #4 @ 20 RPM, cps. 5,600
Thix Index 2/20 4.3
Color Opaque
Specific Gravity @ 77°F/25°C 1.11
Non-Volatiles, % 62
Gel Time @ 140°F with
(1.0% Di-(4-tert-butyl-cyclohexyl)
peroxydicarbonate and 0.5%
Trigonox® KSM), minutes 11
Pot Life @ 77°F/25°C

(1% Di-(4-tert-butyl-cyclohexyl)

peroxydicarbonate and + 0.5%
Trigonox® KSM), hours 40

Trigonox is a trademark of Akzo Nobel Chemicals

TYPICAL CAST MECHANICAL PROPERTIES* (2) see back page

Test Method

Tensile Strength, psi/MPa 13,500/93.1 ASTM D 638
Tensile Modulus, psi/GPa 600,000/4.1 ASTM D 638
Tensile Elongation, % 3.0 ASTM D 638
Flexural Strength, psi/MPa 23,300/161 ASTM D 790
Flexural Modulus, psi/GPa 630,000/4.3 ASTM D 790
Heat Distortion Temperature,

°F/°C @ 264 psi 212/100 ASTM D 648
Barcol Hardness 40 ASTM D 2583

*Typical properties are not to be construed as specifications.
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DESCRIPTION

The Vipel® L704-NET-11 is a high
molecular weight isophthalic/unsatur-
ated polyester resin. Vipel® L704-NET-
11 Series provides the corrosion resis-
tance, durability and toughness that is
required for cured in place pipe appli-
cations. Refer to the AOC Corrosion
Resistant Resin Guide for corrosion re-
sistance information listed under Vipel®
F701.

FEATURES

B Excellent catalyzed pot life

B Superior mechanical properties
B High molecular weight

B High viscosity version

BENEFITS

Adaptability

AOC's Vipel® L704-NET-11 molecu-
lar architecture provides an excellent bal-
ance of corrosion and physical proper-
ties.



Vipele L704-NET-11
Polyester Resin

PERFORNMANCE GUIDELINES
A. Keep full strength catalyst levels
between 1.0% - 3.0% of the total resin
weight.

B. Maintaining shop temperatures
between 65°F/ 18°C and 90°F/32°C and
humidity between40% and 90% will help
the fabricator make a high quality part.
Consistent shop conditions contribute
to consistent gel times.

STORAGE STABILITY

Resins are stable for three months from
date of production when stored in the
original containers away from sunlight
atnomorethan 77°F/25°C. Afterextended
storage, some drift may occurin gel time.

During the hot summer months, no more
than two months stability at 86°F/30°C
should be anticipated.

SAFETY
See appropriate Material Safety Data
Sheet for guidelines.

NAQC

World Leader in Resin Technology

The information contained in this data sheet is based on laboratory data and field experience.

We believe this information to be reliable, but do not guarantee its applicability to the user's
process or assume any liability for occurrences arising out of its use. The user, by accepting
the products described herein, agrees to be responsible for thoroughly testing each such
product before committing to production.

Our recommendations should not be taken as inducements to infringe any patent or violate
any law, safety code or insurance regulation.

ISO 9001:2000 CERTIFIED
The Quality Management Systems at
every AOC manufacturing facility have
been certified as meeting ISO
9001:2000 standards. This certification
recognizes that each AOC facility has an
internationally accepted model in place
for managing and assuring quality. We
follow the practices set forth in this model
to add value to the resins we make for our
customers.

FOOTNOTES
)

The pot life times shown are typical but may
be affected by catalyst, promoter and inhibitor
concentrations in resin, and environmental
temperature.  Variations in  gelling
characteristics can be expected between
different lots of catalysts and at extremely high
humidities. Pigment and fillers can retard or
accelerate gelation. It is recommended that the
fabricator check the gelling characteristics of
a small quantity of resin under actual operating
conditions prior to use.

)

Based on tests on Vipel™ L704-NET-11 pipe at
77°F/25° and 50% relative humidity. Ccastings
were prepared using 1.0% Perkadox 16 and 0.5
Trigonox C.

950 HIGHWAY 57 EAST
® COLLIERVILLE, TN 38017
www.aoc-resins.com

NORTH AMERICA
Tel: 001(901) 854-2800
Fax: 001 (901) 854-7277
sales@aoc-resins.com

ASIA, MIDDLE EAST
& LATIN AMERICA
Tel: 001 (863) 815-5016

Fax: 001 (863) 815-4733
international@aoc-resins.com

EUROPE

Tel: (44) 1473 288997
Fax: (44) 1473 216080
europe@aoc-resins.com

Pub. No. F-AOC-Vipel® L704-NET-11

Copygjely % 2008, AOC LLC.

Effective Date:  May 2008


www.aoc-resins.com

World Leader in Resin Technology

December 6, 2013

To Whom It May Concem:

The following cure procedures are recommended when using the L704 polyester resin
in Cured In Place Pipe applications. L704 polyester resin can be cured using either hot
water or steam. The recommended post cure temperatures are a minimum of 180°F +
10°F Water Temperature for water and 220°F + 20°F Steam Temperature for steam
cures.

Recommended post cure times, interface temperatures, and minimum cool down times
are listed in the table below. Note that the shorter cure times can be used in some
cases based on achieving a higher interface temperature. For steam cure on liners
greater than 400 ft add a minimum of 0.5 hrs to the corresponding minimum hold time.

. . Water Cure | Steam Cure | Min. Interface Minimum
Liner Thickness Hold time Hold Time Temperature | Cool Down
< 10.5 mm 3hr 1.5 hr 130°F Y2 hr
<10.5 mm 25 hr 1 hr 150°F Y5 hr
10.5 t018 mm 3hr 2hr 130°F % hr
10.5 t018 mm 3hr 1.5 hr 150°F % hr
19.5 to 30 mm 4 hr 3hr 120°F 2 hr

> 30 mm 5 hr 4 hr 110°F 4 hr

Additional cure time is recommended in very cold or very wet conditions. Interface
temperatures should be monitored. If the interface temperatures are low, increase the
cure time by a minimum of 1 hour for every 10°F. If the pipe to be lined contains a
bituminous coating, the use of a pre-liner is recommended.

The liner shall be cooled to an interface temperature of 110°F = 10°F using the
minimum cool down period listed in the table above.

B Mo

Bill Moore
AQOC, LLC
Product Leader - CIPP

This information is correct fo the best of our knowledge; however, because of unforeseen variations in the
field conditions and curing systems beyond our control, we cannot guarantee performance.
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HAUSER

August 10, 2000
Test Report No. M00248B/4014 1

Page | of §
CLIENT: AOC
950 Hwy 57 East
Collierville, TN 38017
Attn: Bruce Curry Re: PO 5001

MATERIAL:  One set of fifty rectangular coupons made with 6mm felt impregnated
with Vipel™L704 resin were submitted and identified by the client.

TESTING: Chemical Resistance testing per ASTM D5813-95, paragraphs 6.4.1
and 8.2.1 was conducted. Coupons were exposed in accordance with
ASTM D543-95 in the solutions shown in the table below at room
temperature for a one-year immersion period. Flexural properties
testing as described below will be conducted at the conclusion of the
immersion period.

Chemical Solution Concentration, %
Nitric acid |
Sulfuric acid 5

ASTM Fuel C 100
Vegetable oil 100
Detergent 0.1

Soap 0.1

One set of Control coupons was tested for initial flexural properties as
reported in Hauser Laboratories Test Report No. M00248A on August
31, 1999. A second set of Control coupons was exposed for one year
at 50% Relative Humidity, and 23°C. These coupons were tested on
August 9, 2000 along with the exposed coupons. All testing was
conducted in accordance with ASTM D790-98, Procedure A using a
span-to-depth ratio of 16:1.

RESULTS: The results are summarized in Table | and presented in detail in Table
2. All values exceeded the ASTM D5813 requirements of at least 80%
retention of flexural modulus after one-year immersion in all solutions.

TESTING SUPERVISED BY: TESTING CONDUCTED BY:
QLL&-( w-ll'if\ PR \51 o )‘/f_.}_ il _

" Aulie Krause-Singh ) Dale J. Beasl \
Department Manager Technician 111

Phis repart apphes only o the sample vl le mvestigated ancd s nol necessonly inchicative of e gualty: or condiion of appatently con

products As o nnitual protechon to-chents the pablic and these | aboratorne thuss raport i subontled aod accepted lor e escclpsmve use of the ghont o whiomal

ildressed and upon the condilion hal it s not o ba used, o wholeeor e part, oo any -adverhsiog o putshoity soatter walheon peson wotleo asithorzation fom

Hanser abgridones  This reporhmay becopied ondy ivils entinely

Hauser Laboralories e 4750 Nautilus Gt So. « Boulder, GO 80301-3240 * www hausencom

o P (800) 241-2322 « Ph (303) 5810079 = FAX. (303) 581-0195

D-247



August 10, 2000
Test Report No. MOO24813/40141
Page 2 of 5

TABLIE

SUMMARY OF CHEMICAL RESISTANCE TEST RESULTS

Solufion

Average Retention of
Flexural Strength®

Sulfuric Acid |

ASTM Fuel €

()0

_ Mineral Oil |

89

s

s

Average Retention of

Flexural Modulus®

0
Yo

935

U

. Detergent

118

95

_Soap

CASTM DS813 Requirement |

D-248

9

04
80 minimum
FThese caleutations were based on the data from the Control sample tested 8/9/00.




August 10, 2000
Test Report No.
Page 3 of' 5

TABLE 2

CHEMICAL RESISTANCE TEST RESULTS

Specimen No.

Flexural Strength

MO024813/40 141

Flexural Modulus

Control 8/31/99

5300

5410

4080

i et i—

7600

736000

709000

B
682000

665000

6

8670

7

85060

681000

Average

6400

~Std. Dev.

mo |

698000

26300

~ Control 8/9/00

I

5180

528000

7750

548000

[P R RV R S

L A420

890000

386000

4530

556000

Average

Std. Dev.,

2980

B TC

559000

1% Nitric Acid

_oSao00
SR L

543000
527000

L Average

5300

Std. Dev.

D-249
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Specimen No. 7 3

August 10, 2000
Test Report No. M00248B3/4014)
Pape 4 of 5
TABLE 2 CONTINUED
CHEMICAL RESISTANCE TEST RESULTS

psi

B

520000
4 b sTSO b 545000
S s 538000

Flexural Modulus

830000
L2000

Average | 6130 . 331000

Std. Dev. 193 | o030

ASTM Fuel C

10300 s1000

4990 1536000

7640 b US3s000

8490 1 574000

LR S EUE S 5§

9080

)
.

006
)

_A vVerage 8670 545000

CStd.Dev. 1 om0

Mineral OIL 1

CTI90 L 582000
8010 S71000

bUn e (2D

S seso 56600
b 80 280

Average 6720 550000

19200

6680\ S0
5930 509000

00
L

oSdDev. o f o120 | 29000
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August 10, 2000
Test Report No. MOG24813/40141
Page S of §
TABLE 2 CONTINUED
CHEMICAL RESISTANCE TEST RESULTS
_Specimen No, . Flexural Strength | Flexural Modulus
psi psi

Detergent

7320 529000

7690 564000

4890 514000

o790 507000

:
2

B
2 , T R T
: R
6

Average A0S0 233000

Std. Dev. 1100 21600

Soap

L 5170 o ses00

5630 526000

2
B
4
5

4“0 520000

6 6980 537000

Average 5350 524000

Std. Dev. B R 1 A R
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CLIENT:

MATERIAL:

TESTING:

RESULTS:

TESTING SUPERVISED BY:

CMilie K:ause Singh

May 24, 2000
Test Report No, E90868/40067
Page | of 7

AOC

950 Highway 57 East
Collierville, TN 38017
Attn: Dave Treadwell

Six each rectangular specimens from two plastic materials identified as
felt composites L471 and L704 were submitted by the client. The
specimens were each approximately 6 inches x ' inch x 0.3 inches.

Flexural creep testing per ASTM D2990-95 using a three-point static-
load configuration with a span to depth ratio of approximately 16:1
and a stress level of 400 psi at 23°C and 50% Relative Humidity.

The results for 10000 hours are presented as both graphical and tabular
data of flexural modulus versus time for each group of five specimens
tested. Tabular results for sample L471 are presented in Table | and
tabular results for sample L704 are presented in Table 2

TESTING CONDUCTED BY:

Phon 272

John C. McCoy o

o Pl (800) 241-2322 = Ph, (303) 581-0079 « FAX. (303) 581-0195

D-252
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Department Manager Technician 11 '
ipplies only o the sanm ol ] | | | Al filie i rantly identical nla
a mulual protection to clients, the public and these Lal it this report s subrmillod and accepted tor the exclusive use of 1he chient 1o whatm
o and upe concihion thal il 15 not o be used, imowhale arm parll, noany advertising or pobhety matter without prior wotten authonzation
dores  This report may be copied anly i its entirely
l.aboratories o 4750 Nautilus Ct. So. @ Boulder, CO 80301-3240 » www, hauser.com



May 24, 2000
Test Report No. EQ0R68/40067

Page 5 of 7
TABLE 2
FLEXURAL CREEP DATA
SAMPLE 1704

TEMPERATURE: 23°C/ 50% RH
STRESS: 400 psi
Elapsed Time FLEXURAL MODULUS, psi
Hours 1 2 3 4 SiAverage

0.00

0.02| 810900 879100| 649100| 664400| 739500] 748600

0.10] 810900| 879100| 649100| 655900| 729500| 744900

0.20{ 798400| 879100| 641200| 631600] 710300| 732100

0.50| 774600] 865200] 633400| 631600 710300| 723000

1.06] 774600] 851700 618500 601900; 666400 702600

2.00] 741400 838600| 604300{ 588000| 666400 687800

3.43; 720800| 825900| 597500| 574800| 658300| 675500

22.08] 632900| 7079005 547700] 522000 580400] 598200

68.58| 625300 681300; 505500{ 491900] 550800! 571000

114.2| 570300; 656700| 469400| 465100 509200] 534200

257.4] 503900 524100 381000| 409300| 461400| 455300

456.0] 439800 514200| 378200! 362800 412100| 421400

792.8| 393200| 454200] 339200f 332200; 374900| 378700

1414.3| 368100{ 436000 326600 321800! 350500 360600

1651.6] 360400| 425800| 320600] 315800f 339500| 352400

1802.0; 341400| 400800| 303900| 292300| 325200| 332700

2011.3| 339200 400800 303900| 292300| 323200| 331900

2109.6| 337000] 400800; 302200 290700 321300; 330400

2154.9] 337000; 397900 302200| 290700 321300 329800

2322.8| 332700 397900| 302200| 289000| 317500! 327900

2660.8| 332700| 397900 300400| 289000| 315700| 327100

2808.1| 330600| 395000{ 300400{ 287400] 313800| 325400

3002.1; 330600| 395000| 300400; 287400f 313800 325400

3193.5| 328500| 386600| 292100| 285800{ 312000| 321000

3312.6| 314500| 378500| 288300| 278000 305000 313000

35647.9] 310800, 373300; 282700| 272100| 301600] 308100

3618.8| 309800 372100 282700| 272100 301600 307700

3834.1] 308900| 370800 282700 272100] 299900 306900

4003.4! 307100 370800| 282700| 272100| 299900| 306500

4171.3; 305300 370800] 282700] 270700; 298200 305500

4513.7] 300000 365800| 281200; 267900 295000 302000
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TABLE 2 CONTINUED
FLEXURAL CREEP DATA

SAMPLE L.704
Elapsed Time FLEXURAL MODULUS, psi
Hours ) 2 3 4 5iAverage

467611 298300; 365800; 279700| 266500| 295000{ 301000

5012.2; 298300 363400 278200| 265100 295000] 300000

5186.1] 298300| 363400| 278200| 265100 295000 300000

5392 3| 296600| 361000| 278200{ 262400| 293400| 298300

2689.7| 296600 361000 276700| 262400/ 293400| 298000

5901.7] 294900| 361000] 275300| 262400 293400| 297400

6021.8/ 294900] 361000| 273800| 262400| 291800 296800

6167.8] 291600| 361000| 273800; 253700| 290200| 295300

6331.0] 291600 361000| 2753001 259700| 290200! 295500

6719.3] 291600] 358600} 273800| 259700; 280200; 294800

7338.31 283600 349400! 268200| 254500, 281100 287400

7507.1] 283600{ 349400 271000| 253300| 281100 287700

7866.4] 285200| 349400| 266900] 254500| 282600 287700

8261.8| 285200| 347200| 266900 253300| 281100| 286700

8376.1| 282100; 347200] 266900 253300| 281100| 286100

8512.6] 282100 347200{ 266200 253300] 281100| 286000
9016.1| 279800| 345000| 266900] 252000| 278200| 284400

9261.1| 279000 342800| 265500; 250800| 278200| 283300

9324.3] 278300] 342800| 265500{ 250800| 276800| 282800

9571.71 278300 342800 265500| 249600: 276800f 282600

9811.3] 274600; 338600] 264200| 248400] 275400; 280200

10025.4| 274600| 338600| 264200| 2484001 275400 280200
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FLEXURAL CREEP DATA SAMPLE L704
AT 400 PSI STRESS
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May 24, 2000
Test Repart No. EOUR68/40067

Page 2 of 7
TABLE
FLEXURAL CREEP DATA
SAMPLE 1471

TEMPERATURIE: 23° €/ 50% RH
STRESS: 400 psi
Elapsed Time FLEXURAL MODULUS, psi
Hours 1 2l 3 4 5|Average

0.00

0.02] 643500 648300 562900 635700| 696200| 631600

0.10] 643500| 648300 562900| 616100 672900 617300

0.20] 629900 626200 547800 603600| 658300; 603300

0.50] 623400 626200| 547800 597600| 658300; 601300

1.00] 604500 6056600| 528900| 574600 630900; 578200

2.00] 598400| 605600| 528900 569100] 630900i 576300

3.67] 586700 592500 524400 558500 605700; 562900

22.4] 529600 529900| 487000 524200( 571400, 527500

68.8] 498700 501000 468400| 466900 513300 482800

114.4| 460300] 471000] 441400 429900| 488400| 453300

257.6| 393700] 393600] 383500| 360000| 406500| 383300

456.3| 367100 369800] 354700| 332000] 371600 352700

793.1| 328800 330000| 319600] 297300 329200| 315300

1414.6] 308500| 309600] 302300; 274100] 299800 292100

1651.9] 297700| 302800f 295000] 265600 291200 283900

1802.31 294800 2/8300) 272700 252200 280400| 268400

2011.5] 275800| 275500 269100] 245900| 272800| 262600

2109.8{ 275800| 275500] 269100; 245900| 271600| 262200

215521 274500| 271500| 266800; 242900| 266800 258800

2323.0f 273300| 270100] 2667731 242900! 266800| 258800

2661.01 270800 267500] 263300; 239000] 262200 254900

2808.4| 268400 266200| 263300; 236200 259900 253200

3002.4| 266000 261200| 258900, 234400; 255500 249600

3193.7] 260200 258700|25635500| 227200f 250300 243700

3312.9] 257900 256300 251466 224700] 248200 241400

3548.21 256800 255100] 250400| 224700] 247200 240800

3619.0] 255700| 255100 250400 2247C0| 246200| 240400

3834.4| 255700 255100] 250400 223800 245200/ 239800

4003.7] 252500f 252800 247400| 221300 243200| 237300

4171.6| 252500 252800| 247400| 220500 243200, 237100
4513.9] 251400 249300] 245400 219700] 243233; 236124
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TABLE | CONTINUED
FLEXURAL CREEP DATA

SAMPLE 1.471
Elapsed Time FLEXURAL MODULUS, psi
Hours 1 2 3 4 5Average

4676.4| 248300 247100 243500 218100| 241300 234300

5012.4| 248300| 246000] 241600| 216500] 239400] 232500

5186.3| 247300 244900 240600| 215700 238400! 231600
5302.6] 247300| 244400| 240600| 215700 238400; 231600

5689.9| 247300 243800 240600] 215700 237500{ 231300

5901.9] 243300| 242800| 240600 215000 237500{ 231000

6022.0] 242300| 242800 240600| 215000 236600; 230700

6168.1] 241300] 241700 239700; 213400| 233800 229000

6331.3] 246300| 241700f 239700| 213400| 233800 229000

6719.6| 246300; 241700 239700| 213400| 233800 229000

7338.6] 241300] 238600; 236000] 209700| 232100| 225800

7507.4] 240300] 238600] 236000 209700| 232100 225900

7866.7| 240300| 238600 236000 209700 232100| 225900

8252.1] 239400| 238600f 236000] 209700 232100 225900

8376.3] 239400| 238600 235991 209700| 232100 225909

8512.8] 238400| 238600| 236000; 209000| 231200| 225400

9016.3] 237500| 238600 2360001 208200 230300| 224800

9261 .4 236500 237500 2360001 208200 230300| 224800

9324.6] 236500| 237500] 2360007 208200| 230300| 224800

9572.0] 236500] 237500 235100] 207500, 230300| 224800

9911.6] 235600| 236500| 234600] 206100| 227700 222800

10025.7| 235600( 236500| 234600! 206100 227700 222800
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FLEXURAL CREEP DATA SAMPLE 1471
AT 400 PSI STRESS
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World Leader in Resin Technology

ASTM F1216 TEST RESULTS ON L704 SERIES
ONE MONTH RESULTS AT 77°F

L704 REQUIREMENTS PASS OR FAIL
(Isophthalic) %o
CONTROL SAMPLE
FLEXURAL STRENGTH, psi 9,544
STANDARD DEVIATION 252
FLEXURAL MODULUS, psi 564,989
STANDARD DEVIATION 15,329
TAP WATER
FLEXURAL STRENGH, psi 10,915
STANDARD DEVIATION 432
% FLEXURAL STRENGTH, psi RETENTION 100 >80 PASS
FLEXURAL MODULUS, psi 563,496
STANDARD DEVIATION 10,993
% FLEXUARAL MODULUS RETENTION 100 >80 PASS
5% NITRIC ACID
FLEXURAL STRENGH, psi 10,672
STANDARD DEVIATION 894
% FLEXURAL STRENGTH, psi RETENTION 100 >80 PASS
FLEXURAL MODULUS, psi 528,173
STANDARD DEVIATION 13,842
% FLEXUARAL MODULUS RETENTION 100 >80 PASS
10% PHOSPHORIC ACID
FLEXURAL STRENGH, psi 10,301
STANDARD DEVIATION 1,439
% FLEXURAL STRENGTH, psi RETENTION 100 >80 PASS
FLEXURAL MODULUS, psi 552,544
STANDARD DEVIATION 9,333
% FLEXUARAL MODULUS RETENTION 98 >80 PASS
10% SULFURIC ACID
FLEXURAL STRENGH, psi 12,438
STANDARD DEVIATION 620
% FLEXURAL STRENGTH, psi RETENTION 100 >80 PASS
FLEXURAL MODULUS, psi 545,889
STANDARD DEVIATION 6,319
% FLEXUARAL MODULUS RETENTION 97 >80 PASS
AMOCO GASOLINE
FLEXURAL STRENGH, psi 9,209
STANDARD DEVIATION 1278
% FLEXURAL STRENGTH, psi RETENTION 97 >80 PASS
FLEXURAL MODULUS, psi 567,531
STANDARD DEVIATION 4,611
% FLEXURAL MODULUS RETENTION 100 >80 PASS
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VEGETABLE Ol

FLEXURAL STRENGH, psi 11,809
STANDARD DEVIATION 2,484
% FLEXURAL STRENGTH, psi RETENTION 100 >80 PASS
FLEXURAL MODULUS, psi 349,755
STANDARD DEVIATION 27,235
% FLEXUARAL MODULUS RETENTION 97 >80 PASS
0.1% DETERGENT
FLEXURAL STRENGH, psi 3,073
STANDARD DEVIATION 1,732
% FLEXURAL STRENGTH, psi RETENTION 85 >80 PASS
FLEXURAL MODULUS, psi 511,284
STANDARD DEVIATION 15,837
% FLEXUARAL MODULUS RETENTION 91 >80 PASS
0.1% SOAP
FLEXURAL STRENGH, psi 11,756
STANDARD DEVIATION 325
% FLEXURAL STRENGTH, psi RETENTION 160 >80 PASS
FLEXURAL MODULUS, psi 549,192
STANDARD DEVIATION 11,869
% FLEXURAL MODULUS RETENTION 97 >80 PASS

August 1, 1999

production.

The information contained in this data sheet is based on laboratory data and field experience. We belicve this information {0 be
retiable, but do not gharantee its applicability to the user's process or assume any liability for occurrences arising out of its use. The
user, by accepling the praducts described herein, ageees to be responsible for thoroughly testing any application before committing fo

Our recommendation should not be taken as inducements to infringe any palent or violate any law, safety code or insurance regulation.
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FerraTex Liner Cured-In-Place Pipe

FErRRATEX

Frofessional Cured-In-Place wet out services built on 25 years of experience!

Cure Schedule

Prior to curing the CIPP Liner, the interface temperatures (thermocouples) will be placed at all
middle manholes in addition to both ends in the invert between the tube and the pipe wall. Please
see the recommended curing procedures for the polyester resins as it will clear up many of the
reviewer comments from the 1% submittal.

To summarize, Spiniello’s steam hold time is normally .5 hr to .45 hr in small pipe applications.
This means that the required minimum interface temperature for that particular range of time
would be approximately 180-190 degrees Fahrenheit as shown on the table (steam/water
temperature would be approximately 180-245 degrees Fahrenheit). A longer range of time would
require a less interface temperature as shown on the table. The operator will move to the next
cure/cool level once all the interface temperatures have reached or closely arrived at the required
temperature. Keep in mind that there could be anomalies from time to time due to thermocouple
failures such as malfunction or buried in silt/debris (providing a temperature misread).

Lastly, the manufacturer recommends the liner shall be cooled to a minimum of 11010 degrees
Fahrenheit (interface temperature) using the minimum cool down period listed in the table.
Please be aware that at times, especially in hot summer days, you may never get to that required
minimum temperature because of the hot ambient temperature feeding into the compressor,
which originates even hotter air inside the pipeline. Even though the interface and steam/water
temperature will go down, the required temperature by the manufacturer may not be achieved.

Resin Manufacturer’s cure temperature recommendations govern over the general procedures
noted above.

20520 Unico Road McKenney, VA 23872 P: 804.451.3667 F: 804.414.7759 W: www.FerraTex.com
D-261
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FERRATEX N

| Professional Cured-In-Place wet out senvices built on 25 years of experience!

N

i
i

1 Year Warranty

FERRATEX, as the liner system Manufacturer, hereby warrants the liner system, including all repair material, defect fillers, primers, and liner compo-

site, against any and all defects and liner failures when installed and utilized in accordance with and for the purposes described in its specifications. B
Manufacturer shall not be liable or responsible under this warranty for any failure caused by fire, war, earthquake or other earth movement, acts of God,
negligence, abuse, alteration, or the presence of sewer gasses or chemicals not typically found in domestic sewer collection systems or from any defect B
in the design of the pump station or lift station or from the failure to properly inspect, service, and maintain the structure. Manufacturer’s obligation

under this warranty shall further be limited to the repair or replacement of the materials, which an examination shall disclose to Manufacturer’s satisfac-

tion to be defective. Warranty on the liner system, as stated herein, shall be one (1) year from the date of Substantial Completion.

N

(4l [4
L4

LA 2 4
Christian Brothers Lining. — AUTHORIZED LINER INSTALLER

L MANUFACTURER SHALL NOT BE LIABLE FOR CONSEQUENTIAL OR SPECIAL DAMAGES UNDER ANY CIRCUMSTANCES. THIS WARRANTY SHALL NOT BE L
| AMENDED, EXTENDED, ALTERED, OR VARIED EXCEPT BY A WRITTEN INSTRUMENT SIGNED BY MANUFACTURER AND AUTHORIZED INSTALLER. ‘

4

Gerhardt Rodenberger— General Manager

14| L4 4l
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FErrATEX

Professional Cured-In-Place wet out services built on 25 years of experience!

20520 Unico Road
McKenney, VA 23872
804.451.3667
www.FerraTex.com

April 25, 2013

To: Whom It May Concern

RE: Christian Brothers Lining Co. — CERTIFIED CIPP INSTALLER
Dear Sir or Madam,
I am writing this letter on behalf of FerraTex, a subsidiary of Spiniello Companies Inc., and supplier
of the product Spiniello Liner, a cured-in-place pipe (CIPP) liner used in the rehabilitation of sewer

systems worldwide.

As a material supplier for the CIPP industry, we trust our product to certified installers such as
Christian Brothers Lining Co. and are proud to call them a customer.

If you should have any additional questions, please do not hesitate to contact me at your
convenience. | am available at (804) 451.3667 or via email at grodenberger@ferratex.com .

Best regards

Gerhardt Rodenberger
General Manager, FerraTex

DISCLAIMER OF WARRANTY: AS INSTALLATION CONDITIONS (INCLUDING, AMONG OTHERS, PIPE TYPE & CONDITION, GROUNDWATER DEPTH
& TEMPERATURE, DEPTH OF COVER & SOIL TYPE, LIVE LOADS, SITE ACCESS AND WEATHER) AND INSTALLER EXPERIENCE, TECHNIQUES
AND TYPE OF EQUIPMENT VARY GREATLY, FERRATEX EXCLUDES ANY WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH RESPECT TO
THE GOODS SOLD HEREUNDER AS TO MERCHANTABILITY, FITNESS FOR PARTICULAR USE OR ANY OTHER MATTER WITH RESPECT TO THE
GOODS WHETHER USED ALONE OR IN COMBINATION WITH OTHER PRODUCTS. FERRATEX HAS NOT PROVIDED ANY DESIGN SPECIFICATIONS
OR COMPUTATIONS, AND ACCORDINGLY, FERRATEX DOES NOT WARRANT THE DESIGN.

Professional Cured-In-2a2éet Out Services.
Built on 25 Years Experience!
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INTERPLASTIC CORPORATION
Thermoset Resins Division

CORVES8295

Thixotropic Vinyl Ester Resin
Technical Data Sheet

CORVES8295 is a property enhanced, promoted, thixotropic, corrosion resistant, epoxy vinyl ester resin for use in the
manufacture of liner pipe using cured-in-place techniques. This resin contains no Hazardous Air Pollutants (HAP’s).

FEATURES

BENEFITS

e Contains No HAP’s

Useful in applications requiring@o styrene

¢ Handling Characteristics of Standard Vinyl Ester

No special initiators or procedures needed

e Good Fiberglass Wet-Out

o Contains Low-Volatility Materials

High composites physic opertie
Minimal odor

LIQUID PROPERTIES RESULTS
Viscosity, Brookfield Model RV #4 Spindle @ 20 rpm, 77°F (25°C), cps 0- 0
Thixotropic Index 3.154.
Gel Time run in a 140°F (60°C) water bath, catalyzed with 0.75% of Perkadox
16 and 0.38% of Trigonox C by weight*

Gel Time, 130°F to 150°F (54-66°C), min:sec 12:00-17:00

Gel to Peak, 150°F (66°C) to Peak Exotherm Time, min:sec 1:30-5:00

Peak Exotherm ‘OO -260°F (93-127°C)
Room Temperature Catalyzed Stability, hours >20
Specific Gravity 1.29-1.35

TYPICAL PROPERTIES

Thickness Xim% (3.2 mm‘asting 1/4 inch (6.4 mm) Laminate

Construction Prepared on Base Polymer Only CIPP Felt Laminate
Flexural Strength, ASTM D790 11,889 1, psi y 82 MPa 8,769 psi 60 MPa
Flexural Modulus, ASTM D790 6,500 i 4,872 MPa 671,200 psi 4,629 MPa
Tensile Strength, ASTM D638 8,005 psi 55 MPa 3,751 psi 26 MPa
Tensile Modulus, ASTM D638 43,180  psi 5,815 MPa 724,230  psi 4,995 MPa
Tensile Elongation, ASTM D638 133 % 133 % 216 % 216 %
Barcol Hardness, 934-1 ga 45 45 40 40
Heat Distortion Temperature 288 °F 142 °C - -
Glass Transition Temperature, CRSTP 345 °F 174 °C - -
Specific Gravity @ 73° 1.4215 1.4215 - -
Water Absorptio 01101 % 0.1101 % - --

* The gel time and reactivity will vary due mand concentration of Free Radical Initiator (catalyst), resin and ambient temperature, and curing conditions.

to meet your individual needs consult our techn ales representative for assistance.

In order

V)

All specifications and properties specified above are approximate. Specifications and properties of material delivered may vary slightly
from those given above. Interplastic Corporation makes no representations of fact regarding the material except those specified above.
No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of
the suitability of the material for the use contemplated is the sole responsibility of the Buyer. The Thermoset Resins Division's technical

sales representatives will assist in developing procedures to fit individual requirements.

Revised: 03/11 D-264

INTERPLASTIC CORPORATION
2015 Northeast Broadway Street
Minneapolis, Minnesota 55413-1775
651.481.6860 Fax 612.331.4235
www.interplastic.com


www.interplastic.com

24 -Hour Emergency Telephone

MATERIAL SAFETY DATA SHEET

Interplascic Corporation
1225 Willow Lake Blwvd

Vadnails Heights,

ATTN: PLANT MGR/SAFETY DIR

This MSDS complies with 29 CFR 1910.1200

MN

(800)

55110-5145

424-5300

Date Printed:

Eevision Date:

MSDS File id:
Customer No:
Whee No:

05/19/11
03/08/11
MSDSLTYL

oos

(The Hazard Communicaticn Standard)

e A e R WA e e e mm m mm e o m e e e = = e = e e e e e e e e e e A i e e o o = - -

Product Name:
UN/NA Number:

fGeneral or Generic ID:
Hazard Clagsification:

CORVER259%

Not

REegulated

VINYL ESTER

Unsaturated Polyester Rezin
Sslightly Combustible

SECTION II

- Hazardoua Components

Ingredient

Unsaturated Polyester Baze Reszin

Froprietary Ingredient A
Proprietary Ingredient B

Cas No.

Sea Index

XXX XEXEXX
1 0.5.0.8.0.0.0:0.6.4

Percent
E0-65

05-40
05-40

OSHA-FEL
None-Estb.

None-Egth,
None-Esth.

ACGIH-TLV NOTE

None-Eat .

None-Egt
None-Est

Property

Initial Boiling Point
Vapor Pressure
Vapor Density

Specific Gravity

Evaporation Rate

Odor

Proprietary

Proprietary

Ingredient

Ingredient

Measurement

314.00 DEG F
@ 4.0 MMHG
=250 DEG C

Proprietary

Proprietary

Ingredient

Ingredient

2.4 MMHG
(300 DEG F}
not availahle

W e e o e e e e e e e e e e e e o A e o o o — — —

N/Da
=] at €8 DEG F
20 DEG C
1.10-7.13
@ 77.00 DEG F
(25.00 DEG )

Ezter-like



- PRODUCT: CORVEBZ35

SECTION IV - Fire and Explosion Data

Flagh Point 330 DEG F for Proprietary Ingredient A

Flash Point 261 DEG F for Proprietary Ingredient B

Flammable (Lowest Value of Proprietary Ingredient A) Lower - N/DA
{(Upper Value of Proprietary Ingredient A) Upper - N/DA
(Lowest Value of Propriestary Ingredient B) Lower - N/DA
(Upper value of Proprietary Ingredient R) Upper - N/DA

Extinguishing Media: Regular foam or carbon dilieoxide or dry chemical. Usze

waterspray/water fog for cooling.

Hazardcus Decomposition Products: May form toxic materials:, carbon dioxide
and carbon moncxide, various hydrocarbons.

Special Firefighting Procedurezs: Do not enter fire area without proper
protection.  See "Decomposition products possible."  Fight fire from safe
distance/protected location. Heat may build pressure/rupture closed
containers, spreading fire, increasing riask of burna/injuries. Do not
use solid water gtream/may spread fire. Use water spray/fog for cooling.
Avoid frothing/steam explosion. Notify authorities i1f liquid enters
sewers/public waters,

Unuszsual Fire & Explosion Hazardg: Heat from fire can generate flammable vapor.
When mixed with air and exposged to ignition source, wvapors can burn in
open or explode if confined. Vapore may be heavier than air. May travel
long distances along ground before igniting/flashing back toe vapor source.
Fine sprays/mists may be combustible at temperaturesg below normal flash
point. Never use welding or cutting teorch on or near drum (even empty)
because product (even just residue) can ignite explosively.

e e e e e e e e e e e e e e e e e e kPR M Am m mm e = = = = = = = = = = = = = = = = e = = = = = = = = = = = = = e = =, e = e

Permiggible Exposure Level: Not established for product. BSee Section II.

Effects of Overexposure: For Proprietary Ingredient A

Eyes - May cause moderate irritation, redness, tearing, blurred vision

including swelling and/cr a burning sensation.

Skin - May cause delayved gkin irritaticon and blistering.

Breathing - EBExcessive inhalation of vapors can cause nasal irritation,
dizziness, weaknessz, fatigue, nausea, headache, possible unconscicusness,
and even asphyxiaticn.

Swallewling - Can cause gastrointestinal irritation, nausez, vomiting, diarrhea.
Agpiration of materlial into the lungs can cause chemical pneumonitis.
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PRODUCT: CORVE2235

First Aid:

If on Skin: Thoroughly wash exposed area with gsoap and water. Remove
contaminated clothing. Flush with lukewarm water for 15 minutes.

Seek medical =zttention 1f 111 effect or irritation develops.
Launder contaminated clothing before re-use.

If in Eyes: Flush with large amount of water, lifting upper and lower lide
oogasionally. Get medical attention.

If Swallowed: Do not induce vomiting. @Give 1 part of lukewarm water if
victim is completely conscious and alert. Keep person warm, Jquiet and
ger medical attention. Agpiration of material inteo the lungs due to
vomiting can cause chemical prneumonitis which ¢an bhe fatal.

7f Breathed: If affected, remove individual to fresgh air. If breathing is

difficult, administer oxygen. If breathing has stopped, give artificial

respiration. Keep perzon warm, guiet, and get medical attention.

Hazardousz Polymerization: Can occur.
Stability: BStable.
Incompatibility: Aveold contact with: strong alkalies, strong mineral acids
and oxidizing agenta.
Conditions to Aveid: Expogsure toe excessive heat or open flame; gstorage in open
containers ; prelonged storage (6 months), storage above
38 DEG C (100 DEG F).Contamination with oxidizing agents.
Hazardous Decomposition Productsg:Carbon Monoxide, Carbon Dioxide, Low Molecular
Weight Hydreccarbeons, Organic Aclds or
Acrid fumes of Allylic compounds.

Spill: Evacuate/limit access. Eguip responders with proper protecticn.
Stop releage. Prevent flow to =zewers/public waters. Notify fire/
environmental authorities. Restrict water usgse for ¢leanup. Impound/
recover large land spill. Soak up small spill with inert solids. Use
suitable dispozal containersz. On water, material insoluble/may float or
gink. Contain.minimize dispersion/collect. Disperse residue to reduce
aquatic harm. Report per regulatory requirementa.

Waste Disposal Method:

Comply with federal/state/local regulationz for solid waste disposal.

Recover waste liguids for beneficial recycle/reuse. Incinerate spent
dry =olids uged az gpill control absorbents and llgquid residues. 2Aveoid
Flameouts. Assure emissions comply with applicable regulations.
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- FRODUCT: CORVES8Z2S

Regplratory Protection: No occupational exposure standards have been developed
for this material. Where exposure through inhalation may cccur from use,
NIQSH/MSHA approved regpiratory protection egquipment i1s recommended.

Protective Gloves: Wear resistant gloves such as:, neoprene, nitrile rubber.

Eve Protection: Chemical splash goggles in compliance with OSHA regulations are
advized; however, OSHA regulations also permit other type safety glasses
(consult your safety equipment supplier). Emergency eye wash fountains
and gafety ghowers should be available in the immediate vicinity of any
potential exposure.

Hygienic and Work Practices: Use geod pergonal hyglene practices.  Wash

hands before eating, drinking, smoking, or using toilet facilities.
Promptly remove soiled clothing/wash thoroughly before reuse. Shower
after work using plenty of scap and water.

Containers of this material may be hazardous when emptied. Since emptied
containers retain product residuss (vapors, liquid, and/or solid), all
hazard precautions given in this data sheet must be observed.

Prolonged exposure to Proprietary Ingredient A may damage the lungs and liver.

The information accumulated herein is believed to be accurate but is not
warranted to be whether originating with Interplastic or net. ERegipients
are advised to confirm in advance of need that the informztion 1is
current, applicakle, and suitable to their circumstances.

Health Hazards - Sections IT and IV
Chronige Health Effecta:

Report from a two year gavage sgtudy (chronic) conducted with rates showed
a significantly increased incidence of menconuclear cell leuvkemia in
female rats, and chronie liver digsease in both zexes. The
association between the increase is congidered to bhe equivecal
(unicertain) . In the final report on a similar study with mice, it
wag concluded that Proprietary Ingredient A is net carcinogenic. However,
hronic
hyperplasia of the ztomach was common (toxicology and carcinogenis
studies of Proprietary Ingredient A in F344/N rats gavage studies, NTP
technical report series no. 284 and carcinogenis bioassay of
Proprietary Ingredient A in B&U3Fl mice (gavage study) NTPF no. 242.)
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- PRODUCT: CORVEBZBE

SECTION XI - Supplier Neotification

e e e e e e e e e e e e e e e e e e e e R M e e e e e e e e e e e e e e e e e e e e e e G e e o

This product contains toxic chemicals subject to the reporting
requirements of zection 213 of the Emergency Planning and Community
Right-To-Know Act of 1986 and ¢f 40 CFR 372. Please refer to Section
II - Hazardous Components for the specific product and concentraticn.

The base rezins indicated under Section I are identified by one or more of ths
tellowing CAS numbers:

113060-15-4 2B572-30-7 58182-50-6 £7855~89-¢
135108-89-3 2BE792-80-3 61224-63-3 49624-93-3
141224-31-53 23011-583-4 62565-28-2 £8511-26-2
148307-5&-8% 28350-5B-1 64386-66-9 78-4-1
149717-~53-3 22405-62-8 £7380-21-8

155122-62-6 29403-59-8 £73856-67-0

21645-51-2 30110-00-0 E75580-39-7

25037-66-5 30%46-20-8 67712-08-7

25101-03-5 31260-58-7 67845-6H-5

25215-72-9 31472-46-5 £7935-08-6

25484-21-5 3260R-78-5 ©7939-40-6

25609-85-6 32677-47-7 68002-44-8

25749-456-¢ 32762-75-7 ©8140-84-1

25745-49-9 J6346-15-3 68140-B8-5

285987-82-0 36425-15-7 £8171-28-8

26098-37-3 36425-16-8 GB238-98-2

Z6123-45-5 37335~47-2 68225-40-1

26265-08-7 37347-86-7 68492-68-2

26301-2¢-8 37925-57-8 68511-26-2

26588-55-6 42133-45-9 6B5RE-94-4

267585-76-¢ 454920-01-2 £8647-07-4

27342-37-6 52453-34-8 T2252-64-4

27837-75-8 54228-09-0 §1182-92-9

278653-48+6 56083-%8-08 8C0353-20-7

28472-89-1 S60B83-93-8 S065-68-3

28816-30-5% 57863-48B-5 37625-53-7
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INTERPLASTIC CORPORATION
Thermoset Resins Division

1225 Willow Lake Boulevard
Saint Paul, Minnesota 55110-5145
(651) 481-6860 Fax (651) 481-9836

July 29, 2011

To Whom It May Concern:

Interplastic Corporation has assigned commercial resin numbers to the following resins
as listed:

DEVELOPMENT NUMBER COMMERCIAL NUMBER
COR VEX221-464 COR VE8290
COR VEX221-607 COR VE8295

This is a number change only. The formulation has not changed from the development
number formulation.

Please call me at 281-687-8617 if you have additional questions or comments on this
matter.

Sincerely,

Lo kel [Catin

Kaleel Rahaim
Business Manager Thermoset Resins Division
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CONFIDENTIAL

INTERPLASTIC CORPORATION

VEX221-464 CASTING WITHOUT A THERMOPLASTIC LINER
NSF/ANSI 61-2009 EXTRACTION REDUCTION

DESCRIPTION: INFLUENT VOLUME: 17 DAY
REPORTING
COMPOUND RESULTS UNITS LIMIT METHOD

Bisphenol A <1.00 ug/L 1.00 EPA 625
Reactive Diluent #1 <2.00 ug/L 2.00 EPA 625
Reactive Diluent #2 <2.00 ug/L 2.00 EPA 625
Styrene <1.00 ug/L 1.00 EPA 524.2
pH 8.18 (None) NA EPA 150.1
Temperature 24.1 °C NA EPA 150.1

pH and Temperature were analyzed on 2/5/10 prior to collection of samples

The surface area to volume ratio tested was 42in?/liter, and the ambient

DESCRIPTION: EFFLUENT 1 VOLUME: 1 DAY
REPORTING
COMPOUND RESULTS UNITS LIMIT METHOD
Bisphenol A <1.00 ug/L 1.00 EPA 625
Reactive Diluent #1 15.7 ug/L 4.00 EPA 625
Reactive Diluent #2 <2.00 ug/L 2.00 EPA 625
The testing of the water sample from Day One is not part of the NSF/ANSI 61-2009
test protocol for approval
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ace Analytical

woawpacelads.com

LABORATORY ANALYSIS REPORT

DATE: 3/4/2010 PAGE: 10of3
CLIENT:  Interplastic Corporation PROJECT: 534
2015 Northeast Broadway Street COLLECTED BY: NDA
Minneapolis,MN 55413 PROJECT REC'D: 1/15/2010

PROJECT DESC: Sample Analysis
CONTACT: Jason Schiro

Pace Analyticals Product Testing Division received 1 product (s) for the analysis presented in the following
report.

All data reported is associated with quality control that met method, EPA. NSF/ANSI or internal laboratory
specification. Any exceptions are noted in a footnote or narrative format.

Pace Analytical Services, Inc. appreciates the opportunity to provide you with this product testing service. If you
have any questions or comments regarding this report, please feel free to contact us.

Sincerely,

s %)Wh

Enclosure

As a mutual protection to clients, the public, and ourselves, all documentation prepared by Pace Analytical Services, Inc., including proposals
and reports, are submitted in confidence and may not be published in whole or in part, without written consent. In addition, the name of Pace
Analytical Services, Inc. may not be used in any advertisement or other publication without written approval.
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Pace Analtical Services, nc.

ace Analytical

wones.paceias.com

{

!
LABORATORY ANALYSIS REPORT PROJECT: 534 PAGE: 2 of 3

NSF/ANSI 61-2009 Reduction

Sample: 005920 Description: Effluent 1 Volume: 1 Day
Reporting Date Date
Compound Results Units Limit Method Collected Analyzed
Bisphenol A <1.00 ug/L 1.00 EPA 625 1/21/2010 3/3/2010
PRoFRIE7ARY | HARED1/ENTIS 15.70 ug/L 4.00 EPA 625 1/21/2010 3/3/2010
FRoPRIETARY INGREDIENT A <200 ug/L 2.00 EPA 625 1/21/2010 3/3/2010

Samples were analyzed outside of EPA recomended holding time

As a mutual protection to clients, the public, and ourselves, all documentation prepared by Pace Analytical Services, Inc., including proposals
and reports, are submitted in confidence and may not be published in whole or in part, without written consent. In addition, the name of Pace
Analytical Services, Inc. may not be used in any advertisement or other publication without written approval.
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Pace Analytical Services

ace Analytical

wopwvepacelais.com

i

LABORATORY ANALYSIS REPORT PROJECT: 534 PAGE: 3 of 3

SUBCONTRACTED ANALYSIS SUMMARY

Analysis Method Laboratory Location
Bisphenol A EPA 625 Suburban Hillside,IL
(o FRIETIRY (WaLEDIENT E Epp 625 Suburban Hillside, IL
LRRIETIEY INCREDIENT R EPA 625 Suburban Hillside, IL

This report has been reviewed for technical accuracy and completeness. The analyses were performed using EPA or other approved methodologies
and the results were reported on an "as received” basis unless otherwise noted. These results relate only to the items tested.

EPA 625 is outside of Pace Analytical's A2LA Accreditation, analysis was subcontracted to Suburban Laboratories in Hillside, IL.
NA = Not Applicable

su - Standard Units

UV - Unit Volume

mg/L = milligrams per Liter

ug/L = micrograms per Liter

GPM = Gallons Per Minute

NTU = Nephelometric Turbidity Unit

(wc) = Water Characteristics

END OF DOCUMENT

As a mutual protection to clients, the public, and ourselves, all documentation prepared by Pace Analytical Services, Inc., including proposals
and reports, are submitted in confidence and may not be published in whole or in part, without written consent. In addition, the name of Pace
Analytical Services, Inc. may not be used in any advertisement or other publication without written approval.
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ace Analytical

/ wanw.pacelas.com

LABORATORY ANALYSIS REPORT

DATE: 2/22/2010 PAGE: 1o0f3
CLIENT:  Interplastic Corporation PROJECT. 429
2015 Northeast Broadway Street COLLECTED BY: NDA
Minneapolis,MN 55413 PROJECT REC'D: 1/15/2010

PROJECT DESC: Pipe Coating
CONTACT: Jason Schiro

Pace Analytical received pre-cut plates of VEX221-464 for extraction outlined in NSF/ANSI 61-2009. The plates
were rinsed with cold tap water to remove debris followed by a reagent water rinse.

The plates were conditioned using pH 8 conditioning water for organic compounds for a period of 14 days. The
water was changed 10 times during the 14-day conditioning period with a minimum exposure period of 24 hours
+ 1 hour. Following the conditioning period, the plates were exposed using pH 8 exposure water. The exposure
water was discarded after each of the first two 24 hour exposures and collected after a final 16-hour exposure
period.

Pace Analyticals Product Testing Division received 1 product (s) for the analysis presented in the following
report.

All data reported is associated with quality control that met method, EPA, NSF/ANSI or internal laboratory
specification. Any exceptions are noted in a footnote or narrative format.

Pace Analytical Services, Inc. appreciates the opportunity to provide you with this product testing service. If you
have any questions or comments regarding this report, please feel free to contact us.

Sincerely,

sy N emncomemm—

Enclosure

As a mutual protection to clients, the public, and ourselves, all documentation prepared by Pace Analytical Services, Inc., including proposals
and reports, are submitted in confidence and may not be published in whole or in part, without written consent. In addition, the name of Pace
Analytical Services, Inc. may not be used in any advertisement or other publication without written approval.
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ace Analytical

f
i

LABORATORY ANALYSIS REPORT

PROJECT: 429

PAGE: 2 of 3

NSF/ANSI 61-2009 Extraction Reduction

Pace Analytical Sexvices, ¢,

woaenpacelabs.com

Sample: 005057

Description: Influent

Volume: 17 Day

Reporting

Compound Results Units Limit
Bisphenol A N <1.00 ug/L 1.00
Fuspremty Inacepievs & <2.00 ug/L 2.00
fecklermey TaulediEn? A <2.00 ugll 2.00
pH (wc) 8.18 (None) NA
Styrene <1.00 ug/L 1.00
Temperature (wc) 24.1 °C NA

Method
EPA 625

EPA 625
EPA 625
EPA 150.1
EPA 524.2
EPA 150.1

pH and Temperature were analyzed on 2/5/2010 prior to collection of samples.

NSF/ANSI 61-2009 Extraction Reduction

Sample: 005063

Description: VEX221-464

Date Date
Collected Analyzed
2/6/2010 2/12/2010
2/6/2010 2/12/2010
2/6/2010 2/12/2010
2/6/2010 2/5/2010
2/6/2010 2/8/2010
2/6/2010 2/5/2010

Volume: 17 Day

Reporting
Compound Results Units Limit

Bisphenol A <1.00 ug/L 1.00
Flof 1ETHRY INGIEDIENT b4 200 Bl 439
Peof ety T704iE EDLENT A i sl IS
pH (wc) 8.18 (None) NA

Styrene <1.00 ug/L 1.00
Temperature (wc) 24.1 °C NA

Method
EPA 625

EPA 625
EPA 625
EPA 150.1
EPA 524.2
EPA 150.1

Date Date
Collected Analyzed
2/6/2010 2/12/2010
2/6/2010 2/12/2010
2/6/2010 2/12/2010
2/6/2010 2/5/2010
2/6/2010 2/8/2010
2/6/2010 2/5/2010

The surface area to volume ratio tested was 42in2/ Liter, and the ambient temperature was 22.52 C.

As a mutual protection to clients, the public, and ourselves, all documentation prepared by Pace Analytical Services, Inc., including proposals
and reports, are submitted in confidence and may not be published in whole or in part, without written consent. In addition, the name of Pace
Analytical Services, Inc. may not be used in any advertisement or other publication without written approval.
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ace Analytical

LABORATORY ANALYSIS REPORT PROJECT: 429

PAGE: 3of 3

winnpacelabs.com

SUBCONTRACTED ANALYSIS SUMMARY

Analysis Method Laboratory Location
Bisphenol A EPA 625 Suburban Hillside, IL
Lol liETmly INGKEDIENT B EPA 625 Suburban Hillside, IL
[eofTic 7ty INGREDKEZ7 A EPA 625 Suburban Hillside, IL

This report has been reviewed for technical accuracy and completeness. The analyses were performed using EPA or other approved methodologies

and the results were reported on an "as received” basis unless otherwise noted. These results relate only to the items tested.

EPA 625 is outside of Pace Analytical's A2LA accreditation, analysis was subcontracted to Suburban Laboratories in Hillside, IL.

NA = Not Applicable

su - Standard Units

UV - Unit Volume

mg/L = milligrams per Liter

ug/L = micrograms per Liter

GPM = Gallons Per Minute

NTU = Nephelometric Turbidity Unit
(wc) = Water Characteristics

END OF DOCUMENT

As a mutual protection to clients, the public, and ourselves, all documentation prepared by Pace Analytical Services, Inc., including proposals
and reports, are submitted in confidence and may not be published in whole or in part, without written consent. In addition, the name of Pace

Analytical Services, Inc. may not be used in any advertisement or other publication without written approval.
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Page 1

RARKeMmRA
MATERIAL SAFETY DATA SHEET
Printed: 6/30/09

fosrricTary INGREDIENT A

PRODUCT IDENTIFICATION AND USE |

MANUFACTURER: ARKEMA CANADA INC.
700 THIRD LINE
OAKVILLE, ONTARIO
L6J 5A3

EMERGENCY PHONE NUMBER: (905) 827-9841 (ARKEMA)
(613) 996-6666 (CANUTEC)

PRODUCT IDENTIFIER: y

PRODUCT CODE: AC54125
PRODUCT USE: ACRYLIC MONOMER
WHMIS CLASSIFICATION: D2B - TOXIC MATERIAL CAUSING OTHER EFFECTS
F - DANGEROUSLY REACTIVE MATERIAL.
HAZARDOUS INGREDIENTS B
% WIW CAS # TLV
99 NE

LD50: 3100 - 6700 MG/KG (ORAL-RAT)
LD50: >3000 MG/KG (DERMAL-RABBIT)

ADDITIONAL INGREDIENT INFORMATION (WHMIS NOT CONTROLLED):

NA
PHYSICAL DATA j

PHYSICAL STATE: LIQUID
ODOUR AND APPEARANCE: COLOURLESS LIQUID, CAMPHOR ODOUR.
ODOUR THRESHOLD: NE
SPECIFIC GRAVITY/DENSITY (G/ML): 0.984
VAPOUR PRESSURE: 0.1 MBAR @ 20°C
VAPOUR DENSITY (AIR=1): NE
VOLATILITYNVOL(%): NE
SOLUBILITY IN H20: <10 PPM @ 20°C
EVAPORATION RATE: NE
BOILING POINT: >250°C
FREEZING POINT: -60°C
PH: NA
LOG KOW: 4

SHIPPING INFORMATION ]

THIS PRODUCT IS NOT TDG REGULATED.

FIRE AND EXPLOSION HAZARD |

FLAMMABILITY: NOT FLAMMABLE.

CONDITIONS: WILL BURN AT ELEVATED TEMPERATURES.

MEANS OF EXTINCTION: WATER SPRAY, CARBON DIOXIDE, FOAM OR DRY
CHEMICAL. DO NOT USE SOLID STREAM OF WATER.

FLASHPOINT: 119°C (CLOSED CUP)

UPPER EXPLOSION LIMIT (% V): NE

LOWER EXPLOSION LIMIT (%V): NE

AUTO-IGNITION TEMPERATURE: 406°C

HAZARDOUS COMBUSTION PRODUCTS: OXIDES OF CARBON.

NA - NOT APPLICABLE NE - NOT ESTABLISHED
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Page 2

RRKEeMmRA
MATERIAL SAFETY DATA SHEET
Printed: 6/30/09
PeopicTary TUGEDIENT A

EXPLOSION DATA: LARGE AMOUNTS OF HEAT CAN BE GENERATED WHEN THE
MONOMER IS EXPOSED TO A FIRE. COOL CONTAINERS /
TANKS WITH WATER SPRAY.

SENSITIVITY TO IMPACT: NO
SENSITIVITY TO STATIC DISCHARGE: NO
REACTIVITY B
CHEMICAL STABILITY: UNSTABLE
INCOMPATIBLE MATERIALS: EXOTHERMIC POLYMERIZATION MAY BE INITIATED BY FREE
RADICALS, PEROXIDES.
CONDITIONS OF REACTIVITY: THE UNCONTROLLED POLYMERIZATION OF THE PRODUCT MAY

PRODUCE AN EXPLOSION IN UNVENTED CLOSED CONTAINERS.
AVOID HEAT, CONTAMINATION, OXYGEN-FREE ATMOSPHERE,
INHIBITOR DEPLETION OR ULTRAVIOLET LIGHT TO PREVENT
HAZARDOUS POLYMERIZATION.

HAZARDOUS DECOMPOSITION NE

PRODUCTS:
i HEALTH HAZARD INFORMATION

ROUTE OF ENTRY
SKIN CONTACT: MAY CAUSE IRRITATION.
SKIN ABSORPTION: NE
EYE: MAY CAUSE IRRITATION.
INGESTION: NE
INHALATION: MAY CAUSE IRRITATION.

ACUTE OVER EXPOSURE EFFECTS: NE
CHRONIC OVER EXPOSURE EFFECTS: NE

SENSITIZATION: DOES NOT MEET WHMIS CRITERIA.
CARCINOGENICITY: DOES NOT MEET WHMIS CRITERIA.
TERATOGENICITY: DOES NOT MEET WHMIS CRITERIA.
MUTAGENICITY: DOES NOT MEET WHMIS CRITERIA.
REPRODUCTIVE TOXICITY: DOES NOT MEET WHMIS CRITERIA.

PREVENTIVE MEASURES

PERSONAL PROTECTIVE EQUIPMENT: WEAR SAFETY GLASSES AND USE IMPERVIOUS
GLOVES. WHERE AIRBORNE EXPOSURE IS LIKELY,
WEAR A NIOSH APPROVED RESPIRATOR EQUIPPED
WITH AN ORGANIC VAPOUR CARTRIDGE.

SPECIFIC ENGINEERING CONTROLS: LOCAL EXHAUST IS RECOMMENDED.

LEAK AND SPILL PROCEDURES: SOAK UP WITH AN ABSORBENT MATERIAL AND PLACE IN
A CLOSED CONTAINER. ADD INHIBITOR AND DISPOSE
OF IMMEDIATELY.

WASTE DISPOSAL: HAZARDOUS WASTE. DO NOT ALLOW PRODUCT TO
ENTER THE ENVIRONMENT. CONSULT FEDERAL OR
LOCAL AUTHORITIES FOR APPROVED DISPOSAL
METHODS.

HANDLING PROCEDURES AND EQUIPMENT: WASH BEFORE EATING, DRINKING, USING TOBACCO
PRODUCTS OR REST ROOMS.

STORAGE REQUIREMENTS: KEEP IN A CLOSED, LABELED CONTAINER IN A
VENTILATED AREA. STORAGE TEMPERATURE SHOULD
BE BELOW 30°C (85°F) THE TYPICAL SHELF-LIFE OF THIS
PRODUCT IS 12 MONTHS. AVOID STORAGE UNDER AN

NA - NOT APPLICABLE NE - NOT ESTABLISHED
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Page 3

RRKEMR
MATERIAL SAFETY DATA SHEET

Printed: 6/30/09
PRo PRIETARY INGREDIENT — 4

OXYGEN-FREE ATMOSPHERE. AN AIR SPACE IS
REQUIRED ABOVE THE LIQUID IN ALL CONTAINERS. THE
STABILITY OF THE PRODUCT SHOULD BE CHECKED
PERIODICALLY (TYPICALLY EVERY 90 DAYS FOR BULK
CONTAINERS).

FIRST AID MEASURES

EYE FLUSH EYES WITH LARGE AMOUNT OF WATER FOR 15 MINUTES WHILE HOLDING
EYELIDS OPEN. SEEK MEDICAL ATTENTION IF IRRITATION OCCURS OR PERSISTS.

SKIN WASH SKIN WITH WATER AND SOAP. SEEK MEDICAL ATTENTION IF IRRITATION
OCCURS OR PERSISTS.

INGESTION DO NOT GIVE LIQUIDS IF PERSON IS UNCONSCIOUS OR VERY DROWSY. DO NOT
INDUCE VOMITING. SEEK IMMEDIATE MEDICAL ATTENTION.

INHALATION REMOVE PERSON TO FRESH AIR IMMEDIATELY. IF BREATHING HAS STOPPED, APPLY
ARTIFICIAL RESPIRATION AND ADMINISTER OXYGEN IF NECESSARY. SEEK MEDICAL

ATTENTION.
PREPARATION DATE
PREPARED BY: TECHNICAL DEPARTMENT.
PHONE NUMBER OF PREPARER:  905-827-9841
DATE PREPARED (MM/DD/YY): 10/26/98
DATE REVISED (MM/DD/YY): 06/30/09

MINIMUM CONTACT WITH THIS AND ALL CHEMICALS IS RECOMMENDED AS A GOOD GENERAL POLICY TO
FOLLOW.

THE INFORMATION PRESENTED HEREIN HAS BEEN COMPILED FROM SOURCES CONSIDERED TO BE
DEPENDABLE AND IS ACCURATE TO THE BEST OF OUR KNOWLEDGE. HOWEVER, SINCE DATA, SAFETY
STANDARDS, AND GOVERNMENT REGULATIONS ARE SUBJECT TO CHANGE AND THE CONDITIONS OF
HANDLING AND USE, OR MISUSE ARE BEYOND OUR CONTROL, ARKEMA CANADA MAKES NO WARRANTY
EXPRESSED OR IMPLIED, WITH RESPECT TO COMPLETENESS OR CONTINUING ACCURACY OF THE
INFORMATION CONTAINED HEREIN AND DISCLAIMS ALL LIABILITY FOR RELIANCE THEREON. USER
SHOULD SATISFY HIMSELF THAT HE HAS ALL CURRENT DATA RELEVANT TO HIS PARTICULAR USE.

NA - NOT APPLICABLE NE - NOT ESTABLISHED
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Health 2
NIkl Fire 1
Sclence b .com
Chemicals & Laboratory Equipment Reactivity O
Personal G
Protection
Material Safety Data Sheet
PraoP@)E TARY I;u'éﬂe‘brsﬂr B
Section 1: Chemical Product and Company Identification
Product Name: Diallyl Phthalate Contact Information:
des: 2632 Sciencelab.com, Inc.
Catalog Codes: SLD263 14025 Smith Rd.
CAS#: Houston, Texas 77396
. : US Sales: 1-800-901-7247
Pl N B International Sales: 1-281-441-4400
TSCA: TSCA 8(b) inventory: Order Online: ScienceLab.com
Cl#: Not available. CHEMTREC (24HR Emergency Telephone), call:

1-800-424-9300
Synonym:

International CHEMTREC, call: 1-703-527-3887
Chemical Name:

For non-emergency assistance, call: 1-281-441-4400

Chemical Formula:

Section 2: Composition and Information on Ingredients

Composition:

' Name CAS # % by Weight
100
Toxicological Data on Ingredients: ) ORAL (LD50): Acute: 656 mg/kg [Rat]. 1700 mg/kg [Rabbit]. DERMAL

(LD50): Acute: 3300 mg/kg [Rabbit]. VAPOR (LC50): Acute: 5200 mg/m 1 hours [Rat].

Section 3: Hazards Identification

Potential Acute Health Effects:

Hazardous in case of skin contact (irritant), of ingestion, of inhalation. Slightly hazardous in case of skin contact
(permeator), of eye contact (irritant).

Potential Chronic Health Effects:

CARCINOGENIC EFFECTS: Not available.

MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. Mutagenic for bacteria and/or yeast.
TERATOGENIC EFFECTS: Not available.

DEVELOPMENTAL TOXICITY: Not available.

Repeated or prolonged exposure is not known to aggravate medical condition.

Section 4: First Aid Measures

o 0y

D-281




Eye Contact: . .

Check for and remove any contact lenses. In case of contact, immediately flush eyes with plgnty qf \./vat.er for at
least 15 minutes. Cold water may be used. WARM water MUST be used. Get medical attention if irritation
occurs.

Skin Contact: _

In case of contact, immediately flush skin with plenty of water. Cover the irritated skin with an emollient. Remove
contaminated clothing and shoes. Wash clothing before reuse. Thoroughly clean shoes before reuse. Get
medical attention.

Serious Skin Contact: . . )
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek immediate
medical attention.

Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get
medical attention.

Serious Inhalation: Not available.

Ingestion:

Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything _by mouth to an
unconscious person. If large quantities of this material are swallowed, call a physician immediately. Loosen tight
clothing such as a collar, tie, belt or waistband.

Serious Ingestion: Not available.

Section 5: Fire and Explosion Data

Flammability of the Product: May be combustible at high temperature.
Auto-Ignition Temperature: Not available.

Flash Points: CLOSED CUP: 166°C (330.8°F).

Flammable Limits: Not available.

Products of Combustion: Not available.

Fire Hazards in Presence of Various Substances:

Slightly flammable to flammable in presence of open flames and sparks, of heat.
Non-flammable in presence of shocks.

Explosion Hazards in Presence of Various Substances:

Risks of explosion of the product in presence of mechanical impact: Not available.
Risks of explosion of the product in presence of static discharge: Not available.
Fire Fighting Media and Instructions:

SMALL FIRE: Use DRY chemical powder.

LARGE FIRE: Use water spray, fog or foam. Do not use water jet.

Special Remarks on Fire Hazards: Not available.

Special Remarks on Explosion Hazards: Not available.

Section 6: Accidental Release Measures

Small Spill: Absorb with an inert material and put the spilled material in an appropriate waste disposal.
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Large Spill: .
Absorb with an inert material and put the spilled material in an appropriate waste disposal. Finish cleaning by
spreading water on the contaminated surface and allow to evacuate through the sanitary system.

Section 7: Handling and Storage

Precautions:

Keep locked up.. Keep away from heat. Keep away from sources of ignition. Empty containers pose a fire risk,
evaporate the residue under a fume hood. Ground all equipment containing material. Do not ingest. Do not
breathe gas/fumes/ vapor/spray. Avoid contact with skin. Wear suitable protective clothing. In case of
insufficient ventilation, wear suitable respiratory equipment. If ingested, seek medical advice immediately and
show the container or the label. Keep away from incompatibles such as oxidizing agents.

Storage: Keep container tightly closed. Keep container in a cool, well-ventilated area.

Section 8: Exposure Controls/Personal Protection

Engineering Controls:

Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their
respective threshold limit value. Ensure that eyewash stations and safety showers are proximal to the

work-station location.

Personal Protection:
Safety glasses. Lab coat. Vapor respirator. Be sure to use an approved/certified respirator or equivalent.
Gloves.

Personal Protection in Case of a Large Spill:

Splash goggles. Full suit. Vapor respirator. Boots. Gloves. A self contained breathing apparatus should be

used to avoid inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist
BEFORE handling this product.

Exposure Limits: Not available.

Section 9: Physical and Chemical Properties

Physical state and appearance: Liquid. (Qily liquid.)
Odor: mild

Taste: Not available.

Molecular Weight: 246.26 g/mole
Color: almost colorless

pH (1% soln/water): Not available.
Boiling Point: 158°C (316.4°F)
Melting Point: -70°C (-94°F)
Critical Temperature: Not available.
Specific Gravity: 1.12 (Water = 1)
Vapor Pressure: Not available.

Vapor Density: 8.3(Air = 1)
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Acute Potential Health Effects:

Skin: Causes skin irritation. Irritation may be moderate.

Eyes: Causes eye irritation. Irritation may be mild. Lachrymator.

Inhalation: May cause respiratory tract and mucous membrane irritation. It may affect respiration (dyspnea), and
gastrointestinal tract. .

Ingestion: May cause digestive tract disturbances. May be harmful if swallowed. It may affect behavior,
respiration, and liver.

Chronic Potential Health Effects:

Ingestion: Prolonged or repeated ingestion may affect the liver, respiration and gastrointestinal tract.

Section 12: Ecological Information

Ecotoxicity: Not available.

BOD5 and COD: Not available.

Products of Biodegradation:

Possibly hazardous short term degradation products are not likely. However, long term degradation products may
arise.

Toxicity of the Products of Biodegradation: Not available.

Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations

Waste Disposal:
Waste must be disposed of in accordance with federal, state and local environmental
control regulations.

Section 14: Transport Information

DOT Classification: Not a DOT controlled material (United States).
Identification: Not applicable.

Special Provisions for Transport: Not applicable.

Section 15: Other Regulatory Information

Federal and State Regulations:
Pennsylvania RTK:
Massachusetts RTK:

TSCA 8(b) inventory:

TSCA 8(d) H and S data reporting:

Other Regulations:
OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200).
EINECS: This product is on the European Inventory of Existing Commercial Chemical Substances.

Other Classifications:

WHMIS (Canada): Not controlled under WHMIS (Canada).

DSCL (EEC):
R20/22- Harmful by inhalation and if
swallowed.

D-284
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Volatility: Not available.

Odor Threshold: Not available.

Water/Oil Dist. Coeff.: The product is more soluble in oil; log(oil/water) = 3.2
lonicity (in Water): Not available.

Dispersion Properties: Not available.

Solubility:

Very slightly soluble in cold water.

Soluble in most organic liquids.

Soluble in gasoline, mineral oil, glycerin, certain amines.
Solubility in water: 182 mg/liter water.

Section 10: Stability and Reactivity Data

Stability: The product is stable.

Instability Temperature: Not available.

Conditions of Instability: Heat, incompatible materials. It will polymerize with heat and catalyst.
Incompatibility with various substances: Reactive with oxidizing agents.

Corrosivity: Not available.

Special Remarks on Reactivity: Not available.

Special Remarks on Corrosivity: Not available.

Polymerization: Yes.

Section 11: Toxicological Information

Routes of Entry: Absorbed through skin. Eye contact.

Toxicity to Animals:

WARNING: THE LC50 VALUES HEREUNDER ARE ESTIMATED ON THE BASIS OF A 4-HOUR EXPOSURE.
Acute oral toxicity (LD50): 656 mg/kg [Rat].

Acute dermal toxicity (LD50): 3300 mg/kg [Rabbit].

Acute toxicity of the vapor (LC50): 5200 mg/m

1 hours [Rat].

3

Chronic Effects on Humans: MUTAGENIC EFFECTS: Mutagenic for mammalian somatic cells. Mutagenic for bacteria
and/or yeast.

Other Toxic Effects on Humans:

Hazardous in case of skin contact (irritant), of ingestion, of inhalation.
Slightly hazardous in case of skin contact (permeator).

Special Remarks on Toxicity to Animals: Not available.

Special Remarks on Chronic Effects on Humans:

May affect genetic material.

May cause cancer based on animal data.

Special Remarks on other Toxic Effects on Humans:
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R38- Irritating to skin.

R40- Possible risks of irreversible

effects.

R50/53- Very toxic to aquatic

organisms, may cause long-term

adverse effects in the aquatic

environment.

S2- Keep out of the reach of children.
S24/25- Avoid contact with skin and eyes.
S36/37- Wear suitable protective clothing and
gloves.

S46- If swallowed, seek medical advice
immediately and show this container or label.
S60- This material and its container must be
disposed of as hazardous waste.

S61- Avoid release to the environment. Refer to
special instructions/Safety data sheets.

HMIS (U.S.A.):
Health Hazard: 2
Fire Hazard: 1
Reactivity: 0
Personal Protection: g
National Fire Protection Association (U.S.A.):
Health: 2
Flammability: 1
Reactivity: 0
Specific hazard:
Protective Equipment:
Gloves.
Lab coat.
Vapor respirator. Be sure to use an
approved/certified respirator or

equivalent.
Safety glasses.

Section 16: Other Information

References: Not available.
Other Special Considerations: Not available.
Created: 10/09/2005 05:06 PM

Last Updated: 11/06/2008 12:00 PM

The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we
assume no liability resulting from its use. Users should make their own investigations to determine the suitability of the
information for their particular purposes. In no event shall Sciencelab.com be liable for any claims, losses, or damages of any

p.6
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third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even
if ScienceLab.com has been advised of the possibility of such damages.

p.7
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HTS Pipe Consultants, Inc.

420 Pickering, Houston, Texas 77091
Tel: (713) 692-8373 Fax: (713) 692-8502

0.4500

FLEXURAL CREEP
ASTM D2990

Strain (%)

10 TIME (HRS) 100 1000 10000

Project Name:
Project No.:

Sample ID No,: CORVE 8295

HTS Reporth:  ICF128.0014

Tested Temperature: 71°F

Lab Humidity: 50%

Specimen Gage Length: 4.0"
Stress: 1300 PST
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HTS Reportt ICF128.001A

Sample ID; CORVE 8285

Specit 1
Thickness: 0,254" Wigth: 0.519"

TIME (HRS}) Strain ( %}
0.02 0.1981
0.10 0.2067
0.20 0.2105
0.50 0.2134
1 0.2172
2 0.2219
5 0.2267
20 0.2362
50 0.2457
100 0.2515
196 0.2619
500 02743
700 0.2538
1004 0.2877
024 0.3067
3019 0.3210
4028 0.3324
5037 0.3353
6044, 0.2400

7052 0.3429

Spec# 2

Thickness: 0.250"

TIME (HRS)

0.02

0.10
020

0.50
1

2

5

20

50
100

196
500
700
1004
2024

3019
4028
5037

6044

D-289

Width: 0.518"

Spectt 2
Thickness: 0.246"

Widih: 0.518"

Strain (%) TIME (HRS) Strain { %)
0.1968 0.02 0.2306
0.211¢9 0.10 0.2408
0.2147 0,20 0.2463
0.2203 0.50 0.2508
0.2231 1 0.2574
0.2318 2 0.2638
0.2353 b 0.2694
0.2458 20 0.2832
0.2550 50 0.2897
0.2616 100 0.2989
0.2738 196 0.3127
0.2897 500 (.333
0.3000 700 0.3432
0.3075 1004 0.3487
0.3281 2024 0.3708
0.3422 3019 0.3810
0.3518 4028 0.3930
0.3572 5037 0.4004
03519 6044 . o.4041
0.3666 7052 0.4077




HTS Reporl IG§£128.001A

Sample ID: CORVE 8295

Speci# 4 Spec# 5

Thickness: 0.256"  Widli: 0.517" Thickness: 0.254" Width: 0.505"
TIME (HRS) Straln (%) TIME (HRS)  Strain (%)
0.02 0.2122 0.02 0.2048
0.10 0.2198 0.10 0.2116
0.20 0.2256 0.20 0.2172
0.50 0.2304 0.60 0.2210
1 0,2352 1 0.2267
2 0.2410 2 0.2334
5 0.2496 5 0.2381
20 0.2650 20 0.2524
50 0.2794 50 0.2610
100 0.2909 160 0.2715
198 0.3034 168 0.2877
500 0.3264 500 0.3096
700 0.3370 700 0.3191
1004 0.3475 o 1004 0.3258
2024 0.3638 2024 0.3448
3019 0.3850 3019 0.3619
4028 0.3946 4028 0.3724
5037 0.4042 5037 0.3753
0018 oame0 604 08l
052 0.4089 F052 0.3600

D-290




HTS Pipe Consultants, Inc.

420 Pickering, Houston, Texas 77091
Tel: (713) 692-8373 Fax: (713) 692-8502

700000

600000

500000

Modulus {psi)

400000

300000

FLEXURAL CREEP
ASTM D2980

¢

10 109 1000 10000
TIME (HRS)

Project Name:
Project No.:

Sample ID No,:

H'TS Report#:

CORVE 8295

ICF128.0014

Tested Temperature; 71°F

Lab Humidity: 50%

Specimen Gage Length: 40"
Stress: 1300 PSI
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HTS Report! ICF128.001A

Sample ID;  CORVE 8295

Speci# 1

Thickness: 0.254"

TIME {HRS
0.02

0.10
Q.20
0.50
1
2
5

Width: 0.519"

Modulus (psi)
656168

628954
617570
609299
598609
585764
573458
5560334

528004
516981

496302
473899
457996
451930
423860

404994
391069
387736
382305
379110

Thickness: 0.

TIME {HRS)
0.02

0.i0
0.20
0.50
1
2
5

Spec# 2

250"

D-292

Widlh: 0.518"

Spec# 3
Thickness:; 0.246"

Width: 0.518"

Modulus {psi) TIME (HRS) Modulus (psi
660317 0.02 563686
613569 0.10 539929
605631 0.20 527796
580071 0.50 518083
582633 1 505085
561404 2 492732
552457 5 482608
529262 20 459027
509804 50 448794
497013 100 434943
474886 1986 415687
448759 500 380364
433333 700 378821
422764 §004 372808
396100 2024 350551
379809 3019 341214
369778 4028 330801
363955 5037 324704
350240 G044 321738
354646 71052 3168827




HTS Reporl ICF128.001A

Sample ID: CORVE 8295

Spect 4 Speci#t b
Thickness: 0.256" Width: 0.617" Thickness: 0.254" Width: 6.505"
TIME (HRS) Madulus {psi) TiIME {HRS) Modulus (psh
0.02 612745 0.02 634804
0.10 591339 0.10 614788
0.20 576241 0.20 598609
0.50 564238 0.60 588289
i 552721 1 573458
2 539509 2 557073
5 520833 5 545932
20 490840 20 515030
50 466349 80 498113
100 446920 100 478888
196 428534 196 451930
500 398284 500 419948
385802 700 407412
374079 1004 399073
357300 2024 377025
337697 3019 3591866
329461 4028 349061
321655 5037 346403
318627 6044 343786

062 242063
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500,000
450,000
400,000
350,000
300,000
250,000
200,000
150,000
100,000

50,000

VE8295 CREEP

y =-32089In(x) + 623927
R2=0.998

2000

4000 6000

Time, Hrs

8000

== Creep Modulus, psi
——Log. (Creep Modulus, psi)
——Log. (Creep Modulus, psi)
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Creep at 50 Years 207,100
Initial Creep 474,949
Creep Retention Factor: 44%
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HTS Pipe Consultants, Inc. Phone 713-602-8373
470 Pickering Street, Houston, TX 77091 Fax 713-692-8502
www.hspipaconsultants.com Toll Frae 1-800-882-TEST

HTS

Pipe Consultants

November 18, 2010

Interplastic Corporation

Thermoset Resins Division

2015 Northeast Broadway Street
Minneapolis, Minnesota 55413-4235

Attn; Mz, Jason Schiro, Senior Chemist
Corrosion and Specialty Resins

Re:  Chemical Resistance Testing of
Cured in-Place Pipe (CIPP) Samples
VEX221-607-One Year Test Results

Dear Mr. Schiro:

Please find enclosed one year chemical resistance test resulis for samples of Cured-in-
Place Pipe received in our laboratory on October 15, 2002 Per your instructions the
samples were constructed with VEX221-607 and all test results/reports are identified as
such.

All of the test coupons were prepared and post-cured by ihe Research and Development
Laboratory of Interplastic Corporation’s Thermoset Resins Ivision. Specimens were
prepared using VEX221-607, batch number 221-654. The resin was initiated with 0.75%
and 0.38% by weight of Akzo Nobel’s Perkadox 16 and Trigenex C, respectively. The
initiated resin was impregnated into the felt and clamped betwsen metal plates with
precision spacers. The panels were gelled at 150° F (66°C": and held at that temperature
for four hours. The panels were then post-cured at 180°F {%2°C) for sixteen additional
hours, The test coupons to be tested for corrosion and flesitél creép testing were cut and
labeled from the cured panels. Each coupon was edge-coaied with the same resin used to
construct the coupon, and post-cured an additional 4 howus st 150°F (66°C),

Corrosion Testing

The corrosion testing program was conducted in accordance with the following:

o ASTM F1216, “Practice for Rehabililation of Existirg Pipelines and Conduits by
the Inversion and Curing of a Resin —Tmpregnated Tube”.

D-296
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»  ASTM F1743, “Standard Practice for Rehabilitatton of Existing Pipelines and
Conduits by Pulled-in-Place Installation of Cured-in-Place Thermosetting Resin

Pipe (CIPP)”.

e ASTM D5813, “Standard Specification for Cured-in- Pldce Thermosetting Resin
Sewer Pipe”.

o ASTM D2122, “Test Method for Determining Dlmemmns of Thermoplastic Pipe
and Fittings®.

o ASTM D790, “Test Method for Flexural Properties of Unreinforced and
Reinforced Plastics™.

The initial weight, hardness (ASTM D2583) and thickness (ASTM D2122) of each
coupon sample was recorded prior to immersion. One (1) mupcm sample wag utilized as
a control base sample

The coupon samples were immersed in 10 different chemical reagents. Eight of the
reagents are as specified in ASTM F1216, section X2, Table X2.1. The other two
reagents (Nitric Acid 1% and Sulfuric Acid 5%) are as specified in ASTM F1743, section
8, table 2. The coupon samples were exposed to the reagenis for a period of 1 year. At
the end of 1 year the coupon samples were removed from the reagent containers, rinsed,
dried, weighed and tested for thickness and hardness. '

The coupon samples were then tested for flexural strength and flexural modulus of
elasticity. A summary of all test data and percent change it each property is included in
the attached summary of test data. ASTM F1216, Section X2.2.1 states that the test
specimens should lose no more than 20% of their initial flexural strength and flexural
modulus  during the exposure time, As indicated by rhewe test results, all of these
samples comply with that specification requirement,

Should you have any questions or comments regarding the Gorrosion testing or this
report, please do not hesitate to call us. Thank you very much.,

Sincerely,
HTS, Inc. ConSulmnts
()7 T
Yy ‘
Khamla Phouangsavanh
Chief Chemist

™

Larry L. McMichael
CEQO/Principal
Fletters/201 )/ InterplasticCorporation/ VEX221-607

o | .
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. SUMMARY OF TEST DATA
RESISTANCE OF CIPP TO CHEMICAL REAGENTS

SAMPLE ID; VEX221-607 Duration: 1 year Date Tested: 11/4/201Q
Chemical Reagent | Mechanical | Test Method | Unit Control 30 Days
(Concentration) Property ASTM D Sample Value % Change

Tap water Observation 543 N/A No Change pH7.6
{100%) Waeight 543 s} 150.72 15215 0.95
Hardness 2583 89.0 89.0 0.00
Thickness 2122 in. 0.280 0.290 0.00
mim, 7.4 7.4 0.00

Max. Flexural 790 psi 9033.2 7790,2 -13.76

Modulus 790 pei 672616 632122 -6.02

Nitric Acid Observation 543 N/A Light Yellow pH 0.1
(5%) Welght 543 g 140.39 141.80 1.00
Hardness 2583 80.0 80.0 0.00
Thickness 2122 in 0.271 0.271 0.00
mm 6.9 6.9 a.00
Max. Flexural 780 psi 9033.2 8652.0 -4.22

Modulus 790 psi 672616 600827 -8.34

Phosphoric Acid Observation 543 N/A No Change pH 0.6
(10%) Weight 543 g 139.89 141.10 0.86
Hardness 2583 89.0 89.0 0.00
Thickness 2122 in. 0.270 0.270 0.00
mm. 6.0 6.9 0.00
Max. Flaxural 790 psi 9033.2 8584.1 -4.97
NModulus 790 psi 672616 634145 -572

Sulfuric Acid Observation - 543 _ - NIA No Change pH 0.1
(10%) Welght 543 g 13015 131.18 0.79
Hardness 2583 89.0 89.0 0.00
-Thicknegs 2422 in. 0.252 0.252 0,00
mm, 6.4 6.4 0.00
~Max. Flexural 790 psi 9033.2 8577.5 -5.04
Modulus 790 pel 872816 628500 -6.56

ICO9F53.002Y.Doc - Page 1 of 3
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SUMMARY OF TEST DATA
RESISTANCE OF CIPP TO CHEMICAL REAGENTS

SAMPLE ID: VEX221-607 Puration: 1 year Date Tested;  11/4/2010
Chemical Reagent | Mechanical | Test Method | Unit Control 30 Days
{Concentration) Propetty ASTM D Sample Value % Change

Gasollne Observation 543 N/A Light Brown pH-NA
(100%) Weight 543 q 128.83 129,38 0.43
Hardness 2583 90.2 90.2 0.00
Thickness 2122 in. 0.255 0.255 0.00
mm. 6.5 6.5 0.00
Max. Flexural 790 psi 9033.2 8573.5 -0.66
Modulus 7580 psi 672616 643067 -4.39

Vegetable Oil Observation 543 N/A No Change pH-NA
(100%) Welght 543 a 136,50 136.82 023
Hardness 2583 90.0 90.0 0.00
Thickness 2122 in, 0.269 0.269 0.00
mim. 6.8 6.8 0.00
Max. Flexural 790 psi 9033.2 8595.7 -4.84
Modulus 750 psi 672616 713086 6.02

Detergent Obsearvation 543 N/A No Change pH 6.7
{(0.1%) Weight 543 o 136.06 137.40 0.98
Hardness 2583 89.2 §9.2 0.00
Thickness 2122 in, 0.266 0.266 0.00
' mm. 6.8 6.8 0.00
Max. Flexural 750 psi 9033.2 B528.7 -5.58
Modulus 790 psl 672616 - 671181 0.21

Soap Observation 543 N/A  [No Ghange pH 7.0
(0.1%) Weight 543 g 13457 | 13591 1.00
Hardness 2583 o 90.4 90.4 0.00
Thickness 2122 in. 0.259 0.259 0.00
' mm. 6.6 6.6 0.00
Max. Flexural 790 - psi 9033.2 - 8408.8 -6.91
Modulus 750 psi 672616 671299 -0.20

ICO9F53.002Y.Doc: - Page 2 of 3
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SAMPLE [D:

SUMMARY OF TEST DATA
RESISTANCE OF CIPP TO CHEMICAL REAGENTS

VEX221-607

Duration:

1 Year Date Tested:  11/4/2010
Chemical Reagent | Mechanical Test Method | Unit Control 30 Days
(Concentration) Property ASTM D Sample Value % Change
Nitric Acid OCbservation 543 NIA No Change pH 0.7
(1%) Weight 543 q 134.17 135.47 0.97
Hardness 2583 B9.4 89.4 0.00
Thickness 2122 tn. 0.261 0.261 0.00
mm 6.6 6.6 0.00
Max. Flexural 790 psi 9033.2 8780.6 -2.80
Modulus 790 psl 672616 663744 -1.32
Sulfuric Acld Observation 543 N/A No Change pH 0.1
{5%) Weight 543 g 132,60 133.81 0,91
Hardness 2583 88.8 a8.8 0.00
Thickness 2122 in. 0.256 0.256 0.00
mm. 6.5 6.5 0.00
Max. Flexural 790 psi 9033.2 8672.8 -3.99
Modulus 790 psl 672616 649360 -3.46

IC09F53.002Y.Doc - Page 3 of 3
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HTS Pipa Consuitants, Inc. Fhona 713-882-8373
420 Pickering Street, Houston, TX 77091 Fax 713-602-B602
www.htspipacansultants.com Foll Fran 1-800-602-TEST

Pipe Consultants

FLEXURAL PROPERTIES QF PLASTICS (AGTM D790)

SOBPORT S5PAN = 4°.

Flexural 3 point bend Instron Corporation

saries IX Automated Materials Testing System 6.0%
Operator name: K. PHOURNGSAVANH Test Data:; 04 Wow 2010
sample Identificationm: %FG3-3¥1 Sample Type: ASTM

fnterface Type: 42/42/4400 Series
Machine Parameters of test:

Sample Rabe {pts/sec): 1. 000 Humidity { % }: 50
Crogsshead Speed (in/min ): .1100 Temperature (deg. F): 71
Dimensions:

Spac. 1 Spes. 2 Spec. 2 Spec. ¢ Spec. ©

width (in) .55300 57000 .GR7Q0 55400 51300
] Depth (in) _26500 ,28300 ,29799) .30400 30800
8rnan {in) 4.0066 4.0000 4.0000 4,0000 4.0000

tut of 5 specitmens, 0 excluded.
Zample comments: VEX221-807, SAMPLE SOAKED IN TAP WATER {100%) FOR 1 YEAR

Digplemeanc strain Lioad Etxaan Modulug
at at at at Of
Specimen Yield Yield Yield Yield Elasticity
NumbeT (in} {in/in) {1lha) (p=i) (pai)
1 AB45 0489 c5.2 B420.7 637660
2 4709 0500 64.4 8461.6 638230
3 L3289 .0366 62.5 7494.2 615172
1 2574 0203 EZ.80 7361.9 §371E7
[ 223z G258 58,5 7212.5 G3RaLR2
Mean: L3BAD . 0381 £0.9 77902 632132,
Standara
Deviarion:  .1201 L0110 1.4 602.7 9756,
Minimum: ,2232 L0258 B§ .2 1312.5 616172,
MazcLmam: 4845 L0500 4.4 ‘B461.6 £38230,

et By S et e
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Phone 712-622-8373
Fax T13-692-8502
Tolt Free 1-800-892-TEST

HTS Pipa Gonsultants, ind.
420 Pickering Streot, Houaton, TX 7rog
www, hitspi pgoconauttants_ com

FLEXURAL PROPERTIES OF PLASTICS (ASTM D796)

SUFFOET SPAN = 4"

Flaxural 2 psint bend

Pipe Consultants

Instyon Corporstion

Sexies IX Automated Makerials Testing System &.0¢

Operator name: E. CARRILLO Tegt Daks:. 04 Nov 2010
Sample Identification: 9FEIVILL Sample Type: ASTM
Interface Type: 42/43/4400 Series
Machine Faramecers of tesc:
Sample Rate (phs/sec): 10.000 Humidity [ % ) : 50
Crosshead Speed (in/min }: L1100 Temperature (deg. F): 71
Dimensicnse: -
Epea. 1 Spec. 2 Speo. 3 Spec. 4 Bper. &
Width tin} .R7700 .87700 57200 57200 .57800
Depth  (in) L243006 0 (2400 L2000 .26700  .27Q00
Span (im) 4,0000 4.0000 4.0000 4.9000 4.90Q0
ut of 5 specimens, ¢ s=eludsd.
Sample comments: VEX2Z1-607, SAMPLE SOAKED IN SULFURIC ACID (S%) FOR 1 YEAR
Dliaplomant Strain Load Skragg Madulue
at at at at Of
Specimen Vimld vield Tield YWield Elascicity
- Mumber {in} tin/in) {1ba) {pail {psi)
1 LR270 0480 48.1 B472.2 633874
2 44532 0424 51.4 B278.1 52314840
3 L4855 0474 57.4 a0z, 1 62783
4 L5018 0502 58.8 B&0D.5 £56520
5 _4714 Q477 62.6 8911.1 Ge0081
Mean: 4862 L0472 ER.H #672.8 £49360.,
gtandard
Daviation: R .0029 6.0 283.6 14682,
Minimum: L4452 0424 48.1 8278.1 £331849.
Maximum: LB2T0 L0502 62.8 g911.1 662762,
D202 -
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HTS Pipa Consultanta, I
420 Pickerng Strest, Houstan, TX 77081
wiww. hiapipaeenaultants corm

Phone 713-692-8373
Fax 713-692-8502
Toll Free 1-800-802-TEST

FLEXVRAL PROFERTIES OF PLASTICS

STFPORT SFAM = 4"

Flexural 2 poinke bend

(ASTM D7

Operator name: ¥. PHOURNGZAVANH

Sample Identiflgation: ¥F33-373

Interface Type: 42/43/4400 Series

Machine Parameters of tast:
Sample Rate {pta/sech:

Crozshesd Speed (in/min ):

Dimensions:

Wwidch (in)
Depth (i
Span (in)

10.000
L1100

Spec.

JBRBOG
L 24300
4.0000

gur of & specimens, 0 excluded.
Sample commenks: VEXZZ1-€07, SAMFLE SOAKED INM MITRIC RQID(1%) FOR 1 YERR

20)

L Sp=c.

.57800
L2EE00
4.0000

2

Pipe Consultanits

Instron Corporation
feries 1¥ Automated Materials Tegting System £.05
Test Date: 04 Nov 2010

Zamplae Type: ASTM
Homidity ( ¥ }: =)
Tempsraturs (deg. F1: 71

Spec., 3 Spec. 4 Spec. 3

L57300
LEE500
4.0000

57600
LZTEO0
4.0000

L57700
.27300
4.0000

Risplcment Strain Load Btress Modulus
at at at at of
Spmeimen Yield ¥Yield. Tield Yield Elagticlty
Humbaer tin) {in/din) (1bs} lpei} (p=l)
1 4868 0444 50.5 2034,0 525571
2 5300 QED7 54.8 §746.7 571648
3 4590 [+ =1 80.2 B570.4 81095
4 4E09 0270 £2.8 3836.4 6RGBET
g 1754 0384 59.6 8316.7 675140
Mean: 4624 0452 57.6 B7BO.6 663744,
Standard i
 Dmviation:  .0584, L0845 5.9 z83.1 21917
Mimi.mum: L3754 .03B4 50.5 B315.7 g254971.
M@ L rum : L5300 . 0507 £2.8 a024. 0 GAIREE.
* PP cem
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: HTS Pips Consultants, inc. Phone 713-802-B373
' 420 Pickering Strewt, Houston, TX 77001 Fax 713-8682-8802
www, htspipaconsultanis.com Toll Frea 1-800-692-TEST

FLEXURAL PROPERTIES OF PLASTICS {(ASTM D790

SUPPORT ZPAN w= 4"

Pipe Cansultants

Flexural 3 point bend Instron Corporatison
Series IX Automated Materials Testing System £.0:
Operator pama: E. CARRILLO Test Date: 04 Hov 2010
Zample Tdencificatioen: 0Psi-ave Sample Type: ASTM
Interface Type: 42/42/4400 Serieg
Machine Farsmeters of test:
Sample Rate (pta/=mec): 10. 000 Humidity ¥ b 50
Crosshesad Speed (in/min ) L1100 Temperature {deg. F): 71
pimensions:
Spec. 1 Spsc. 2 Jpec. 3 Spec. 4 Zpec. 5
Widch !in) .57700  .578Q0 .57500 .57B00 .57700
Depth (4n) ' 24500 25600 (36500 .27200 27500
Epan  (in! 4.0000 4.0000 4.0000 4.04000 4.0000
out of 5 apecimens, 0 exoiuded.
Sample comments: VEX221-607, SAMPLE SOAKED IN S0AP (0.1%) FOR 1 YEMR
Di=plcment Strain Load Stress Modulug
at at at at Of
Specimen Yield Tield Yield Tield Elasticity
Nuriber {in) {in/in) (lka} (pai) (pei)
1 4928 0454 E0.7 B776.2 E5BIGE
2 4071 0381 54.1 8567.6 76112
k! 2002 0398 gE.2 §197.8 £81153
4 3563 0383 58,5 B208.] £§73725
5 3503 L0381 &0.3 4254.1 662137
Mzan; L4016 .03932 §5.7  -B40B.B 571295
Standard
Peviation: .0575 .0D3v 3.8 . 264 ] 10327.
Minimum: -3503 L0381 507 B197.6 6583646,
Maz imuam; .4833 . 0454 0.3 3776.2 651153 .
o W VoY .
| ™4 A 4

Sorving tho Plpe Robabifitation Industry



HY%E Plps Gonaultants, Ina. Fhona 713-892.8373

420 Bigkerng Strast, Houston, TH 77091 Fax 713-602-8602
WWW.NApIPEConsURANTE com Toll Frae 1-800-692-TEST
Pipe Consultants
FLEXURAL PROFERTIES QF PLASTICE {AFIM D7R0) -

SUPPORT SEAN = 4"

Flemxural 2 point bend Instron Cerporation
Saries IX Automatad Materisls Testing Systsm §,05

Opsratoy name: E. CRRRILLC Test Date: 04 Wovw 2010

Zample Identification: RF53-3Y7 ‘ Sampld Type: ASTM
Interface Type: 42/43/4400 Seriss

Machine Barameters of Lest:

Sample Rate (pts/ssal: 10.40a Humidity ( % }: S0
Crosshesd Speed (in/min ): .1100 Temperature (deg. Fl: 71
Dimen=icons=:

Spec. 1 Spec. 2 Bpec., 3 Spec. 4 Spec. &

width {ia) L50QOG .B7E00  .SE100  .5BO0C0 . SE00D
Dapkl  {in) L24000 25400 .Z6700 27700 28500
Span (in) 4.0000 44,0000 4,0000 4.0000 4.0000

Out of 5 specimens, 0 excluded.
Sampls comments: VEX221-607, SAMPLE SOAKED IN DETERGENT (0.1%) FOR 1 YERR

Pisplement Strain Load Srress Modulus
ar at at at of
Specimen Yield ¥iald rield Yield Elasticity
Numbeax (in) {in/in) {iba) {pel) (pel)
1 L4685 L0423 49.3 8B47.0 637955
2 LB21Z2 L1498 53.7 2678.9 671133
3 LA842. {185 Be.1 841%.3 6756854
3 Chzan L0341 60.4 4143.13 £93£83
5 .33905 -0d417 87.2 8554 .5 877371
i
i
3 M : .4407 L0434 E7.7 - 8528.7° _ - A71181.
3 Standard
Deviation: 0797 . D065 ] 2EE. 9 20422,
Minimum: L8280 ", 0341 49.3 Soa1a3 .2 £3795G,
Masximum: L5212 L0496 67.2 8B47.0 593683,

| Serving thi’PIbw Rehabilitation Industry



HTS Pips Consultants, ina. Phane 713-8p2-aary
420 Fickaring Straat, Hauaton, TX 77091 Fax 713-692-8502
www hitapipeconsultants,cam Toll Frag 1-B00-892-TEST
Pipe Consultants
FLEXURAL PROFPERTIES OF PLASTICS (ASTM D750 -

SUPPORT SPAN « 4n

Flexural I point bend Instron Corporation

Serigs IX Autocmated Materials Testing System &.0s
Upsrater nmame: K. PHOUANGSAVANH Tmst RRte: 04 Nov 2010
Sample Identification: SFS3-3ve Sample Typa: ASTM

Interface Typs: 42/43/4400 Beries

Machine Paramsters of reszt:

Sample Rate (pta/sec): 10.000 Humidity { % J: 50
Crosshead Speed (in/min ). S1100 Temperature (deg, F): 71
Dimanglons:

Spec. 1 Zpac. 2 Spec, 3 Spec, 4 Spec. S

width (in} -58800 58000 .56800 .57800 56800

Depth tin} L2000 J2EE00 L 2ET00 27700 L 2R400
Span (in) 4.0000 4.0000 4.0000 4.0000 4.0000

Out of 5 gpeczimens, 0 excluded.
Sample comments: VEX221-607, SAMPLE SOAKED IN VEGETAELE OIL {(100%) FOR 1 YEAR

Pisplemant Btrain Load Stress Modulus
at at at at o or
Specimen Yield Yield Yield Yiedd, Elasticigy
Number {in} {in/in} {lbs) lpai) {pad)
i 4231 0381 51.0 9040. 2 580773
2 3EE] 0342 54.0 §557.2 703775
3 L2745 0275 §5.7 83280.5 7152323
3 1553 0159 65.0 87899 739420
E 065 D326 53.4 8300.8 727075
) Mesa ; - 3438 .Q3ag £7.8 BEY95. 7 ' 713084,
Standard
beviation: _0EGG .004z2 6.1 222,32 22225,
Minimum: 2745 0275 ' s51.8 BESO.% - EROTTH.

Mazximun L4231 .0381 65.0 040.2 738480,

Serving the Hipd (ishanilitation 1ndustry



HrE Plge Gonsultands, Inc, Phone 710-802-0373
420 Plckering Strest, Houston, TX 77091 Fax 713-882-8502
www.htapipeconsuitants.com Toll Frag 1-800-692-TEST

FLEXURAL FROFERTIES OF PLASTICS (ASTM D720}

SUFPORT SPAN = 4",

Pipe Consultants

Flexuzal 3 point bend Instron Corporation

Sexrles IX Automated Materials Teacing System 5,05

Operator name: K. PHOUANGSRVANE Teat Date: 04 Howv 2010

Bample Identificaticn: 9FGR3-3Y5 Sample Type: ASTM

Interface Type: 42/43/4400 Series

Machine Paramet=ra of test:

sample Rate (pta/sec): 10.000 Humidity ( % }: =1
Crogshead Speed (in/min ): L1100 Temperature (deg. F}: 71
Dimensions

Spec. L Spec. 2 Spec. 3 Spec. 4 Spec. S

width {in) JB7300 LBROOQ L 57RO0 . BE7EOD .BT7ROC
Depth {in) L24800  L2570C 26300 .26700 27000
Span (i} 4.0000 4.0000 4.0000 4.0000 4.0000

ut of t gpecimens, 0 excluded.
Sample comments: VEX221-607, SAMPLE SOAKED IN GASOLINE (100%) FOR 1 YEAR

Digplamant Scrain Load SLresg
at at at at
specimen ¥iald Yield Yield Yield
Nurher (in) {in/in} . (1bs) {p=i)
1 L5498 L0511 52.9 E999.5
2 .B252 L0508 57.7 9043.4
3 L3737 - . 0389 9.8 . §986.7
4 ,4354 L0436 60.8 8903.5
) 11 L0472 62.48 B934.1
. Mean L4701 0450 £0.8 8873.58
ftandard
Deviation: 0708 ety 1.8 5.1,
Minimum:  .3737 L0268 53.9 903.9

Mazcinmarn: _5498 .b511 62.8 } 8043.4

Modulus
of
Elagtieity
{p=i)

638402
625230
GE20ED
637105
ak1477

G4306T.
BDBG .

535403,

652060,

Sorving the Pl - R@hﬁhll!titlon Industry



HTS Plpa Gonsultants, Inc.
420 Rickaring Straet, Houston, TX 77081
www hitspipeaonsultants com

Phone 713-602-8373
Fax 712-692-0502
Toll Frae 1-800-692-TEST

Pipe Consultants

FLEXURAL PROPERTIES OF PLASTICS (ASTM D730) -

SUFPPORT SPAM = 4%,

Flexural 3 point bend

Operator name: E.CARRILLOD

Instron Corporation
Series I¥ Aukomated Materials Testing System 6,05

Test Date: 04 Nov 2010

Sample Identification: 9F53-3¥4 Sample Type: ASTM
Interfase Type: 42/43/4400 Series
Machine Parametera of test:
Ssl.rnp,lla Rate (pts/sec) : 14000 Humiditey ( & }: =14
Crogghead Spead {in/min }: .1100 Temperature {deg. F}: 71
bimensions:
Spec. L Spec., 2 Sp=c, 3 Spec. 4 Spec. 5
Width {in) 577000 LB7EDD L BTR0Q . LBT7000  .BEEO0D
Depth {in) L23500  L24600 25500 L26R00 26700
Span (in) 4.0090 4,0000 4.0000 4.0000 4.0000
Cut of E specimeﬁs, 0 excluded.
Sample comments: WEX2R21-607, SAMPLE SOAKED IN SULFURIC ACID (10%) FOR 1 YEAR
Diaplament srrain Load Stress Modulus
at at at at of
Bpecimen Yield Yield ¥iald Yield Elasticity
Humber {im) {in/in) {1ba} (pai) {pai)
1 761 .0508 45,8 BE18.13 £95200
2 L5023 ,0463 51.3 B845.7 £15442
3 4722 L0452 E5. 5 B34E.5 655291
4 3480 LY ] £4.7 B3igl. 5 647628
g 3956 .0338 54 .4 895,32 624538
Mean: .4cag L0432 B2.3 B8577.5 628500,
stanaara ,
~Deviation: . OROE6 .D0&4 4.0 346.6 23051.
Minimum: .34B0 342 45,8 BDSE. 3 599200.
Mazcimum : L5761 .oEDA 55.5 8546.5 [

Sorving the Fipt Rehabiiitation Industry



Phong 713-892-8373
Fax 713-892-8502

HTS Plps Comaultants, Inc.
420 Pickaring Street, Houaton, TX 77001
www. htaplpeconautiants.com

e esmsdda

Toll Frea 1-800-892-TEST

FLEXURAL PROPERTIES DF PLASTICS {ASTM D790)
QUPEORT EBRAN = 4",

Flexural 3 point bend

Opexyator name: E.CARRILLO
sample Identification: SFE3-3Y¥3

interface Type: 42/43/2400 Series
Machine= Faremstera of Geat:

Sampla Rate (pta/gec): 10,000
Crosshead Spead (in/min ): _1100
Dimengiona :
Spec, 1 Spec. 2 Spec.
width (in) .E5d00 JGEBOD 57000
Depth (in} ,25200 .264R00 27700
Gpan (in) 4.0000 4.0000 4.0000‘
out &f 5 specimens, O excluded.
Sample comments: VEX221-&07, SAMELE S0AKED IN PHOSFHORIC
Diaploment Strain
at at
Spacimetn Yield Yield
Number (in) (in/in)
1 5362 0507
2 4711 od66
3 +3540 L0368
4 360E L0387
£ 3663 0400
Mean: LAL7T L0425
gtandard
Dewintion: L0820 L0059
Mirdmuam: L3540 -Daed
Mazcfmatn s LE363 L0507

Pipe Consulitants

Instron Corperation
gserien I¥ Automated Materials Testing Syatem 6.05
Tegt Date: 04 Nov 2010

sample Type: ASTM

Humidity ¢ % ): ca

Temperaturé {deg. F): 71

1 Spec. 4 Spec. S

,57200 .57500
.28600 .25100
4,0000 4,0000
ACID {10%) FOR 1 YEBRR
Lead Stress Modulua
at ]t OF
Yield Tield Elasticity
{1b=) {pai} {pai)
49.3 B262 .2 EQBR373
59.6 9028.4 675186
62.3 gE5Z.3 609408
66.6 B523.3 651443
69.4 854,13 GAE3LE
£1.4 8584.1 £34145.
7.8 277.0 31144.
49.13 B262.2 598373,
69.4 . 9028.6, G7E1B6.

Sorving BuSPipe Rotabliitation Ingusiry



HTA Blpe Consvitaniys, Inc. Fhane 713-892-8373

[

420 Pickering Street, Houston, TX 77081 Eax T13-662-502
wwyw. htsplpeconaultants. cam Toll Freq 1-200-692-TEST
Pipe Consuliants
FLEXUURAT: FPROFERTIES OF PLASTICS (ASTM L79GC) -

SUFPORT SPRAN = 4™.

Flemural 3 polnt bend Instron Corporation

Series IX Automabed Materiala Testing System &§.(
Operator name: E.CARRILLO Teat Date: (4 Nov 2010
Sample Jdentification: 9F52-3Y2 Sample Type: ASTM

Interface Type: 42/43/4400 Serles

Machine Parameters of tast:

Sample Rate (phs/ses: 10,0040 Humidity ( % ): 50
Crosshead Speed (in/min ): L1100 ' Temperature (deg. P): 71
Pimensions:

Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 3

Width (i) JB76800  BTF700 .E720D0  .E7900 57100
Depth  (in) L 24500 _REROC 27200 .28200 .2R900
Span {in) £.000C 4.0000 4.0000 4.0000 2.po000

out of E apecimens, 0 excluded.
Sample commentsn: VEX221-607, SAMPLE SOAKED IN NITRIC ACID (%) FOR 1 YERE

Diaplement Straln Load Streas Modulus
at at at at of
Spaeiman Yield ¥iald ¥iald Yield Elasticity
Humber {in} (in/in) (1ba) - {ped) “{pai)
1 4759 L4328 BL.& 8954 .6 72466
2 _4874 0472 57.0 . 8907.7 £3013%
3 L4355 . D444 63.4 B8994.6 5338492
4 _3388 .0355 62.8 8203.0 597545
5 =TT -0421 5.2 B200.4 615094
Maan.: .4249 .0426 . 60.0 BE62.0 605827,
standard ) : . ‘
Peviacion: L0632 0044 5.6 412.2 25328.
Mind w1 L3358 . 0385 El.& 8200.4 L72466.

Macd mum : L4874 . 0472 5.2 8904 6 633852,

Serving the Fips Rehabliltation tndustry



INTERPLASTIC CORPORATION

2015 Northeast Broadway Street
Minneapolis, Minnesota 55413-1775
INTERPLASTIC CORPORATION (651) 481-6860 Fax (612) 331-4235

Thermoset Resins Division
CONFIDENTIAL
VEX221-607

ASTM F1216 & D543 (CIPP) Corrosion Data @ 73.4 +/- 3.6°F (23 +/- 2°C)

Flexural Strength Retention, % Flexural Modulus Retention, %
Immersion Months Months

Media 1 12 1 12

100% Tap Water (pH 6 - 9) 100 86 99 94

5% Nitric Acid 97 96 100 91
10% Phosphoric Acid 99 95 100 94
10% Sulfuric Acid 97 95 100 93
100% Gasoline 99 99 100 96
0.1% Detergent 99 94 96 100
0.1% Soap Solution 100 93 95 100
100% Vegetable Oil 100 95 100 100

ASTM D5813, F1743 & D543 (CIPP) Corrosion Data @ 73.4 +/- 3.6°F (23 +/- 2°C)

Flexural Strength Retention, % Flexural Modulus Retention, %
Immersion Months Months
Media 1 12 1 12
1% Nitric Acid 98 97 98 99
5% Sulfuric Acid 97 96 98 97
100% Gasoline 99 99 100 96
0.1% Detergent 99 94 96 100
0.1% Soap Solution 100 93 95 100
100% Vegetable Qil 100 95 100 100

Note: Non-shaded regions are the applicable test durations as it relates to achievement of the minimum acceptable
retentions.

**All testing was conducted by HTS, Inc.

All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given
above. Interplastic Corporation makes no representations of fact regarding the material except those specified above. No person has any authority to
bind Interplastic Corporation to any representation except those specified above. Final determination of the suitability of the material for the use
contemplated is the sole responsibility of the Buyer. Interplastic Corporation's sales representatives are available to assist in developing procedures to
fit individual requirements.

D-311



INTERPLASTIC CORPORATION
Thermoset Resins Division

VEX221-607

INTERPLASTIC CORPORATION

2015 Northeast Broadway Street
Minneapolis, Minnesota 55413-1775
(651) 481-6860 Fax (612) 331-4235

Confidential

0.65- CORVE X-221-607 #221-654 Resin + monomer
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All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no representations
of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of the suitability

of the material for the use contemplated is the sole responsibility of the Buyer. Inte

rplastic Corporation's sales representatives are available to assist in developing procedures to fit individual requirements.



DO CIPP DESIGN <SS
(as per ASTM F1216)

Client: Sac State 6/2/2016

Project: Exp
Location: Sac State

Conduit \ Condition: Gravity Sewer, Partially Deteriorated

400,000 psi Flexural Modulus
50 % Flexural Modulus Reduction to Account for
Long-term Effects
4,500 psi Flexural Strength
2 Safety Factor for External Loads
18.0 inches Mean Diameter
17.6 inches Minimum Diameter
2% Ovality
5.0 feet Maximum External Water Pressure to flowline
11.0 feet Depth at Top of Conduit , soil only

Thickness Limitations (in inches )

0.100 : Maximum compressive hoop stress
0.212 : External pressure buckling

Minimum Design Thickness = 0.21 inches
= 54 mm
DR = 85.0
Mode of Failure : External pressure buckling

The input data for this project should be verified in the field
prior to construction. Should other conditions exist now or are
expected in the field over the design life of this CIPP

differing from the information contained herein, then appropriate
adjustments must be made to the design calculations.

This Design Spreadsheet uses the equations from ASTM F1216
Appendix X1.2.1. User is responsible for All input values.

tb TB
Designed by Checked by

D-313



FErRrRATEX"

www.FerraTex.com

Head Calculator

Diameter 18 in
Thickness 9 mm
Change in Elevation 0 ft

|(use negative if rise), in feet

Water Head Steam PSI

Minimum Head 124 5.5
Ideal Head* 16.2 71
Max Cold Head 19.9 8.8
Total Head at Tail End based on min head
Max Hot Head** 17.4 7.6 12.4 Max Head OK

* Ideal head is the theoretical head required to properly inflate the liner while maintaining the design thickness
Anything above this will reduce thickness
Anything below this may not fully inflate the liner

** This is the theoretical bursting point of the liner. If your tower and Grade exceed this USE CAUTION

D-314



CONTRACTOR SUBMITTAL SUMMARY

Project #: 65A0588
PROJECT NAME: Pipeline Rehabilitation Services

THIS SECTION TO BE COMPLETED BY CLIENT ONLY
CONTRACTOR: SAK Construction SUBMITTAL NO.: 1

4253 Duluth Ave
Rocklin, CA 95765 18T 2ND L] 3RD |14TH L]

DATE RECEIVED:

ATTN: Todd Chalk DATE RETURNED:

CONTR. SUBMITTAL NO.: 1 REVIEW ACTION
o m
L %) =
ITEM: Summary Sheet > Z = x
L O a = )
SPEC. SEC./PAGE NO.: SEC.  156.11A(3) 2 Q |2 5 = @ m
, d O L s n 4
SUPPLIER/SUBCONTR.: SAK Construction w |EFq | & Z 5 T %
e g | % ) L
o ws [ 9 <wn o o
QO |RE|Co Wl © O
DETAILED DESCRIPTION O |uwg|gE|Sal|l @ | 9
O om <O | W=z L O
zZ z O = Z oY < 14 Z

Summary Sheet

Cure Schedule

REMARKS:

D-315




OWNER:

California Department of Transportation (Caltrans)

PROJECT: Contract No. 65A0588, Pipeline Rehabilitation Services

SUMMARY SHEET BY DRAINAGE SYSTEM NUMBER

& SAK

Fipeline infrastructure, Solved™

CALCULATED RECOMMENDED | RECOMMENDED MINIMUM MAXIMUM MAXIMUM RECOMMENDED TRADE NAME EXPECTED MAX | METHOD OF | PROPOSED
DRAINAGE | HOST PIPE CULVERT |HOSTPIPE| MINIMUM INSTALLED POST-CURE PRESSURE COLD PRESSURE | COLD PRESSURE | HOT PRESSURE CURE TIME OF RESIN EXOTHERM LINER CURE
SYSTEM NO.| DIAMETER (in) | LENGTH (LF) | MATERIAL | THICKNESS | THICKNESS | TEMPERATURE (°F) (psi) (psi) (psi) (psi) (hours) TO BE USED TEMPERATURE (°F) | INSERTION METHOD
A2 18 20 CSP 7.6mm 9mm 220 5.8 3.0 19.7 9.8 1.0 AOC L713-LTA 450 Pullin Steam
A3 18 20 CspP 7.6mm 9mm 220 5.8 3.0 19.7 9.8 1.0 AOCL713-LTA 450 Air Inv Steam
A4 18 20 CSP 7.6mm 9mm 220 5.8 3.0 19.7 9.8 1.0 AOC L713-LTA 450 Air Inv Steam
A5 18 20 RCP 7.6mm 9mm 220 5.8 3.0 19.7 9.8 1.0 AOCL713-LTA 450 Air Inv Steam
A8 19 20 CSP 7.6mm 9mm 220 5.8 3.0 19.7 9.8 1.0 EcoTek L040-TNVG-33 450 Air Inv Steam

CIPP lengths, access, and termination points for each run will be determined based on a pre-installation survey of the site.

At that time, the pipe diameter and length will be measured so that the CIPP may be ordered to fit the existing host pipe.

Typically, CIPP is installed from the upstream end and terminated at the downstream end of the pipeline, however, site-specific conditions can often impact this decision.

Access limitations, traffic control, and wastewater management considerations may cause the downstream end to be selected for the installation point and/or the upstream end to be selected for the termination point.

D-316




®

World Leader in Resin Technology

May 11, 2010

To Whom It May Concern:

The following cure procedures are recommended when using the LO40-TNVG-33 vinyl
ester resin in Cured In Place Pipe applications. L040-TNVG-33 vinyl ester resin can be
cured using either hot water or steam. The recommended post cure temperatures are a
minimum of 180°F Water Temperature for water and 220°F Steam Temperature for
steam cures.

Recommended post cure times, interface temperatures, and minimum cool down times
are listed in the table below. Note that the shorter cure times can be used in some
cases based on achieving a higher interface temperature. For steam cure on liners
greater than 400 ft add a minimum of 0.5 hrs to the corresponding minimum hold time.

Liner Thickness Water (?ure Steam Qure Min. Interface Minimum
Hold time Hold Time Temperature | Cool Down
<10.5 mm 5hr 2.5 hr 130°F 1 hr
<10.5 mm 4 hr 2 hr 150°F 1 hr
10.5 t018 mm 6 hr 4 hr 130°F 2 hr
10.5 t018 mm 5hr 3 hr 150°F 2 hr
19.5 to 30 mm 8 hr 6 hr 120°F 6 hr
> 30 mm 10 hr 8 hr 110°F 6 hr

Additional cure time is recommended in very cold or very wet conditions. Interface
temperatures should be monitored. [f interface temperatures are low, additional cure
time is recommended. If the pipe to be lined contains a bituminous coating, the use of a
pre-liner is recommended.

The liner shall be cooled to a minimum of 100°F using the minimum cool down period
listed in the table above.

Roh Mguon
Bill Moore

AOC, LLC
Product Leader - CIPP

This information is correct to the best of our knowledge; however, because of unforeseen variations in the
field conditions and curing systems beyond our control, we cannot guarantee performance.
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@

World Leader in Resin Technology

August 24, 2009

To Whom It May Concern:

The following cure procedures are recommended when using the L713-LTA polyester
resin in Cured In Place Pipe applications.

L713-LTA polyester resin can be cured using either hot water or steam. The
recommended post cure temperatures are a minimum of 180°F for water cures and
220°F for steam cures.

Recommended post cure times, interface temperatures, and minimum cool down times
are listed in the table below. Note that the shorter cure times can be used in some
cases based on achieving a higher interface temperature. For steam cure on liners
greater than 400 ft add a minimum of 0.5 hrs to the corresponding minimum hold time.

Liner Thickness Water (_)ure Steam Cure | Min. Interface Minimum

Hold time Hold Time Temperature | Cool Down
< 10.5 mm 3 hr 1.5 hr 180°F Y2 hr
<10.5 mm 2.5 hr 1 hr 150°F Y hr
10.5 t0o18 mm 3 hr 2 hr 130°F 3% hr
10.5 t018 mm 3 hr 1.5 hr 150°F 3% hr
19.5 to 30 mm 4 hr 3 hr 120°F 2 hr
> 30 mm 5 hr 4 hr 110°F 4 hr

Additional cure time is recommended in very cold or very wet conditions. Interface
temperatures should be monitored. If interface temperatures are low, additional cure
time is recommended. If the pipe to be lined contains a bituminous coating, the use of a
pre-liner is recommended.

The liner shall be cooled to a minimum of 100°F using the minimum cool down period
listed in the table above.
Bill Moore

AOC, LLC
Product Leader - CIPP

This information is correct to the best of our knowledge; however, because of unforeseen variations in the
field conditions and curing systems beyond our control, we cannot guarantee performance.
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CONTRACTOR SUBMITTAL SUMMARY

Project#:  65A0588
PROJECT NAME: Pipeline Rehabilitation Services

THIS SECTION TO BE COMPLETED BY CLIENT ONLY |
CONTRACTOR: SAK Construction SUBMITTAL NO.: 2

4253 Duluth Ave
1ST L2 2ND RD [J4TH
Rocklin, CA 95765 ST LI 3rp [ a

DATE RECEIVED:

ATTN: Todd Chalk DATE RETURNED:

CONTR. SUBMITTAL NO.: 2 REVIEW ACTION
Q m
. W 2] zZ
ITEM: Manufacturer's Information > Z = I
w ®) g = =)
SPEC. SEC./PAGE NO.: SEC. 15.6.11A(3) 3 o 2 3 = a m
. 14 @] ]| = ] 4
SUPPLIER/SUBCONTR.: SAK Construction n = 74 zZ L n
| R 4 ) o W
o L g (@) <o ' o
O |Qe Qo |ww ]| & o)
DETAILED DESCRIPTION O |Gy |ym|2Z| o ©
o omd | <6 | o =z w0 o
Z Zz O =Z ¥ < [\4 Z

Resin Data Sheet

Resin Enhancer

Certificate of Compliance Resin

Fabric Tube Detail Sheet

Installation Procedures

Sealing Method

Preliner Description

Description of Lubricant

REMARKS:
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EcoTek.

GREEN TECHNOLOGIES

Product Information

EcoTekm
L040-TNVG-33
Vinyl Ester Resin

EcoTek Ultra Low VOC Resin

for Underground Sewer

Pipe Liners

TYPICAL LIQUID RESIN PROPERTIES* (1) see back page

Nominal

Viscosity @ 77°F/25°C, RVF Brookfield
Spindle #4 @ 20 RPM, cps. 6,500
Thix Index 2/20 >2
Color Light brown
Specific Gravity @ 77°F/25°C 1.28
Gel Time @ 140°F, minutes 33
Pot Life @ 77°F/25°C 48

TYPICAL 6mm PET FELT MECHANICAL PROPERTIES* (2) see back page

Tensile Strength,psi/MPa 3,800/26
Tensile Modulus,psi/GPa 570,000/3.9
Tensile Elongation, % 0.84
Flexural Strength,psi/MPa 7,400/51
Flexural Modulus,psi/GPa 550,000/3.8

Barcol Hardness >40

*Typical properties are not to be construed as specifications.

Test Method
ASTM D 638
ASTM D 638
ASTM D 638
ASTM D 790
ASTM D 790

ASTM D 2583

DESCRIPTION
The EcoTek L040-TNVG-33 is an

enhanced, Ultra Low VOC
resin designed for CIPP
applications. L040-TNVG-33 does not
contain any styrene monomers or
hazardous air pollutants.

FEATURES

B Excellent catalyzed pot life

B Superior mechanical properties
B Contains no styrene

BENEFITS

Adaptability

The EcoTek LO040-TNVG-33
molecular architecture provides an excellent
balance of corrosion and
physical properties.

www.green-resins.com
green-resins@aoc-resins.com

NAQC.

World Leader in Resin Technology
North America
northamerica@aoc-resins.com

Toll Free: +1 (866) 319-8827
www.aoc-resins.com

The information contained in this data sheet is based on laboratory data and field experience.
We believe this information to be reliable, but do not guarantee its applicability to the user’s
process or assume any liability for occurrences arising out of its use. The user, by accepting
the products described herein, agrees to be responsible for thoroughly testing each such
product before committing to production.

Our recommendations should not be taken as inducements to infringe any patent or violate
any law, safety code or insurance regulation.
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EcoTekn
L040-TNVG-33
Vinyl Ester Resin

PERFORNMANCE GUIDELINES

A. Keep full strength catalyst levels
between 1.0% - 3.0% of the total resin
weight.

B. Maintaining shop temperatures
between 65°F/ 18°C and 90°F/32°C and
humidity between 40% and 90% will help
the fabricator make a high quality part.
Consistent shop conditions contribute to
consistent gel times.

STORAGE STABILITY

Resins are stable for three months from
date of production when stored in the
original containers away from sunlight at
no more than 77°F/25°C. After extended
storage, some drift may occur in gel time.

During the hot summer months, no more
than two months stability at 86°F/30°C
should be anticipated.

SAFETY
See appropriate Material Safety Data
Sheet for guidelines.

NADQC.

World Leader in Resin Technology
North America
northamerica@aoc-resins.com

Toll Free: +1(866) 319-8827
www.aoc-resins.com

Pub. No. F-AOC-EcoTek L040-TNVG-33

EcoTek.

GREEN TECHNOLOGIES

ISO 9001:2000 CERTIFIED
The Quality Management Systems
at every AOC manufacturing facility
have been certified as meeting ISO
9001:2000 standards. This certification
recognizes that each AOC facility has an
internationally accepted model in place
for managing and assuring quality. We
follow the practices set forth in this model
to add value to the resins we make for
our customers.

FOOTNOTES
)

The gel times shown are typical but may
be affected by catalyst, promoter and
inhibitor concentrations and resin, mold
and shop temperature. Variations in
gelling characteristics can be
expected between different lots of
catalysts and at extremely high humidities.
Pigment and fillers can retard or accelerate
gelation. It is recommended that the
fabricator check the gelling characteristics ofa small
quantity of resin under actual operating
conditions prior to use.

)

Based on tests of EcoTek FO10-TNVG-33 at
73°F/23°C and 50% relative humidity. All
thixotropic resins should be mixed well prior touse.
Testing conducted on 2 ply 3mm PET felt laminates.

www.green-resins.com
green-resins@aoc-resins.com

The information contained in this data sheet is based on laboratory data and field experience.
We believe this information to be reliable, but do not guarantee its applicability to the user’s
process or assume any liability for occurrences arising out of its use. The user, by accepting
the products described herein, agrees to be responsible for thoroughly testing each such
product before committing to production.

Our recommendations should not be taken as inducements to infringe any patent or violate
any law, safety code or insurance regulation.

Copyright ©2010 AOC, LLC Effective Date: January 2010
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World Leader in Resin Technology

Physical Testing Report

Date: 02-05-10

From: Brad Simpson

Sample ID: L040-NVTG-33 field sample from SAK / PIPEnology.

Test Units ASTM L040-NVTG-33
Flexural Strength Psi/Mpa D-790 6800/47
Flexural Modulus | Mpsi/Gpa | D-790 620/4.3

Comment: Tested with coated side down. Subtracted 0.015 inches from thickness for caleulations.

Request No. 3859C0O

Report No. PI0CA31
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World Leader in Resin Technology

Product Information

Vipel. L713-LTA Series
Polyester Resin

Vipel: Isophthalic Based
Resin for Underground

Sewer Pipe Liners

TYPICAL FILLED LIQUID RESIN PROPERTIES* (1) see back page

Nominal

Viscosity @ 77°F/25°C,RVF Brookfield

Spindle #4 @ 20 RPM, cps. 6,200
Thix Index 2/20 2.7+
Color Opaque
Specific Gravity @ 77°F/25°C 1.26
Styrene, % 41
Gel Time @ 140°F with

(1.0% Di-(4-tert-butyl-cyclohexyl)

peroxydicarbonate and 0.5%
Trigonox® KSM), minutes 11
PotLife @ 77°F/25°C

(1% Di-(4-tert-butyl-cyclohexyl)

peroxydicarbonate and + 0.5%
Trigonox® KSM), hours 40

Trigonox is a trademark of Akzo Nobel Chemicals

TYPICAL FILLED CAST MECHANICAL PROPERTIES* (2) See back page

Tensile Strength, psi/MPa 7570/52
Tensile Modulus, psi/GPa 690,000/4.8
Tensile Elongation, % 1.5
Flexural Strength, psi/MPa 11,550/80
Flexural Modulus, psi/GPa 700,000/4.8
Heat Distortion Temperature,

°F/°C @264 psi 132/270
Barcol Hardness 43

*Typical properties are not to be construed as specifications.

Test Method
ASTMD 638
ASTMD 638
ASTMD 638
ASTMD 790
ASTMD 790

ASTMD 648
ASTM D 2583

D-323

DESCRIPTION

The Vipele L713-LTA Series is a high
molecular  weight isophthalic/
unsaturated polyester resin. The Vipele
L713-LTA Series provides the corrosion
resistance, durability and toughness t hat
is required for cured in place pipe
applications.

BENEFITS

B Excellent catalyzed pot life

B Superior mechanical properties
B High molecular weight
|

High viscosity version



Vipele L713-LTA Series
Polyester Resin

PERFORMANCE GUIDELINES
A. Keep full strength catalyst levels
between 1.0% - 3.0% of the total resin
weight.

B. Maintaining shop temperatures
between 65°F/ 18°C and 90°F/32°C
and humidity between 40% and 90%
will help the fabricator make a high
quality part. Consistent shop conditions
contribute to consistent gel times.

STORAGE STABILITY

Resins are stable for three months from
date of production when stored in the
original containers away from sunlight at
nomore than 77°F/25°C. After extended
storage, some drift may occur in gel time.

During the hot summer months, no more
than two months stability at 86°F/30°C
should be anticipated.

ISO 9001:2000 CERTIFIED

The Quality Management Systems at
every AOC manufacturing facility have
been certified as meeting ISO
9001:2000 standards. This certification
recognizes that each AOC facility has an
internationally accepted model in place
for managing and assuring quality. We
follow the practices set forth in this model
to add value to the resins we make for our
customers.

FOOTNOTES
)

The pot life times shown are typical but may
be affected by catalyst, promoter and inhibitor
concentrations in resin, and environmental
temperature.  Variations in  gelling
characteristics can be expected between
different lots of catalysts and at extremely high
humidities. Pigment and fillers can retard or
accelerate gelation. It is recommended that the
fabricator check the gelling characteristics of
a small quantity of resin under actual operating

SAFETY o .
. . conditions prior to use.
See appropriate Material Safety Data
Sheet for guidelines. ()]
Based on tests on Vipel® L713-LTA pipe at
77°F/25° and 50% relative humidity. Ccastings
were prepared using 1.0% Perkadox 16 and 0.5
Trigonox C.
The information contained in this data sheet is based on laboratory data and field experience.
We believe this information to be reliable, but do not guarantee its applicability to the user’s
process or assume any liability for occurrences arising out of its use. The user, by accepting
the products described herein, agrees to be responsible for thoroughly testing each such
product before committing to production.
Our recommendations should not be taken as inducements to infringe any patent or violate
any law, safety code or insurance regulation.
ADI 950 HIGHWAY 57 EAST
® COLLIERVILLE, TN 38017
World Leaderin Resin Technology =~ WWW.a0c-resins.com
ASIA, MIDDLE EAST
NORTH AMERICA & LATIN AMERICA EUROPE
Tel: 001(901) 854-2800 Tel: 001 (863) 815-5016 Tel: (44) 1473 288997
Fax: 001 (901) 854-7277 Fax: 001 (863) 815-4733 Fax: (44) 1473 216080
sales@aoc-resins.com international@aoc-resins.com europe@aoc-resins.com
Pub. No. F-AOC-Vipel® L713-LTA Series Copyright © 2008, AOC L.L.C. Effective Date: May 2008
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World Leader in Resin Technology

August 24, 2009

To Whom It May Concern:

AOC L713-LTA resin contains a resin enhancer to increase the flexural modulus of the
resin when used in Cured-In-Place-Pipe applications. The resin enhancer used in
L713-LTA does not exceed 30 parts resin enhancer per one hundred parts of resin.
The resin enhancer used in L713-LTA is made in a batch process and does not require
the use of a bond enhancer and is suitable for use in aqueous environments. The type
and particle size of the resin enhancer used in L713-LTA is proprietary to AOC, LLC.
The resin enhancer used in L713-LTA is compatible for use with felt liners in Cured-In-
Place-Pipe applications.

Bill Moore

AOC, LLC
Product Leader - CIPP

D-325



AOC

World Leader in Resin Technology

CERTIFICATION OF COMPLIANCE

August 19, 2013

RE: L040-TNVG vinyl ester CIPP Resin

This letter certifies that the L.040-TNVG vinyl ester Cured-In-Place-Pipe
(“CIPP”) resin manufactured by AQC, LLC for use by SAK Construction is
specifically designed for use in CIPP applications. AOC’s L040-TNVG
vinyl ester resin meets all of the requirements for CIPP applications.

Bill Moore
Product Leader CIPP

State of Tennessee
Shelby County

On this 19th day of August 2013, before me Rene’ Taillon, the undersigned
Notary Public, personally appeared William A. Moore, personally known to
me to be the person whose name is subscribed to the within instrument, and
acknowledged that he executed it.

WITNESS my hand and official seal,
¢ \\\\\nnnmu,,

o QS'-NE T,q,( /,,/

-§‘ ‘o %%
Nofary Public § ¢ Sare 1y
= 355 =
z b gUOTAQy 5

83 % . 0C. §

-

4”/’.“/6}’ Co “Tl \\\
""Hmnuu\\\ "ﬁ‘
Expires 07
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AOC

World Leader in Resin Technology
CERTIFICATION OF COMPLIANCE

April 11, 2012

RE: L713-LTA Compatibility

This letter certifies that L.713-LTA polyester resin manufactured by AOC,
LLC (“AOC”) for use by SAK Construction, is manufactured in accordance
with good manufacturing practices. The L713-LTA polyester resin meets
the requirements of ASTM F1216 and ASTM D5813. The L713-LTA resin
is compatible with PET felt CIPP liners produced by Applied Felts,
Mississippi Textile Corporation, and SAK Construction.

Bt M

Bill Moore
Product Leader CIPP

State of Tennessee
Shelby County

On this 11th day of April 2012, before me Rene’ Taillon, the undersigned
Notary Public, personally appeared William A. Moore, personally known to
me to be the person whose name is subscribed to the within instrument, and

acknowledged that he executed it.

WITNESS my hand and official seal,

5
(\ o \“\-.nll I]I'm”"’m/

7 T \\\\\ %‘\.\E.“ﬂ‘,lz //////
Notary Public $ @ Sikte" O, 3
s 7 OF 3% Z
S [ TENNESSEg : =
Z . NOTARY / =
Z o PUBLIC &

G 7, ey il &
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PIPENOLOGY"

Quality & Technology from the Inside Out

TECHNICAL INFORMATION

CIPP Liner for Hot Water/Steam Cure Installation
(PROCESS QUALITY CONTROL)

1. Raw Materials

Each Supplier is assessed against Quality Assurance criteria. If the supplier meets the criteria set out, then they
may be included in our “Approved Suppliers List”. Periodic reviews take place of all of our approved suppliers
to ensure that they continue to meet our criteria.

Inspection and test of raw materials, when received also enables us to assess the supplier as well as each
batch of delivered raw material. Details are shown in Table 1.1.

Table1.1
Raw Material Characteristic Tested

Polyester fiber (Several Specifications) Staple length
Crimp level
Denier
Shade
Supplier Certification

Polymer granules (Several Specifications) Hardness/Softness
Melting Point
Pellet Geometry
Supplier Certification

Polymer sealing tape/extrusion Gauge
Density
Strength of weld — Heat
Opacity

Page | 1
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2. Production of Felt (Nonwoven)

The sole raw material used in the production of felt is polyester staple fiber. The most suitable fiber
specification for the customer’s particular end-use is selected (on basis of resin type, impregnation equipment,
installation conditions, and cure regime).

The process utilizes state of the art equipment and technology to ensure that the Nonwoven Product is fully
suited to the customer’s requirements.

Continual operator inspection at each stage of the process and product, combined with the use of standard

machine parameters and computerized machine monitoring ensures that the process is repeatable and
consistent.

Each product is tailored to the specific customer’s requirements, and a production specification is produced by
the Technical Department. The felt produced is tested against the requirements of this document to concur
suitable.

Process controls are described in Table 2.1

Table 2.1

Process

Opening Fiber

Carding

Tacker needling

Reorientation of fibers

Needling

Control

Operator inspection, set
parameters

Operator inspection, set
parameters, computer
feedback

Operator inspection, set
parameters, computer

feedback, orientation of fibers

Operator inspections, set
parameters, computer
feedback

Operator inspections, set
parameters, computer
feedback

D-329

Characteristic

Even density and thickness

Even fiber distribution

Permits controlled

Controls relative elongation
moduli in length and cross
directions

Density, strength, ability to
weld

Page | 2



3. Polymer Coating of Felt

The sole consumable is granular polymer. The polymer specification is selected to ensure that the coating has

the correct properties to meet the requirements of the customer.

Process controls are described in Table 3.1.

Table 3.1

Process

Extrusion of polymer into Flat Die

Formation of molten polymer
film

Transfer of molten film onto felt

Control

Fully automatic temperature,
pressure control

Operator control of machine
temperatures, pressures, speeds

Operator control of machine

temperatures, pressures, speeds.

Continual monitoring of coating
thickness

D-330

Characteristics

Homogeneity of extrudate

Coating uniformity

Coating mass per unit area

Weight distribution over entire
roll area

Page | 3



4. Testing of Plain and Coated Felts

Each roll of plain felt and felt for coating is sampled and destructively tested against the requirements of the
Production Specification as shown in Table 4.1. Each coated roll undergoes testing as shown in Table 4.2.

Table 4.1
Characteristic

Density and density distribution at various applied
pressures

Load at break in machine and cross directions
Secant Modulus in machine and cross directions
(resistance to stretch)
Table 4.2
Characteristic

Density and density distribution at various applied
pressures

Load at break in machine and cross directions
Secant Modulus in machine and cross directions
(resistance to stretch)

Coating Weight and Distribution

Coating adhesion and ability to weld

Coating Surface Finish

D-331

Test

Compression measurement at increasing pressure

Tensile Testing — Maximum Resistive Force.

Tensile Testing — Maximum Resistive Force vs.
Elongation %

Test

Compression measurement at increasing pressure

Tensile Testing — Maximum Resistive Force.

Tensile Testing — Maximum Resistive Force vs.
Elongation %

Samples weighed to determine distribution of
coating in cross direction of roll.

Peel strength of sealing tape/extrusion (Standard
Specification)

Visual inspection.
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5. Production of Liners

Liner requirements are collected by way of the Customer Order and customer liaison, and are confirmed to the
customer on our Order Acknowledgement form.

Once all of the requirements are known, a liner is designed, which will fulfill all of the requirements.

The design is detailed to the Production Department as a Manufacturing Specification. This is then entered into
the Production Schedule.

The liner may be produced by one of a number of production techniques, depending on the requirements.

Page | 5
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6. Testing the Finished Liner

The control and test of the liner properties are detailed in Table 6.1.

From each liner produced, a sample is cut from one end for QC inspection and test. This sample is destructively
tested to ensure that all of the liner properties are within the Manufacturing Specification.

Table 6.1
Property

Circumference of liner

Density, Gauge of Liner under
various applied pressures

Length of Liner

Coating Integrity

Metal Free

Felt Weld Strengths

Polymer Sewn Seam Strength

Polymer Sealing Tape/Extrusion
Weld Strengths

Control

Monitored at each production
stage against the Manufacturing
Specification

Selection of felt layers in order
that finished density and gauge
are within Manufacturing
Specification

Monitored at each production
stage against Manufacturing
Specifications

Continually monitored by state-of-
the-art gauge.

Needling process is continually
monitored for alignment to
prevent needle damage

All welding equipment operates to
set parameters. Overlapped
thermal welded.

All sewing equipment operates to
set parameters.

All welding equipment operates to
set parameters, chemically
bonded seal.
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Test

Destructive test of sample.
All layers are measured.

Compression test of sample of all
layers.

Inspection regime includes
measurement or a sample of
liners against Manufacturing
Specifications.

Inspected after coating.
Monitored throughout liner
manufacture

Each roll passes through Metal
Detection equipment.

Each weld is sampled and
destructively tested.

Results are compared to the
Manufacturing Specification.

Each sewn seam is sampled and
destructively tested.

Results are compared to the
Manufacturing Specification.

Each weld is sampled, specially
conditioned, and destructively
tested under conditions that
simulate the “worst case” for that
liner.
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TECHNICAL INFORMATION

CIPP Liner for Hot Water/Steam Cure Installation

Specification

Felt:
The fiber is PET Polyester staple fiber.

The denier of the fiber for a standard hot cure eversion liner for vacuum impregnation with a polyester resin is
usually selected as nominally 6 denier (+10%) (dependent on specific liner and installation details).

The felt is manufactured to a thickness specification of + 3% when measured at a compressive pressure of 0.5
bar (7.4 psi) (16 ft. of water head). Standard thicknesses of 1.5mm, 3mm, 4mm, 4.5mm, and 6mm exist.

Coating:

The coating is a thermoplastic polymer. The nominal weight may be 338 to 430 grams per square meter, with
384 grams per square meter typical. This affords an average coating thickness of 17 MILS.

Liner:

The liner is assembled from layers of plain felt and an outer layer of coated felt. Each inner felt layer edge is
butted together and sewn.

The outer polymer coated layer is butted together and sewn, and a polymer sealing tape/extrusion is laid on top
and welded over the sewn seam, to give a seal and a barrier of comparable thickness to the coating.

The finished liner thickness is measured at the installation head and is tolerance at -0 + 5% on nominal ordered
thickness.

Page | 7
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Fabric Tube Strength

5.0 MM MFG Date 2/27/2014
MD Specific Strength CD Specific Strength
Roll Number (Longitudinal) (Transverse) Ratio Average
1738115 988 1007 0.981
1738149 992 1013 0.980
1738191 1030 1108 0.931
1738230 1010 1045 0.966
Average 1005 1043 0.965
6.5 MM MFG Date 2/28/2014
MD Specific Strength CD Specific Strength
Roll Number (Longitudinal) (Transverse) Ratio Average
1738388 1092 1079 1.010
1738388 1107 1107 1.000
1738422 1134 1124 1.000
1738423 1102 1081 1.019
1738459 1105 1114 0.991
1738460 1104 1089 1.014
Average 1107 1099 1.006

ASTM: D5813-04

ASTM: D5035-06

Standard Specification for Cured-In-Place Thermosetting Resin Sewer Piping

Section 6.1 Fabric Tube Strength & Section 8.4 Fabric Tube Tensile Properties

Minimum Tensile Strength of 750 PSI in both longitudinal and transverse directions.
(ASTM 1682 withdrawn in 1992 and replaced with D5035)
Standard Test Method for Breaking Force and Elongation of Textile Fabrics
(Strip Method for Felted Fabrics)

D-335
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RECOMMENDED HANDLING AND STORAGE FOR LINERS

1. Avoid extremes of temperature.

Freezing may cause the coating structure to degrade locally, especially areas where the coating is
in tension or compression, at bends, edges, and immediately adjacent to seam welds.

Recommended storage temperature 5 to 35 Degrees C.
Shelf life at this temperature: in excess of 1 year.

2. Avoid extremes of humidity.

Very high relative humidity (especially at high temperature such as tropical countries) will
accelerate the hydrolysis of the polyurethane coating, consequently reducing the shelf life.

Recommended storage humidity 25% rh to 65% rh.

Shelf life at 65% rh, 35 Degrees C: 1 year.
3. Avoid prolonged wet storage.

As with high humidity, the coating is more susceptible to degradation at higher temperatures, and even
further susceptible if pH of liquid in contact is below 7.

Wet storage is not recommended.

4. Avoid direct sunlight of incident UV radiation.

Prolonged exposure to ultra violet light will accelerate the degradation of the polyurethane.

It is recommended that liners remain in the original packaging until they are required for use.
Failing this, the liner should be covered to prevent exposure.

Page | 9
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Storage and Handling con’t.

5. Mechanical damage should be avoided.

In order to ensure that the liner is not damaged, the following recommendations should
be followed:

a. Ensure that the liner is not placed directly onto girt or gravel floor. Sweep and cover
floor first.

b. Ensure personnel are instructed not to walk on liner.

c. Handle liner with care.

Ensure nip rollers are clean, and liner is not in contact with any sharp edges or snags
anywhere during impregnation and installation.

e. Large liners will require special handling considerations (especially when wet-out), as
their weight will preclude manual handling. Cranes or conveyors may be required. If a
liner is to be lifted with a crane sling, it is important that the sling should be
sufficiently wide to prevent it from “biting” into the liner. It should be set up in such a
way that the sling does not grip the liner (ie. Both loops on the sling onto the crane
hook).

6. Styrene and Chemical Attack.

Avoid prolonged contact with solvents and chemicals.

Recommended shelf life after impregnation will vary dependent on the proportion of
styrene in the resin, the nature and proportion of thixotropes, inhibitors, accelerators
and catalysts, and the storage temperature.

As a general rule, the impregnated liner should be stored below 10 degrees C.
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PIPENOLOGY"

Quality & Technology from the Inside Out

January 1st, 2015

This letter certifies that Pipenology, LLC manufactured tubes meet the material
requirements of ASTM F1216-09 (paragraph 5.1) and ASTM F1743-08 (section 6) as well as
the minimum strength requirements of ASTM D5813-04 (paragraph 6.1).

Pipenology, LLC is a registered ISO 9001:2008 company and all materials are tested to
ensure suitability to the various field applications and recommended installation
procedures. All of our materials and finished products are tested to ensure they meet the
standards listed above and suitability to each type of application.

Over three million feet of our liner has been successfully installed nationwide. Our liners are
assembled in O’Fallon, MO, using only components made in the USA.

Nor-Cal Pipeline Services is a certified installer of Pipenology, LLC CIPP products. Nor-Cal

crew personnel are trained in proper installation procedures of Pipenology liners, as well as
other CIPP products.

Sincerely,

S Casey Smith
Vice President

Page | 1
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PIPENOLOGY"

Quality & Technology from the Inside Out

1449 Hoff Industrial Drive ® O’Fallon, MO 63366 ® (636) 542-6710 tel ® (636) 542-6711 fax
D-340



O SAK

Fipeline infrastruciure, Sohved™

AIR INVERSION / STEAM CURE INSTALLATION PROCEDURES

INSTALLATION PROCEDURES

1 Invert the resin-impregnated tube into the pipeline using air pressure( or a column of water) at a sufficient head to fully install the tube
into position (i.e., depending on the length of the inversion a 8inch diameter liner by 6mm in thickness is typically 10psi to 20psi)
On longer installation lengths it might be necessary to add a small amount of water to facilitate the inversion process. Thermocouples
should be installed during the inversion process at the host pipe-liner pipe interface(top and bottom) at all access points. Let the liner
invert freely (without a holdback rope) for the second half of the inversion and to deflate and exhaust the water, if used, in the
inversion process once it reaches the downstream access point. Attach the inlet and outlet pressure fittings to the upstream and
downstream ends of the tube; and connect these fittings to the boiler truck and outlet control station, respectively. Re-inflate the
liner using pressurized air to the recommended minimum expansion/curing pressure given by tube manufacturer.

2 Once in place and properly inflated, continue discharging air at the downstream end while maintaining the recommended expansion
pressure (Installation note: If the pipeline is below the water table, 1.5psi mush be added to the recommended expansion pressure
for each 3 feet of external hydrostatic head on the host pipe(measured from the flow line of the host pipe)). Start the steam
generator and when ready, begin to discharge steam until an air temperature of 190degF is obtained entering the line. Maintain
this exotherm is observed at the downstream end (or the liner is hardened at all observable points); typically this will be achieved
in 10 -45 minutes depending upon the diameter and length of the reach.

3 While continuing to maintain the recommended expansion pressure, increase the flow of steam allowing the temperature to rise to a
maximum valve of 260degF. This will typically necessitate the operator throttling back the air supply to achieve this maximum temperature.
This will begin the liner's post-curing phase. Observe the temperatures at the various interfaces and begin timing.

4 PLEASE NOTE. THE COATING HAS A MAXIMUM TEMPERATURE CAPABILITY OF 399degF; DO NOT ALLOW STEAM TO
REACH THIS TEMPERATURE OR MELTING OF THE COATING CAN OCCUR.

5 Continue post-curing at the above conditions until the temperature measured at all points along the host pipe-liner interfaces have
a reading at or above manufactures recommend temperature and duration

6 Once the post-curing portion of the process is complete, discontinue the addition of steam, continue maintaining the curing
pressure and allow maximum ventilation to occur using air flow only. Continue this cool down process until the temperature at the
thermocouples placed in the interface(s) report a value below 100deg F. Water may be introduced into the liner during this process
to facilitate the cooling process. You may also deploy a chiller on the air. In any event, the cool down rate of the liner (NOT THE AIR)
should be no greater than that specified by the resin manufacturer for the thickness being processed. Typical cooling rate are given below:

4.5-10.5mm — 45degF / 10 minutes
10.5-18mm — 35degF / 15 minutes
18 -22.5mm — 25degF / 15 minutes

7 Once cool down is complete, the ends of the liner can be opened. Inspect finished line and reinstate the laterals.

Air Inversion
Unit " Shooter"

N

AI

Install Downstream

Manhole

<
CIPP LINER Manhole
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GRIFFOLYN® TX 1200

REEF INDUSTRIES, INC.

Griffolyn® TX-1200 is a 3-ply laminate combining two layers of linear low density polyethylene and
a high-strength cord grid. It is specifically engineered to provide high strength and durability in a

lightweight material.

The Manufacturing Leader of Specialized Industrial Plastic Films Since 1957.

* Multiple layers and cord reinforcement resist punctures and tears.

* UV stabilization protects the material from degradation during extended
exposure to sunlight.

* Cold-crack resistance eliminates failures in extremely cold temperatures.
* Low permeability greatly inhibits moisture transmission.
* Flexibility and light weight allow for easy handling and quick installation.

* Custom fabrication is available to meet your exact specifications.

* Long life expectancy allows for significant cost savings through reuse and fewer

replacements.

* Class C, ASTM E-1745-97 Standard Specification for water vapor retarders used in

contact with soil or granular fill under concrete slabs.

The information provided herein is based upon data believed to be reliable. All testing is performed in accordance with ASTM standards and
procedures. All values are typical and nominal and do not represent either minimum or maximum performance of the product. Although the
information is accurate to the best of our knowledge and belief, no representation of warranty or guarantee is made as to the suitability or
completeness of such information. Likewise, no representation of warranty or guarantee, expressed or implied, or merchantability, fitness
or otherwise, is made as to product application for a particular use.

©2008 REEF INDUSTRIES, INC. Griffolyn is a registered trademark of Reef Industries, Inc. 04-08 D-342
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= | Tongue Tear D-2261 22 LBF 98N
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= | Trapezoidal Tear D-4533 29 LBF 129N
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= | PPT Resistance D-2582 29 LBF 129N

5 Dart Impact Strength D-1709 16 LBS 073 KG

& | Cold Impact Strength D-1790 -40°F -40°C

=

e | Ppermeance E-96 0.040 Grain/Hr-Ft?inHg 2.30 NG/(PAS*M?)
FEATURES

TOLL 1.800.231.6074

9208 Almeda Genoa Rd.  Houston, Texas 77075
P: 713.507.4251 - F:713507.4295
Email: ri@reefindustries.com

PRODUCT INFORMATION - SPECIFICATION GUIDE




SUGGESTED APPLICATIONS

* Pallet, cable reel and drum covers for outside storage.

e Temporary walls, plant dividers, building enclosures and containment tents.
e Shipping container covers and liners.

* Floor covers, dust partitions and cleanroom enclosures.

* Soil covers to control leachate for stockpiles and landfills.

e Agricultural storage systems, hay covers and windbreaks.

* Athletic field and equipment covers.

e Interim landfill covers

e Architectural vapor retarder for underslab, walls, ceilings and in roofing systems.

ORDERING INFORMATION

Black, White, and Clear

Standard rolls from 4 x 100" to 40° x 100" in increments of 4° widths are available for immediate shipment. Standard
length and width folerances are = 1% (minimum 2)
Custom sizes up fo 200" x 300" and custormn fabrication are avaiable fo meet your exact specifications.

Minimum: -45°F -42°C
Maximum: 170°F 77°C

OUTDOOR EXPOSURE

Under normal continuous exposure the average life expectancy ranges from 30 to 48 months.

The information provided herein is based upon data believed to be reliable. All testing is performed in accordance with ASTM standards and -I- U I. I. ] B [] U 2 3 ] B [] 7 4
procedures. All values are typical and nominal and do not represent either minimum or maximum performance of the product. Although the . . .

information is accurate to the best of our knowledge and belief, no representation of warranty or guarantee is made as to the suitability or

completeness of such information. Likewise, no representation of warranty or guarantee, expressed or implied, or merchantability, fitness 9209 Almeda Genoa Rd. + Houston, Texas 77073
or otherwise, is made as to product application for a particular use. P: 7135074251 - F: 713.507.4295

©2008 REEF INDUSTRIES, INC. Griffolyn is a registered trademark of Reef Industries, Inc. 04-08 D-343 Email: ri@reefindustries.com
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Crisco Shortening ScholAR’
Chemistry

Section 1: Product and Company Identification |

MSDS # 235.70

Crisco Shortening
Synonyms/General Names: Solid Shortening
Product Use: For educational use only
Manufacturer: Loders Croklaan, Channahan, IL, 60410
24 Hour Emergency Information Telephone Numbers
CHEMTREC (USA): 800-424-9300 CANUTEC (Canada): 613-424-6666
ScholAR Chemistry; 5100 W. Henrietta Rd, Rochester, NY 14586; (866) 260-0501; www.Scholarchemistry.com

Section 2: Hazards Identification |
White or off-white oily solid, characteristic corn oil odor. HMIS (0 to 4)

CAUTION! Combustible solid. Not for human consumption
Target organs: None known.

This material is considered hazardous by the OSHA Hazard Communication Standard (29 CFR 1910.1200).

| Section 3: Composition / Information on Ingredients |

Mixture of fatty acid, triglycerides of vegetable origin, 100%

Always seek professional medical attention after first aid measures are provided.

Eyes: Immediately flush eyes with excess water for 15 minutes, lifting lower and upper eyelids occasionally.
Skin: Immediately flush skin with excess water for 15 minutes while removing contaminated clothing.
Ingestion: Call Poison Control immediately. Rinse mouth with cold water. Give victim 1-2 cups of water or milk to drink.

Induce vomiting immediately.
Inhalation: Remove to fresh air. If not breathing, give artificial respiration.

When heated to decomposition, emits acrid fumes.
Protective equipment and precautions for firefighters: Use foam or dry chemical to extinguish fire. 00
Firefighters should wear full fire fighting turn-out gear and respiratory protection (SCBA). Cool ‘

container with water spray. Material is not sensitive to mechanical impact or static discharge. NFPA

Section 6: Accidental Release Measures |

Use personal protection recommended in Section 8. Isolate the hazard area and deny entry to unnecessary and unprotected
personnel. Contain spill with sand or absorbent material and place in sealed bag or container for disposal. Ventilate and wash
spill area after pickup is complete. See Section 13 for disposal information.

Section 7: Handling and Storage Green

Handling: Use with adequate ventilation and do not breathe dust or vapor. Avoid contact with skin, eyes, or clothing. Wash
hands thoroughly after handling.

Storage: Store in General Storage Area [Green Storage] with other items with no specific storage hazards. Store in a cool, dry,
well-ventilated, locked store room away from incompatible materials.

Section 8: Exposure Controls / Personal Protection

Use ventilation to keep airborne concentrations below exposure limits. Have approved eyewash facility, safety shower, and fire
extinguishers readily available. Wear chemical splash goggles and chemical resistant clothing such as gloves and aprons. Wash
hands thoroughly after handling material and before eating or drinking. Exposure guidelines: Shortening : OSHA PEL: N/A,
ACGIH: TLV: N/A, STEL: N/A.

© 2009, Scholar Chemistry. All Rights Reserved. 12/16/2009
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MSDS # 235.70 Crisco Shortening Scholar Chemistry
Section 9: Physical and Chemical Properties

Molecular formula Natural Product. Appearance White to off-while oil solid
Molecular weight N/A. Odor Characteristic corn oil odor.
Specific Gravity ~0.7-0.9 g/mL @ 60°C. Odor Threshold N/A.

Vapor Density (air=1) N/A. Solubility Insoluble.

Melting Point 50 °C. Evaporation rate N/A. (Butyl acetate = 1).
Boiling Point/Range N/A. Partition Coefficient N/A. (log Pow).

Vapor Pressure (20°C) N/A. pH N/A.

Flash Point: N/A LEL N/A.

Autoignition Temp.: N/A. UEL N/A.

N/A = Not available or applicable

Section 10: Stability and Reactivity

Avoid heat and moisture.

Stability: Stable under normal conditions of use and storage.
Incompatibility: Oxidizing materials.

Shelf life: Indefinite if stored properly.

Section 11: Toxicology Information

Acute Symptoms/Signs of exposure: Eyes: Redness, tearing, itching, burning, conjunctivitis. Skin: Redness, itching.
Ingestion: Irritation and burning sensations of mouth and throat, nausea, vomiting and abdominal pain. Inhalation: Irritation of
mucous membranes, coughing, wheezing, shortness of breath,

Chronic Effects: No information found.

Sensitization: none expected

Shortening: LD50 [oral, rat]; N/A; LC50 [rat]; N/A; LD50 Dermal [rabbit]; N/A

Material has not been found to be a carcinogen nor produce genetic, reproductive, or developmental effects.

| Section 12: Ecological Information
Ecotoxicity (aquatic and terrestrial): Not considered an environmental hazard.
| Section 13: Disposal Considerations

Check with all applicable local, regional, and national laws and regulations. Local regulations may be more stringent than
regional or national regulations. Small amounts of this material may be suitable for sanitary sewer or trash disposal.

| Section 14. Transport Information
DOT Shipping Name: Not regulated by DOT. Canada TDG: Not regulated by TDG.
DOT Hazard Class: Hazard Class:
Identification Number: UN Number:
Section 15: Regulatory Information
EINECS: Not Listed WHMIS Canada: Not WHMIS Controlled.
TSCA: All components are listed or are exempt. California Proposition 65: Not listed.

The product has been classified in accordance with the hazard criteria of the Controlled Products Regulations and the MSDS
contains all the information required by the Controlled Products Regulations.

Section 16: Other Information

Current Issue Date: December 16, 2009

Disclaimer: Scholar Chemistry and Columbus Chemical Industries, Inc., (“S&C”) believes that the information herein is factual but is not intended to be all
inclusive. The information relates only to the specific material designated and does not relate to its use in combination with other materials or its use as to any
particular process. Because safety standards and regulations are subject to change and because S&C has no continuing control over the material, those
handling, storing or using the material should satisfy themselves that they have current information regarding the particular way the material is handled, stored
or used and that the same is done in accordance with federal, state and local law. S&C makes no warranty, expressed or implied, including (without
limitation) warranties with respect to the completeness or continuing accuracy of the information contained herein or with respect to fitness for any
particular use.

© 2009, Scholar Chemistry. All Rights Reserved. 12/16/2009
D-345



CONTRACTOR SUBMITTAL SUMMARY

Project #: 65A0588
PROJECT NAME: Pipeline Rehabilitation Services

THIS SECTION TO BE COMPLETED BY CLIENT ONLY
CONTRACTOR: SAK Construction SUBMITTAL NO.: 3

4253 Duluth Ave
Rocklin, CA 95765 18T 2ND L] 3RD |14TH |

DATE RECEIVED:

ATTN: Todd Chalk DATE RETURNED:

CONTR. SUBMITTAL NO.: 3 REVIEW ACTION
o i
N w %) =
ITEM: Calibration > zZ = x
L) o a = >
SPEC. SEC./PAGE NO.: SEC. 156.11A(3) 4 Q |2 5 = @ m
. d @) L s n 4
SUPPLIER/SUBCONTR.: SAK Construction w |EFq & Z 5 T %
e o | % 22 L
o ws [ 9 <wn o o
O Qe | Co Wl O O
DETAILED DESCRIPTION O |dp|EE|sa] D | @
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Z Zz O = Z Y < 14 Z

Calibration Record

Sample Temperature Log

REMARKS:
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TUMNMEL CONTRACTOR

OWNER: Caltrans

CLIENT: Caltrans

CONTRACT #: 06-0J2904

PROJECT NAME: CIPP Lining in Kern County

Hwy 33 Various Locations

PIPENOLOGY JOB #: 1019

HOST PIPE DIAMETER (in): 18
PIPENOLOGY SHOT #: 1 CIPP NOMINAL THICKNESS (mm): 9.0
SHOT LOCATION: Drainage System No 1
TEMPERATURE & PRESSURE LOG DURING CURE
TOP INTERFACE BOTTOM INTERFACE PRESSURE

TIME TEMPERATURE (°F) TEMPERATURE (°F) (psi)
10:45 AM 74 72 6.0
10:50 AM 9% 85 6.0
10:55 AM 120 99 6.0
11:00 AM 146 108 6.0
11:05 AM 156 119 6.0
11:10 AM 172 125 6.0
11:15 AM 182 137 6.0
11:20 AM 185 145 6.0
11:25 AM 190 156 6.0
11:30 AM 191 166 6.0
11:35 AM 189 169 6.0
11:40 AM 185 170 6.0
11:45 AM 184 171 6.0
11:50 AM 182 172 6.0
11:55 AM 180 173 6.0
12:00 PM 180 174 6.0
12:05 PM 180 174 6.0
12:10 PM 179 175 6.0
12:15 PM 178 175 6.0
12:20 PM 176 175 6.0
12:25 PM 173 175 6.0
12:30 PM 171 175 6.0
12:35 PM 171 178 6.0
12:40 PM 172 180 6.0
12:45 PM 173 182 6.0
12:50 PM 172 180 6.0
12:55 PM 172 178 6.0
1:00 PM 171 175 6.0
1:05 PM 171 174 6.0
1:10 PM 169 172 6.0
1:15 PM 165 169 6.0
1:20 PM 155 162 6.0
1:25 PM 142 157 6.0
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il ] - OWNER: Caltrans
F CLIENT: Caltrans
ﬁb = CONTRACT #: 06-0/2904

FIFE REHABILI TATICOMN AMND

TUMNMNEL COMNTRACTOR PROJECT NAME: CIPP Lining in Kern County

Hwy 33 Various Locations

PIPENOLOGY JOB #: 1019

HOST PIPE DIAMETER (in): 18

PIPENOLOGY SHOT #: 1 CIPP NOMINAL THICKNESS (mm): 9.0

SHOT LOCATION: Drainage System No 1

TEMPERATURE & PRESSURE LOG DURING CURE

TOP INTERFACE BOTTOM INTERFACE PRESSURE

TIME TEMPERATURE (°F) TEMPERATURE (°F) (psi)
1:30 PM 130 151 6.0
1:35 PM 127 148 6.0
1:40 PM 119 145 6.0
1:45 PM 110 143 6.0
1:50 PM 109 135 6.0
1:55 PM 107 128 6.0
2:00 PM 105 121 6.0
2:05 PM 100 110 6.0
2:10 PM
2:15 PM
2:20 PM
2:25 PM
2:30 PM
2:35 PM
2:40 PM
2:45 PM
2:50 PM
2:55 PM
3:00 PM
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CONTRACTOR SUBMITTAL SUMMARY

Project #: 65A0588
PROJECT NAME: Pipeline Rehabilitation Services

THIS SECTION TO BE COMPLETED BY CLIENT ONLY
CONTRACTOR: SAK Construction SUBMITTAL NO.: 4

4253 Duluth Ave
Rocklin, CA 95765 18T 2ND L] 3RD |14TH |

DATE RECEIVED:

ATTN: Todd Chalk DATE RETURNED:

CONTR. SUBMITTAL NO.: 4 REVIEW ACTION
o i
. w <2 pd
ITEM: Third Party Test Reports > pd = x
L O a = )
SPEC. SEC./PAGE NO.: SEC. 156.11A(3) 5 Q |2 5 = @ m
. d O L s n 4
SUPPLIER/SUBCONTR.: SAK Construction w |EFq | & Z 5 T %
e g | % 22 L
o ws [ 9 <wn o o
QO |RE|Co Wl © O
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Third Party Test Reports

REMARKS:
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AOC

World Leader in Resin Technology
Physical Testing Report
Date: 08/08/11 From: Rick Reeves
Sample ID: L040-TNVG-33 CIPP
Felt Laminate
Test Units ASTM RESULTS
Flexural Strength Psi D-790 7300
Flexural Modulus X10"6Psi D-780 0.61
Tensile Strength Psi D-638 4100
Tensile Modulus X10"6Psi D638 0.64
Elongation (%) D638 0.71
DTUL Deg.C/F D-648 1171243
Comment:
Request No.

Report No. P11CC39
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World Leader in Resin Technology

ASTM D5813 Test Results on 6 mm Felt Composite
L040-TNVG Ultra Low VOC Resin
One Year Results at 25°C

L040-TNVG REQUIREMENTS PASS OR FAIL
%
CONTROL SAMPLE
FLEXURAL STRENGTH, psi 6,840
STANDARD DEVIATION 325
FLEXURAL MODULUS, psi 546,660
STANDARD DEVIATION 19,767
1% NITRIC ACID
FLEXURAL STRENGH, psi 5,770
STANDARD DEVIATION 3217
% FLEXURAL STRENGTH, psi RETENTION 84.4 >80 PASSED
FLEXURAL MODULUS, psi 525,785
STANDARD DEVIATION 19,052
% FLEXUARAL MODULUS RETENTION 96.2 >80 PASSED
5% SULFURIC ACID
FLEXURAL STRENGH, psi 5,884
STANDARD DEVIATION 118
% FLEXURAL STRENGTH, psi RETENTION 86 >80 PASSED
FLEXURAL MODULUS, psi 515,604
STANDARD DEVIATION 15,306
% FLEXUARAL MODULUS RETENTION 94.3 >80 PASSED
100% GASOLINE
FLEXURAL STRENGH, psi 5,651
STANDARD DEVIATION 34
% FLEXURAL STRENGTH, psi RETENTION 82.6 >80 PASSED
FLEXURAL MODULUS, psi 445,838
STANDARD DEVIATION 10,995
% FLEXURAL MODULUS RETENTION 81.5 >80 PASSED
100% VEGETABLE OIL
FLEXURAL STRENGH, psi 6,629
STANDARD DEVIATION 170
% FLEXURAL STRENGTH, psi RETENTION 96.9 >80 PASSED
FLEXURAL MODULUS, psi 587,981
STANDARD DEVIATION 24,438
% FLEXUARAL MODULUS RETENTION 107 >80 PASSED
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0.1% DETERGENT

FLEXURAL STRENGH, psi 0,189
STANDARD DEVIATION 198
% FLEXURAL STRENGTH, psi RETENTION 90.4 >80 PASSED
FLEXURAL MODULUS, psi 529,849
STANDARD DEVIATION 15,784
% FLEXUARAL MODULUS RETENTION 96.9 >80 PASSED
0.1% SOADP
FLEXURAL STRENGH, psi 5870
STANDARD DEVIATION 401
9% FLEXURAL STRENGTH, psi RETENTION 85.8 >80 PASSED
FLEXURAL MODUILUS, psi 531,649
STANDARD DEVIATION 19,242
% FLEXURAL MODULUS RETENTION 97.3 >80 PASSED

June, 2011

production.

The information contained iz this data sheet is based on laboratory data and field experience. We believe this information (o be
reliable, but do not guarantee its applicability to the user's process or assume any liability for oceurrences arising out of its use. The
user, by accepting the products described herein, agrees to be responsibie for thoroughly testing any application before committing to

Our recommendation should not be taken as inducements to infringe any patent or violate any law, safety code or insurance regulation.
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Specialty Testing Services

TEST REPORT (CIP PROPERTIES)

CLIENT: AOC-Resins Project Name: L713-LTA-12
Project No.
Sample ID
Diameter:
Attention: Bill Moore Thickness:
Length:
Manbhole Location:
Installed Date:
DATE: 7/14/09 Specimen Prepared By: J. Woods
REPORT NO.: STS-900-0002 Specimen Tested By: J. Woods
REMARKS: SAMPLES RECEIVED 7/14/09

SPECIFICATIONS: CUSTOMER SPECIFICATIONS

FLEXURAL PROPERTIES (ASTM D-790)

SAMPLE ID Depth Width FLEXURAL YIELD MODULUS OF
In. n. STRENGTH ELASTICITY
PSI PSI
1 265 615 7697 684179
2 267 611 7806 759894
3 264 .599 8128 795834
4 265 629 7762 772750
5 274 600 7781 777591
Mean 7835 758080
Standard Deviation 168 43260

TENSILE PROPERTIES (ASTM D-638)

SAMPLE ID Depth Width TENSILE TENSILE
In, In. LOAD STRENGTH
Lbs. PSI
1 268 522 525 3753
2 .266 495 492 3738
3 268 500 514 3840
4 269 493 490 3698
5 269 503 499 3692
Mean 3744
Standard Deviation 59
Remarks:
Respectfully Submitted,

Specialty Testing Service

/ nny"Woods
/7~ Operations Manager

3171 Green Valley Rd. #451 Birmingham, Alabama 35243 Telephone: (205) 281-2349
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CONTRACTOR SUBMITTAL SUMMARY

Project #: 65A0588
PROJECT NAME: Pipeline Rehabilitation Services

THIS SECTION TO BE COMPLETED BY CLIENT ONLY
CONTRACTOR: SAK Construction SUBMITTAL NO.: 5

4253 Duluth Ave
Rocklin, CA 95765 18T 2ND L] 3RD |14TH |

DATE RECEIVED:

ATTN: Todd Chalk DATE RETURNED:

CONTR. SUBMITTAL NO.: 5 REVIEW ACTION
o m
P w %) =
ITEM: Certification of Installer > Z = x
L O a = )
SPEC. SEC./PAGE NO.: SEC. 156.11A(3) 6 Q |2 5 = a m
, x O L s n 4
SUPPLIER/SUBCONTR.: SAK Construction w |EFq & Z 3 T %
e o | % ) L
o ws [ 9 <wn o o
O Qe |Co Wl O O
DETAILED DESCRIPTION O |ug|gE|Sal|l @ | ©
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Certificate of Installer ( Resin)

Certificate of Installer ( Liner)

REMARKS:
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World Leader in Resin Technology

April 7, 2011

To Whom It May Concern:

SAK Construction is a current AOC customer that has a history of successfully using
AOC's Cured In Place Pipe resins. SAK Construction is an approved installer of AOC
resins.

R Mo

Bill Moore
AOC. LLC
Product Leader - CIPP
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PIPENOLOGY"

Quality & Technology from the Inside Out

January 1st, 2015

To-Whome-it-May-Concern:

This letter certifies that SAK Construction, LLC is an Authorized Installer of Pipenology, LLC
CIPP products. SAK crew personnel are trained in the proper installation procedures of
Pipenology liners, as well as other CIPP products.

Sincerely,

S Casey Smith
Vice President

1449 Hoff Industrial Drive ® O‘Fallon, MO 63366 ® (636) 542-6710 tel ® (636) 542-6711 fax
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CONTRACTOR SUBMITTAL SUMMARY

Project #: 65A0588
PROJECT NAME: Pipeline Rehabilitation Services

THIS SECTION TO BE COMPLETED BY CLIENT ONLY
CONTRACTOR: SAK Construction SUBMITTAL NO.: 6
4253 Duluth Ave
) 1STL4 2ND L) 3RD J4TH [
Rocklin, CA 95765
DATE RECEIVED:
ATTN: Todd Chalk DATE RETURNED:
CONTR. SUBMITTAL NO.: 6 REVIEW ACTION
0 0
L ) =
ITEM: MSDS > Z = Z
Ll o a = >
SPEC. SEC./PAGE NO.: SEC. 156.11AQ3) 7 Q |2 5 = @ m
) o O | = N hd
SUPPLIER/SUBCONTR.: SAK Construction %) = o < % L %)
L] o Q| x 0> o L
o WS (@) < o I—I o
O Qe | Co Wl O O
DETAILED DESCRIPTION C |ug|CE|=a| @ ©
O O m <O w =z Ll O
p Z O = Z ¥ <C 14 pd
MSDS
REMARKS:
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Material Safety Data Sheet

For U.S. Only
World Leader in Resin Technology MSDS no. 14764V1
WHMIS (Canada) NFPA (USA) HMIS (USA) Protective clothing
=W &
o
@ )
Health Reactivity 2 1
Physical hazards 1
D-2A  D-28 Specific hazard Personal protection Q(/

Section 1. Chemical product and company identification

Trade name

L040-TNVG-33

Product type

Vinyl Ester Resin

Chemical family

Aromatic.

Material uses

Used in the manufacture of thermoset plastic parts.

Manufacturer

AOC, LLC
950 Highway 57 East

In case of emergency

Collierville, TN U.S.A. 38017
Website: www.aoc-resins.com
Phone Number: (901) 854-2800

CHEMTREC (US): 24 hours/7 days (800) 424-9300
CANUTEC (Canada): 24 hours/7 days (613) 996-6666

8am-5pm (Central Time) Mon-Fri

Section 2. Hazards identification

OSHA status

This material is considered hazardous by the OSHA Hazard Communication Standard (29 CFR 1910.1200).

Routes of entry

Eye contact, Skin contact, Inhalation, Ingestion

Potential acute health
effects

Eyes: Severe eye irritant which may result in redness, burning, tearing and blurred vision.
Skin: Skin contact may cause irritation. May cause skin sensitization.

Ingestion: Ingestion may be harmful.

Inhalation: May be harmful by inhalation.

Potential chronic health
effects

CARCINOGENIC EFFECTS:

Talc: Classified A2 (suspected for human) by ACGIH. Classified 1 (proven for human) by IARC. Classified 1
(known) by NTP.

MUTAGENIC or TERATOGENIC EFFECTS: No known effect according to our database.

Section 3. Composition/information on ingredients

Name CAS # % by weight
1) Trade Secret Ingredient(s) Proprietary 30-35
2) Talc 14807-96-6 20-30

Section 4. First aid measures

Eye contact

Flush with a continuous flow of water for at least 15 minutes, occasionally lifting the upper and lower eyelids.
Use of buffered baby shampoo will aid in removal. Seek medical attention.

Skin contact

Gently and thoroughly wash the contaminated skin with running water and non-abrasive soap. If irritation
persists, seek medical attention.

D-364
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MSDS no. : 14764V1

L040-TNVG-33

Section 4. First aid measures

Inhalation Move the victim to a safe area as soon as possible. Allow the victim to rest in a well-ventilated area. If
breathing is difficult, give oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. Seek
immediate medical attention.

Ingestion Do not induce vomiting. Seek immediate medical attention.

Section 5. Fire fighting measures

The product is:

Non-flammable.

Auto-ignition temperature

375.8°F(191°C)

Flash point

305.6°F (152°C) (Setaflash)

Flammable limits

Not available.

Products of combustion

May produce oxide of carbon; hydrocarbons

Fire hazard

May be combustible at high temperature.

Explosion hazard

Uncontrolled polymerization may cause rapid evolution of heat and increase in pressure that could result in
violent rupture of sealed storage vessels or containers.

Fire-fighting media and
instructions

SMALL FIRE: Use carbon dioxide, foam, dry chemical or water fog to extinguish.

LARGE FIRE: Evacuate surrounding areas. Use carbon dioxide, foam, dry chemical or water fog to extinguish.
Wear self-contained breathing apparatus (SCBA) and full fire-fighting protective clothing. Cool containing
vessels with water spray in order to prevent pressure build-up, autoignition or explosion. Prevent run off to
sewers or other water ways.

Section 6. Accidental release measures

Small spill

Absorb with an inert material and place in an appropriate waste disposal container.

Large spill

Stop leak if without risk. Eliminate all ignition sources. Contain with an inert material, recover as much as
possible and place the remainder in an appropriate waste disposal container. Warn unauthorized personnel to
move away. Prevent entry into sewers or confined areas.

Section 7. Handling and storage

Handling

WARNING! Use only in well-ventilated areas. Store away from direct sunlight. Avoid inhalation and contact
with eyes, skin, and clothing. Wear appropriate personal protective equipment for your task. Ground and bond
all containers when transferring the material. Empty containers may retain product and product vapor. Do not
expose to heat, flame, sparks or other ignition sources such as cutting, welding, drilling, grinding or static
electricity. Do not pressurize. Provide adequate safety showers and eyewashes in the area of use.

Note: If product contains metal compounds (Section 1l), avoid dust from dried product or grinding of articles
made from this material.

Storage

Keep away from heat. Keep away from sources of ignition. Keep container tightly closed. Keep in a cool, well-
ventilated place. Containers should be grounded.

Section 8. Exposure controls/personal protection

Exposure limits

Trade Secret Ingredient(s) Not available.
Talc ACGIH TLV (United States, 1/2008).
TWA: 0.1 flcc 8 hour(s).
NIOSH REL (United States, 6/2008).
TWA: 2 mg/m® 10 hour(s). Form: Respirable fraction
OSHA PEL 1989 (United States).
TWA: 2 mg/m? 8 hour(s). Form: Respirable dust

D-365 OSHA PEL Z3 (United States, 9/2005).
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MSDS no. : 14764V1

L040-TNVG-33

Section 8. Exposure controls/personal protection

STEL: 1 flcc 30 minute(s). Form: not containing asbestos
TWA: 20 mppcf 8 hour(s). Form: not containing asbestos

Engineering controls

Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below
their respective occupational exposure limits. Provide adequate safety showers and eyewashes in the area of
use.

Personal protection

Personal protective equipment may vary depending on the job being performed.

Eyelface: Wear eye protection such as safety glasses with side shields, splash goggles or face shield with
safety glasses.

Skin: Avoid skin contact. Impervious gloves should be worn. Other items may include long sleeves, lab coats,
or impervious jackets.

Respiratory: Determine if airborne concentrations are below the recommended exposure limits in accordance
your company's PPE program and regulatory requirements. If they are not, select a NIOSH-approved
respirator that provides adequate protection from the concentration levels encountered. Air-purifying respirators
are generally adequate for organic vapors. Use positive pressure, supplied-air respirators if there is potential
for an uncontrolled release, if exposure levels are unknown, or under circumstances where air-purifying
respirators may not provide adequate protection.

Reference OSHA 29 CFR 1910.134.

Personal protection in case
of a large spill

Chemical resistant gloves, full protective suit, and boots. Respiratory protection in accordance with OSHA
regulation 29 CFR 1910.134. A self-contained breathing apparatus should be used to avoid inhalation of the
product vapors.

Section 9. Physical and chemical properties

Physical state Liquid.

Color Brown.

Odor Acrylate
Molecular weight (g/mol) 1000 - 15000
Boiling point 590°F(310°C)
Melting point Not available.
pH (1% soln/water) Not applicable.
Vapor pressure Not available.
Vapor density Not available.
Specific gravity 1.1 (Water = 1)
Water/oil dist. coeff. Not available.
Evaporation rate Not available.
Odor threshold Not available.
Solubility in water Slight.

Dispersibility properties

Not dispersed in water.
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MSDS no. : 14764V1 L040-TNVG-33
Section 10. Stability and reactivity
Stability This product is normally stable, but can become unstable at elevated temperatures.
Instability temperature >170°F (77°C)
Conditions of instability Heat.
Incompatibility with various Polymerizes in the presence of organic peroxides, oxidizing materials, or heat.
substances
Corrosivity Our database contains no additional remark on the corrosivity of this product
Section 11. Toxicological information
Toxicity to animals Name Result Species Dose Exposure
Trade Secret Ingredient(s) LD50 Dermal Rabbit >2 gm/kg
LD50 Rat 345 mglkg
Intraperitoneal
LD50 Oral Rat 6200 mg/kg

Special remarks on toxicity
to animals

No additional remark.

Special remarks on chronic
effects on humans

No additional remark.

Special remarks on other
toxic effects on humans

Talc:

Exposure to dusts containing talc can be toxic and can produce acute and chronic effects. Contact with dusts
may irritate the eyes. Breathing dust may irritate the nose and throat and cause coughing and chest discomfort.
There are reports that relatively mild pneumoconiosis can develop after years of occupational exposure to
mixed dusts containing talc. Prolonged inhalation may also produce a fibrotic response.

Section 12. Ecological information

Ecotoxicity

Toxic to aquatic organisms. Should not be released to sewage system or other bodies of water at
concentrations above limits established in regulations or permits.

Section 13. Disposal considerations

Waste disposal

Recycle to process, if possible. Consult your local or regional authorities. Ignitable characteristic.

Section 14. Transport information

DOT Not regulated. Labels
D6 Not regulated. %
IATA/IMDG IATA:  Not Regulated.

IMDG: Not Regulated.

Additional information

US regulations require the reporting of spills when the amount exceeds the Reportable Quantity (RQ) for
specific components of this material. See CERCLA in Section 15, Regulatory Information, for the Reportable
Quantities.
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MSDS no. : 14764V1 L040-TNVG-33

Section 15. Regulatory information

Other regulations This section does not reference all applicable regulatory compliance lists.
TSCA: Allingredients are listed or compliant with TSCA.

DSL: Allingredients are listed or compliant with the NSNR.

Proposition 65 Warning: This product contains a chemical(s) known to the State of California to cause
cancer, birth defects and/or reproductive harm.

SARA 302 component(s): None.
SARA 313 component(s): None.
CERCLA(RQ):  None.

Section 16. Other information

Prepared by AQOC, LLC - Corporate Regulatory Affairs. ™

LEGAL DISCLAIMER

The information contained in this data sheet is furnished in good faith and without warranty, representation, or inducement or license of any
kind, except that it is accurate to the best of AOC, LLC's knowledge, or was obtained from sources believed by AOC, LLC to be reliable. The
accuracy, adequacy or completeness of health and safety precautions set forth herein cannot be guaranteed, and the buyer is solely
responsible for ensuring that the product is used, handled, stored, and disposed of safely and in compliance with applicable federal, state or
provincial, and local laws. AOC, LLC disclaims liability for any loss, damage or personal injury that arises from, or is in any way related to, use
of the information contained in this data sheet.
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ADC ) Material Safety Data Sheet
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Personal protection @
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Specific hazard

Section I. Chemical Product and Company Identification
Trade name L713-LTA-12 Product type Polyester Resin Solution

CAS # Not applicable. Synonym None.

Chemical name Not applicable. Chemical Not applicable.
formula

Chemical Aromatic.
family

Material uses Used in the manufacture of thermoset plastic parts.

TSCA All ingredients are listed or compliant with TSCA.

DSL All ingredients are listed or compliant with the NSNR.

Manufacturer In case of emergency

AOC, LLC CHEMTREC (US): 24 hours/7 days (800) 424-9300
950 Highway 57 East CANUTEC (Canada): 24 hours/7 days (613) 996-6666
Collierville, TN U.S.A. 38017
Phone Number: (901) 854-2800
8am-5pm (CST) Mon-Fri

Section ll. Information on Hazardous Ingredients

Name CAS# % by weight
1) Styrene 100-42-5 32.0
2) Talc 14807-96-6 20 -30

Section lll. Hazards Identification.

Potential acute Inhalation of spray mist or liquid vapors may cause upper respiratory irritation and possible central

health effects nervous system effects including headaches, nausea, vomiting, dizziness, drowsiness, loss of
coordination, impaired judgement and general weakness. Severe eye irritant which may result in redness,
burning, tearing and blurred vision. Skin irritant which may result in burning sensation. Ingestion may
result in mouth, throat and gastrointestinal irritation, nausea, vomiting and diarrhea.

Potential chronic CARCINOGENIC EFFECTS:

health effects Styrene: Classified A4 (not classifiable for human or animal) by ACGIH. Classified 2B (possible for
human) by IARC. An increased incidence of lung tumors was observed in mice from a recent inhalation
study. The relevance of this finding is uncertain since data from other long-term animal studies and from
epidemiology studies of workers exposed to styrene do not provide a basis to conclude that styrene is
carcinogenic. Lung effects have been observed in mouse studies following repeated exposure.
Talc: Classified A2 (suspected for human) by ACGIH. Classified 1 (proven for human) by IARC.
Classified 1 (known) by NTP.
MUTAGENIC EFFECTS
Not available.
TERATOGENIC EFFECTS
Not available.
Skin effects:
Prolonged exposure may cause dermatitis.

Effective Date: 12/19/2007 SupeBed&Date: Not applicable. Page: 1
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Section IV. First Aid Measures

Eye contact

Flush with a continuous flow of water for at least 15 minutes, occasionally lifting the upper and
lower eyelids. Use of buffered baby shampoo will aid in removal. Seek medical attention.

Skin contact

Hazardous Skin Contact

Gently and thoroughly wash the contaminated skin with running water and non-abrasive soap.
If irritation persists, seek medical attention.

No additional information.

Inhalation

Hazardous Inhalation

Move the victim to a safe area as soon as possible. Allow the victim to rest in a well ventilated
area.

Move the victim to a safe area as soon as possible. If breathing is difficult, give oxygen. If the
victim is not breathing, perform mouth-to-mouth resuscitation. Seek immediate medical
attention.

Ingestion

Hazardous Ingestion

Do not induce vomiting. Seek immediate medical attention.

No additional information.

Section V. Fire and Explosion Data

The product is:

Flammable liquid, Class IC.

Auto-ignition temperature

914°F (490°C) Styrene

Flash point

87.6°F (31°C) Styrene

Flammable limits

Lower: 0.9% Upper: 6.8% (Styrene)

Products of combustion

May produce carbon monoxide, carbon dioxide, and irritating or toxic vapors, gases or
particulate.

Fire hazard

Flammable in the presence of open flames, sparks, or heat.

Explosion hazard

Can react with oxidizing materials. Explosive in the form of vapor when exposed to heat or
flame. Material may polymerize when container is exposed to heat (fire) and polymerization
will increase pressure in a closed container which may cause the container to rupture
violently.

Fire-fighting media and
instructions

SMALL FIRE: Use carbon dioxide, foam, dry chemical or water fog to extinguish.

LARGE FIRE: Evacuate surrounding areas. Use carbon dioxide, foam, dry chemical or water
fog to extinguish. Wear self-contained breathing apparatus (SCBA) and full fire-fighting
protective clothing. Cool containing vessels with water spray in order to prevent pressure
build-up, autoignition or explosion. Prevent run off to sewers or other water ways.

Section VI. Accidental Release Measures

Small Spill

Large Spill

Absorb with an inert material and place in an appropriate waste disposal container.

Stop leak if without risk. Eliminate all ignition sources. Contain with an inert material, recover
as much as possible and place the remainder in an appropriate waste disposal container.
Warn unauthorized personnel to move away. Prevent entry into sewers or confined areas.

Section VII. Handling and Storage

Precautions

WARNING! Use only in well-ventilated areas. Store away from direct sunlight. Avoid
inhalation and contact with eyes, skin, and clothing. Wear appropriate personal protective
equipment for your task. Ground and bond all containers when transferring the material.
Empty containers may retain product and product vapor. Do not expose to heat, flame,
sparks or other ignition sources such as cutting, welding, drilling, grinding or static electricity.
Do not pressurize. Provide adequate safety showers and eyewashes in the area of use.
Note: If product contains metal compounds (Section Il), avoid dust from dried product or
grinding of articles made from this material.

Effective Date: 12/19/2007 Supef3ege&Date: Not applicable. Page: 2
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Section VII. Handling and Storage

Storage Keep away from sources of ignition. Keep away from heat and direct sunlight. Keep container
tightly closed. Keep in a cool, well-ventilated place. Containers should be grounded.

Section VIll. Exposure Controls/Personal Protection

Exposure limits 1) Styrene OSHA PEL (United States).
TWA: 100 ppm
TWA: 426 mg/m3
ACGIH TLV (United States).
TWA: 20 ppm
TWA: 85 mg/m?®
2) Talc OSHA PEL (United States).
TWA: 2 mg/m?®
ACGIH TLV (United States). Notes: Respirable
TWA: 2 mg/m?®

Engineering controls Provide exhaust ventilation or other engineering controls to keep the airborne concentrations
of vapors below their respective occupational exposure limits. Provide adequate safety
showers and eyewashes in the area of use.

Personal protection Personal protective equipment may vary depending on the job being performed. Eye/Face:
Wear eye protection such as safety glasses with side shields, splash goggles or face shield
with safety glasses. Skin: Avoid skin contact. Impervious gloves should be worn. Other items
may include long sleeves, lab coats, or impervious jackets. Respiratory: Determine if
airborne concentrations are below the recommended exposure limits in accordance your
company's PPE program and regulatory requirements. If they are not, select a NIOSH-
approved respirator that provides adequate protection from the concentration levels
encountered. Air-purifying respirators are generally adequate for organic vapors. Use
positive pressure, supplied-air respirators if there is potential for an uncontrolled release, if
exposure levels are unknown, or under circumstances where air-purifying respirators may not
provide adequate protection. Reference OSHA 29 CFR 1910.134

Personal protection in Chemical resistant gloves, full protective suit, and boots. Respiratory protection in accordance
case of a large spill with OSHA regulation 29 CFR 1910.134. A self-contained breathing apparatus should be
used to avoid inhalation of the product vapors.

Section IX. Physical and Chemical Properties

Physical state Liquid. Odor Aromatic.

Color Clear to Amber. pH (1% soln/water) Not applicable.

Molecular weight 1000 to 15000 Boiling point 293°F (145°C) Styrene

(g/mol)

Melting point Not available. Specific gravity 1.1 (Water = 1)

Vapor pressure 4.5 mm Hg @ 68°F (20°C) Styrene Vapor density 3.59 Styrene (Air = 1)

Odor threshold 0.14 ppm Styrene Water/oil dist. coeff. Not available.

Evaporation rate Not available. Dispersibility Not dispersed in water.
properties

Solubility in water Slight.

Section X. Stability and Reactivity Data

Stability This product is normally stable, but can become unstable at elevated temperatures and undergo
polymerization, which could produce heat and fumes resulting in over-pressurization and rupture in a
closed container.

Instability temperature >170°F (77°C)

Conditions of instability =~ Heat.

Incompatibility with Polymerizes in the presence of organic peroxides, oxidizing materials, or heat.
various substances

Corrosivity No specific information is available in our database regarding the corrosivity of this product in
presence of various materials.

Effective Date: 12/19/2007 SupeBegdgsIDate: Not applicable. Page: 3




L713-LTA-12
Section Xl. Toxicological Information
Routes of entry Inhalation. Ingestion. Skin contact. Eye contact.
Toxicity to animals 1) Styrene ORAL (LD50): Acute: 2650 mg/kg [Rat]. VAPOR
(LC50): Acute: 5634.2 ppm 4 hour/hours [Rat].
2) Talc Not available.
Special remarks on Lung effects have been observed in mouse studies following repeated exposure.
toxicity to animals
Special remarks on No additional remark.

chronic effects on humans

Special remarks on other Talc:
toxic effects on humans  Exposure to dusts containing talc can be toxic and can produce acute and chronic effects.

Contact with dusts may irritate the eyes. Breathing dust may irritate the nose and throat and
cause coughing and chest discomfort. There are reports that relatively mild pneumoconiosis
can develop after years of occupational exposure to mixed dusts containing talc. Prolonged
inhalation may also produce a fibrotic response.

Section XII.

Ecological Information

Ecotoxicity

Toxic to aquatic organisms. Should not be released to sewage system or other bodies of
water at concentrations above limits established in regulations or permits.

Section XlIl.

Disposal Considerations

Waste disposal

Recycle to process, if possible. Consult your local or regional authorities. Ignitable
characteristic.

Section XIV. Transport Information

DOT - UN1866; Resin Solution; 3; III. Labels
Shipping

description

TDG - UN1866; Resin Solution; 3; Il Labels

Shipping
description

IATA/IMDG -
Shipping
description

IATA: UN1866; Resin Solution; 3; |ll;
Pkg. Inst.: Passenger - 309; Cargo - 310
IMDG: UN1866; Resin Solution; 3; llI;
FP=31°C; EmS No.: F-E, S-E

Additional
information

US regulations require the reporting of spills when the amount exceeds the Reportable Quantity (RQ)
for specific components of this material. See CERCLA in Section 15, Regulatory Information, for the
Reportable Quantities.

Section XV. Other Regulatory Information

Other This section does not reference all applicable regulatory compliance lists.

regulations
OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200).
Proposition 65 Warning: This product contains a chemical(s) known to the State of California to
cause cancer, birth defects and/or reproductive harm.
SARA 302 component(s): None.
SARA 313 component(s): Styrene.
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Section XV. Other Regulatory Information
CERCLA RQ(s):  Styrene-1000 Ibs. (453.6 kg)

Section XVI. Other Information

References -Transportation of Dangerous Goods Act - "Regulations respecting the handling, offering for transport
and transporting of dangerous goods." Extract from the Canada Gazette Part Il
-Canada Gazette Part Il, Hazardous Products Act "Ingredient Disclosure List".
-Manufacturer's Material Safety Data Sheet.
-29 CFR 1910.1000, Z - Tables
-ACGIH 2000 TLVs for Chemical Substances and Physical Agents
-Registry of Toxic Effects of Chemical Substances (RTECS)
-California Code of Regulation Proposition 65

Prepared by AQOC, LLC - Corporate Regulatory Affairs. CA

LEGAL DISCLAIMER

The information contained in this data sheet is furnished in good faith and without warranty, representation, or inducement or
license of any kind, except that it is accurate to the best of AOC, LLC's knowledge, or was obtained from sources believed by
AOC, LLC to be reliable. The accuracy, adequacy or completeness of health and safety precautions set forth herein cannot be
guaranteed, and the buyer is solely responsible for ensuring that the product is used, handled, stored, and disposed of safely
and in compliance with applicable federal, state or provincial, and local laws. AOC, LLC disclaims liability for any loss,
damage or personal injury that arises from, or is in any way related to, use of the information contained in this data sheet.
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OWNER:
PROJECT:

Caltrans
Pipeline Rehabilitation

S SAK

Pipeline infrastructure. Soived™

CIPP STRUCTURAL DESIGN CALCULATIONS
DESIGN PARAMETERS COMMON ACROSS ENTIRE PROJECT (for parameters that vary by line segment, see the table below)

CIPP Flexural Properties Utilized for Design with Normal Groundwater Loading - Groundwater where noted - None noted in specifications or drawings

Currently, normal groundwater loading designs assume groundwater encountered at the crown of the pipe - See table below

Short-term Flexural Modulus: Polyester 400,000 psi Low VOC 300,000 psi
Long-term Flexural Modulus (retention 50%): 200,000 psi 150,000 psi
Flexural Strength: 4500 psi 5000 psi
Host Pipe Condition: Fully Deteriorated Fully Deteriorated
Factor of Safety: 2.0 2.0
Ovality: 5.0% 5.0%
Unit Weight of Soil: 120 pcf 120 pcf
Modulus of Soil Reaction: 1,000 psi 1,000 psi
Live Loading: AASHTO H-20 AASHTO H-20
(Railroad AREMA E-80 loading is currently N/A to the work sites on this project)
CIPP RECOMMENDED
SHOT DESIGN INSTALL STATED
NUMBER [ VARIATION U/S MH D/S MH U/S DEPTH D/S DEPTH THICKNESS THICKNESS DIAM. | LENGTH | LATS
1 A2 Inlet A2-1 Outlet A2-2 2.0 2.0 7.62mm 9mm 18 20
2 A3 Inlet A3-1 Outlet A3-2 2.0 2.0 7.62mm 9mm 18 20
3 A4 Inlet A4-1 Outlet A4-2 2.0 2.0 7.62mm 9mm 18 20
4 A5 Inlet A5-1 Outlet A5-2 2.0 2.0 7.62mm 9mm 18 20
5 A8 Inlet A8-1 Outlet A8-2 2.0 2.0 7.62mm 9mm 18 20
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S SAK

Pipeline infrastructure, Sofved.™

4253 Duluth Ave. ¢ Rocklin, CA 95765 ¢ Ph: 916.408.5038 ¢ Fax: 888.857.1215

RE: CIPP Sampling Method — Specification Section (15-6.11 A (4) Quality Control)

Field Quality Control:

CIPP Flat plate samples will not be cured in the pipe when doing a steam cure inversion. Any non-
essential foreign object should not be in the pipe during a steam cure. It could inhibit circulation,
cause a foreign heat sink and increase the chances of a condensation pocket. All these things could
prohibit a successful cure. The flat plate samples are made from the same tube and resin as the rest
of the CIPP liner. They are cured using the same steam over the same time period as the CIPP
Liner. They are placed in a bag and cured under a steam discharge point at one of the ends. They
are representative of the CIPP liner. Our Third Party Testing Laboratory only requires a 6” x 10”
specimen for each sample; we will provide one sample plate that is 12” x 24” that will be cut into thirds
for the 3 required samples. This sample curing method does not comply with the specification which
states “Place 3 each 6” x 16” aluminum plates clamped molds, each containing a flat plate sample,
inside CIPP during resin curing period.

The sampling method in this specification was written for a water inversion / water cure which has
become an obsolete method over the last few years when lining storm drains. The current methods
using an air inversion / steam cure prohibit placing the sample(s) inside the CIPP liner during cure.

Sincerely

SR S Cholin.

Todd Chalk
Project Manager
SAK Construction
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	Water Quality of Flow Through Cured‐In‐Place Pipe (CIPP) 
	Executive Summary 
	To conservatively measure the water quality impacts of CIPP methods, a small volume of water was introduced immediately after CIPP installations of 11 pipes. Minimizing the volume of water used to flush the pipes theoretically results in higher concentrations of chemical residuals from the CIPP installation materials. Water quality analysis for volatile organic compounds in samples taken from the induced flows demonstrated that adherence to the Caltrans specification for CIPP installation is sufficient to a
	For locations requiring protection of the most sensitive species immediately at the point of discharge, several CIPP options appear feasible for pipe rehabilitation. The present study was not designed to determine optimum enhancements to CIPP specifications, so duration of water diversion, duration of forced heated air post‐cure treatment, and minimum steam temperature are not specified here. While not tested in this study, enforcement of the maximum cool‐down rate for steam‐cured CIPP per the Caltrans spec
	For dry site conditions that require protection of aquatic species at the pipe outfall, consider a CIPP specification that restricts the contractor to the following options: 
	 
	 
	 
	UV cure, 

	 
	 
	Pull‐through or inversion installation, steam cure, and a water diversion, or 

	 
	 
	Pull‐through or inversion installation, steam cure, and forced heated air post‐cure treatment. 


	For wet soil site conditions that require protection of aquatic species at the outfall, consider a CIPP specification that restricts the contractor to the following options: 
	 
	 
	 
	UV cure, or 

	 
	 
	Pull‐through or inversion installation, minimum steam temperature of 240F, water diversion, and forced heated air post‐cure treatment. 
	o 
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	Introduction 
	Culverts are a vital part of California’s transportation system because they prevent flooding and erosion by channeling stormwater beneath highways. There are an estimated 205,000 culverts in the state highway system. Caltrans rates these culverts using three categories: good, fair, and poor. Current assessments predict that 62 percent are in good condition, 25 percent are in fair condition, and 13 percent are in poor condition. The culverts rated fair (approximately 51,000) require corrective maintenance t
	Numerous trenchless methods are available to rehabilitate these culverts with minimal impact to the public. Rehabilitation is usually less intrusive than other trenchless replacement techniques. One trenchless method used to rehabilitate pipe is cured‐in‐place pipe (CIPP). Installed correctly, CIPP technology represents not only cost savings, but could have less sediment‐based environmental impacts than other methods. However, the environmental impacts of this method have been questioned by California Regio
	‐

	A previous study by the Virginia Department of Transportation (VDOT) showed that there were residual styrene concentrations in the receiving waters at levels that would be toxic to fish (Donaldson and Baker 2008). Elevated styrene concentrations were generally attributed to poor installation and resin curing practices (Donaldson and Baker 2008) and not necessarily an inherent flaw with the product itself. Since the 2008 study, VDOT has revised its specifications, increasing the requirements for performance‐
	Though not always applicable to end‐of‐pipe discharges, toxicity thresholds are used as conservative points of comparison for discharges from CIPP. In addition to toxicity thresholds, the state has 
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	established a maximum contaminant level (MCL) for styrene in drinking water at 100 µg/L. 
	Environmental studies have shown that styrene biodegrades and volatilizes quickly in the environment (Fu and Alexander 1992), so the threat to the environment is reduced with time and distance to receiving waters. Fate and transport to the receiving water is an important factor that was not addressed in this study. Because CIPP in California is more often used on culverts with ephemeral flows, fate and transport to receiving waters could be an important consideration when selecting culvert rehabilitation me
	A systematic study based on the Caltrans specification can also reduce project‐specific costs. For example, the regulating agency required discharge concentrations to be verified for up to 60 days after installation of the Caltrans project under expenditure authorization (EA) 04‐264900. In addition to this requirement, a flushing procedure was imposed (CTC 2012). These requirements add substantial cost and time to CIPP projects. 
	The lack of water quality data from Caltrans CIPP installations prompted the present study. Data from this study could reduce the need for project‐specific analysis in the future. Data could also inform improvements to the Caltrans CIPP specification. 
	Water Quality Standards and Toxicity Thresholds 
	Thresholds for all volatile organic compounds (VOCs) found in reportable quantities are listed in Appendix B. Among these thresholds, limits for styrene were of principle concern. 
	For styrene, known toxicity lethal concentration (LC), effect concentration (EC), and no observable effect concentration (NOEC) thresholds may be appropriate for comparison to discharge from CIPP to nearby receiving waters depending on transport, flow, and beneficial uses of the receiving waters. In the following list, species and threshold (EC, LC, or NOEC) are listed from highest to lowest concentration and the ranges represent values from different studies, as summarized by Donaldson and Baker (2008). 
	 Amphipod 96‐hr LC50—9.5 mg/L 
	 
	 
	 
	Fathead minnow 96‐hr LC50—5.2 to 10 mg/L 

	 
	 
	Water flea 48‐hr EC50—4.7 mg/L  Amphipod 96‐hr NOEC—4.1 mg/L 

	 
	 
	Fathead minnow NOEC—2.6 to 4 mg/L 

	 
	 
	Rainbow trout 96‐hr LC50—2.5 mg/L 

	 
	 
	Freshwater green algae 96‐
	hr EC50—0.72 mg/L 


	 
	 
	Freshwater green algae 72‐
	hr NOEC—0.53 mg/L 


	 
	 
	Freshwater green algae 96‐hr NOEC—0.063 mg/L 


	The California Office of Environmental Health Hazard Assessment (OEHHA) set a public health goal (PHG) of 0.5 ppb for drinking water, based on carcinogen effects in test species (OEHHA 2010). PHGs are not regulatory standards and their application to surface waters is not appropriate. Surface water standards are available in the basin plans approved by the Regional Water Boards. 
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	The drinking water MCL is 100 ppb (CA Title 22 §64444) and this value is referenced in many California basin plans such as the Los Angeles Region Plan (Los Angeles Water Board 2014). Further, basin plans in California have narrative objectives for receiving waters that may be applicable to CIPP, particularly the prohibition of discharge materials that cause “visible film” in receiving waters (Central Valley Water Board 2016). 
	Problem Statement 
	Prior to this study, pollutant discharge concentrations at CIPP installations that followed the allowable CIPP installation methods in the Caltrans specification were not available. One of the notable challenges of implementing this trenchless culvert rehabilitation method using styrene‐based resins is the leaching of styrene, a VOC, into water that flows through the culverts. Thorough curing theoretically immobilizes styrene, but the degree of effectiveness in Caltrans installations should be assessed to e
	Study Design 
	This study investigates discharge concentrations of VOCs and tests additional procedures that may be adopted to minimize potential impacts to water quality. The study was designed to replicate a worse‐case scenario of runoff from a small storm flowing through a recently installed CIPP (within the same day). To obtain conservative (higher) water concentrations, a very low volume of water was used at a relatively high flow rate for that volume of water. A high rate increases the flow depth and the surface was
	The test scenarios were designed to study the most commonly implemented CIPP techniques within the Caltrans specifications, along with some of the methods in the specification that were assumed to be more protective of water quality. An inversion placement of a styrene‐based polyester resin with a preliner cured with steam is the most commonly used method. UV‐cured polyester and steam‐cured low VOC resins were considered the most environmentally benign alternatives (Donaldson and Whelton 2013), but cost con
	After the start of this project, Whelton et al. (2015) proposed a more predictive, laboratory‐based analysis approach and future field studies should consider whether augmentation with similar laboratory experiments could lead to the development of predictive models of water quality. 
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	The CIPP scenarios, setup, and sampling and analysis methods related to the present study are discussed in the sections that follow. 
	CIPP Test Scenarios 
	A series of scenarios were developed to test a variety of the steam‐and UV‐cured CIPP techniques allowed by the Caltrans specification. A few post‐cure enhancements were also considered to measure any improvement in post‐cure water quality. In addition, the effect of an extra preliner was tested. Post‐cure treatments and an extra preliner are enhancements to (not requirements of) the specifications. The scenarios are described in this section and in Table 1. They are organized by host pipe variation, instal
	Host Pipe Variation 
	Corrugated metal pipe (CMP) and reinforced concrete pipe (RCP) were selected as host pipe materials. Only one CIPP variation in the simulated field experiment used RCP host pipe. The remaining simulated field pipes and all the culverts in the field were CMP. 
	CIPP Installation Techniques 
	Inversion and pull‐in‐place were the two installation methods used in this study. The contractors reported that inversion is the preferred method because it reduces the risk of liner damage that sometimes results when pulling the liner through host pipe. All liners, once installed within the host pipe, were pressurized with air introduced into the liner to conform the liner to the host pipe and ensure proper fit during the curing process. 
	Inversion 
	CIPP liners were placed into position in the host pipes by inverting them using air pressure following procedures outlined in ASTM F2019‐11. This involved impregnating (off‐site wet out process) and storing the liners in refrigeration prior to installation. Once inverted and in position, the liners were in the correct orientation and ready to begin the curing process. 
	Pull‐in‐place 
	CIPP liners were pulled into place using a system of cables and a winch following procedures outlined in ASTM F2019‐11. Pulled‐in‐place liners were impregnated and refrigerated prior to installation into the host pipe. 
	Liner Variations 
	Liners are used to prevent excess uncured resin from leaving the host pipe and pooling in areas that are not adequately cured. Uncured resin outside of the host pipe could present a risk to groundwater. It could also travel along the exterior of the host pipe and discharge to the surface. 
	Preliner 
	The Caltrans specification requires a preliner for inversion installations. All inversion installations in the present study, except one, used a preliner and select installations used an extra preliner. 
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	Extra Preliner 
	The extra preliner variation was used for two of the inversion installations. 
	No Preliner 
	A preliner was not installed for the pulled‐in‐place variation as allowed in the Caltrans specification. A preliner is not typically used because the liner used for pull‐in‐place applications is installed with an outer impermeable membrane to protect the resin‐impregnated felt liner during placement of the liner into the host pipe. In addition, a preliner was not used on one of the non‐styrene resins. 
	Resin Variations 
	Two resins were used. Additives are used to reduce resin viscosity and improve uniform impregnation of the felt liner in a process called wet‐out. 
	Polyester‐Styrene Resin 
	CIPP liner felt tubes were impregnated with styrene‐based polyester resins during wet‐out operations prior to installation. These resins were used in all CIPP liners except for the low VOC variations. 
	Vinyl Ester (Low VOC) Resin 
	The low VOC resin variations selected used non‐styrene monomers in a vinyl ester resin. The wet‐out process performed was similar to the styrene‐based polyester resin variations process. 
	Curing Methods 
	Curing is critical to achieve the strength requirements of the liner. Curing also reduces the environmental impacts of uncured resin. 
	Steam Catalyst 
	Steam is used to raise the temperature of the liner to a level that will initiate a catalyst reaction in the liner resin. Steam was used in all but one of the CIPP installations. 
	Ultraviolet Light Catalyst 
	Ultraviolet light (UV) is used to initiate the curing process of the light reactive liner. UV‐cured liners are considered more environmentally friendly due to their shortened cure time and the lack of styrene liquid byproduct waste (condensate) that results from traditional steam‐cured installations. This technology does incur increased cost due to the required installation equipment and UV blocking film that protects the impregnated liner prior to installation and curing. 
	UV curing requires sophisticated computer‐controlled curing and monitoring equipment. The ultraviolet light required to catalyze the UV reactive resin impregnated liner is supplied by a light train as shown in Figure 1. Parameters, such as light intensity and pull‐through speed for the light train, were specified by the liner manufacturer initially and speed was monitored and adjusted on the fly during curing to ensure recommended curing temperatures were achieved. The Caltrans specification does not specif
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	Figure
	Figure 1. UV‐Cured CIPP Light Train Installation 
	Post‐Cure Treatments 
	Post‐cure treatments were proposed as methods to further the curing process or to increase volatilization of styrene. In either case, this treatment should reduce concentrations of styrene in subsequent water flushing events. Note that post‐cure treatment is not required in the Caltrans specification, however it was included in this study to determine if it resulted in a measurable change in water concentrations. 
	Forced Ambient Air Treatment 
	A fan forced ambient temperature air through the rehabilitated pipe after cool down. The fan operated for six hours. Figure 2 shows the field study forced ambient air post‐cure treatment. 
	Forced Heated Air Treatment 
	A shop furnace circulated heated air through the rehabilitated pipe after cool down. The fan operated for six hours. A heated air fan was placed for Pipe 11, which followed the post‐curing schedule for Pipe 
	10. The heated air fan used for this post‐cure treatment can be seen in Figure 3. 
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	Figure
	Figure 2. Forced Ambient Air Fan Post‐Cure Treatment 
	Figure
	Figure 3. Forced Heated Air Fan Post‐Cure Treatment 
	Field vs Simulated Field 
	A combination of field and simulated field water quality tests were performed on the CIPP rehabilitation system and covered several installation and post‐cure treatment scenarios. Because field studies are more expensive and difficult to identify, they were augmented by simulated field studies. Field studies are preferable as a test of actual conditions. Simulated studies in a more controlled environment are better suited to comparing test scenarios while controlling all other parameters. Agreement between 
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	conditions. Three field studies and eight simulated field studies were conducted, as presented in Table 
	1. The field studies followed test scenarios 1, 3, and 4. The simulated field studies followed all eight test scenarios. All test scenarios used 18‐in‐diameter pipe. Field Pipes 1, 10, and 11 had lengths of 37‐, 47‐, and 59‐ft, respectively. 
	Table 1. CIPP Test Scenarios for Field and Simulated Field Experiments 
	Test Scenario No. 
	Test Scenario No. 
	Test Scenario No. 
	Simulated Field Test Pipe No. (all lengths 20 ft.) 
	Field Test Pipe No. 
	Resin 
	Curing Method 
	Pipe Type 
	Preliner 
	Post‐Cure Treatment 
	Placement Method 

	1 control 
	1 control 
	Pipe 1 
	Pipe 1 
	Polyester Styrene 
	Steam 
	CSP 
	Yes 
	None 
	Invert 

	2 
	2 
	Pipe 2 
	NA 
	Polyester Styrene 
	Steam 
	CSP 
	No (Impermeable on both sides of tube) 
	None 
	Pulled 

	3 
	3 
	Pipe 3 
	Pipe 10 
	Polyester Styrene 
	Steam 
	CSP 
	Yes 
	Blown air* 
	Invert 

	4 
	4 
	Pipe 4 
	Pipe 11 
	Polyester Styrene 
	Steam 
	CSP 
	Yes + Extra Preliner* 
	Blown Warm Air* 
	Invert 

	5 
	5 
	Pipe 5 
	NA 
	Polyester Styrene 
	Steam 
	RCP 
	Yes 
	None 
	Invert 

	6 
	6 
	Pipe 6 
	Polyester Styrene 
	UV 
	CSP 
	No (Impermeable on both sides of tube) 
	None 
	Pulled 

	7 
	7 
	Pipe 7 
	Low VOC Vinyl Ester 
	Steam 
	CSP 
	Yes (Same as Scenario 1) 
	None 
	Invert 

	8 
	8 
	Pipe 8 
	Low VOC Vinyl Ester 
	Steam 
	CSP 
	No 
	None 
	Invert 


	*Signifies an enhancement that is not required in the Caltrans specification. 
	Due to contracting issues, the field studies and simulated field studies were performed over different seasons and with different contractors. The contractor variation, shown in Table 2, introduced unintended variables that, fortunately, provide additional insight into water quality outcomes, as will be discussed later in this report. Field study installations and sampling were performed during the month of September 2014. The simulated field studies were carried out from January to August 2016. 
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	Table 2. Contractor Variations for CIPP Test Scenarios 
	Contractor 
	Contractor 
	Contractor 
	Pipe/Culvert Nos. 
	Research Type 

	A 
	A 
	1, 10, and 11 
	Field (SR‐50) 

	B 
	B 
	1 and 7 
	Simulated Field 

	C 
	C 
	6 
	Simulated Field 

	D 
	D 
	2, 3, 4, 5 and 8 
	Simulated Field 


	Simulated field tests were performed to document pollutant discharge concentrations for current Caltrans CIPP installation materials and curing methods. The tests included steam and UV curing methods using styrene and non‐styrene resins. 
	Originally, field tests were to be performed at sites where CIPP installations took place to corroborate prior simulated field test results. However, due to project scheduling, the field tests occurred first. 
	The research coincided with a field project on SR‐50 in Kyburz using steam‐cured CIPP liners (the most commonly used method) where field sample collection was feasible. The simulated field experiments were conducted in an outdoor test environment on the California State University, Sacramento campus. 
	Three culverts of uniform liner type, liner thickness, and pipe diameter were selected from the referenced CIPP project on SR‐50. Additionally, the culverts selected had similar slopes and lengths to minimize variations in flow dosing equipment that would be required if slope and length varied substantially. The three culverts selected were numbered 1, 10, and 11 in the contract documents. 
	Setup 
	The setup for inducing flow was designed so that sufficient water could be introduced into the pipe to create a flow depth of three to four inches. The setup varied between field and simulated field test conditions due to access and target flow rate, as described later. For both field and simulated field tests, a containment system was constructed to eliminate any discharge of dry weather flow from the experiment. The discharge collected in the containment system was pumped to a collection vehicle and dispo
	Simulated Field Dosing System 
	A gravity flow dosing system (Figure 5) was designed and built to facilitate sample collection for the simulated field experiments. This system consisted of a 275‐gallon tank connected to 4‐inch flexible hose with a 4‐inch ball valve to control flow. A 90‐degree fitting was used at the end of the flexible hose to reduce in‐pipe velocities and increase depth of flow in the host pipe with installed CIPP liner. The dosing system was tested prior to the experiments to ensure the minimum depth of flow was achiev
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	(Figure 3). The dosing tank was placed on top of another 275‐gallon tank to attain sufficient pressure head to achieve the desired in‐pipe flow depth (Figure 4). 
	Figure
	Figure 4. Simulated Field Depth of Flow Verification Testing 
	Figure
	Figure 5. Simulated Field Dosing Tank Configuration 
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	Because of the lack of an available water supply at the simulated field experiment project site, the dosing system tanks were transported to the site on a flatbed equipment trailer (Figure 6 and Figure 7). 
	Figure
	Figure 6. Simulated Field Dosing System 
	Figure
	Figure 7. Simulated Field Dosing System Equipment Trailer 
	Field Dosing and Containment Systems 
	Pipe access, uneven terrain, and relative distance to uncontrolled traffic presented challenges during the field study. A gravity‐fed dosing system was originally conceived but mountainous terrain did not allow vehicle access to the upstream side of the culverts. Alternately, a dosing system utilizing pumps and an assembly of pipes and hoses was devised to introduce flow at the upstream end of the culverts from the culvert outfall. The dosing system consisted of 4‐inch pipes placed in the host culverts from
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	downstream end. Hoses connected the 4‐inch pipes, pumps, and water tanks. Analysis of pipe slope and length was used to estimate the flow and volume needed to reach the specified depth of flow in each pipe. The target flow calculation had to account for the presence of the 4‐inch pipe within the host pipe. The first week of sampling used two 2‐inch, gas‐powered trash pumps in parallel drawing from a 2000gallon water truck as shown in Figure 8. The third week of sampling used one 3‐inch trash pump drawing fr
	‐

	Figure
	Figure 8. Water Truck and Field Study Dosing System 
	Figure
	Figure 9. Four‐Inch Dosing System Pipe Placed In Rehabilitated Host Pipe 
	To prevent dry weather flow discharges during the field study, a capture system was constructed downstream of the culverts. Pipes 1 and 10 discharged to lined cofferdams that could capture 
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	approximately 1000 and 500 gallons of water, respectively (Figures 10 and 11). Pipe 11 discharged to a rectangular 200‐gallon tank that was abutted to the headwall of Pipe 11 (Figure 12). Water was transported in two 275‐gallon totes for offsite disposal (Figure 13). 
	Figure
	Figure 10. Field Pipe 1 Containment System 
	Figure 10. Field Pipe 1 Containment System 


	Figure
	Figure 11. Field Pipe 10 Containment System 
	Figure 11. Field Pipe 10 Containment System 
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	Figure
	Figure 12. Field Pipe 11 Containment System 
	Figure 12. Field Pipe 11 Containment System 


	Figure
	Figure 13. Effluent Recovery Totes 
	Figure 13. Effluent Recovery Totes 


	Water Quality Sampling and Analysis Methodology 
	Grab samples were collected from turbulent flow as water discharged from the pipes. Each grab sample was collected in triplicate, as requested by the laboratory. Induced flow was performed on a schedule based on an increasing geometric progression in an attempt to weight the samples toward the period 
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	just at the end of the curing process. To start the schedule, the first sample was taken six hours after cool down. Subsequent sampling for each pipe occurred at 12 hours, 24 hours, 48 hours, and 96 hours after cool down for both field and simulated field studies. 
	Simulated Field Experiment Sampling Variation 
	A single condensate sample was collected and analyzed for each steam‐cured installation during the simulated field experiment. Condensate samples were collected from stagnant liquid so they are not considered well‐mixed. 
	The UV‐cured liner did not yield any condensate so a condensate sample was not collected for this variation. In lieu of a condensate sample, the UV‐cured liner was flushed two hours after final cool down using the same protocol as used on the experimental runs previously described. 
	Field Experiment Sampling Variation 
	Initially, samples were collected in the downstream containment systems immediately after flows subsided for Pipes 1, 10, and 11 during Run 1 and Pipes 1 and 10 during Run 2. This was performed to analyze a well‐mixed sample from all the water that was exposed to the CIPP. However, it was observed that an oily sheen quickly developed after flushing the CIPP and that the sheen was not uniformly distributed across the containment. This quick separation of volatiles from the water column was later confirmed by
	Additional samples were collected at 13 days, 15 days, and 17 days, when sample results verified that concentrations reached non‐detect levels. 
	Sample Handling Procedures 
	Prior to introducing flow, sample containers supplied by the laboratory were prepared for each sample collection. This involved affixing proper labeling to sample containers, placing sample containers inside a sealable plastic bag to prevent contamination, and storing sample containers in ice chests. 
	A strict protocol was followed during experiment runs to ensure a high standard of sample integrity. This required a minimum of three people to conduct experiment runs and sample collection as follows: 
	 
	 
	 
	Two team members were required to wear appropriate personal protection equipment including safety glasses, nitrile gloves, work boots, long pants, safety vests, and hard hats during liner installation operations or while working near traffic. 

	 
	 
	One team member held the sealable bag containing prepared sample containers during sample collection while a second team member retrieved individual sample containers. The sample container was opened by the second team member, a sample was collected, and the sealed sample container was placed back in to the sealable bag. This process ensured that only one team member handled sample containers during collection, minimizing the risk of contamination. 
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	 
	 
	 
	The remaining team members were in position at the dosing rig to introduce flow to the host pipe and facilitate sample collection at the pipe outfall. 

	 
	 
	Once samples were collected, they were stored and transported with ice. Specified hold times for samples were never exceeded during the field experiment. 


	Analytical Methods 
	In December of 2010, CalEPA and the Office of Environmental Health Hazard Assessment established a public health goal (PHG) of .5 ppb or 0.5 µg/L for styrene. This is not an enforceable regulation, but it was considered as a potential minimum reporting level when selecting an analytical method and laboratory. The analytical method used for both simulated field and field experiment sample analysis was EPA 8260B (Volatile Organic Compounds by Gas Chromatography/ Mass Spectrometry). The same analytical laborat
	Experience and Visual Observations 
	After each test, the perimeter of the project area was inspected for any discharge. In all cases, the containment systems were effective and all field and simulated field tests were conducted without discharge of water from the test areas. Samples were successfully taken without observation of any contamination issues during the collection process. 
	Field 
	Three CIPP culvert rehabilitation installations that occurred on the same day within a 1.2‐mile section of roadway on State Route 50 (SR‐50) between Silverfork and Kyburz, CA, constituted the field experiment. Each test used approximately 200 to 300 gallons of water at a flow rate of approximately 300 gallons per minute. 
	Sampling teams noted the presence of chemical odors. Throughout the field trials, Pipe 11 had the most consistent odor. Pipe 11 was observed to have water weeping from the sides of the highway embankment, which is an indication of saturated conditions around the exterior of the pipe. A small quantity of fluid was also observed dripping from the exterior of the CIPP at a rate of a few drips per minute. However, the flow was so low that it could not be determined whether the flow was seeping along the outside
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	Further downstream, a sheen was also observed (Figure 15), but that could be due to decaying vegetation. Odors at Pipes 1 and 10 dissipated substantially faster and were nearly undetectable by the fourth day. Odor was not detected at any location during the final week of sample collection. 
	The sampling teams also noted that an oily sheen developed within seconds of the end of flow into the containment systems. 
	Figure
	Figure 14. Oily Sheen Immediately Downstream of Field Pipe 11, 48 Hours After Final Cool Down 
	Figure 14. Oily Sheen Immediately Downstream of Field Pipe 11, 48 Hours After Final Cool Down 
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	Figure
	Figure 15. Oily Sheen 20 Yards Downstream of Field Pipe 11, 48 Hours After Final Cool Down 
	Figure 15. Oily Sheen 20 Yards Downstream of Field Pipe 11, 48 Hours After Final Cool Down 


	Simulated Field 
	Eight pipe rehabilitation installations occurred on the California State University, Sacramento campus. These installations consisted of one control experiment and seven variations (Table 1). The experience with the contractors varied substantially. For the UV‐cured installation, the contractor was well‐prepared and a consultant was onsite to observe the installation and ensure all the appropriate submittals were received by the study team. For Pipes 2, 3, 4, 5, and 8, the contractor was equally prepared an
	In contrast, the contractor that installed liners at Pipes 1 and 7 mobilized without bringing a preliner. After some questioning, it was determined that the contractor was not very experienced in complying with the Caltrans specification. The contractor rescheduled the installation. Then, during the installation of Pipe 7, the liner punched through the preliner during the inverted installation process. This may have been due to the preliner slipping in the pipe during inversion installation of the uncured C
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	schedule. The lack of a full preliner was not likely to have a substantial impact on an installation of new host pipe that does not have any joints or voids. While the preliner issues may not have been important in this case, it may indicate that inexperienced contractors may provide lower quality installations that in turn effect water quality and long term costs. In practice, this installation would have been rejected as not following the Caltrans specification. 
	Results 
	This section includes water quality data for styrene, materials testing results, meteorological data, and temperature logs. Results for all other constituents and QA/QC data is contained in Appendix B. Constituent detection frequencies are also shown in Appendix B. Besides styrene, no VOCs were measured at concentrations above known toxic thresholds. 
	Styrene Data 
	CIPP Effluent 
	Styrene results from the field study are presented in Figure 16. Results are not presented here for the 6hour samples for field Pipes 1, 10, and 11, or for the 12‐hour samples of Pipes 1 and 10 because they are not representative of the well‐mixed flow typically found in culverts and streams. All results are reported in Appendix B. 
	‐

	0 20 40 60 80 100 120 0 2 4 6 8 10 12 14 16 18 Styrene (ppb) Days Past Initial Curing SR‐50 Pipe 1: Control SR‐50 Pipe 10: Forced Ambient Air Post‐Cure Treatment SR‐50 Pipe 11: Extra Preliner, Forced Heated Air Post‐Cure Treatment MCL Drinking Water Algae Toxicity (NOEC) 
	Figure 16. Field Experiment Styrene Results 
	Figure 16. Field Experiment Styrene Results 


	Styrene results from the simulated field study are presented in Figures 16 and 17. Samples were taken up to 96 hours after curing. Additional sampling was not required because the simulated field pipes did 
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	not actually convey stormwater and there would be no lingering environmental impact. Figure 17 shows laboratory results for styrene from the simulated field study. 
	0 20 40 60 80 100 120 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 Styrene (ppb) Days Past Initial Curing Pipe 1: Control Pipe 2: No Preliner, Pulled Placement Pipe 3: Forced Ambient Air Post‐Cure Treatment Pipe 4: Extra Preliner, Forced Heated Air Post‐Cure Treatment Pipe 5: Reinforced Concrete Pipe Pipe 6: UV‐Cured Resin Pipe 7: Low VOC Resin Pipe 8: No Preliner, Low VOC Resin MCL Drinking Water Algae Toxicity (NOEC) 
	Figure 17. Simulated Field Experiment Styrene Results 
	Figure 17. Simulated Field Experiment Styrene Results 


	Simulated Field Condensate 
	The results of the condensate analysis are not relevant to water quality of flow through CIPP because the condensate should not be permitted to escape into the environment during typical steam‐cured CIPP installations. Though they are not discussed in this report, the condensate sample results appear in Appendix B. 
	Water Source and Dosing System 
	Figure 18 shows a comparison of simulated field influent, water source, and experiment water quality sample results for styrene. The simulated field influent represents water that flows from the dosing tank and through the hose to the CIPP. The simulated field hose bib results are for water taken as it enters the dosing system tank. The analysis results of both were so dominated by non‐detect values that the box plot displays as a single line, which indicates that both 25percentile and 50percentile concentr
	th 
	th 
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	Figure
	Figure 18. Box Plot Comparing Styrene Concentrations for Dosing Systems and Source Water 
	Figure 18. Box Plot Comparing Styrene Concentrations for Dosing Systems and Source Water 


	Meteorological Data 
	Figure 19 shows a comparison of average daily atmospheric temperatures for the field and simulated field studies. Ambient temperature does not appear to be an important factor. Though the simulated field control (Simulated Field Pipe 1) was constructed in a cooler environment and had higher concentrations compared to other simulated experiments, the ambient temperature was similar to the field conditions and concentrations of styrene were all lower than the simulated control at Day 4. 
	40 45 50 55 60 65 70 75 80 85 90 0 2 4 6 8 10 12 14 16 18 Temperature (°F) Days Past Initial Curing Pipe 1: Control Pipe 2: No preliner, Pulled Placement Pipes 3 & 8 Pipes 4 & 5 Pipe 6: UV‐Cured Resin Pipe 7: No VOC Resin SR‐50 Pipes 1, 10, &11 
	Figure 19. Comparison of Daily Mean Temperatures During Sampling Activities 
	Figure 19. Comparison of Daily Mean Temperatures During Sampling Activities 
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	Precipitation and humidity varied substantially as demonstrated in Figures 20 through 23. These figures include data from days prior to installation where precipitation was reported. Precipitation increases soil moisture, especially at the simulated field test site where soils were exposed to direct precipitation. In contrast, soils at the field test sites were almost completely covered with pavement, so soil moisture in the field was driven by sub‐surface hydrology. 
	In the simulated field test, there was considerable contrast in soil moisture due to precipitation. Cumulative precipitation for simulated field Pipes 1 and 7 (Figure 20) totaled over 2 inches. Relative humidity was always 70 percent or higher. Cumulative rainfall was even higher just prior to installation of simulated field Pipe 6 (Figure 21), but pre‐installation humidity was lower. Simulated field Pipes 2, 3, 4, 5, and 8 were constructed in dry conditions with much lower humidity (Figure 22). The field s
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	Figure 20. Simulated Field Pipes 1 & 7 Cumulative Precipitation and Relative Humidity Data 
	Figure 20. Simulated Field Pipes 1 & 7 Cumulative Precipitation and Relative Humidity Data 
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	0 10 20 30 40 50 60 70 80 90 100 0 0.5 1 1.5 2 2.5 3 Relative Humidity (%) Precipitation (in.) Sample Taken CSUS Cumulative Precipitation Bryte Park Relative Humidity 
	Figure 21. Simulated Field Pipe 6 Cumulative Precipitation and Relative Humidity Data 
	Figure 21. Simulated Field Pipe 6 Cumulative Precipitation and Relative Humidity Data 
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	Figure 22. Simulated Field Pipes 2, 3, 4, 5 & 8 Cumulative Precipitation and Relative Humidity Data 
	Figure 22. Simulated Field Pipes 2, 3, 4, 5 & 8 Cumulative Precipitation and Relative Humidity Data 
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	Figure 23. Field Pipes 1, 10 & 11 Cumulative Precipitation and Relative Humidity Data 
	Figure 23. Field Pipes 1, 10 & 11 Cumulative Precipitation and Relative Humidity Data 


	Temperature Cure Log Data 
	Cure log data including steam temperatures and thermal couple temperatures were recorded during steam‐cured installations. Temperatures at the individual sections of the light train were recorded for the UV‐cured installation. The data for simulated field cure logs are presented in Figure 24. While the temperature data for both steam‐cured and UV‐cured installations are presented in Figure 24, a direct comparison between the two is not appropriate due to vastly different catalyzing methods and technologies.
	The Caltrans specification requires the contractor to follow the cure temperature and schedule provided in a work plan submitted in advance of the CIPP installation. All contractors complied with this requirement, however, in all cases the contractors did not describe in their work plans a cool‐down period that is compliant with the Caltrans maximum cool‐down rate of 15 to 20° F/hr. The cool‐down rates were 3 and 10 times the maximum allowed rate as observed in Figure 26. This requirement does not apply to 
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	0 50 100 150 200 250 300 0:00 0:15 0:30 0:45 1:00 1:15 1:30 1:45 2:00 2:15 2:30 2:45 3:00 3:15 Temperature (°F) Elapsed Curing Time (hours) Simulated Field Cure Log Data Pipe 1: Control Steam Pipe 1: Control Thermal Interface Pipe 2: No Preliner, Pulled Placement Steam Pipe 2: No Preliner, Pulled Placement Thermal Interface Pipe 3: Forced Ambient Air Steam Pipe 3: Forced Ambient Air Thermal Interface Pipe 4: Extra Preliner, Forced Heated Air Steam Pipe 4: Extra Preliner, Forced Heated Air Thermal Interface 
	Figure 24. Simulated Field Cure Log Data 
	Figure 24. Simulated Field Cure Log Data 
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	0 50 100 150 200 250 300 350 0:00 0:15 0:30 0:45 1:00 1:15 1:30 1:45 2:00 2:15 2:30 2:45 3:00 Temperature (°F) Elapsed Curing Time (Hours) SR‐50 Pipe 1: Control Boiler In SR‐50 Pipe 1: Control Boiler Out SR‐50 Pipe 1: Control Thermal Interface SR‐50 Pipe 10: Forced Ambient Air Post‐Cure Treatment Boiler In SR‐50 Pipe 10: Forced Ambient Air Post‐Cure Treatment Boiler Out SR‐50 Pipe 10: Forced Ambient Air Post‐Cure Treatment Thermal Interface SR‐50 Pipe 11: Extra Preliner, Forced Heated Air Post ‐Cure Treatme
	Figure 25. Field Cure Log Data 
	Figure 25. Field Cure Log Data 
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	Figure 26. Field and Simulated Field Thermal Couple Data 0 50 100 150 200 250 300 0:00 0:15 0:30 0:45 1:00 1:15 1:30 1:45 2:00 2:15 2:30 2:45 3:00 3:15 Temperature (°F) Elapsed Curing Time (hours) Pipe 1: Control Thermal Interface Pipe 2: No Preliner, Pulled Placement Thermal Interface Pipe 3: Forced Ambient Air Post‐Cure Treatment Thermal Interface Pipe 4: Extra Preliner, Forced Heated Air Post‐Cure Treatment Thermal Interface Pipe 5: Reinforced Concrete Pipe Thermal Interface Pipe 7: No VOC Resin Thermal 
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	0 50 100 150 200 250 300 0:00 0:15 0:30 0:45 1:00 1:15 1:30 1:45 2:00 2:15 2:30 2:45 3:00 Temperature (°F) Elapsed Curing Time (hours) Pipe 1: Control Steam Pipe 2: No Preliner, Pulled Placement Steam Pipe 3: Forced Ambient Air Post‐Cure Treatment Steam Pipe 4: Extra Preliner, Forced Heated Air Post‐Cure Treatment Steam Pipe 5: Reinforced Concrete Pipe Steam Pipe 7: No VOC Resin Steam Pipe 8: No Preliner, No VOC Resin Steam SR‐50 Pipe 1: Control Boiler Out SR‐50 Pipe 10: Forced Ambient Air Post‐Cure Treatme
	Figure 27. Field and Simulated Field Steam Temperature Data 
	Figure 27. Field and Simulated Field Steam Temperature Data 


	Discussion 
	Concentrations of most volatile organic compounds were below reporting limits for most water quality samples taken during the field study and simulated field study. The present study focused on styrene results. Figure 28 compares the field and simulated field styrene concentrations for the styrene‐based CIPP. Six and twelve‐hour results were excluded since this data was not collected in a consistent manner between field and simulated field test runs. The median values are nearly identical. The upper percent
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	tests experienced both saturated and unsaturated soil conditions and the resulting concentrations are comparable for the styrene CIPP (Figure 28), both data sets are considered in the discussion of the effects of CIPP installation test scenarios on styrene concentrations. A general discussion of results is followed by a discussion of the control installations and the effects of the individual test scenarios. 
	Figure
	Figure 28. Box Plots Comparing Field and Simulated Field Styrene Data from Styrene‐Based CIPP Installations for 24‐, 48‐, and 96‐hour Samples 
	Figure 28. Box Plots Comparing Field and Simulated Field Styrene Data from Styrene‐Based CIPP Installations for 24‐, 48‐, and 96‐hour Samples 


	General Trends 
	Figure 29 compares all results for styrene in the first 96 hours. Theoretically, a rapid decline is expected as curing completes and subsequent water flushing events remove accumulated styrene. However, both field and simulated field test results indicate that styrene continues to diffuse across the inner liner as evidenced by increasing concentrations after flow was induced for the water quality tests. The increase in concentration is expected. After the initial sample, the geometric time series sampling i
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	into the air within the pipe. Although some variability can be attributed to sampling technique, the variation would be random among events. Instead, each pipe followed a similar trend in concentration spike sometime prior to the 48hour, which further supports the theory that the resin is not completely cured at final cool down and curing continues over several days. 
	th 

	0 20 40 60 80 100 120 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 Styrene (ppb) Days Past Initial Curing Pipe 1: Control Pipe 2: No Preliner, Pulled Placement Pipe 3: Forced Ambient Air Post‐Cure Treatment Pipe 4: Extra Preliner, Forced Heated Air Post‐Cure Treatment Pipe 5: Reinforced Concrete Pipe Pipe 6: UV‐Cured Resin Pipe 7: Low VOC Resin Pipe 8: No Preliner, Low VOC Resin SR‐50 Pipe 1: Control SR‐50 Pipe 10: Forced Ambient Air Post‐Cure Treatment SR‐50 Pipe 11: Extra Preliner, Forced Heated Air Post ‐Cure Treatment
	Figure 29. Field and Simulated Field Styrene Results through Day 4 
	Figure 29. Field and Simulated Field Styrene Results through Day 4 


	Field 
	All field experiments resulted in concentrations that were immediately (without dilution or fate and transport losses) protective of the most sensitive species (algae) within four days. Concentrations varied for Pipe 11 through the 13day. After Day 13, the concentrations in Pipe 11 decreased linearly to a non‐detect value at Day 17. For Pipes 1 and 10, concentrations varied until Day 4. After Day 4, the concentrations in Pipes 1 and 10 decreased in a fairly linear fashion to a non‐detect value at Day 17. Th
	th 

	Initial 6‐hour samples for all pipes and the 12‐hour samples for Pipes 1 and 10 were at or near reporting limits (Appendix B) due to collection of samples in the quiescent containment systems. Comparison of water samples from turbulent and non‐turbulent flow indicates that concentrations in quiescent flow may be much lower than concentrations in fully turbulent flow. This may have implications in assessing environmental risk based on the flow regime of downstream receiving waters. 
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	Simulated Field 
	All simulated field experiments resulted in concentrations that would be immediately protective of the most sensitive species (algae) within four days, except for the control (simulated field Pipe 1). The simulated field Pipe 1 had the following combination of site characteristics that was unique among the polyester resin CIPP for both field and simulated field tests: 
	 
	 
	 
	Low ambient air temperature (<62°F compared to >75°F for all other styrene‐based, steam‐cured CIPP), 

	 
	 
	Saturated embankment and soil moisture (lack of impervious pavement above Simulated Field Experiment), and 

	 
	 
	Lower steam temperature (<200°F compared to >240°F for all other styrene‐based, steam‐cured CIPP) 


	Lower steam temperature, lower maximum thermal couple temperature, and shorter duration above recommended minimum cure temperature (hold time) may have been factors contributing to elevated styrene concentrations in simulated field Pipe 1. Steam temperature in Pipes 2, 3, 4, 5, and 8 were in the 240 F to 250 F range for the duration of the curing hold time while the steam temperature in simulated field Pipe 1 ranged from 165 F to 195 F, approximately, during the curing hold time (Figure 27). 
	Ambient air temperatures were also cooler during the installation of simulated field Pipe 1 (Figure 28). This difference was due to seasonal air temperature variations as a result of installation schedules. Simulated field Pipe 1 was installed in March 2016, while the remaining styrene‐based resin impregnated liners were installed in August 2016 when daily mean temperatures are much higher and daily maximum temperatures are regularly near 95F. 
	While ambient air temperatures may have contributed to the elevated styrene detection in simulated field Pipe 1, lower steam temperatures and saturated soils are likely more important factors because similarly low ambient air temperatures for the field control (Pipe 1) did not result in similarly high styrene concentrations. 
	Reconsidering Appropriate Control Test Scenarios 
	The unique environmental and curing conditions for simulated field Pipe 1 discussed in the previous section were not anticipated in the study design. Because of these conditions, simulated field Pipe 1 is an inappropriate control to compare against other CIPP variations in the simulated field study. Consequently, the other CIPP variations in the simulated field study should be compared to alternative controls. Figure 30 shows a comparison of styrene concentrations for both control installations and simulate
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	the host pipe was a single (no joints) piece of new pipe and so there were no sharp edges along the interior of the pipe. 
	Simulated field Pipe 1, however, may be the most appropriate control for field Pipe 11 because they share the same environmental condition of high soil moisture. The notable difference is Pipe 1 was cured with a lower steam temperature, so simulated field Pipe 1 does not control for all parameters in the Pipe 11 scenario. An imperfect control limits the conclusions that can be drawn for the Pipe 11 scenario. 
	Pipe 5 was also considered as a potential control since the only difference between simulated field Pipe 1 and Pipe 5 is host pipe. The question is whether a difference in host pipe has a greater effect on curing compared to the pull‐through installation method used in simulated field Pipe 2. Since the results for simulated field Pipe 1 and field Pipe 11 indicate soil moisture affects curing—presumably by causing a heat sink—a difference in host pipe could also affect curing effectiveness due to differing t
	0 20 40 60 80 100 120 140 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 Styrene (ppb) Days Past Initial Curing Pipe 1: Control Pipe 2: No Preliner, Pulled Placement Pipe 5: Reinforced Concrete Pipe SR‐50 Pipe 1: Control 
	Figure 30. Comparison of Styrene Results for Field Control, Simulated Field Control, and Control Alternatives 
	Figure 30. Comparison of Styrene Results for Field Control, Simulated Field Control, and Control Alternatives 


	Where appropriate, simulated field Pipe 2 will replace simulated field Pipe 1 in figures to compare to a control that does not have high soil moisture. 
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	Effects of CIPP Test Scenarios 
	Post‐Cure Treatments 
	Post‐cure treatments did not appear to have noticeable effects on styrene concentrations in field tests. 
	For field Pipe 11, this may be due to the larger effect of other factors such as saturated soil conditions. Continual diffusion across the inner liner minimizes the benefit of rinsing or blown ambient air because these practices do not reduce the amount of uncured resin behind the liner that will continue to diffuse after the post‐cure treatment is removed. 
	Figure 31 shows a comparison of forced ambient air post‐cure treatment styrene results to results from control conditions. In simulated field trials, forced ambient air appeared to delay the increase in styrene concentration, but the magnitude was unaffected. Forced ambient air did not effect when concentrations fell below the NOEC for algae (63 ppb). In field trials the control was always below the algae NOEC, so any improvement offered by forced ambient air would not have practical implications. In consid
	0 20 40 60 80 100 120 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 Styrene (ppb) Days Past Initial Curing Pipe 2: No Preliner, Pulled Placement Pipe 3: Forced Ambient Air Post‐Cure Treatment SR‐50 Pipe 1: Control SR‐50 Pipe 10: Forced Ambient Air Post‐Cure Treatment 
	Figure 31. Comparison of Styrene Results for Forced Ambient Air and Control Conditions 
	Figure 31. Comparison of Styrene Results for Forced Ambient Air and Control Conditions 


	Figure 32 shows a comparison of styrene concentrations from simulated field control and forced heated air post‐cure treatment for CIPP in unsaturated soil conditions. Forced heated air resulted in all concentrations below the NOEC for algae. In this case, water diversions are not needed to be protective of all aquatic species. 
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	Figure 32. Comparison of Styrene Results for Forced Heated Air in Dry Control Conditions 
	Figure 32. Comparison of Styrene Results for Forced Heated Air in Dry Control Conditions 


	Styrene results in Figure 33 compares the control for saturated soil conditions (simulated field Pipe 1) to the forced heated air post‐cure treatment (field Pipe 11). The concentrations in the field forced heated air scenario were substantially lower at Day 4, but because the control had substantially lower steam temperatures that could have caused the concentration on Day 4 to remain high, the results are not conclusive. 
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	0 20 40 60 80 100 120 140 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 Styrene (ppb) Days Past Initial Curing Pipe 1: Control (For Saturated Soil Conditions) SR‐50 Pipe 11: Extra Preliner, Forced Heated Air Post‐Cure Treatment 
	Figure 33. Comparison of Styrene Results for Forced Heated Air Post‐Cure Treatment and Saturated Soil Control Conditions 
	Figure 33. Comparison of Styrene Results for Forced Heated Air Post‐Cure Treatment and Saturated Soil Control Conditions 


	Extra Preliner 
	Figures 32 and 33 compare styrene from CIPP with an extra preliner to control scenarios. The effect of an extra preliner on the results is difficult to assess because forced heated air was also used in both scenarios using a preliner and thus obscures any benefit of the extra preliner. The extra preliner, being on the exterior of the CIPP material, would presumably help reduce diffusion of volatiles toward the host pipe and surrounding soils, but this study was not designed to test that effect. The field sc
	Resins 
	Non‐styrene resins clearly will have an impact on styrene concentrations, as shown in Figure 17. The concern with non‐styrene resin was whether there were other constituents in the water that would be measured at concerning concentrations. For the measured constituents, no known environmental thresholds were exceeded (all data can be found in Appendix B). However, the MSDS product information on the alternative monomer used was redacted for proprietary purposes, so the exact monomer used may not have been t
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	weeks, requiring proprietary information and an increased lead time for MSDS submittal may limit the likelihood that this approach is used. 
	Cure Method 
	Cure method had a clear benefit to the most concerning constituent, styrene. UV curing was clearly superior and the other volatile concentrations detected were all measured at levels below known environmental thresholds. The only detectable concentrations occurred in the samples taken 2 and 6 hours after curing. 
	Host Pipe Material 
	Examination of the data in Figure 17 shows that RCP may impede complete curing as evidenced by higher concentrations compared to simulated field Pipe 2 (the presumed control for the simulated field study). 
	0 20 40 60 80 100 120 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 Styrene (ppb) Days Past Initial Curing Pipe 2: No Preliner, Pulled Placement Pipe 5: Reinforced Concrete Pipe 
	Figure 34. Comparison of Simulated Field Pipes 2 & 5 
	Figure 34. Comparison of Simulated Field Pipes 2 & 5 


	Liner Installation Method 
	There is no evidence in this study that installation method affects water quality results. Figure 35 shows that, at each of the common sample times, concentrations are similarly variable in magnitude and range of values. However, the inversion installation seems to be preferred to minimize damage to the liner during the installation process. 
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	0 20 40 60 80 100 120 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 Styrene (ppb) Days Past Initial Curing Pipe 2: No Preliner, Pulled Placement SR‐50 Pipe 1: Control 
	Figure 35. Comparison of Field Pipe 1 and Simulated Field Pipe 2 
	Figure 35. Comparison of Field Pipe 1 and Simulated Field Pipe 2 


	Overall Data Observations 
	Though this study did not include replication, the preponderance of the data from field and simulated‐field experiments indicates that CIPP, with some care in enforcing the Caltrans specification and delaying the reintroduction of natural flow, will result in concentrations of VOCs that will not likely impact downstream receiving waters. To be protective of water flowing through the CIPP, enhancements may be necessary to protect the most sensitive aquatic species. Additional enhancements may be necessary fo
	The water quality results, in terms of protection of aquatic species, can be categorized by soil conditions. For unsaturated soil conditions, UV‐cured resin, styrene‐free resin, and steam‐cured, styrene‐base resin with forced heated air treatment would be protective of all aquatic species without the need to divert flow. For all other scenarios, water cannot be allowed to flow through the pipe until 96 hours after CIPP installation. For saturated soil conditions, UV‐cured and non‐styrene CIPP met all water 
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	Potential Impact on CIPP Specifications 
	Generally, the Caltrans specifications for UV and steam‐cured CIPP are sufficiently protective of the most sensitive aquatic species (algae) after a four‐day waiting period before allowing flows through the CIPP. By Day 4, all water flowing through the CIPP, without dilution into a receiving water, was below the NOEC for algae in all but one of the 11 tests in this study. Concentrations never exceeded toxicity thresholds for any other test species. Consequently, enhancements to the specification is discusse
	Specification enhancements are presented according to soil moisture conditions since this appears to be the most critical site condition identified by this study. Consequently, soil moisture testing should be considered during planning stages. Project timing may dictate that soil moisture testing be performed in a prior year during the proposed time of year for the CIPP work. Alternatively, soil moisture testing could also be added to the CIPP specification as a requirement prior to developing the CIPP work
	CIPP specification enhancement may not be appropriate for all receiving water conditions. As discussed earlier, sample collection was switched from sampling the capture volume to sampling the pipe flow. The phenomena of rapid separation of volatiles in quiescent water, as observed in the initial field samples taken from the containment system, was previously concluded by Fu and Alexander (1992), who report almost complete volatilization of styrene in the environment within 40 hours. Consequently, distance t
	The CIPP specification enhancements suggested in this report are also conservative because the high flow conditions relative to very low volumes compared to storm volumes should result in conservative (high) concentrations. Higher storm or stream flow volumes should increase dilution. 
	Unsaturated Soils 
	To be immediately protective of the most sensitive aquatic species for CIPP installed in unsaturated soils, stream flows should be diverted for at least four days after CIPP installation for culverts that discharge directly to receiving waters. For dry culverts that do not have a diversion in place, the specification should prohibit installation when rainfall is predicted within four days. Scheduling installations during the dry season is already common to avoid the need to bypass large storm flows, but 
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	a specification requirement for dry season work will also help minimize saturated soil conditions. In cases where diversions are impractical, the results of this study indicatethat UV‐cured resin or steam‐cured resin with forced heated air methods are protective of water quality without the need to divert flows after curing. 
	s 

	Saturated Soils 
	Additional specification enhancements may be necessary to be protective of the most sensitive aquatic species for CIPP installed in saturated soils because the simulated field control (simulated field Pipe 1) still had concentrations that would impact algae at Day 4. Sampling stopped at Day 4 for the simulated field tests, so it is not possible to estimate an appropriate period to maintain flow diversions. The field test with saturated soils at Pipe 11 was protective of algae within four days but it had two
	Another potential mitigation for cases with saturated soils is to require the contractor to use non‐styrene resin or UV‐cured polyester resin. UV‐cured polyester resin had no observable environmental effects and its use would eliminate need to divert flow. The environmental effects of non‐styrene resins are less clear. Non‐styrene resin suppliers commonly redact proprietary resin information and the current specification does not identify the specific alternative. Adding a post‐cure water testing requiremen
	CIPP Options for Locations Requiring Immediate Protection of Sensitive Aquatic Species 
	For locations requiring protection of the most sensitive species immediately at the point of discharge, several CIPP options appear feasible for pipe rehabilitation. The present study was not designed to determine optimum enhancements to CIPP specifications, so duration of water diversion, duration of forced heated air post‐cure treatment, and minimum steam temperature are not specified here. While not tested in this study, enforcement of the maximum cool‐down rate for steam‐cured CIPP per the Caltrans spec
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	For dry site conditions that require protection of aquatic species at the pipe outfall, consider a CIPP specification that restricts the contractor to the following options: 
	 
	 
	 
	UV cure, 

	 
	 
	Pull‐through or inversion installation, steam cure, and water diversion, or 

	 
	 
	Pull‐through or inversion installation, steam cure, and forced heated air post‐cure treatment. 


	For wet soil site conditions that require protection of aquatic species at the outfall, consider a CIPP specification that restricts the contractor to the following options: 
	 
	 
	 
	UV cure, or 

	 
	 
	Pull‐through or inversion installation, minimum steam temperature of 240F, water diversion, and forced heated air post‐cure treatment. 
	o 
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	Appendix A: Literature Review 
	This literature review was conducted in 2014 prior to the initiation of the field and simulated field tests described in the Final Report. This appendix contains a summary of key findings from the preliminary investigation (CTC and Associates 2012) and it reviews additional literature that was published since the preliminary investigation. This review also summarizes information on styrene characteristics, non-styrene alternatives, and environmental thresholds. The additional literature was reviewed to chec
	Preliminary Investigation 
	In the preliminary investigation of this study several states were contacted to determine their use of CIPP and document any known issues related to styrene. Eleven of the 15 states contacted had used CIPP for pipe rehabilitation. Nine of those did not report water quality issues or regulatory concerns (CTC and Associates 2012). 
	Four states reported water quality issues: New York, Oregon, Virginia, and Washington. The New York Department of Transportation found concerning amounts of styrene and consequently revised their specifications. Oregon reported extremely high concentrations (174 ppm), but those were attributed to failure to divert incoming water. Virginia initially found reported concentrations at potentially toxic levels. Water quality issues in the Virginia study were proposed to be related one or more of the following ob
	Additional Literature since the 2012 Preliminary Investigation 
	Styrene concentrations are found to vary among CIPP projects. In a follow up to the 2008 Virginia DOT study, Donaldson explored the water quality impacts other CIPP and coatings that were installed following improved installation specifications. The different determinants were the type of curing that was conducted (UV or steam), and the type of resin or coating material (fiber sock or polyuria spray-on coating). The research concluded that styrene levels from UV CIPP installation were lower than that of con
	Donaldson (2013) evaluated vinyl ester as a non-styrene alternative CIPP material. UV curing of traditional styrene-based CIPP was also analyzed. Vinyl ester was found to cause toxicity when samples were soaked for up to 120 days. UV-cured CIPP showed more promise in field tests, but one of the soaked samples exceeded toxicity thresholds. Traditional steam cure was not retested following the Virginia DOT specification. 
	A-1 
	Whelton et al. (2013) provides a summary of environmental impacts from several pipe rehabilitation methods, including cement mortar, polymer-enhanced cement mortar, epoxy, polyurethane, polyuria, and polyurethane and polyuria blends. The paper elaborates that alternatives to CIPP can also have potential environmental impacts due to elevated COD and TOC and alterations to pH. Further research is suggested. 
	The results of the literature reviewed since the preliminary investigation does not offer any changes to this study since the most promising technology, UV curing of traditional CIPP, is already being addressed in the simulated field tests. 
	Styrene Characteristics 
	Styrene is a monomer which is used for multiple applications where plastics are needed. Styrene has a strong smell which can be detected at low levels in the air. Styrene arises as a colorless or yellowish viscous liquid with a sweet-smelling odor. It has a flash point of 34°C (closed cup), a lower explosive limit of 0.9% to 1.1% v/v, an upper explosive limit of 6.1% to 6.8% v/v, and an auto ignition temperature of 490°C. (DHHS 2011) 
	Styrene has the following properties: 
	• Molecular weight—104.2 • Specific gravity—0.906 at 20°C • Melting point—31°C, • Boiling point—145°C 
	• 
	• 
	• 
	Log K—2.95 ow 

	• 
	• 
	Water solubility—310 mg/L at 25°C 

	• 
	• 
	Vapor pressure—6.4 mm Hg at 25°C 

	• 
	• 
	Vapor density relative to air—3.6 (DHHS 2011) 


	Non-Styrene CIPP Alternatives 
	In the CIPP industry there are alternatives to styrene-based resin. The most common alternatives are polyester and vinyl ester resins (Moore 2011). Moore also reports that styrene-based CIPP is safe and reliable, but there may be situations where due to client request or specification non-VOC resin is required. Non-VOC technology is relatively new, and companies are reluctant to divulge the exact composition of styrene-free resin to protect trade secrets. In the case of vinyl ester resin, Moore reports that
	Industry Health Standards for Air Concentrations 
	Federal OSHA standards dictate a time weighted exposure level of 100 ppm of styrene exposure is allowable for a safe eight-hour period (CFR 2016). CalOSHA has set a lower exposure level of 50 ppm (CalOSHA 2011). 
	A-2 
	Water Quality Standards and Toxicity Thresholds 
	The NASSCO CIPP committee suggests that discharge of water from steam curing to downstream water ways can be allowed if the concentration of styrene is less than 25 ppm (NASSCO 2008), but this concentration is substantially higher than known toxicity lethal concentration (LC), effect concentration (EC), and no observable effect concentration (NOEC) thresholds. The following toxicity thresholds, as summarized by Donaldson and Baker (2008), may be appropriate for comparison for discharge from CIPP to nearby r
	• Amphipod 96-hr LC50—9.5mg/L 
	• 
	• 
	• 
	Fathead minnow 96-hr LC50—5.2 to 10 mg/L • Water flea 48-hr EC50—4.7mg/L • Amphipod 96-hr NOEC—4.1 mg/L 

	• 
	• 
	Fathead minnow NOEC—2.6 to 4 mg/L • Rainbow trout 96-hr LC50—2.5mg/L 

	• 
	• 
	Freshwater green algae 96-hr EC50—0.72mg/L 

	• 
	• 
	Freshwater green algae 72-hr NOEC—0.53 mg/L 
	Freshwater green algae 72-hr NOEC—0.53 mg/L 


	• 
	• 
	Freshwater green algae 96-hr NOEC—0.063 mg/L 


	The California Office of Environmental Health Hazard Assessment (OEHHA) has set a public health goal (PHG) of 0.5 ppb for drinking water based on carcinogen effects in test species (). PHGs are not regulatory standards and application to surface waters is not appropriate. Surface water standards are available in the Basin Plans approved by the California Regional Water Quality Control Boards. 
	http://oehha.ca.gov/water/phg/122810styrene.html
	http://oehha.ca.gov/water/phg/122810styrene.html


	The drinking water MCL is 100 ppb () and this value is also referenced in many California Basin Plans, such as the Los Angeles Region 
	sEPAvsDWP-2014-07-01.pdf
	http://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/documents/dwdocuments/MCL 


	(). 
	http://www.waterboards.ca.gov/losangeles/water_issues/programs/basin_plan/
	http://www.waterboards.ca.gov/losangeles/water_issues/programs/basin_plan/
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	Appendix B: Data Tables and Graphs 
	This appendix presents all the discharge water quality measurements for detected VOC constituents. The data are organized into the following sections: 
	1. 
	1. 
	1. 
	Environmental Thresholds 

	2. 
	2. 
	Water Quality Results 

	3. 
	3. 
	Background Concentrations 

	4. 
	4. 
	Meteorological Data 

	5. 
	5. 
	Soil Moisture 

	6. 
	6. 
	Temperature Cure Logs 

	7. 
	7. 
	Field Experiment QA/QC 

	8. 
	8. 
	Simulated Field Experiment QA/QC 


	Environmental Thresholds 
	The known water quality threshold values for all VOCs measured at detectable levels in this study are presented in Environmental Thresholds. Sample results for the constituents in Table 1 are represented in the subsequent tables and graphs in this appendix. 
	Table 1. Drinking Water Standards for VOCs Detected in Reportable Quantities 
	Figure
	B-1 
	Water Quality Results 
	Table 2. Detection Frequency of Results Above Reporting Limit (Excluding Condensate Sample Results) 
	Figure
	Figure 1. Detection Frequency of Results Above Reporting Limit 
	B-2 
	Table 3. Acetone Results 
	Figure
	Figure 2. Simulated Field Experiment Acetone Results 
	B-3 
	Table 4. Benzene Results 
	Figure
	Figure 3. Field Experiment Benzene Results 
	B-4 
	Table 5. Bromodichloromethane Results 
	Figure
	Figure 4. Field Experiment Bromodichloromethane Results 
	B-5 
	Figure
	Figure 5. Simulated Field Experiment Bromodichloromethane Results Table 6. Bromomethane Results 
	Figure
	B-6 
	Table 7. Chloroform Results 
	Figure
	Figure 6. Field Experiment Chloroform Results 
	B-7 
	Figure
	Figure 7. Simulated Field Experiment Chloroform Results Table 8. Chloromethane Results 
	Figure
	B-8 
	Figure
	Figure 8. Simulated Field Experiment Chloromethane Results Table 9. Dibromochloromethane Results 
	Figure
	B-9 
	Figure
	Figure 9. Simulated Field Experiment Dibromochloromethane Results Table 10. Isopropyl Benzene Results 
	Figure
	B-10 
	Figure
	Figure 10. Field Experiment Isopropyl Benzene Results 
	Figure 10. Field Experiment Isopropyl Benzene Results 


	Figure
	Figure 11. Simulated Field Experiment Isopropyl Benzene Results 
	Figure 11. Simulated Field Experiment Isopropyl Benzene Results 
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	Figure
	Table 11. n-Propylbenzene Results 
	Table 11. n-Propylbenzene Results 


	Figure 12. Field Experiment n-Propylbenzene Results 
	Figure
	Figure 13. Simulated Field Experiment n-Propylbenzene Results 
	Figure 13. Simulated Field Experiment n-Propylbenzene Results 
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	Figure
	Table 12. Styrene Results 
	Table 12. Styrene Results 


	Refer to Figures 16 and 17 in the main report for graphs displaying Styrene data. 
	Table 13. tert-Butyl Alcohol Results 
	Figure
	B-13 
	Figure
	Figure 14. Simulated Field Experiment Tert-butyl Alcohol Results Table 14. tert-Butyl Benzene 
	Figure 14. Simulated Field Experiment Tert-butyl Alcohol Results Table 14. tert-Butyl Benzene 


	Figure
	B-14 
	Figure
	Table 15. Toluene Results 
	Table 15. Toluene Results 


	Figure 15. Field Experiment Toluene Results 
	B-15 
	Figure
	Table 16. Total Trihalomethanes Results 
	Table 16. Total Trihalomethanes Results 


	Figure 16. Field Experiment Total Trihalomethane Results 
	B-16 
	Figure
	Figure 17. Simulated Field Experiment Total Trihalomethane Results Table 17. Total Xylenes Results 
	Figure 17. Simulated Field Experiment Total Trihalomethane Results Table 17. Total Xylenes Results 


	Figure
	B-17 
	Figure
	Figure 18. Field Experiment Total Xylene Results 
	Figure 18. Field Experiment Total Xylene Results 


	Figure
	Figure 19. Simulated Field Experiment Total Xylene Results 
	Figure 19. Simulated Field Experiment Total Xylene Results 


	B-18 
	Figure
	Table 18. 1,2,4-Trimethylbenzene Results 
	Table 18. 1,2,4-Trimethylbenzene Results 


	Figure 20. Field Experiment 1,2,4-Trimethylbenzene Results 
	B-19 
	Figure
	Table 19. 1,3,5-Trimethylbenzene Results 
	Table 19. 1,3,5-Trimethylbenzene Results 


	Figure 21. Field Experiment 1,3,5-Trimethylbenzene Results 
	Background Concentrations 
	Table 20. Water Source and Influent Bromodichloromethane Results 
	Figure
	B-20 
	Figure
	Figure 22. Box Plot Comparing Bromodichloromethane Concentrations for the Simulated Field Dosing System Influent Samples, Simulated Field Samples at the Source (Hose Bib), and Field Dosing System Influent Samples 
	Figure 22. Box Plot Comparing Bromodichloromethane Concentrations for the Simulated Field Dosing System Influent Samples, Simulated Field Samples at the Source (Hose Bib), and Field Dosing System Influent Samples 


	Table 21. Water Source and Influent Chloroform Results 
	Figure
	B-21 
	Figure
	Figure 23. Box Plot Comparing Chloroform Concentrations for the Simulated Field Dosing System Influent Samples, Simulated Field Samples at the Source (Hose Bib), and Field Dosing System Influent Samples 
	Figure 23. Box Plot Comparing Chloroform Concentrations for the Simulated Field Dosing System Influent Samples, Simulated Field Samples at the Source (Hose Bib), and Field Dosing System Influent Samples 


	Table 22. Water Source and Influent Dibromochloromethane Results 
	Figure
	B-22 
	Figure
	Figure 24. Box Plot Comparing Dibromochloromethane Concentrations for the Simulated Field Dosing System Influent Samples, Simulated Field Samples at the Source (Hose Bib), and Field Dosing System Influent Samples 
	Figure 24. Box Plot Comparing Dibromochloromethane Concentrations for the Simulated Field Dosing System Influent Samples, Simulated Field Samples at the Source (Hose Bib), and Field Dosing System Influent Samples 


	Table 23. Water Source and Influent Styrene Results 
	Figure
	Refer to Figure 18 in the main report for a graph displaying background Styrene data. 
	Table 24. Water Source and Influent Total Trihalomethane Results 
	Figure
	B-23 
	Figure
	Figure 25. Box Plot Comparing Total Trihalomethane Concentrations for the Simulated Field Dosing System Influent Samples, Simulated Field Samples at the Source (Hose Bib), and Field Dosing System Influent Samples 
	Figure 25. Box Plot Comparing Total Trihalomethane Concentrations for the Simulated Field Dosing System Influent Samples, Simulated Field Samples at the Source (Hose Bib), and Field Dosing System Influent Samples 


	B-24 
	Meteorological Data 
	Table 25. Simulated Field Study Meteorological Data 
	Figure
	Table 26. Field Study Meteorological Data 
	Figure
	Refer to Figure 19 in the main report for a graph displaying mean daily air temperature data. 
	B-25 
	Figure
	Table 27. Simulated Field Study Precipitation and Humidity Data 
	Table 27. Simulated Field Study Precipitation and Humidity Data 


	Refer to Figures 20 to 22 in the main report for graphs displaying simulated field cumulative precipitation and humidity data. 
	B-26 
	Figure
	Table 28. Field Study Precipitation and Humidity Data 
	Table 28. Field Study Precipitation and Humidity Data 


	Refer to Figure 23 in the main report for a graph displaying field cumulative precipitation and humidity data. 
	Soil Moisture 
	Table 29. Simulated Field Study Soil Moisture Data, 3-5-2017 (Pipes 1 & 7) 
	Figure
	B-27 
	Temperature Cure Logs 
	Table 30. Simulated Field Study Pipe 1 Cure Log Data 
	Figure
	B-28 
	Figure
	Table 31. Simulated Field Study Pipe 2 Cure Log Data 
	Table 31. Simulated Field Study Pipe 2 Cure Log Data 
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	Figure
	Table 32. Simulated Field Study Pipe 3 Cure Log Data 
	Table 32. Simulated Field Study Pipe 3 Cure Log Data 
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	Figure
	Table 33. Simulated Field Study Pipe 4 Cure Log Data 
	Table 33. Simulated Field Study Pipe 4 Cure Log Data 
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	Figure
	Table 34. Simulated Field Study Pipe 5 Cure Log Data 
	Table 34. Simulated Field Study Pipe 5 Cure Log Data 


	B-32 
	Figure
	Table 35. Simulated Field Study Pipe 6 Cure Log Data 
	Table 35. Simulated Field Study Pipe 6 Cure Log Data 
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	Figure
	Table 36. Simulated Field Study Pipe 7 Cure Log Data 
	Table 36. Simulated Field Study Pipe 7 Cure Log Data 


	B-34 
	Figure
	Table 37. Simulated Field Study Pipe 8 Cure Log Data 
	Table 37. Simulated Field Study Pipe 8 Cure Log Data 
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	Figure
	Table 38. Field Study Pipe 1 Cure Log Data 
	Table 38. Field Study Pipe 1 Cure Log Data 
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	Figure
	Table 39. Field Study Pipe 10 Cure Log Data 
	Table 39. Field Study Pipe 10 Cure Log Data 
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	Figure
	Table 40. Field Study Pipe 11 Cure Log Data 
	Table 40. Field Study Pipe 11 Cure Log Data 
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	Field Experiment QA/QC 
	Laboratory Analysis 
	Table 41. Laboratory QA/QC Field Study Pipes 1, 10 & 11 
	Figure
	Figure 26. Field Experiment Percent Recovery Data 
	Figure 26. Field Experiment Percent Recovery Data 
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	Figure
	Figure 27. Field Experiment LCS/LCSD Comparison Data 
	Figure 27. Field Experiment LCS/LCSD Comparison Data 


	Simulated Field Experiment QA/QC 
	Laboratory Analysis 
	Internal laboratory quality control analysis was performed for all sample analysis. Percent recoveries are presented in Figure 28,Figure 29, and Figure 30. The error bars in these figures represent confidence limits, which are determined by the laboratory. Figure 29 shows comparisons between lab control samples (LCS) and LCS duplicates (LCSD). Figure 32 shows comparisons between matrix spike samples (MS) and MS duplicates (MSD). All QC results were within acceptable ranges of percent recovery. 
	Table 42. Laboratory QC/QA Simulated Field Study Pipes 1 and 7 
	Figure
	B-40 
	Figure
	Table 43. Laboratory QA/QC Simulated Field Study Pipes 2, 3, 4, 5, & 8 
	Table 43. Laboratory QA/QC Simulated Field Study Pipes 2, 3, 4, 5, & 8 


	Table 44. Laboratory QA/QC Simulated Field Study Pipe 6 
	Figure
	B-41 
	Figure
	Figure 28. Simulated Field Experiment Percent Recovery Data 
	Figure 28. Simulated Field Experiment Percent Recovery Data 
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	Figure
	Figure 29. Simulated Field Experiment LCS/LCSD Comparison Data 
	Figure 29. Simulated Field Experiment LCS/LCSD Comparison Data 
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	Figure
	Figure 30. Simulated Field MS/MSD Comparison Data 
	Figure 30. Simulated Field MS/MSD Comparison Data 


	Physical Properties 
	Quality control samples were tested to verify strength performance and thickness values met contract specifications and ASTM D 790 requirements. Flexural strength, flexural modulus, and thickness results for simulated field experiment samples are shown in Figure 32,Figure 31, and Figure 33, respectively. All simulated field experiment for flexural strength, flexural modulus, and thickness samples met contract and ASTM specification requirements. 
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	Figure
	Table 45. Simulated Field Study Flexural Modulus Data 
	Table 45. Simulated Field Study Flexural Modulus Data 
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	Figure
	Figure 31. Simulated Field QA/QC Flexural Modulus Data 
	Figure 31. Simulated Field QA/QC Flexural Modulus Data 
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	Figure
	Table 46. Simulated Field Study Flexural Strength Data 
	Table 46. Simulated Field Study Flexural Strength Data 
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	Figure
	Figure 32. Simulated Field QA/QC Flexural Strength Data Table 47. Simulated Field Study Nominal Thickness Data 
	Figure 32. Simulated Field QA/QC Flexural Strength Data Table 47. Simulated Field Study Nominal Thickness Data 


	Figure
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	Figure
	Figure 33. Simulated Field QA/QC Nominal Thickness Data 
	Figure 33. Simulated Field QA/QC Nominal Thickness Data 
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	Simulated Field Pipes 1 and 7 
	Figure
	Appendix C: Photos 
	Appendix C: Photos 


	Figure 1. Styrene Sheen on Effluent 
	Figure
	Figure 2. Plastic Lined Catchment for Effluent 
	C-1 
	Figure
	Figure 3. View of the CIPP Liner (Simulated Field Pipe 1) After Installation 
	Figure
	Figure 4. Wood Barrier to Prevent Backflow 
	Figure
	Figure 5. Influent End of Dosing Setup 
	C-2 
	Figure
	Figure 6. Effluent End of Simulated Field Pipes 1 & 7 with Plastic Lined Trench 
	Figure
	Figure 7. Preparing to Collect Grab Samples 
	C-3 
	Figure
	Figure 8. Preparing to Collecting Grab Samples 
	Figure
	Figure 9. Grab Sample Collection 
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	Figure
	Figure 10. Grab Sample Collection 
	Figure 10. Grab Sample Collection 


	Figure
	Figure 11 Effluent in Containment Trench 
	Figure 11 Effluent in Containment Trench 


	C-5 
	Figure
	Figure 12. Simulated Field Pipe 7 After Collection of Grab Samples 
	Figure 12. Simulated Field Pipe 7 After Collection of Grab Samples 


	Figure
	Figure 13. Pumping Effluent into Storage Tanks 
	Figure 13. Pumping Effluent into Storage Tanks 


	Figure
	Figure 14. Simulated Field Pipe 1 Grab Sample Collection 
	Figure 14. Simulated Field Pipe 1 Grab Sample Collection 


	Figure
	Figure 15. Simulated Field Pipe 1 Grab Sample Duplicate Collection 
	Figure 15. Simulated Field Pipe 1 Grab Sample Duplicate Collection 
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	Figure
	Figure 16. Sheen on Surface of Effluent 
	Figure 16. Sheen on Surface of Effluent 


	Figure
	Figure 17. Pipe 1 After Grab Sample Collection 
	Figure 17. Pipe 1 After Grab Sample Collection 
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	Figure
	Figure 18. Close-up of Styrene Sheen in Effluent Catchment 
	Figure 18. Close-up of Styrene Sheen in Effluent Catchment 


	Figure
	Figure 19 Effluent Catchment Showing Film on Water 
	Figure 19 Effluent Catchment Showing Film on Water 
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	Simulated Field Pipe 6 
	Figure
	Figure 20. UV Liner Placement 
	Figure 20. UV Liner Placement 


	Figure
	Figure 21. UV Liner Placement 
	Figure 21. UV Liner Placement 


	C-10 
	Figure
	Figure 22. Contractor Air Pump 
	Figure 22. Contractor Air Pump 


	Figure
	Figure 23. Contractor Equipment Trailer 
	Figure 23. Contractor Equipment Trailer 
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	Figure
	Figure 24. Liner Air Bladder Inflation 
	Figure 24. Liner Air Bladder Inflation 


	Figure
	Figure 25. Light Train Segment 
	Figure 25. Light Train Segment 
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	Figure
	Figure 26. UV Installation Contractor Control Panel 
	Figure 26. UV Installation Contractor Control Panel 


	Figure
	Figure 27. UV Liner After Curing 
	Figure 27. UV Liner After Curing 


	C-13 
	Figure
	Figure 28. Finished UV Installation 
	Figure 28. Finished UV Installation 


	Figure
	Figure 29. Simulated Field Pipe 6 Sample Collection 
	Figure 29. Simulated Field Pipe 6 Sample Collection 
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	Simulated Field Pipes 2, 3, 4, 5, and 8 
	Figure
	Figure 30. Removal of Effluent into Storage Tanks 
	Figure 30. Removal of Effluent into Storage Tanks 


	Figure
	Figure 31. Effluent Disposal 
	Figure 31. Effluent Disposal 
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	Figure
	Figure 32. Setup for CIPP Lining Installation 
	Figure 32. Setup for CIPP Lining Installation 


	Figure
	Figure 33. Preliner Pulled Through Corrugated Pipe 
	Figure 33. Preliner Pulled Through Corrugated Pipe 
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	Figure
	Figure 34. Steam Discharge During CIPP Installation 
	Figure 34. Steam Discharge During CIPP Installation 


	Figure
	Figure 35. Sampling Team Member Wearing Personal Protection Equipment 
	Figure 35. Sampling Team Member Wearing Personal Protection Equipment 
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	Figure
	Figure 36. Steam Curing of CIPP 
	Figure 36. Steam Curing of CIPP 


	Figure
	Figure 37. Steam Discharge from CIPP Setup 
	Figure 37. Steam Discharge from CIPP Setup 


	Figure
	Figure 38. Curing of Separate CIPP Lining Sample for Structural Analysis 
	Figure 38. Curing of Separate CIPP Lining Sample for Structural Analysis 
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	Figure
	Figure 39. Feeding CIPP Lining Through Steam Curing Setup 
	Figure 39. Feeding CIPP Lining Through Steam Curing Setup 
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	Figure 40. Steam Discharge Outlet 
	Figure 40. Steam Discharge Outlet 
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	Figure
	Figure 41. Steam Valves Between Equipment Truck and CIPP 
	Figure 41. Steam Valves Between Equipment Truck and CIPP 


	Figure
	Figure 42. Curing of CIPP Plate for QC Sampling 
	Figure 42. Curing of CIPP Plate for QC Sampling 
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	Figure 43. Removal of Excess Lining 
	Figure 43. Removal of Excess Lining 
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	Figure
	Figure 44. Collection of Condensate Grab Sample 
	Figure 44. Collection of Condensate Grab Sample 


	Figure
	Figure 45. Condensate Grab Sample Collection 
	Figure 45. Condensate Grab Sample Collection 
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	Figure 46. Forced Ambient Air Post-Cure Treatment setup 
	Figure 46. Forced Ambient Air Post-Cure Treatment setup 
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	Figure
	Figure 47. Resin Debris inside of CIPP lining 
	Figure 47. Resin Debris inside of CIPP lining 


	Figure
	Figure 48. Debris from Cutting Tail from Liner 
	Figure 48. Debris from Cutting Tail from Liner 


	Figure
	Figure 49. Removal of Contaminated Effluent into Storage Tanks 
	Figure 49. Removal of Contaminated Effluent into Storage Tanks 


	C-22 
	Figure
	Figure 50. CIPP Lining Plate Sample for QC 
	Figure 50. CIPP Lining Plate Sample for QC 


	Figure
	Figure 51. Condensate Immediately after CIPP Installation 
	Figure 51. Condensate Immediately after CIPP Installation 


	Figure
	Figure 52. Condensate Grab Sample Collection 
	Figure 52. Condensate Grab Sample Collection 


	C-23 
	Figure
	Figure 53. Preliner for RCP CIPP Installation 
	Figure 53. Preliner for RCP CIPP Installation 


	Figure
	Figure 54. Influent Side of Concrete Pipe During CIPP Installation 
	Figure 54. Influent Side of Concrete Pipe During CIPP Installation 


	Figure
	Figure 55. Effluent Side of Concrete Pipe During CIPP Installation 
	Figure 55. Effluent Side of Concrete Pipe During CIPP Installation 


	C-24 
	Figure
	Figure 56. Grab Sample Collection 
	Figure 56. Grab Sample Collection 


	Figure
	Figure 57. Incomplete Liner Resin Wet-out Causing Liner Delamination 
	Figure 57. Incomplete Liner Resin Wet-out Causing Liner Delamination 


	Figure
	Figure 58. Delamination of CIPP Lining from the Inside of the CIPP 
	Figure 58. Delamination of CIPP Lining from the Inside of the CIPP 
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	Figure
	Figure 59. Truck and Trailer with Dosing Setup 
	Figure 59. Truck and Trailer with Dosing Setup 


	Figure
	Figure 60. Styrene Sheen on Effluent 
	Figure 60. Styrene Sheen on Effluent 


	Figure
	Figure 61. Visible Film and Debris from CIPP Lining in Effluent 
	Figure 61. Visible Film and Debris from CIPP Lining in Effluent 
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	Figure
	Figure 62. Grab Sample Collection at Night 
	Figure 62. Grab Sample Collection at Night 


	Figure
	Figure 63. CIPP Liner Installation 
	Figure 63. CIPP Liner Installation 


	Figure
	Figure 64. Tap Water Grab Sample Collection 
	Figure 64. Tap Water Grab Sample Collection 
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	Figure
	Figure 65. Tap Water Grab Sample Collection 
	Figure 65. Tap Water Grab Sample Collection 


	Figure
	Figure 66. Influent Water Grab Sample Collection 
	Figure 66. Influent Water Grab Sample Collection 


	Figure
	Figure 67. Influent Water Grab Sample Collection 
	Figure 67. Influent Water Grab Sample Collection 
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	C-29 
	Thickness Samples from Simulated Field Experiments 
	Figure
	Figure 68. Outside of CIPP Lining Coupons 
	Figure 68. Outside of CIPP Lining Coupons 


	Figure
	Figure 69. Inside of CIPP Lining Coupons 
	Figure 69. Inside of CIPP Lining Coupons 


	C-30 
	Figure
	Figure 70. CIPP Lining Coupons collected for Structural Analysis 
	Figure 70. CIPP Lining Coupons collected for Structural Analysis 


	Field Experiments 
	Figure
	Figure 71. Refrigerated Liner Truck with CIPP Liner 
	Figure 71. Refrigerated Liner Truck with CIPP Liner 
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	Figure
	Figure 72. Steam Generation Equipment Truck 
	Figure 72. Steam Generation Equipment Truck 


	Figure
	Figure 73. Steam Generation Equipment Truck 
	Figure 73. Steam Generation Equipment Truck 
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	Figure
	Figure 74. CIPP Liner Installation Equipment 
	Figure 74. CIPP Liner Installation Equipment 


	Figure
	Figure 75. Field Pipe 11 CIPP Liner Installation 
	Figure 75. Field Pipe 11 CIPP Liner Installation 


	C-33 
	Figure
	Figure 76. Field Pipe 1 CIPP Installation with Tail 
	Figure 76. Field Pipe 1 CIPP Installation with Tail 


	Figure
	Figure 77. Field Pipe 1 Liner Grouting 
	Figure 77. Field Pipe 1 Liner Grouting 


	C-34 
	Figure
	Figure 78. Field Pipe 1 CIPP Liner Installation 
	Figure 78. Field Pipe 1 CIPP Liner Installation 


	Figure
	Figure 79. Field Pipe 11 CIPP Installation at Headwall 
	Figure 79. Field Pipe 11 CIPP Installation at Headwall 


	C-35 
	Figure
	Figure 80. Oily Sheen Below Field Pipe 11 Prior to Sampling Activities 
	Figure 80. Oily Sheen Below Field Pipe 11 Prior to Sampling Activities 


	Figure
	Figure 81. Heater Equipment for Pipe 11 Post-Cure Treatment 
	Figure 81. Heater Equipment for Pipe 11 Post-Cure Treatment 
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	Figure
	Figure 82. Field Sampling Team Safety Meeting 
	Figure 82. Field Sampling Team Safety Meeting 


	Figure
	Figure 83. Field Dosing System Pipes and Hoses 
	Figure 83. Field Dosing System Pipes and Hoses 
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	Figure
	Figure 84. Field Pipe 1 Site Preparation for Sample Collection 
	Figure 84. Field Pipe 1 Site Preparation for Sample Collection 


	Figure
	Figure 85. Field Pipe 10 Dosing Pipe Placement 
	Figure 85. Field Pipe 10 Dosing Pipe Placement 
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	Figure
	Figure 86. Field Pipe 10 Sample Collection 
	Figure 86. Field Pipe 10 Sample Collection 
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	Appendix D: Contractor Submittals 
	This appendix includes the documents submitted by the contractors, including the work plan and cure logs as required by the Caltrans specifications. 
	Figure
	Figure
	MICHELS CORPORATION 
	No: 
	No: 
	No: 
	1 

	To: Quimu Contracting PO Box 1177 Dixon, CA 95620 ATTN: Miguel 
	To: Quimu Contracting PO Box 1177 Dixon, CA 95620 ATTN: Miguel 
	Date: Job Name:  CAJob Location: RE: 
	5/27/2014 LTRANS 
	Job No: 03-4M4404 Kybutz, CA 


	State Hwy 50 in El Dorado County 
	at various locations 
	Gentlemen: 
	Michels Corporation is sending you Herewith, Under separate cover, 
	the following items: TRANSMITTAL 
	Technical Data 
	Technical Data 
	Shop Drawings 
	Certified Payroll 

	MSDS 
	MSDS 
	Submittal 
	Quotation 

	TV Report (s) 
	Attachments fo Subcontract 
	Contract 
	DVD  (s) 
	Insurance Certificate 
	Subcontract 
	Copies 
	Copies 
	Copies 
	Dated 
	Description 

	1 
	1 
	5/27/2014 
	Hard copy of Submittals 

	1 
	1 
	5/27/2014 
	USB Drive 


	These are transmitted as checked below: 
	These are transmitted as checked below: 
	These are transmitted as checked below: 

	For Approval For Your Use As Required For Review & Comment 
	For Approval For Your Use As Required For Review & Comment 
	Approved as Submitted Approved as Noted Returned for Corrections 


	Remarks: If you have any additional questions, please feel to contact me at 503-364-1199. 
	Signed: Andy Thompson 
	Figure
	Michels Pipeline Construction 1715 16th St. SE Salem, OR 97302 (503)364-1199 main (503)391-8317 fax 
	Department: 
	CALTRANS 

	Figure
	RTE 50 at various locations near Kyburz, CA in El Dorado County Construction on State HWY in El Dorado County City's Project Number: 
	Project Location: 
	Project Title: 
	03-4M4404 

	Andy Thompson Michels Project No: 
	Prepared By: 
	40435 

	Date Received: Engineer: Darlene Wulff 
	Contractor: Michels Corp 
	Submittal number: Submittal Date: Revision Date: Revision Number: 
	Submittal number: Submittal Date: Revision Date: Revision Number: 
	Submittal number: Submittal Date: Revision Date: Revision Number: 
	1 5/27/2014 NA NA 

	Specification Section: Subsection: 
	Specification Section: Subsection: 
	15-6.11A(3) 1 


	Item: Resin Sample Page: 26 
	Deviation (Y or N): 
	Submittal Description: Intended Use: Plan Sheet: Manufacturer: 
	N 
	Resin Sample - METS Lab Quality Assurance NA 
	NA 
	Supplier: Michels 
	Applicable Standard: 
	Referenced Document: 
	Notes: 
	Engineer's Stamp 
	Figure

	CONTRACTOR SUBMITTAL SUMMARY 
	CONTRACTOR SUBMITTAL SUMMARY 
	FILE NO.: 
	PROJECT NAME: State HWY in Amador County at Various Locations 
	Attention: Transportation Laboratory METS (Attention: Chemical Laboratory) 
	Attention: Transportation Laboratory METS (Attention: Chemical Laboratory) 
	Attention: Transportation Laboratory METS (Attention: Chemical Laboratory) 
	ORIGINAL
	SUBMITTAL NO.: 1      2ND     3RD    4TH 

	5900 Folsom Blvd. 
	5900 Folsom Blvd. 
	DATE RECEIVED: 
	5-27-14 

	Sacramento, CA 95819 
	Sacramento, CA 95819 
	DATE RETURNED: 


	Section 
	Section 
	Section 
	Submittals 

	SUB SEC./PAGE NO.: 
	SUB SEC./PAGE NO.: 
	15-6.11A(3) 

	SUPPLIER/SUB: 
	SUPPLIER/SUB: 
	Michels Corp. 

	TR
	1715 16th St. SE 

	TR
	Salem, OR 97302 

	ITEM: 
	ITEM: 
	Resin Sample 


	NO. COPIES RECEIVED NO EXCEPTIONS 
	REVIEW ACTION 
	OBSERVED 
	MAKE CORRECTIONS NOTED 
	REVISE AS NOTED AND RESUBMIT 
	NO. COPIES RETURNED 
	Description: 
	Description: 
	Description: 

	submit unreacted liquid resin sample for fingerprint analysis 
	submit unreacted liquid resin sample for fingerprint analysis 

	Remarks: 
	Remarks: 

	For Caltrans Projects: 04-4M4404 03-1C1804 03-4M2604 
	For Caltrans Projects: 04-4M4404 03-1C1804 03-4M2604 


	Figure
	Michels Pipeline Construction 1715 16th St. SE Salem, OR 97302 (503)364-1199 main (503)391-8317 fax 
	Department: 
	CALTRANS 

	Figure
	RTE 50 at various locations near Kyburz, CA in El Dorado County Construction on State HWY in El Dorado County City's Project Number: 
	Project Location: 
	Project Title: 
	03-4M4404 

	Andy Thompson Michels Project No: 
	Prepared By: 
	40435 

	Date Received: Engineer: Darlene Wulff 
	Contractor: Michels Corp 
	Submittal number: Submittal Date: Revision Date: Revision Number: 
	Submittal number: Submittal Date: Revision Date: Revision Number: 
	Submittal number: Submittal Date: Revision Date: Revision Number: 
	2 5/27/2014 NA NA 

	Specification Section: Subsection: 
	Specification Section: Subsection: 
	15-6.11A(3) 2 


	Item: Summary Sheet Page: 20 
	Engineer's Stamp 
	Deviation (Y or N): 
	Submittal Description: Intended Use: Plan Sheet: 
	Manufacturer: 
	N 
	Summarize characteristics of culverts per subsection 2 of submittals Requested Information NA 
	NA 
	Supplier: 
	Supplier: 
	Supplier: 
	Michels 

	Applicable Standard: 
	Applicable Standard: 
	ASTM F1216 

	Referenced Document: 
	Referenced Document: 


	Notes: 
	Figure
	Figure
	Michels Corporation Job Name: Construction On State Highway dba Michels Pipeline Constructiom City Job No. 03-4M4404 1715 16th Street SE Michels Job No. 40435 Salem, OR 97302 Prepared By: Andy Thompson office: 503.364.1199 Page: fax: 503.391.8317 Date: 5/27/2014 
	2. Summary Sheet 
	Section 15-6.11A(3) Submittals 
	Table
	TR
	2 
	2.1 
	2.2 
	2.3 
	2.4 
	2.5 
	2.6 
	2.7 

	TR
	2.2.1 
	2.2.2 
	2.2.3 
	2.2.4 
	2.2.5 

	Culvert No.
	Culvert No.
	Culvert Diameter (in)
	PM (Mile)
	Calculated MinimumThicknesses (mm)
	Recommended Head(PSI)
	Minimum Pressure(PSI)
	Maximum AllowablePressure (PSI)
	PostcureTemperature (◦C)
	Minimum Cold (PSI)
	Maximum Heated(PSI)
	Maximum Cold (PSI)
	Cure Time (hrs)
	Cor72-AT-470
	Maximum ExothermicTemperature (◦C)
	Method of Insertion
	Cure Method
	Proposed Length (ft.)
	Access Point
	Termination Point 

	1 
	1 
	18.00 
	47.74 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-220 
	air-inv. 
	steam 
	37.40 
	inlet 
	outlet 

	2 
	2 
	24.00 
	47.93 
	12.80 
	6.30 
	4.90 
	9.70 
	110 
	4.90 
	8.40 
	9.70 
	2.00 
	X 
	180-220 
	air-inv. 
	steam 
	39.40 
	inlet 
	outlet 

	4(a) 
	4(a) 
	18.00 
	48.07 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-220 
	air-inv. 
	steam 
	53.30 
	inlet 
	outlet 

	4(b) 
	4(b) 
	18.00 
	48.07 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-221 
	air-inv. 
	steam 
	18.30 
	inlet 
	outlet 

	5 
	5 
	18.00 
	48.28 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-221 
	air-inv. 
	steam 
	71.00 
	inlet 
	outlet 

	6 
	6 
	18.00 
	48.45 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-222 
	air-inv. 
	steam 
	45.20 
	inlet 
	outlet 

	7(a) 
	7(a) 
	18.00 
	48.52 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-223 
	air-inv. 
	steam 
	52.10 
	inlet 
	outlet 

	7(d) 
	7(d) 
	18.00 
	48.52 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-224 
	air-inv. 
	steam 
	28.90 
	inlet 
	outlet 

	7e 
	7e 
	18.00 
	48.52 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-225 
	air-inv. 
	steam 
	32.50 
	inlet 
	outlet 

	8 
	8 
	30.00 
	48.71 
	10.70 
	4.50 
	3.50 
	6.90 
	110 
	3.50 
	6.00 
	6.90 
	2.00 
	X 
	180-224 
	air-inv. 
	steam 
	46.50 
	inlet 
	outlet 

	9 
	9 
	18.00 
	48.79 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-225 
	air-inv. 
	steam 
	58.00 
	inlet 
	outlet 

	10 
	10 
	18.00 
	48.99 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-226 
	air-inv. 
	steam 
	46.60 
	inlet 
	outlet 

	11 
	11 
	18.00 
	49.04 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-227 
	air-inv. 
	steam 
	59.40 
	inlet 
	outlet 

	12 
	12 
	18.00 
	49.56 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-228 
	air-inv. 
	steam 
	77.80 
	inlet 
	outlet 

	13 
	13 
	18.00 
	49.86 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-229 
	air-inv. 
	steam 
	61.30 
	inlet 
	outlet 

	14 
	14 
	18.00 
	50.14 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-230 
	air-inv. 
	steam 
	109.40 
	inlet 
	outlet 

	16 
	16 
	24.00 
	51.47 
	12.80 
	6.30 
	4.90 
	9.70 
	110 
	4.90 
	8.40 
	9.70 
	2.00 
	X 
	180-231 
	air-inv. 
	steam 
	150.00 
	inlet 
	outlet 

	17 
	17 
	18.00 
	51.52 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-232 
	air-inv. 
	steam 
	78.00 
	inlet 
	outlet 

	18 
	18 
	18.00 
	51.57 
	8.60 
	5.60 
	4.30 
	8.70 
	110 
	4.30 
	7.50 
	8.70 
	2.00 
	X 
	180-233 
	air-inv. 
	steam 
	105.50 
	inlet 
	outlet 


	Figure
	Michels Pipeline Construction 1715 16th St. SE Salem, OR 97302 (503)364-1199 main (503)391-8317 fax 
	Department: 
	CALTRANS 

	Figure
	RTE 50 at various locations near Kyburz, CA in El Dorado County Construction on State HWY in El Dorado County City's Project Number: 
	Project Location: 
	Project Title: 
	03-4M4404 

	Andy Thompson Michels Project No: 
	Prepared By: 
	40435 

	Date Received: Engineer: Darlene Wulff 
	Contractor: Michels Corp 
	Submittal number: Submittal Date: Revision Date: 
	Submittal number: Submittal Date: Revision Date: 
	Submittal number: Submittal Date: Revision Date: 
	3 5/27/2014 

	Revision Number: 
	Revision Number: 

	Specification Section: Subsection: 
	Specification Section: Subsection: 
	15-6.11A(3) 3.1 


	Item: Manufacturer's Information 
	Page: 20 
	Page: 20 
	Page: 20 

	Deviation (Y or N): 
	Deviation (Y or N): 
	N 

	Submittal Description: 
	Submittal Description: 
	Resin, Resin Enhancer,Bond enhancer and typical properties 

	Intended Use: 
	Intended Use: 
	Quality Assurance 

	Plan Sheet: 
	Plan Sheet: 
	NA 

	Manufacturer: 
	Manufacturer: 
	Interplastics 

	Supplier: 
	Supplier: 
	Interplastics 

	Applicable Standard: 
	Applicable Standard: 
	NA 

	Referenced Document: 
	Referenced Document: 
	NA 


	Notes: 
	Figure
	Engineer's Stamp 
	TECHNICAL DATA SHEET COR72-AT-470 
	COR72-AT-470 is an enhanced, pre-promoted, thixotropic, corrosion resistant, unsaturated polyester resin for use in the manufacture of liner pipe using cured-in-place techniques.  It has been designed to exhibit superior flexural and tensile moduli properties.  This product will withstand exposure to various chemical solutions, as well as municipal sewage and water. COR72-AT-470 has been tested and has passed the requirements of ASTM D5813, F1216 and F1743 for corrosion resistance and physical properties. A
	Figure
	January 2, 2003 
	Figure
	INTERPLASTIC CORPORATION Thermoset Resins Division 
	2015 Northeast Broadway Street Minneapolis, Minnesota 55413-1775 (651) 481-6860  Fax (612) 331-4235
	Corrosion Test Data COR72-AT and AZ Type Products Flexural Strength and Modulus Retention 
	ASTM F1216 & D543 (CIPP) 
	ASTM F1216 & D543 (CIPP) 
	ASTM F1216 & D543 (CIPP) 

	Immersion Media 
	Immersion Media 
	Flexural Strength Retention, % Months 1 3 6 12 
	Flexural M1 3 
	odulus RMonths 
	6 
	etention, % 12 


	100% Tap Water 
	100% Tap Water 
	100% Tap Water 
	94 
	100 
	97 
	89 

	5% Nitric Acid 
	5% Nitric Acid 
	100 
	92 
	86 
	82 

	10% Phosphoric Acid 
	10% Phosphoric Acid 
	98 
	88 
	90 
	95 

	10% Sulfuric Acid 
	10% Sulfuric Acid 
	93 
	91 
	93 
	93 

	100% Fuel C 
	100% Fuel C 
	85 
	100 
	100 
	100 

	0.1% Detergent 
	0.1% Detergent 
	99 
	92 
	91 
	90 

	0.1% Soap Solution 
	0.1% Soap Solution 
	100 
	87 
	100 
	90 

	100% Vegetable Oil 
	100% Vegetable Oil 
	81 
	100 
	81 
	100 


	100 
	100 
	100 
	96 
	93 
	91 

	86 
	86 
	88 
	81 
	80 

	84 
	84 
	89 
	83 
	80 

	92 
	92 
	92 
	94 
	93 

	96 
	96 
	97 
	99 
	94 

	100 
	100 
	99 
	99 
	93 

	97 
	97 
	94 
	100 
	92 

	100 
	100 
	96 
	80 
	97 


	ASTM D5813, F1743 & D543 (CIPP) 
	ASTM D5813, F1743 & D543 (CIPP) 

	1% Nitric Acid 
	1% Nitric Acid 
	1% Nitric Acid 
	100 
	84 
	86 
	100 

	5% Sulfuric Acid 
	5% Sulfuric Acid 
	94 
	81 
	95 
	87 

	100% Fuel C 
	100% Fuel C 
	85 
	100 
	100 
	100 

	0.1% Detergent 
	0.1% Detergent 
	99 
	92 
	91 
	90 

	0.1% Soap Solution 
	0.1% Soap Solution 
	100 
	87 
	100 
	90 

	100% Vegetable Oil 
	100% Vegetable Oil 
	81 
	100 
	81 
	100 

	ASTM C581 & D543 (GRP) 
	ASTM C581 & D543 (GRP) 
	ASTM C581 & D543 (GRP) 



	100 
	100 
	100 
	93 
	86 
	93 

	87 
	87 
	92 
	81 
	80 

	96 
	96 
	97 
	99 
	94 

	100 
	100 
	99 
	99 
	93 

	97 
	97 
	94 
	100 
	92 

	100 
	100 
	96 
	80 
	97 


	100% Tap Water 
	100% Tap Water 
	100% Tap Water 
	100 
	97 
	100 
	100 

	1% Nitric Acid 
	1% Nitric Acid 
	100 
	100 
	100 
	80 

	5% Nitric Acid 
	5% Nitric Acid 
	100 
	100 
	96 
	80 

	10% Phosphoric Acid 
	10% Phosphoric Acid 
	100 
	100 
	100 
	100 

	5% Sulfuric Acid 
	5% Sulfuric Acid 
	100 
	100 
	91 
	82 

	10% Sulfuric Acid 
	10% Sulfuric Acid 
	100 
	100 
	100 
	95 

	100% Fuel C 
	100% Fuel C 
	100 
	100 
	90 
	100 

	0.1% Detergent 
	0.1% Detergent 
	100 
	100 
	100 
	100 

	0.1% Soap Solution 
	0.1% Soap Solution 
	91 
	96 
	82 
	100 

	100% Vegetable Oil 
	100% Vegetable Oil 
	100 
	100 
	100 
	100 

	pH 0.5 Solution 
	pH 0.5 Solution 
	100 
	100 
	91 
	82 

	pH 10 Solution 
	pH 10 Solution 
	100 
	100 
	100 
	100 


	100 
	100 
	100 
	95 
	100 
	91 

	100 
	100 
	93 
	99 
	83 

	97 
	97 
	94 
	96 
	81 

	100 
	100 
	100 
	99 
	88 

	98 
	98 
	100 
	88 
	90 

	94 
	94 
	83 
	85 
	80 

	95 
	95 
	100 
	100 
	100 

	100 
	100 
	95 
	100 
	100 

	97 
	97 
	100 
	93 
	90 

	98 
	98 
	100 
	100 
	90 

	98 
	98 
	100 
	88 
	90 

	100 
	100 
	95 
	100 
	100 


	Other Corrosion Testing (CIPP) 
	Other Corrosion Testing (CIPP) 
	Other Corrosion Testing (CIPP) 

	1% Sodium Hydroxide 
	1% Sodium Hydroxide 
	1% Sodium Hydroxide 
	95 
	95 
	90 
	69 

	1% Sodium Hypochlorite 
	1% Sodium Hypochlorite 
	94 
	84 
	92 
	80 

	1% Ammonium Hydroxide 
	1% Ammonium Hydroxide 
	100 
	100 
	100 
	99 


	100 
	100 
	100 
	96 
	93 
	91 

	96 
	96 
	95 
	98 
	85 

	99 
	99 
	100 
	94 
	92 


	Note: Non-shaded regions are the applicable test durations as it relates to achievement of the minimum acceptable retentions. All corrosion media maintained @ 73.4 + 3.6°F (23  2°C). 
	+

	All specification and properties shown are approximate. Specifications and properties of material delivered may vary slightly from those given above.  Interplastic Corporation makes no representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above.  Final determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer. The Thermoset R
	Date: March 10, 2004 
	Figure
	Figure
	INTERPLASTIC CORPORATION Thermoset Resins Division 
	1225 Willow Lake Boulevard Saint Paul, Minnesota 55110-5145 (651) 481-6860 Fax (651) 481-9836 
	February 18, 2013 
	Mr. Chris Tavernier, Operations Manager Michels Pipe Services 1715 16 Street SE Salem, OR 97302 
	th

	Dear Mr. Tavernier: 
	You have requested information on a cured-in-place pipe (CIPP) resin manufactured by Interplastic Corporation, COR72-AT-470HT. This resin has been manufactured by Interplastic Corporation for over twenty five(25) years and over 270 million pounds has been used to successfully renovate deteriorated sewer and storm water lines. 
	Interplastic Corporation is certified under ISO9001-2000. 
	This resin meets the requirements found in ASTM F1216, ASTM F1743, and ASTM D5813 from the standpoint of achievable mechanical properties and corrosion resistance. This resin has also been tested under ASTM D2990 and exhibits a creep retention factor of 50%. 
	-

	Michels Pipe Services have successfully used this resin to renovate deteriorated lines using the CIPP process. 
	The formulation for this resin includes a resin enhancer which allows the system to exhibit higher mechanical properties. Resin formulations for Interplastic Corporation are proprietary. The enhancer amount used in the resin is approximately 25%. The enhancer and resin form an acceptable bond resulting in the increased properties.  This system is designed to be used in an aqueous environment. 
	I hope that this information proves to be useful.  Please contact me at 281-687-8617 if you have additional questions or comments on this matter. 
	Sincerely, 
	Kaleel Rahaim Business Manager Remediation Polymers Thermoset Resins Division 
	Cc: Nicole Kleweno, Dave Herzog, Ben Hazen, Jason Schiro 
	Figure
	INTERPLASTIC CORPORATION 
	Figure
	1225 Willow Lake Boulevard Saint Paul, Minnesota 55110-5145 (651) 481-6860 Fax (651) 481-9836 
	May 2, 2014 
	Mr. Chris Tavernier Michels Pipe Services 1715 16Street SE Salem, OR 97302 
	th 

	Dear Mr. Tavernier: 
	You have requested information on a cured-in-place pipe (CIPP) resin manufactured by Interplastic Corporation, COR78-AT-559, T or TH. This resin has been manufactured by Interplastic Corporation for over five (5) years and over 50 million pounds has been used to successfully renovate deteriorated sewer and storm water lines. 
	Interplastic Corporation is certified under ISO9001-2000. 
	This resin meets the requirements found in ASTM F1216, ASTM F1743, and ASTM D5813 from the standpoint of achievable mechanical properties and corrosion resistance. This resin has also been tested under ASTM D2990 and exhibits a creep retention factor of 50%. 
	-

	Michels Pipe Services have successfully used this resin to renovate deteriorated lines using the CIPP process. 
	The formulation for this resin includes a resin enhancer which allows the system to exhibit higher mechanical properties. Resin formulations for Interplastic Corporation are proprietary. The enhancer amount used in the resin is approximately 27%. The enhancer and resin form an acceptable bond resulting in the increased properties. This system is designed to be used in an aqueous environment. 
	I hope that this information proves to be useful. Please contact me at 281-687-8617 if you have additional questions or comments on this matter. 
	Sincerely, 
	Figure
	Kaleel Rahaim Business Manager Remediation Polymers Thermoset Resins Division 
	Figure
	Figure
	INTERPLASTIC CORPORATION 
	2015 Northeast Broadway Street Minneapolis, Minnesota 55413-1775 (651) 481-6860 Fax (612) 331-4235 
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	Figure
	INTERPLASTIC CORPORATION Thermoset Resins Division 
	2015 Northeast Broadway Street Minneapolis, Minnesota 55413-1775 (651) 481-6860 Fax (612) 331-4235 
	(400 psi Stress Load) 
	ASTM D-2990 10,000-Hour Flexural Modulus Creep Data 

	CORVE8190 Product 
	CORVE8190 Product 
	COR72-AA or CA Type Products 

	0.01 0.1 0.2 0.5 1 2 5 20 50 100 200 500 700 1000 3600 4000 4400 5000 5500 10000 
	Test Time, hours Flexural Modulus, psi Flexural Modulus, psi 
	596,753.00 
	537,589.00 
	596,752.30 
	537,588.10 
	596,751.70 
	537,587.30 
	596,749.70 
	537,584.70 
	596,746.40 
	537,580.40 
	596,739.90 
	537,571.80 
	596,720.20 
	537,546.00 
	596,621.70 
	537,417.00 
	596,424.80 
	537,158.90 
	596,096.60 
	536,728.90 
	595,440.10 
	535,868.70 
	593,470.90 
	533,288.30 
	592,158.00 
	531,568.00 
	590,188.70 
	528,987.50 
	573,121.50 
	506,623.60 
	570,495.80 
	503,183.00 
	567,870.10 
	499,742.40 
	563,931.50 
	494,581.50 
	560,649.40 
	490,280.80 
	531,110.00 
	451,574.00 

	438000 558,765 487,811 
	Note: The results in bold italics were calculated from the equation obtained from the trendline from the graphs. 
	All specification and properties shown are approximate.  Specifications and properties of material delivered may vary slightly from those given above.  Interplastic Corporation makes no representations of fact regarding the material except those specified above.  No person has any authority to bind Interplastic Corporation to any representation except those specified above.  Final determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer.  The Thermose
	Date: August 21, 2001 
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	INTERPLASTIC CORPORATION 
	INTERPLASTIC CORPORATION 
	INTERPLASTIC CORPORATION 
	2015 Northeast Broadway Street Minneapolis, Minnesota 55413-1775 (651) 481-6860  Fax (612) 331-4235 
	All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer. Interp
	COR78-AT-5XX Type Resin 
	COR78-AT-5XX Type Resin 
	COR78-AT-5XX Type Resin 
	COR78-AT-5XX Type Resin 
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	Figure
	INTERPLASTIC CORPORATION 
	2015 Northeast Broadway Street Minneapolis, Minnesota 55413-1775 (651) 481-6860  Fax (612) 331-4235 
	COR78-AT-5XX Type Resin-Cured Sample (No Felt) 
	COR78-AT-5XX Type Resin-Cured Sample (No Felt) 

	All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer. Interp
	Figure
	Figure
	INTERPLASTIC CORPORATION 
	2015 Northeast Broadway Street Minneapolis, Minnesota 55413-1775 (651) 481-6860  Fax (612) 331-4235 
	COR78-AT-5XX Type Resin-Cured Sample (With Felt) 
	COR78-AT-5XX Type Resin-Cured Sample (With Felt) 

	COR78-AT-559HB with 6-mm Felt 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 Absorbance 1000150020002500300035004000 Wavenumbers (cm-1) 
	All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer. Interp
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	INTERPLASTIC CORPORATION 
	2015 Northeast Broadway Street Minneapolis, Minnesota  55413-1775 (651) 481-6860   Fax (612) 331-4235 
	COR72-AT-4XX Type Cured Casting Sample 
	COR72-AT-4XX Type Cured Casting Sample 

	COR72-AT-4XX - Cured Resin Casting 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 Absorbance 100015002000250030003500 Wavenumbers (cm-1) 
	All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer. Interp
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	INTERPLASTIC CORPORATION 
	2015 Northeast Broadway Street Minneapolis, Minnesota  55413-1775 (651) 481-6860   Fax (612) 331-4235 
	COR72-AT-4XX Type Liquid Resin Sample 
	COR72-AT-4XX Type Liquid Resin Sample 

	COR72-AT-4XX Liquid Resin 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 Absorbance 100015002000250030003500 Wavenumbers (cm-1) 
	All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer. Interp
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	Michels Pipeline Construction 1715 16th St. SE Salem, OR 97302 (503)364-1199 main (503)391-8317 fax 
	Department: 
	CALTRANS 

	Figure
	RTE 50 at various locations near Kyburz, CA in El Dorado County Construction on State HWY in El Dorado County City's Project Number: 
	Project Location: 
	Project Title: 
	03-4M4404 

	Andy Thompson Michels Project No: 
	Prepared By: 
	40435 

	Date Received: Engineer: Darlene Wulff 
	Contractor: Michels Corp 
	Submittal number: 
	4 Submittal Date: Revision Date: 
	5/27/2014 

	NA Revision Number: 
	NA 
	Engineer's Stamp 
	Specification Section: 15-6.11A(3) Subsection: 3.2 Item: Resin Page: 20 Deviation (Y or N): N 
	Submittal Description: Resin Enhancer Data 
	Intended Use: Quality Assurance Plan Sheet: NA Manufacturer: NA 
	Supplier: NA Applicable Standard: NA 
	Referenced Document: NA 
	Notes: 
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	INTERPLASTIC CORPORATION 
	Figure
	1225 Willow Lake Boulevard Saint Paul, Minnesota 55110-5145 (651) 481-6860 Fax (651) 481-9836 
	May 13, 2014 
	Mr. Andy Thompson, Project Manager Michels Pipe Services 1715 16Street SE Salem, OR 97302 
	th 

	Dear Mr. Thompson: 
	You have requested information on cured-in-place pipe (CIPP) resins manufactured by Interplastic Corporation, COR72-AT-470HT and COR78-AT-559T. These resins has been manufactured by Interplastic Corporation for over twenty five (25) years and over 270 million pounds has been used to successfully renovate deteriorated sewer and storm water lines. 
	Interplastic Corporation is certified under ISO9001-2000. 
	This resin meets the requirements found in ASTM F1216, ASTM F1743, and ASTM D5813 from the standpoint of achievable mechanical properties and corrosion resistance. This resin has also been tested under ASTM D2990 and exhibits a creep retention factor of 50%. 
	-

	Michels Pipe Services have successfully used these resins to renovate deteriorated lines using the CIPP process. 
	The formulations for these resins includes resin enhancers which allows the system to exhibit higher mechanical properties. Resin formulations for Interplastic Corporation are proprietary. The enhancer amount used in the resin is approximately 25%. The enhancer and resin form an acceptable bond resulting in the increased properties. The COR72-AT-470HT has a bonding agent on the enhancing agent. This bonding agent is compatible with the resin system. The COR78-AT-559T enhancing agent does not require a bondi
	I hope that this information proves to be useful. Please contact me at 281-687-8617 if you have additional questions or comments on this matter. 
	Sincerely, 
	Figure
	Kaleel Rahaim Business Manager Remediation Polymers Thermoset Resins Division 
	Figure
	Michels Pipeline Construction 1715 16th St. SE Salem, OR 97302 (503)364-1199 main (503)391-8317 fax 
	Department: 
	CALTRANS 

	Figure
	RTE 50 at various locations near Kyburz, CA in El Dorado County Construction on State HWY in El Dorado County City's Project Number: 
	Project Location: 
	Project Title: 
	03-4M4404 

	Andy Thompson Michels Project No: 
	Prepared By: 
	40435 

	Date Received: Engineer: Darlene Wulff 
	Contractor: Michels Corp 
	Submittal number: 
	5 Submittal Date: Revision Date: 
	5/27/2014 

	NA Revision Number: 
	NA 
	Engineer's Stamp 
	Specification Section: 15-6.11A(3) Subsection: 3.3 Item: Fabric Tube 
	Page: 20 Deviation (Y or N): N 
	Submittal Description: Fabric Tube Desc. 
	Intended Use: CIPP Reference Manual 
	Plan Sheet: NA Manufacturer: Applied Felts Supplier: Applied Felts 
	Applicable Standard: NA 
	Referenced Document: NA 
	Notes: 
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	Michels Pipeline Construction 1715 16th St. SE Salem, OR 97302 (503)364-1199 main (503)391-8317 fax 
	Department: 
	CALTRANS 

	Figure
	RTE 50 at various locations near Kyburz, CA in El Dorado County Construction on State HWY in El Dorado County City's Project Number: 
	Project Location: 
	Project Title: 
	03-4M4404 

	Andy Thompson Michels Project No: 
	Prepared By: 
	40435 

	Date Received: Engineer: Darlene Wulff 
	Contractor: Michels Corp 
	Submittal number: 
	6 Submittal Date: Revision Date: 
	5/27/2014 

	NA Revision Number: 
	NA 
	Engineer's Stamp 
	Specification Section: 15-6.11A(3) Subsection: 3.4 Item: Installation Procedure 
	Page: 20 Deviation (Y or N): N 
	Submittal Description: Installation Procedures for CIPP 
	Intended Use: CIPP Reference Manual 
	Plan Sheet: NA Manufacturer: NA 
	Supplier: NA Applicable Standard: NA 
	Referenced Document: NA 
	Notes: 
	Figure
	INSTALLING PREMIER PIPE USING THE AIR/STEAM METHOD 
	1. 
	1. 
	1. 
	The inversion frame should be placed directly over the pipeline to be lined. A suitable access to the pipeline, i.e.; manhole, pothole or hatch, shall be provided to ensure the liner is not hindered in any way. 

	2. 
	2. 
	A suitable air source is required for maintaining installation and curing pressures. 

	3. 
	3. 
	The liner should be transported in a climate controlled vessel to prevent a premature exotherm during transit. 

	4. 
	4. 
	The vessel transporting the liner should be placed in close proximity to the inversion frame. 

	5. 
	5. 
	After the liner is secured to the inversion frame, a lubricant, such as mineral oil, needs to be applied to prevent friction and aid in the inverting of the liner. 

	6. 
	6. 
	Apply air to liner and maintain a pressure within the recommended range of pressures as determined by the manufacturer while the liner is inverting. If the liner stops or is stopped during the inversion; air pressure can be increased or decreased accordingly to resume inverting the liner. 

	7. 
	7. 
	Although not necessary, it is recommended that a rope be attached to the tail end of the liner before it goes through the inversion frame. The rope should be used to control the feed rate of the liner. 

	8. 
	8. 
	Once the liner has reached the termination point and is up against a suitable restraint, steam can be introduced to begin the curing of the liner. Curing should be performed by manufacturer’s recommendations. 


	Figure
	Figure
	INTERPLASTIC CORPORATION 
	Suggested Cure Schedule -Hot Air or Steam For Cured-In-Place-Pipe Applications Using COR72, COR78 and CORVE Series Resins 
	Suggested Cure Schedule -Hot Air or Steam For Cured-In-Place-Pipe Applications Using COR72, COR78 and CORVE Series Resins 
	Suggested Cure Schedule -Hot Air or Steam For Cured-In-Place-Pipe Applications Using COR72, COR78 and CORVE Series Resins 

	Felt Thickness, mm Type of Cure Temperature, °F Time, minutes 
	Felt Thickness, mm Type of Cure Temperature, °F Time, minutes 

	<10 Ramp 140 Interface 30 
	<10 Ramp 140 Interface 30 

	Heat liner with hot air mixture until an interface temperature (between the liner and the host pipe) reaches a temperature of 105 degrees F, minimum. Begin increasing the live steam component until the interface temperature reaches a minimum of 140 degrees F. Insure that the interface temperature at the upstream and downstream end of the liner are comparable. After liner achieves maximum peak exotherm, begin cooldown process to a hot air temperature of 120 degrees F. This decrease in temperature should take
	Heat liner with hot air mixture until an interface temperature (between the liner and the host pipe) reaches a temperature of 105 degrees F, minimum. Begin increasing the live steam component until the interface temperature reaches a minimum of 140 degrees F. Insure that the interface temperature at the upstream and downstream end of the liner are comparable. After liner achieves maximum peak exotherm, begin cooldown process to a hot air temperature of 120 degrees F. This decrease in temperature should take

	10 -18 Stage 105 Interface 20 130 Interface 40 
	10 -18 Stage 105 Interface 20 130 Interface 40 

	Heat liner with hot air mixture until an interface temperature (between the liner and the host pipe) reaches a temperature of 105 degrees F, minimum. Begin increasing the live steam component until the interface temperature reaches a minimum of 130 degrees F. Insure that the interface temperature at the upstream and downstream end of the liner are comparable. After liner achieves maximum peak exotherm, begin cooldown process to a hot air temperature of 120 degrees F. This decrease in temperature should take
	Heat liner with hot air mixture until an interface temperature (between the liner and the host pipe) reaches a temperature of 105 degrees F, minimum. Begin increasing the live steam component until the interface temperature reaches a minimum of 130 degrees F. Insure that the interface temperature at the upstream and downstream end of the liner are comparable. After liner achieves maximum peak exotherm, begin cooldown process to a hot air temperature of 120 degrees F. This decrease in temperature should take

	Note: Ramp/stage upheating should occur in a reasonable amount of time in order to avoid monomer boiling and resin/liner cracking. Suggested time interval to reach maximum ramp/stage temperature (peak exotherm) of the interface/liner should be approximately 30 minutes. These suggestions are provided assuming a high temperature catalyst system is employed. They are not intended for ambient cure resin/catalyst systems. This is information is provided free of charge and is intended to be used strictly as a ref
	Note: Ramp/stage upheating should occur in a reasonable amount of time in order to avoid monomer boiling and resin/liner cracking. Suggested time interval to reach maximum ramp/stage temperature (peak exotherm) of the interface/liner should be approximately 30 minutes. These suggestions are provided assuming a high temperature catalyst system is employed. They are not intended for ambient cure resin/catalyst systems. This is information is provided free of charge and is intended to be used strictly as a ref
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	All specification and properties specified above are approximate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer. The The
	Date: March 12, 2000 
	Figure
	Table
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	FIELD CURE RECORD 
	DS# 
	Cure process 

	Time                  
	Time                  
	Head / 
	Boiler 
	Boiler 
	MH 
	MH 
	MH 
	MH 
	Steam Water 

	5-Min Int. 
	5-Min Int. 
	PSI 
	In 
	Out 
	wire 1 
	wire 2 
	wire 1 
	wire 2 
	wire 1 
	wire 2 
	wire 1 
	wire 2 
	Notes 

	Job Name: 
	Job Name: 
	Operator: 
	Weather: 

	Client: 
	Client: 
	Diameter 
	City/State: 

	Owner: 
	Owner: 
	Length: 
	Date: 

	Michels #: 
	Michels #: 
	Wall (mm): 
	DS# 


	Figure
	Michels Pipeline Construction 1715 16th St. SE Salem, OR 97302 (503)364-1199 main (503)391-8317 fax 
	Department: 
	CALTRANS 

	Figure
	RTE 50 at various locations near Kyburz, CA in El Dorado County Construction on State HWY in El Dorado County City's Project Number: 
	Project Location: 
	Project Title: 
	03-4M4404 

	Andy Thompson Michels Project No: 
	Prepared By: 
	40435 

	Date Received: Engineer: Darlene Wulff 
	Contractor: Michels Corp 
	Submittal number: 
	7 Submittal Date: Revision Date: 
	5/27/2014 

	NA Revision Number: 
	NA 
	Engineer's Stamp 
	Specification Section: 15-6.11A(3) Subsection: 3.5 Item: End Seal Material 
	Page: 20 Deviation (Y or N): N 
	Submittal Description: End Seal Materials 
	Intended Use: CIPP Reference Manual 
	Plan Sheet: NA Manufacturer: NA 
	Supplier: NA Applicable Standard: NA 
	Referenced Document: NA 
	Notes: 
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	MASCO FLASH | Cement Based Patching Mortar 
	DESCRIPTION 
	MASCO FLASH is a ready-to-use, cement based concrete and masonry patching compound formulated specifically for use around water. It requires only potable water for mixing. MASCO FLASH achieves initial set in approximately 20 minutes, and final set in 35-40 minutes.  After initial set, MASCO FLASH may be shaved to conform to the contours of the surrounding surface. MASCO FLASH undergoes a chemical "hyper hydration" and produces a very stable, low permeable, cementitious matrix, when combined with the correct
	USES 
	• 
	• 
	• 
	Interior or exterior above or below grade 

	• 
	• 
	Vertical, overhead and horizontal repairs 

	• 
	• 
	Outstanding repair material for tunnels, basements, concrete pipe, curbs, catch basins, vaults, formed and precast concrete 

	• 
	• 
	Freeze thaw durable 

	• 
	• 
	Trowelable repair mortar 


	FEATURES AND BENEFITS 
	• 
	• 
	• 
	Initial set in 20 minutes 

	• 
	• 
	Final set within 35-40 minutes 

	• 
	• 
	May be “shaved” to desired shape 

	•
	•
	 High strength 

	•
	•
	 Excellent durability 


	MATERIAL PROPERTIES AT 75° F. 
	ASTM C109 
	ASTM C109 
	ASTM C109 

	Compressive Strength, PSI 
	Compressive Strength, PSI 
	24 Hour 
	3,000

	TR
	7 day 
	5,000

	TR
	   28 Day
	 6,000

	ASTM C266 
	ASTM C266 

	Set Time, Gilmore, Min 
	Set Time, Gilmore, Min 
	Initial 
	20 

	TR
	Final 
	35-40 

	ASTM C190 
	ASTM C190 

	Tensile Strength, PSI 
	Tensile Strength, PSI 
	  7 Day Avg. 
	325 

	TR
	28 Day Avg. 
	450 

	ASTM C78 
	ASTM C78 

	Flexural Strength, PSI 
	Flexural Strength, PSI 
	28 Day Avg. 
	990 

	OH DOT 1042 
	OH DOT 1042 

	Shear Bond Strength, PSI 
	Shear Bond Strength, PSI 
	24 Hour Avg. 
	900 

	TR
	  7 Day Avg. 
	1,250

	ASTM C666 
	ASTM C666 

	Freeze Thaw Durability Factor 
	Freeze Thaw Durability Factor 
	300 Cycles 
	98.25% 

	ASTM C157 
	ASTM C157 

	Shrinkage Initial 
	Shrinkage Initial 
	7 Day 
	-0.053% 

	Final 
	Final 
	   28 Day
	 -0.160% 

	Expansion Initial 
	Expansion Initial 
	7 Day
	 0.049% 

	Final 
	Final 
	   28 Day 
	0.102% 

	ASTM C672 
	ASTM C672 

	Scaling Resistance 
	Scaling Resistance 
	25 Cycles 
	0% loss 

	ASTM D1411 
	ASTM D1411 

	Chloride 
	Chloride 
	<0.01% 

	SURFACE PREPARATION 
	SURFACE PREPARATION 


	Concrete surfaces must be structurally sound, free of loose or deteriorated concrete and free of dust, dirt, laitance, oil, grease,  
	Concrete surfaces must be structurally sound, free of loose or deteriorated concrete and free of dust, dirt, laitance, oil, grease,  
	curing compounds, coatings and other bond inhibiting materials from surface. Be sure repair area is not less than 1/4 inch in depth. Preparation work should be done by high pressure water blast, scabbler, or other appropriate mechanical means to obtain an exposed aggregate surface with a minimum surface profile of ±1/16 inch. Saturate surface with clean water.  Substrate should be saturated surface dry (SSD) with no standing water during application. 

	MIXING INSTRUCTIONS 
	Mix only enough material that can be applied within 10 – 15 minutes. MASCO FLASH will require approximately 5 to 5-1/2 quarts of potable water per 50 lb bag to achieve the proper mix consistency.  In a clean container, add 3/4 of mixing water. Using a ½” slow speed (400-600 rpm) drill and a Jiffy mixer, gradually add the MASCO FLASH powder to produce a mortar with a smooth consistency and without lumps.  Add remaining liquid to obtain desired consistency.  Do not mix longer than 60 seconds. Mix small quanti
	APPLICATION TECHNIQUES 
	Minimum ambient and surface temperatures 40°F and rising at time of application. Saturate surface with clean water.  Substrate should be saturated surface dry (SSD) with no standing water during application. Apply a scrub coat of the  mixed MASCO FLASH by hand or stiff brush working mixture thoroughly into voids and pores of surface to eliminate air pockets.  Before scrub coat dries, follow immediately with a layer of MASCO FLASH.  If scrub coat dries before mortar is applied, scrub coat must be mechanicall
	HAND APPLIED VERTICAL SURFACES:  Follow application techniques above, then apply MASCO FLASH from a minimum 1/4” to 1” depth by rubber gloves or trowel using sufficient pressure to fill surface holes and voids and to ensure maximum bond to the substrate. Completely fill all voids around steel reinforcement. For repair depths greater than 1.0 inch,  apply MASCO FLASH in lifts. Rake or score the fresh MASCO FLASH with edge of trowel to create a keyed surface area for improved adhesion. After Initial set, (SSD
	HAND APPLIED VERTICAL SURFACES:  Follow application techniques above, then apply MASCO FLASH from a minimum 1/4” to 1” depth by rubber gloves or trowel using sufficient pressure to fill surface holes and voids and to ensure maximum bond to the substrate. Completely fill all voids around steel reinforcement. For repair depths greater than 1.0 inch,  apply MASCO FLASH in lifts. Rake or score the fresh MASCO FLASH with edge of trowel to create a keyed surface area for improved adhesion. After Initial set, (SSD
	another layer of MASCO FLASH.  Slightly overfill the final layer and immediately following initial set, shave the material with edge of margin trowel following the finished surface.  Shave MASCO FLASH toward the common bonding edge between repair material and existing surface. Use a wet sponge float for final finishing. FOR HORIZONAL OR FORMED REPAIRS: Follow application techniques above,  then apply MASCO FLASH from a minimum 1/4” to 1” depth with trowel or float using sufficient pressure to fill surface h

	Figure
	CURING 
	As per ACI 308 Standard Practice for Curing Concrete, curing of MASCO FLASH is required.  Moist cure with wet burlap or polyethylene or a water based compatible curing compound such as MASCO CURE & SEAL WB. Moist cure should begin immediately after finishing.  Protect newly applied material from direct sunlight, wind, rain, frost and freezing.  Pretesting of curing compound other than MASCO CURE & SEAL WB is recommended. Curing compounds adversely affect the adhesion of following layers of mortars, toppings
	YIELD 
	One 50 bag of MASCO FLASH will yield approximately 0.50 cu. ft. When extended with 20 lbs clean washed 3/8” pea gravel yield will be approximately 0.60 cu. ft.    
	CAUTIONS 
	Do not apply MASCO FLASH below 40°F. Do not apply to a frost filled surface. Protect from freezing. Addition of coarse aggregates may result in variations of the physical properties of the mortar. Excessive moisture and high humidity will slow curing time. Always do a sample area first. When used as an underlayment, always follow the directions of floor covering manufacturer concerning maximum moisture content and surface bondability and perform required tests. 
	PACKAGING 
	50 lb. bag MASCO FLASH Powder.   Storage: 50°-85°F in protected, dry storage.  Protect from freezing. Shelf Life: 1 year.  Freight Class: 55. DOT/UN Shipping Name: Non-regulated DOT Hazard Class: Non-regulated Shipping Name: Non-regulated 
	HAZARDS IDENTIFICATION MASCO FLASH Powder: Breathing dust may cause nose, throat, or lung irritation and choking. May cause eye irritation, severe burns and damage to the cornea.  May cause dry skin, redness, discomfort, irritation or severe burns. May produce allergic reaction. Thickening of the skin (scleroderma) may be associated with exposure to high levels of crystalline silica. Ingestion of large amounts may cause intestinal distress. Prolonged inhalation of respirable silica will result in permanent 
	FIRST AID: Inhalation: Remove victim from exposure to fresh air. Seek medical attention. Eyes: Rinse carefully with water. Seek medical attention. Skin: Wash thoroughly with soap and water.  Use moisturizing creams for irritated skin. Seek medical attention for burns or if irritation persists. Ingestion: Do not induce vomiting but drink plenty of water. Seek medical attention for discomfort. 
	CLEANUP INSTRUCTIONS 
	Clean tools and equipment with water before MASCO FLASH. Hardened MASCOPATCH will require mechanical abrasion for removal. 
	TECHNICAL SERVICE: For Technical Service on all Masons Supply products contact:  
	MASONS SUPPLY 2637 SE 12 Ave Portland, OR 97202 (503)234-4321, FAX (503)234-5606 
	th
	masco.net 

	WARRANTIES 
	Seller warrants that the Products do not infringe upon any copyright, patent, or trademark or trade secret, nor violate the proprietary information rights of any third party.  Seller warrants that its Products will conform to and perform in accordance with the Products' specifications.  THE FOREGOING WARRANTIES, ARE IN LIEU OF ALL OTHER WARRANTIES EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THOSE CONCERNING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. LIMITATION ON LIABILITIES: Because of th
	3/07 
	Clackamas Eugene West Eugene Gresham Hillsboro Medford Portland Salem Wilsonville 
	OR 
	(503) 722-1528 (541) 744-6696 (541) 683-1408 (503) 665-4650 (503) 533-0107 (541) 772-6161 (503) 234-4321 (503) 585-5504 (503) 582-9320 Seattle Tacoma Vancouver Vanc. Form 
	Woodinville 

	WA 
	MASCO.NET 

	(206) 767-4645 (253) 581-6161 (360) 694-8700 (360) 737-7969 (425) 487-6161 
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	Figure
	The Benchmark for Expandable Waterstops 
	TYPICAL STRUCTURES UTILIZING HYDROTITE: 
	n Water and waste water treatment facilities n Primary and secondary containment structures n Tunnels and culverts n Dams, locks, canals, water reservoirs and aqueducts n Pipe penetrations n Swimming pools n Storage tanks n Retaining walls 
	Hydroelectric and Flood 
	n Foundations 
	Control Projects 
	n Slabs on grade 
	Water and Waste Water Treatment Plants 
	3400 Tree Court Industrial Blvd., St. Louis, Missouri 63122 
	Figure
	Tunnels 
	Phone: 800. 325-9504 or 636. 225-9400 Fax: 800. 551-5145 or 636. 225-9854 
	www.greenstreak.com 

	Figure
	FFlleexxiibbllee ssoolluuttiioonnss.. CCoonnccrreettee ppeerrffoorrmmaannccee.. 
	Popular CJ Profiles available with an adhesive back 
	Hydrotiteis a state-of-the-art hydrophilic waterstop with unmatched durability and watersealing capacity. Comprised of , modified chloroprene rubber, Hydrotite expands up to EIGHT TIMES its original volume when exposed to water. This expansion creates an effective compression seal within joints of limited movement. Recognized worldwide, Hydrotitehas a proven track record as a high quality and cost effective solution to your water containment needs. 
	NON-BENTONITE

	Since 1950, GREENSTREAK has maintained its position of industry leadership by responding to the unique needs of our customers. Hydrotiteis one more example of our continued dedication to the construction market and to the advancement of joint sealing technologies. 
	CALL GREENSTREAK’S TECHNICAL SERVICE DEPARTMENT FOR ASSISTANCE WITH MA 
	HYDROTITE: The Benchmark for HYDROTITE CJ: A Superior Waterstop for Concrete Joint Gaps 
	Expandable Waterstops 
	Hydrotiteis a state-of-the-art hydrophilic waterstop now available from GREENSTREAK. Comprised of a modified chloroprene rubber, Hydrotitehas unmatched durability and water sealing capacity. Hydrotite expands up to EIGHT TIMES its volume when exposed to water. This remarkable hydrophilic property enables Hydrotiteto reliably seal joints. 
	® 
	®

	BEFORE EXPANSION AFTER EXPANSION 
	Note: Hydrotite CJ-Type is not a sealing material for expansion joints and should not be used as such. 
	Exceptional Qualities to Ensure Unparalleled Performance 
	n Swells up to EIGHT times its volume when exposed to water n Comprised of NON-BENTONITE, modified chloroprene rubber n Outstanding physical properties 
	n Available as a co-extruded profile to provide directional expansion (also available as a single extrusion) 
	n Special expansion delay coating to allow concrete cure prior to expansion n Reliable and durable (lifespan up to 100 years) n ISO 9002 certified n CJ-0725-3K-ADH and CJ-1020-2K-ADH offered with an adhesive back n Simple, low cost installation n Available in a multitude of sizes and shapes for numerous applications n Appropriate for retro-fit as well as new construction n Can withstand high hydrostatic pressures (150' head minimum for most profiles) n International acceptance n 15 years of service 
	As this innovative product absorbs water and expands, it conforms to gap variations along the joint. This action ensures complete sealing even under extraordinary hydrostatic pressures. Due to its slim profile, it won’t project like conventional waterstops and trap air or become displaced by the second pour. The result is optimum concrete placement. Hydrotite CJ, is treated with a special expansion-delay coating to prevent it from reacting to the fresh, moist concrete and expanding before curing takes place
	New concrete or second pour 
	Existing concrete 
	Existing concrete 
	HYDROTITE CJ TYPE
	or first pour 

	HYDROTITE RSS: Seal for Sawed Control Joints/Joint Repairs 
	Hydrotite RSSprofiles create effective seals in sawed control joints and in the repair of failed joints. Hydrotiteeliminates hydrostatic pressure below the sealant, thus extending the sealant’s life. Select solid profiles with slightly larger diameters than the joint width for joints of consistent widths. Hollow profiles should be selected based on the maximum width of joints with varying widths. Compress both profiles slightly on initial insertion. 
	Backer rod and sealant 
	HYDROTITE RSS TYPE 
	HYDROTITE DSS: Pipe Penetrations/Pipe Thimbles 
	The DSS profiles can be bonded to various piping 
	HYDROTITE DSS TYPE 

	Bonded to pipe with
	materials, including concrete, steel and plastic. rubber adhesive Bond Hydrotite DSSto the pipe prior to concrete placement. Installation in existing walls requires an oversize cutout be made and Hydrotiteinstalled both on the pipe and the outside diameter of the cutout. Fill the annulus with a non-shrink grout. Embedded pipe thimbles can also be sealed with Hydrotite DSS. 
	HYDROTITE HS: Termination for Liner Systems 
	Hydrotite HS-0540-30is used to complete liner systems. Placed under a batten bar, between the liner and concrete wall, Hydrotite HSeffectively terminates the liner. Dual composition prevents the profile from expanding out from under the batten bar. The HS profile can be supplied solid or with 3/8 inch diameter prepunched holes on 6 inch centers for ease of installing anchors. 
	Batten Bar Liner HYDROTITE HS TYPE 
	HYDROTITE DS: Ideal In Shield Segment Tunnel Lining Systems 
	The outstanding hydrophilic performance of Hydrotite DSenables it to follow the expansion and contraction of joint gaps, creating an effective seal even under high water pressure. In contrast, conventional compressive seals tend to lose their elasticity and restoring force over time and, therefore, their water-sealing effectiveness. Furthermore, conventional seals must be thicker compared to Hydrotite DSto have the same gap-sealing ability. 
	TUNNEL SHELDING JOINTS 
	STEEL SEGMENT 
	CONCRETE SEGMENT WITH GROOVE 
	SWELLING CHARACTERISTICSEXPANSION CHARACTERISTICS H MATERIAL TYPE AND DESIGN SELECTION (800) 325-9504 
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	Property 
	Property 
	Test Method 
	Unit 
	Hydrophilic Rubber Minimum Typical 
	Chloroprene Rubber Minimum Typical 

	Tensile Strength 
	Tensile Strength 
	ASTM D412 
	lb/in2 
	350 
	366 
	1300 
	1570 

	Elongation 
	Elongation 
	ASTM D412 
	% 
	600 
	670 
	400 
	450 

	Hardness 
	Hardness 
	ASTM D2240 
	Shore A 
	52+/-5 
	54 
	50+/-5 
	50 

	Tear Resistance 
	Tear Resistance 
	ASTM D624 
	lb/in 
	50 
	60.3 
	100 
	123 

	Specific Gravity 
	Specific Gravity 
	ASTM D792 
	1.32+/-0.1 
	1.32 
	1.38+/-0.1 
	1.38 


	Typical expansion pressures of Swelling characteristics ofHydrotite Hydrotiteare shown below. depend on the water quality as typical examples shown below. 
	150 
	expansion pressure (psi)
	75 60 
	45 
	30 15 
	30 15 
	(%) 

	increase in thickness
	100 
	50 
	salt water (3.0%) tap water 
	0 5 10 1520 25 days of immersion days of immersion
	0123456789 
	INSTALLATION GUIDELINES 
	1. 
	1. 
	1. 
	For best results, apply Hydrotiteto smooth, even surfaces to ensure good bonding. 

	2. 
	2. 
	Provide 2” minimum concrete cover. 

	3. 
	3. 
	3. 
	Hydrotitecan be installed to the plain surface of concrete or in a formed keyway. 


	4. 
	4. 
	Hydrotiteshould be spliced by cutting ends square (or mitered) with a sharp knife or shears. Bond the prepared ends together with a cyanacrylate (super glue) adhesive. Leakmastercan be used to further protect the splice area. 

	5. 
	5. 
	Remove all dust, oil, etc. From concrete surface prior to adhering Hydrotite. 

	6. 
	6. 
	CJ-0725-3K-ADH and CJ-1020-2K-ADH are available with an adhesive back for adhering to the concrete surface. Bonding of other Hydrotiteprofiles can be accomplished using a contact adhesive compatible with chloroprene rubber. On rough concrete surfaces, GREENSTREAK 7300 Epoxyor Leakmastershould be used to smooth the surface and to adhere Hydrotite. 

	7. 
	7. 
	Concrete nails, in conjunction with adhesives, are recommended for vertical or overhead applications. 
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	SINGLE COMPONENT WATER-SWELLING SEALANT 
	LEAKMASTER 
	LEAKMASTER LV-1 is a single component water-swelling sealant with excellent and unique properties. 
	Its development was based on C.I. Kasei’s technology and long experience in water-swelling sealants. 
	LEAKMASTER may be applied in locations where conventional solid sealants cannot be easily applied. This includes irregular shaped joints, rough surfaces, odd penetrations, etc. 
	After curing, LEAKMASTER has excellent physical properties. The rubber-like elasticity of the material and expansion characteristics create an effective watertight seal. 
	ADVANTAGES 
	EASY APPLICATION – As a moisture-cure single component water-swelling sealant, standard caulking guns can be used. 
	PHYSICAL PROPERTIES – After curing, LEAKMASTER has better physical properties than those of conventional sealants. 
	EXPANSION – LEAKMASTER expands approximately two times its original volume when exposed to water. It provides excellent water sealing properties while retaining its rubberlike elasticity. 
	ADHESION – Before swelling, LEAKMASTER adheres to various materials such as concrete, metal, glass, etc. 
	MAIN APPLICATION 
	n Water sealing at joints of in-situ cast concrete n Water sealing around H-section steel joints 
	and bars n Caulking for water distribution systems n Pipe penetrations 
	n Irregular joint surfaces n Waterproofing work 
	WARRANTY: These specifications are to be used only as a general guideline by engineers in formulating preliminary specifications, and should not be relied upon without site-specific product testing; Greenstreak assumes no responsibility for the improper reliance upon or misuse of such data. In addition, product design and specifications are subject to change without notice. 
	All statements regarding this product are based upon procedures and tests which the manufacturer believes are reliable, and may be changed for improvement of quality without notice; but it will be the sole responsibility of the customer and/or end user to use this product properly, and therefore 
	NOZZLE LENGTH DIAMETER 3mmØ (1/8 in) 35-40m (125 ft) 6mmØ (1/4 in) 8-10m (30 ft) 8mmØ (3/8 in) 4-5m (15 ft) 10mmØ (1/2 in) Approx. 3m (8 ft) 1) Break the moisture-proofing aluminum foil at the top of the cartridge, and remove the metal back seamer from the bottom. 2) Cut the nozzle at the appropriate position diagonally. 4) Put the cartridge into caulking gun. 3) Average extrudable length vs. nozzle diameter. 5) Apply Leakmaster continuously without a break to the place to be sealed. CHARACTERISTICS APPLICATION
	1. GENERAL PROPERTIES 
	1. GENERAL PROPERTIES 
	1. GENERAL PROPERTIES 

	Appearance 
	Appearance 
	Putty-Like 

	Color 
	Color 
	Grey 

	Specific Gravity 
	Specific Gravity 
	1.30 

	Extrudability 
	Extrudability 
	Within 20 seconds (at 23°C) 

	Slump 
	Slump 
	3mm max. (at 23°C) 

	Tack-Free Time 
	Tack-Free Time 
	Within 8 hours (at 23°C, 60% R.H.) 

	TR
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	2. PROPERTIES AFTER HARDENING 
	2. PROPERTIES AFTER HARDENING 

	Hardness 
	Hardness 
	35 Shore A 

	Tensile Strength 
	Tensile Strength 
	30 kgf/cm2 (425 psi) 

	Elongation 
	Elongation 
	1250% 

	Tear Strength 
	Tear Strength 
	10 kgf/cm (56 lb/in) 

	TR
	JIS-K-6301 

	3. SWELLING PROPERTIES 
	3. SWELLING PROPERTIES 

	TR
	TH
	Figure


	4. ADHESION PROPERTIES 
	4. ADHESION PROPERTIES 

	TR
	Steel 
	Aluminum 
	Mortar 

	50% Modulus (kgf/cm2) 
	50% Modulus (kgf/cm2) 
	4.5 64 psi 
	6.5 92 psi 
	6.5 92 psi 

	Max. Tensile Strength (kgf/cm2) 
	Max. Tensile Strength (kgf/cm2) 
	7.0 99 psi 
	12.2 173 psi 
	11.1 157 psi 

	Elongation at Break (%) 
	Elongation at Break (%) 
	330 
	580 
	570 

	JIS-A-5758 
	JIS-A-5758 


	PACKAGING 
	Item No. 
	Item No. 
	Item No. 
	LEAKMASTER LV-1 

	Cartridge 
	Cartridge 
	320 cc 

	Carton 
	Carton 
	24 cartridges 
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	assume all risk and liability in connection herewith. 
	Figure
	Figure
	Figure
	The Benchmark for Expandable Waterstops 
	TYPICAL STRUCTURES UTILIZING HYDROTITE: 
	n Water and waste water treatment facilities n Primary and secondary containment structures n Tunnels and culverts n Dams, locks, canals, water reservoirs and aqueducts n Pipe penetrations n Swimming pools n Storage tanks n Retaining walls 
	Hydroelectric and Flood 
	n Foundations 
	Control Projects 
	n Slabs on grade 
	Water and Waste Water Treatment Plants 
	3400 Tree Court Industrial Blvd., St. Louis, Missouri 63122 
	Figure
	Tunnels 
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	FFlleexxiibbllee ssoolluuttiioonnss.. CCoonnccrreettee ppeerrffoorrmmaannccee.. 
	Popular CJ Profiles available with an adhesive back 
	Hydrotiteis a state-of-the-art hydrophilic waterstop with unmatched durability and watersealing capacity. Comprised of , modified chloroprene rubber, Hydrotite expands up to EIGHT TIMES its original volume when exposed to water. This expansion creates an effective compression seal within joints of limited movement. Recognized worldwide, Hydrotitehas a proven track record as a high quality and cost effective solution to your water containment needs. 
	NON-BENTONITE

	Since 1950, GREENSTREAK has maintained its position of industry leadership by responding to the unique needs of our customers. Hydrotiteis one more example of our continued dedication to the construction market and to the advancement of joint sealing technologies. 
	CALL GREENSTREAK’S TECHNICAL SERVICE DEPARTMENT FOR ASSISTANCE WITH MA 
	HYDROTITE: The Benchmark for HYDROTITE CJ: A Superior Waterstop for Concrete Joint Gaps 
	Expandable Waterstops 
	Hydrotiteis a state-of-the-art hydrophilic waterstop now available from GREENSTREAK. Comprised of a modified chloroprene rubber, Hydrotitehas unmatched durability and water sealing capacity. Hydrotite expands up to EIGHT TIMES its volume when exposed to water. This remarkable hydrophilic property enables Hydrotiteto reliably seal joints. 
	® 
	®

	BEFORE EXPANSION AFTER EXPANSION 
	Note: Hydrotite CJ-Type is not a sealing material for expansion joints and should not be used as such. 
	Exceptional Qualities to Ensure Unparalleled Performance 
	n Swells up to EIGHT times its volume when exposed to water n Comprised of NON-BENTONITE, modified chloroprene rubber n Outstanding physical properties 
	n Available as a co-extruded profile to provide directional expansion (also available as a single extrusion) 
	n Special expansion delay coating to allow concrete cure prior to expansion n Reliable and durable (lifespan up to 100 years) n ISO 9002 certified n CJ-0725-3K-ADH and CJ-1020-2K-ADH offered with an adhesive back n Simple, low cost installation n Available in a multitude of sizes and shapes for numerous applications n Appropriate for retro-fit as well as new construction n Can withstand high hydrostatic pressures (150' head minimum for most profiles) n International acceptance n 15 years of service 
	As this innovative product absorbs water and expands, it conforms to gap variations along the joint. This action ensures complete sealing even under extraordinary hydrostatic pressures. Due to its slim profile, it won’t project like conventional waterstops and trap air or become displaced by the second pour. The result is optimum concrete placement. Hydrotite CJ, is treated with a special expansion-delay coating to prevent it from reacting to the fresh, moist concrete and expanding before curing takes place
	New concrete or second pour 
	Existing concrete 
	Existing concrete 
	HYDROTITE CJ TYPE
	or first pour 

	HYDROTITE RSS: Seal for Sawed Control Joints/Joint Repairs 
	Hydrotite RSSprofiles create effective seals in sawed control joints and in the repair of failed joints. Hydrotiteeliminates hydrostatic pressure below the sealant, thus extending the sealant’s life. Select solid profiles with slightly larger diameters than the joint width for joints of consistent widths. Hollow profiles should be selected based on the maximum width of joints with varying widths. Compress both profiles slightly on initial insertion. 
	Backer rod and sealant 
	HYDROTITE RSS TYPE 
	HYDROTITE DSS: Pipe Penetrations/Pipe Thimbles 
	The DSS profiles can be bonded to various piping 
	HYDROTITE DSS TYPE 

	Bonded to pipe with
	materials, including concrete, steel and plastic. rubber adhesive Bond Hydrotite DSSto the pipe prior to concrete placement. Installation in existing walls requires an oversize cutout be made and Hydrotiteinstalled both on the pipe and the outside diameter of the cutout. Fill the annulus with a non-shrink grout. Embedded pipe thimbles can also be sealed with Hydrotite DSS. 
	HYDROTITE HS: Termination for Liner Systems 
	Hydrotite HS-0540-30is used to complete liner systems. Placed under a batten bar, between the liner and concrete wall, Hydrotite HSeffectively terminates the liner. Dual composition prevents the profile from expanding out from under the batten bar. The HS profile can be supplied solid or with 3/8 inch diameter prepunched holes on 6 inch centers for ease of installing anchors. 
	Batten Bar Liner HYDROTITE HS TYPE 
	HYDROTITE DS: Ideal In Shield Segment Tunnel Lining Systems 
	The outstanding hydrophilic performance of Hydrotite DSenables it to follow the expansion and contraction of joint gaps, creating an effective seal even under high water pressure. In contrast, conventional compressive seals tend to lose their elasticity and restoring force over time and, therefore, their water-sealing effectiveness. Furthermore, conventional seals must be thicker compared to Hydrotite DSto have the same gap-sealing ability. 
	TUNNEL SHELDING JOINTS 
	STEEL SEGMENT 
	CONCRETE SEGMENT WITH GROOVE 
	SWELLING CHARACTERISTICSEXPANSION CHARACTERISTICS H MATERIAL TYPE AND DESIGN SELECTION (800) 325-9504 
	Table
	TR
	PROPE
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	Property 
	Property 
	Test Method 
	Unit 
	Hydrophilic Rubber Minimum Typical 
	Chloroprene Rubber Minimum Typical 

	Tensile Strength 
	Tensile Strength 
	ASTM D412 
	lb/in2 
	350 
	366 
	1300 
	1570 

	Elongation 
	Elongation 
	ASTM D412 
	% 
	600 
	670 
	400 
	450 

	Hardness 
	Hardness 
	ASTM D2240 
	Shore A 
	52+/-5 
	54 
	50+/-5 
	50 

	Tear Resistance 
	Tear Resistance 
	ASTM D624 
	lb/in 
	50 
	60.3 
	100 
	123 

	Specific Gravity 
	Specific Gravity 
	ASTM D792 
	1.32+/-0.1 
	1.32 
	1.38+/-0.1 
	1.38 


	Typical expansion pressures of Swelling characteristics ofHydrotite Hydrotiteare shown below. depend on the water quality as typical examples shown below. 
	150 
	expansion pressure (psi)
	75 60 
	45 
	30 15 
	30 15 
	(%) 

	increase in thickness
	100 
	50 
	salt water (3.0%) tap water 
	0 5 10 1520 25 days of immersion days of immersion
	0123456789 
	INSTALLATION GUIDELINES 
	1. 
	1. 
	1. 
	For best results, apply Hydrotiteto smooth, even surfaces to ensure good bonding. 

	2. 
	2. 
	Provide 2” minimum concrete cover. 

	3. 
	3. 
	3. 
	Hydrotitecan be installed to the plain surface of concrete or in a formed keyway. 


	4. 
	4. 
	Hydrotiteshould be spliced by cutting ends square (or mitered) with a sharp knife or shears. Bond the prepared ends together with a cyanacrylate (super glue) adhesive. Leakmastercan be used to further protect the splice area. 

	5. 
	5. 
	Remove all dust, oil, etc. From concrete surface prior to adhering Hydrotite. 

	6. 
	6. 
	CJ-0725-3K-ADH and CJ-1020-2K-ADH are available with an adhesive back for adhering to the concrete surface. Bonding of other Hydrotiteprofiles can be accomplished using a contact adhesive compatible with chloroprene rubber. On rough concrete surfaces, GREENSTREAK 7300 Epoxyor Leakmastershould be used to smooth the surface and to adhere Hydrotite. 

	7. 
	7. 
	Concrete nails, in conjunction with adhesives, are recommended for vertical or overhead applications. 
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	SINGLE COMPONENT WATER-SWELLING SEALANT 
	LEAKMASTER 
	LEAKMASTER LV-1 is a single component water-swelling sealant with excellent and unique properties. 
	Its development was based on C.I. Kasei’s technology and long experience in water-swelling sealants. 
	LEAKMASTER may be applied in locations where conventional solid sealants cannot be easily applied. This includes irregular shaped joints, rough surfaces, odd penetrations, etc. 
	After curing, LEAKMASTER has excellent physical properties. The rubber-like elasticity of the material and expansion characteristics create an effective watertight seal. 
	ADVANTAGES 
	EASY APPLICATION – As a moisture-cure single component water-swelling sealant, standard caulking guns can be used. 
	PHYSICAL PROPERTIES – After curing, LEAKMASTER has better physical properties than those of conventional sealants. 
	EXPANSION – LEAKMASTER expands approximately two times its original volume when exposed to water. It provides excellent water sealing properties while retaining its rubberlike elasticity. 
	ADHESION – Before swelling, LEAKMASTER adheres to various materials such as concrete, metal, glass, etc. 
	MAIN APPLICATION 
	n Water sealing at joints of in-situ cast concrete n Water sealing around H-section steel joints 
	and bars n Caulking for water distribution systems n Pipe penetrations 
	n Irregular joint surfaces n Waterproofing work 
	WARRANTY: These specifications are to be used only as a general guideline by engineers in formulating preliminary specifications, and should not be relied upon without site-specific product testing; Greenstreak assumes no responsibility for the improper reliance upon or misuse of such data. In addition, product design and specifications are subject to change without notice. 
	All statements regarding this product are based upon procedures and tests which the manufacturer believes are reliable, and may be changed for improvement of quality without notice; but it will be the sole responsibility of the customer and/or end user to use this product properly, and therefore 
	NOZZLE LENGTH DIAMETER 3mmØ (1/8 in) 35-40m (125 ft) 6mmØ (1/4 in) 8-10m (30 ft) 8mmØ (3/8 in) 4-5m (15 ft) 10mmØ (1/2 in) Approx. 3m (8 ft) 1) Break the moisture-proofing aluminum foil at the top of the cartridge, and remove the metal back seamer from the bottom. 2) Cut the nozzle at the appropriate position diagonally. 4) Put the cartridge into caulking gun. 3) Average extrudable length vs. nozzle diameter. 5) Apply Leakmaster continuously without a break to the place to be sealed. CHARACTERISTICS APPLICATION
	1. GENERAL PROPERTIES 
	1. GENERAL PROPERTIES 
	1. GENERAL PROPERTIES 

	Appearance 
	Appearance 
	Putty-Like 

	Color 
	Color 
	Grey 

	Specific Gravity 
	Specific Gravity 
	1.30 

	Extrudability 
	Extrudability 
	Within 20 seconds (at 23°C) 

	Slump 
	Slump 
	3mm max. (at 23°C) 

	Tack-Free Time 
	Tack-Free Time 
	Within 8 hours (at 23°C, 60% R.H.) 

	TR
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	2. PROPERTIES AFTER HARDENING 
	2. PROPERTIES AFTER HARDENING 

	Hardness 
	Hardness 
	35 Shore A 

	Tensile Strength 
	Tensile Strength 
	30 kgf/cm2 (425 psi) 

	Elongation 
	Elongation 
	1250% 

	Tear Strength 
	Tear Strength 
	10 kgf/cm (56 lb/in) 

	TR
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	3. SWELLING PROPERTIES 
	3. SWELLING PROPERTIES 

	TR
	TH
	Figure


	4. ADHESION PROPERTIES 
	4. ADHESION PROPERTIES 

	TR
	Steel 
	Aluminum 
	Mortar 

	50% Modulus (kgf/cm2) 
	50% Modulus (kgf/cm2) 
	4.5 64 psi 
	6.5 92 psi 
	6.5 92 psi 

	Max. Tensile Strength (kgf/cm2) 
	Max. Tensile Strength (kgf/cm2) 
	7.0 99 psi 
	12.2 173 psi 
	11.1 157 psi 

	Elongation at Break (%) 
	Elongation at Break (%) 
	330 
	580 
	570 

	JIS-A-5758 
	JIS-A-5758 


	PACKAGING 
	Item No. 
	Item No. 
	Item No. 
	LEAKMASTER LV-1 

	Cartridge 
	Cartridge 
	320 cc 

	Carton 
	Carton 
	24 cartridges 
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	Construction 
	Product Data Sheet 
	Edition 11.12.2010 
	Identification no. 039003N 
	Sikadur 31, Hi-Mod Gel 
	Sikadur 31, Hi-Mod Gel (1:1 Mix Ratio)
	®

	High-modulus, high-strength, structural, epoxy paste adhesive 
	Description Sikadur 31, Hi-Mod Gel, is a 2-component, 100% solids, solvent-free, moisture-tolerant, high-modulus, high-strength, structural epoxy paste adhesive. It conforms to the current ASTM C-881, Types I and IV, Grade-3, 
	Class-B/C and AASHTO M-235 specifications. 
	Where to Use .Structural bonding of concrete, masonry, metals, wood, etc. to a maximum glue line of ⁄ in. (3 mm). .Grout bolts, dowels, and pins. .Seals cracks and around injection ports prior to pressure-injection grouting. .Interior, vertical, and overhead repair of concrete as an epoxy mortar binder. .As a pick-proof sealant around windows, doors, lock-ups etc. inside correctional facilities. 
	1
	8
	.
	.
	.
	.

	Advantages .Meets physical requirements of ASTM C-881 Types I, II & IV, Grade 3, Classes B & C. .Suitable for potable water contact, meets NSF/ANSI Standard 61. .Excellent adhesion to concrete, masonry, metals, wood, and most structural materials. .Paste consistency ideal for vertical and overhead repair of concrete. .Fast-setting and strength-producing adhesive. .Convenient easy mix ratio A:B = 1:1 by volume. 
	.
	.
	.
	.
	.
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	Typical Data (Material and curing conditions @ 73°F (23°C) and 50% R.H.) Shelf Life 2 years in original, unopened containers Storage Conditions Store dry at 40°-95°F (4°-35°C). Condition material to 65°-85°F (18°-29°C) 
	before using. Color Gray Mixing Ratio Component ‘A’ : Component ‘B’ = 1:1 by volume Consistency Non-sag paste Pot Life Approximately 60 minutes @ 73°F. (500 gram mass) Tack-Free Time 1.5 - 2.5 hours at 30 mils. thick Tensile Properties (ASTM D-638)
	7 day Tensile Strength 3,300 psi (22.7 MPa) 
	Elongation at Break 0.9 % 
	Flexural Properties (ASTM D-790)7 day Flexural Strength (Modulus of Rupture) 6,100 psi (42.0 MPa) Tangent Modulus of Elasticity in Bending 1.67 X 10 psi (11,520 MPa) Shear Strength (ASTM D-732) 7 day Shear Strength 4,600 psi (31.7 MPa) Bond Strength (ASTM C-882)
	6

	Hardened Concrete to Hardened Concrete: 
	2 day (dry cure) 2,200 psi (15.2 MPa) 2 day (moist cure) 2,400 psi (16.5 MPa) 14 day (moist cure) 2,900 psi (20.0 MPa) 
	Hardened Concrete to Steel: 
	2 day (dry cure) 2,900 psi (20.0 MPa) Tensile Bond Strength (Pull-off Method, Dyna, ASTM C-1583-04) 2 day 420 psi (2.9 MPa) 
	Heat Deflection Temperature  (ASTM D-648) 7 day (Fiber Stress Loading = 264 psi) 135°F (57°C) Water Absorption (ASTM D-570) 24 hour 0.07% Compressive strength (ASTM D-695) psi (MPa)40°F (4°C)* ** 73°F (23°C)* ** 90°F (32°C)* **2 hour --450 (3.1) 4 hour -800 (5.5) 10,500 (72.4) 8 hour -8,500 (58.6) 12,200 (84.1) 16 hour 700 (4.8) 10,500 (72.4) 13,000 (89.6) 1 day 6,000 (41.4) 13,000 (89.6) 15,000 (103.4) 3 day 11,000 (75.8) 14,000 (96.5) 16,000 (110.3) 7 day 12,900 (88.9) 15,000 (103.4) 16,000 (110.3) 14 day
	5

	* Material cured and tested at temperatures indicated. ** See Limitations section for further information. 
	Figure
	Coverage 1 gal. yields 231 cu. in. (3,785 cm) of epoxy paste adhesive. 1 gal. (3.8 L) mixed with 1 gal. (3.8 L) by loose volume of oven-dried aggregate yields approximately 346 cu. in. (5,670 cm) of epoxy mortar. 
	3
	3

	Packaging 1 gal. and 3 gal. (11.4 L) units. 
	Construction 
	How to Use Surface Preparation Surface must be clean and sound. It may be dry or damp, but free of standing water. Remove dust, laitance, grease, curing compounds, impregnations, waxes, and any other contaminants. Preparation Work: Concrete - Should be cleaned and prepared to achieve a laitance and contaminant free, open textured surface by blastcleaning or equivalent mechanical means. Steel - Should be cleaned and prepared thoroughly by blastcleaning. 
	Mixing Pre-mix each component. Proportion 1 part Component ‘B’ to 1 part Component ‘A’ by volume into a clean pail. Mix thoroughly for 3 minutes with Sika paddle on low-speed (400- 600 rpm) drill until uniform in color. Mix only that quantity which can be used within its pot life. Prior to mixing, material should be conditioned to 65°-85°F (18°-29°C). To prepare  an epoxy mortar, slowly add up to 1 part, by loose volume of an oven-dried aggregate, to 1 part of the mixed Sikadur 31, Hi-Mod Gel, and mix until
	Application As a structural adhesive -Apply the neat mixed Sikadur 31, Hi-Mod Gel to the prepared substrates. Work 
	into the substrate for positive adhesion. Secure the bonded unit firmly into place until the adhesive has cured. Glue line should not exceed ⁄8-in. (3 mm). To seal cracks for injection grouting -Place the neat mixed material over the cracks to be pressure 
	1

	injected and around each injection port. Allow sufficient time to set before pressure injecting. 
	For interior vertical and overhead patching -Place the prepared mortar in void, working the material into 
	the prepared substrate, filling the cavity. Strike off level. Lifts should not exceed 1-in (25 mm). 
	As a pick-proof sealant - Use automated or manual method. Apply an appropriate size bead of material around the area being sealed. Seal with neat Sikadur 31, Hi-Mod Gel. 
	Limitations .THE NTSB HAS STATED THAT THIS PRODUCT IS APPROVED FOR SHORT TERM LOADS ONLY AND SHOULD NOT BE USED IN SUSTAINED TENSILE LOAD ADHESIVE ANCHORING APPLICATIONS WHERE ADHESIVE FAILURE COULD RESULT IN A PUBLIC SAFETY RISK. CONSULT A DESIGN PROFESSIONAL PRIOR TO USE. 
	-

	.Components of original 2:1 mix ratio formulation of Sikadur 31, Hi-Mod Gel cannot be cross-mixed with components of Sikadur 31, Hi-Mod Gel (NEW 1:1 Mix Ratio) formulation. .Minimum substrate and ambient temperature 40°F (4°C). .Do not thin. Solvents will prevent proper cure. .When preparing an epoxy mortar, use oven-dried aggregate only. .Maximum epoxy mortar thickness is 1 in. (25 mm) per lift. .Epoxy mortar is for interior use only. Material is a vapor barrier after cure. .Minimum age of concrete 
	.
	.
	.
	.
	.
	.
	.

	WARNING Component ‘A’ - IRRITANT, SENSITIZER. Contains epoxy resin, silica, and calcium carbonate. Causes eye irritation. May cause skin/respiratory irritations. Prolonged and/or repeated contact with skin may cause allergic reaction/sensitization. Harmful if swallowed. Deliberate concentrations of vapors for purposes of inhalation is harmful and can be fatal. Component ‘B’ - CORROSIVE, SENSITIZER, IRRITANT. Contains Amines, silica quartz (sand), and calcium carbonate. Contact with skin and eyes causes seve
	-

	First Aid Eyes - Hold eyelids apart and flush thoroughly with water for 15 minutes. Skin - Remove contaminated clothing. Wash skin thoroughly for 15 minutes with soap and water. Inhalation - Remove person to fresh air. Ingestion - Do not induce vomiting. Contact a physician. In all cases, contact a physician immediately if symptoms persist. 
	Figure
	Handling & Storage Avoid direct contact with eyes and skin. Wear chemical resistant gloves/goggles/clothing. Avoid breathing 
	vapors. Use with adequate general and local exhaust ventilation. Use a properly fitted NIOSH approved 
	respirator. Wash thoroughly after handling product. Remove contaminated clothing and launder before reuse. Store product in a closed container in a cool, dry place. 
	Figure
	Clean Up Avoid contact. Wear chemical resistant clothing/gloves/goggles. In absence of adequate ventilation, use a properly fitted NIOSH respirator. Uncured material can be removed with solvent. Follow solvent manufacturer’s instructions for use and warnings. Cured material (when Component ‘A’ combined with Component ‘B’) can only be removed mechanically. In case of spill, ventilate area and contain spill. Collect with absorbent material. Dispose of in accordance with current, applicable local, state and fe
	-

	Construction 
	Figure
	KEEP CONTAINER TIGHTLY CLOSED • KEEP OUT OF REACH OF CHILDREN • NOT FOR INTERNAL CONSUMPTION • FOR INDUSTRIAL USE ONLY All information provided by Sika Corporation (“Sika”) concerning Sika products, including but not limited to, any recommendations and advice relating to the application and use of Sika products, is given in good faith based on Sika’s current experience and knowledge of its products when properly stored, handled and applied under normal conditions in accordance with Sika’s instructions. In p
	-
	www.sikacorp.com 
	www.sikacorp.com 


	Prior to each use of any Sika product, the user must always read and follow the warnings and instructions on the product’s most current Technical Data Sheet, product label and Material Safety Data Sheet which are available online at or by calling Sika's Technical Service Department at 800-933-7452. Nothing contained in any Sika materials relieves the user of the obligation to read and follow the warnings and instruction for each Sika product as set forth in the current Technical Data Sheet, product label an
	www.sikaconstruction.com 
	www.sikaconstruction.com 


	LIMITED WARRANTY: Sika warrants this product for one year from date of installation to be free from manufacturing defects and to meet the technical properties on the current Technical Data Sheet if used as directed within shelf life. User determines suitability of product for intended use and assumes all risks. Buyer’s sole remedy shall be limited to the purchase price or replacement of product exclusive of labor or cost of labor. 
	NOOTHERWARRANTIESEXPRESSORIMPLIEDSHALLAPPLYINCLUDINGANYWARRANTYOFMERCHANTABILITYORFITNESSFORAPARTICULAR PURPOSE.SIKASHALLNOTBELIABLEUNDERANYLEGALTHEORYFORSPECIALORCONSEQUENTIALDAMAGES.SIKASHALLNOTBERESPONSIBLE FOR THE USE OF THIS PRODUCT IN AMANNER TO INFRINGE ON ANYPATENT OR ANYOTHER INTELLECTUALPROPERTYRIGHTS HELD BYOTHERS. 
	Visit our website at 1-800-933-SIKA NATIONWIDE Regional Information and Sales Centers. For the location of your nearest Sika sales office, contact your regional center. Sika Corporation 
	www.sikaconstruction.com 

	Sika Canada Inc. 
	Sika Mexicana S.A. de C.V. 
	201 Polito Avenue 
	201 Polito Avenue 
	601 Delmar Avenue 

	Carretera Libre Celaya Km. 8.5Lyndhurst, NJ 07071 
	Pointe Claire 
	Pointe Claire 
	Fracc. Industrial Balvanera 

	Phone: 800-933-7452 
	Phone: 800-933-7452 
	Quebec H9R 4A9 

	Corregidora, Queretaro Fax: 201-933-6225 
	Phone: 514-697-2610 
	C.P. 76920 Fax: 514-694-2792 
	Figure

	Phone: 52 442 2385800 
	Sika and Sikadur are registered trademarks. Made in USA. Printed in Canada. 
	Fax: 52 442 2250537 
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	RTE 50 at various locations near Kyburz, CA in El Dorado County Construction on State HWY in El Dorado County City's Project Number: 
	Project Location: 
	Project Title: 
	03-4M4404 

	Andy Thompson Michels Project No: 
	Prepared By: 
	40435 

	Date Received: Engineer: Darlene Wulff 
	Contractor: Michels Corp 
	Submittal number: 
	8 Submittal Date: Revision Date: 
	5/27/2014 

	NA Revision Number: 
	NA 
	Engineer's Stamp 
	Specification Section: 15-6.11A(3) Subsection: 3.6 Item: Pre-Liner 
	Page: 20 Deviation (Y or N): N 
	Submittal Description: Preliner Description Intended Use: CIPP Reference Manual 
	Plan Sheet: NA Manufacturer: NA 
	Supplier: NA Applicable Standard: NA 
	Referenced Document: NA 
	Notes: 
	Figure
	griffolyn® tx 1200 
	Figure
	Figure
	Figure
	GriffolynTX-1200 is a 3-ply laminate combining two layers of linear low density polyethylene and a high-strength cord grid. It is specifically engineered to provide high strength and durability in a lightweight material. 
	® 

	P h y s i c a l P r o p e r t i e s a n d t y p i c a l v a l u e s
	P h y s i c a l P r o p e r t i e s a n d t y p i c a l v a l u e s
	P h y s i c a l P r o p e r t i e s a n d t y p i c a l v a l u e s
	P r o p e r t y 
	A s t m t e s t m e t h o d 
	u . s . v a l u e 
	m e t r i c v a l u e 

	Weight 
	Weight 
	D-751 
	38 LB/1000 FT2 
	18.5 KG/100 M2 

	3” Load @ Yield 
	3” Load @ Yield 
	D-882 
	90 LBF 
	400 N 

	3” Load @ Break 
	3” Load @ Break 
	D-882 
	54 LBF 
	240 N 

	2500 PSI 
	2500 PSI 
	17 MPA 

	3” Elongation @ Break 
	3” Elongation @ Break 
	D-882 
	400 % 
	400 % 

	Tongue Tear 
	Tongue Tear 
	D-2261 
	22 LBF 
	98 N 

	Trapezoidal Tear 
	Trapezoidal Tear 
	D-4533 
	29 LBF 
	129 N 

	PPT Resistance 
	PPT Resistance 
	D-2582 
	29 LBF 
	129 N 

	Dart Impact Strength 
	Dart Impact Strength 
	D-1709 
	1.6 LBS 
	0.73 KG 

	Cold Impact Strength 
	Cold Impact Strength 
	D-1790 
	-40°F 
	-40°C 

	Permeance 
	Permeance 
	E-96 
	0.040 Grain/Hr•Ft2•in.Hg 
	2.30 NG/(PA•S•M2) 


	Figure
	Features 
	• 
	• 
	• 
	Multiple layers and cord reinforcement resist punctures and tears. 

	• 
	• 
	UV stabilization protects the material from degradation during extended exposure to sunlight. 

	• 
	• 
	Cold-crack resistance eliminates failures in extremely cold temperatures. 

	• 
	• 
	Low permeability greatly inhibits moisture transmission. 

	• 
	• 
	Flexibility and light weight allow for easy handling and quick installation. 

	• 
	• 
	Custom fabrication is available to meet your exact specifications. 

	• 
	• 
	Long life expectancy allows for significant cost savings through reuse and fewer replacements. 

	• 
	• 
	Class C, ASTM E-1745-97 Standard Specification for water vapor retarders used in contact with soil or granular fill under concrete slabs. 


	Product information • specification guide 
	T X 1 2 0 0G r i f f o l y n ® 
	The information provided herein is based upon data believed to be reliable. All testing is performed in accordance with ASTM standards and procedures. All values are typical and nominal and do not represent either minimum or maximum performance of the product. Although the 
	toll free 1.800.231.6074 information is accurate to the best of our knowledge and belief, no representation of warranty or guarantee is made as to the suitability or completeness of such information. Likewise, no representation of warranty or guarantee, expressed or implied, or merchantability, ﬁtness or otherwise, is made as to product application for a particular use. 
	©2008 REEF INDUSTRIES, INC. Griffolyn is a registered trademark of Reef Industries, Inc. 12-08 
	Figure
	9209 Almeda Genoa Rd. • Houston, Texas 77075 P: 713.507.4251 • F: 713.507.4295 Email: ri@reefindustries.com 
	Figure
	Figure
	suggested applications 
	• 
	• 
	• 
	Pallet, cable reel and drum covers for outside storage. 

	• 
	• 
	Custom bags and tubing. 

	• 
	• 
	Temporary walls, plant dividers, building enclosures and containment tents. 

	• 
	• 
	Shipping container covers and liners. 

	• 
	• 
	Floor covers, dust partitions and cleanroom enclosures. 

	• 
	• 
	Soil covers to control leachate for stockpiles and landfills. 

	• 
	• 
	Agricultural storage systems, hay covers and windbreaks. 

	• 
	• 
	Athletic field and equipment covers. 

	• 
	• 
	Interim landfill covers 

	• 
	• 
	Architectural vapor retarder for underslab, walls, ceilings and in roofing systems. 


	Figure
	ordering information 
	AVAILABLE COLORS: 
	Black, White, and Clear 
	SIZES: 
	Standard rolls from 4’ x 100’ to 40’ x 100’ in increments of 4’ widths are available for immediate shipment. Standard length and width tolerances are ± 1% (minimum 2”) 
	Custom sizes up to 200’ x 300’ and custom fabrication are avaiable to meet your exact specifications. 
	USABLE TEMPERATURE RANGE: 
	Minimum: -45ŁF -42ŁC Maximum: 170ŁF 77ŁC 
	Figure
	outdoor exposure 
	Under normal continuous exposure the average life expectancy ranges from 30 to 48 months. 
	The information provided herein is based upon data believed to be reliable. All testing is performed in accordance with ASTM standards and procedures. All values are typical and nominal and do not represent either minimum or maximum performance of the product. Although the 
	toll free 1.800.231.6074 
	Figure
	information is accurate to the best of our knowledge and belief, no representation of warranty or guarantee is made as to the suitability or completeness of such information. Likewise, no representation of warranty or guarantee, expressed or implied, or merchantability, ﬁtness or otherwise, is made as to product application for a particular use. 
	©2008 REEF INDUSTRIES, INC. Griffolyn is a registered trademark of Reef Industries, Inc. 12-08 
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	9209 Almeda Genoa Rd. • Houston, Texas 77075 P: 713.507.4251 • F: 713.507.4295 Email: 
	ri@reefindustries.com 

	Pre-liner installation procedure 
	The procedure for installing a Preliner, for use with CIPP is as follows: 
	1. 
	1. 
	1. 
	Upon completion of the final pre-video inspection of the pipe, attach Preliner, with a rope, to the camera/tractor equipment 

	2. 
	2. 
	The pre-liner material should be either; rolled out above ground or suspended on a stand to allow unspooling as it enters through the manhole. 

	3. 
	3. 
	Pre-liner often comes in 600’ lengths but the manufacturer recommends using duct tape to join required lengths together. 

	4. 
	4. 
	Once the Preliner has been strung through the pipe, make sure there is at least 1 foot of excess at each end. 

	5. 
	5. 
	On the end of the pipe, opposite from the CIPP installation manhole, attach the Preliner, using duct tape, to a manhole blower in order to pre inflate the pre-liner. 

	6. 
	6. 
	With pre-liner inflated, help feed CIPP liner into the end of the pre-liner. Keeping the preliner inflated during the CIPP installation helps to ensure that the pre-liner is not torn or ran over during the install. 
	-
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	RTE 50 at various locations near Kyburz, CA in El Dorado County Construction on State HWY in El Dorado County City's Project Number: 
	Project Location: 
	Project Title: 
	03-4M4404 

	Andy Thompson Michels Project No: 
	Prepared By: 
	40435 

	Date Received: Engineer: Darlene Wulff 
	Contractor: Michels Corp 
	Submittal number: 
	9 Submittal Date: Revision Date: 
	5/27/2014 

	NA Revision Number: 
	NA 
	Engineer's Stamp 
	Specification Section: 15-611A(3) Subsection: 3.7 Item: CIPP Lubricant 
	Page: 20 Deviation (Y or N): N 
	Submittal Description: Mineral Oil or Vegetable Oil Intended Use: CIPP Reference Mnaual 
	Plan Sheet: NA Manufacturer: NA 
	Supplier: NA Applicable Standard: NA 
	Referenced Document: NA 
	Notes: 
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	Figure
	Figure
	Figure
	Figure
	Figure
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	Material Safety Data Sheet Page 1 of 2 
	Vegetable Oil 
	MSDS # 786.00 
	Figure
	Section 1: Product and Company Identification 
	Vegetable Oil Synonyms/General Names: Soybean Oil Product Use: For educational use only Manufacturer: Columbus Chemical Industries, Inc., Columbus, WI 53925. 
	24 Hour Emergency Information Telephone Numbers CHEMTREC (USA): 800-424-9300 CANUTEC (Canada): 613-424-6666 
	ScholAR Chemistry; 5100 W. Henrietta Rd, Rochester, 
	NY 14586; (866) 260-0501; www.Scholarchemistry.com 

	Section 2: Hazards Identification 
	Clear, light yellow, oily liquid; faint odor. HMIS (0 to 4) 
	CAUTION! Combustible liquid. Target organs: None known. 
	Health 
	Health 
	Health 
	0 

	Fire Hazard 
	Fire Hazard 
	1 

	Reactivity 
	Reactivity 
	0 


	This material is considered hazardous by the OSHA Hazard Communication Standard (29 CFR 1910.1200). 
	Section 3: Composition / Information on Ingredients 
	Vegetable Oil (8001-22-7), 100% 
	Section 4: 
	Section 4: 
	Section 4: 
	First Aid Measures 

	TR
	Always seek professional medical attention after first aid measures are provided. 

	Eyes: 
	Eyes: 
	Immediately flush eyes with excess water for 15 minutes, lifting lower and upper eyelids occasionally. 

	Skin: 
	Skin: 
	Immediately flush skin with excess water for 15 minutes while removing contaminated clothing. 

	Ingestion: 
	Ingestion: 
	Call Poison Control immediately. Rinse mouth with cold water. Give victim 1-2 cups of water or milk to drink. 

	TR
	Induce vomiting immediately. 

	Inhalation: 
	Inhalation: 
	Remove to fresh air. If not breathing, give artificial respiration. 

	Section 5: 
	Section 5: 
	Fire Fighting Measures 


	When heated to decomposition, emits acrid fumes. 
	Protective equipment and precautions for firefighters: Use foam or dry chemical to extinguish fire. Firefighters should wear full fire fighting turn-out gear and respiratory protection (SCBA). Cool container with water spray. Material is not sensitive to mechanical impact or static discharge. 
	1 0 0 
	Section 6: Accidental Release Measures 
	Use personal protection recommended in Section 8. Isolate the hazard area and deny entry to unnecessary and unprotected personnel. Contain spill with sand or absorbent material and place in sealed bag or container for disposal. Ventilate and wash spill area after pickup is complete. See Section 13 for disposal information. 
	Section 7: Handling and Storage Green 
	Handling: Use with adequate ventilation and do not breathe dust or vapor. Avoid contact with skin, eyes, or clothing. Wash hands thoroughly after handling. 
	Storage: Store in General Storage Area [Green Storage] with other items with no specific storage hazards. Store in a cool, dry, well-ventilated, locked store room away from incompatible materials. 
	Section 8: Exposure Controls / Personal Protection 
	Use ventilation to keep airborne concentrations below exposure limits. Have approved eyewash facility, safety shower, and fire extinguishers readily available. Wear chemical splash goggles and chemical resistant clothing such as gloves and aprons. Wash hands thoroughly after handling material and before eating or drinking. Exposure guidelines: Vegetable Oil : OSHA PEL: N/A, ACGIH: TLV: N/A, STEL: N/A. 
	© 2008, Scholar Chemistry. All Rights Reserved. 12/19/2011 
	Figure
	Material Safety Data Sheet 
	Material Safety Data Sheet 
	Material Safety Data Sheet 
	Page 2 of 2 

	MSDS # 786.00 
	MSDS # 786.00 
	Vegetable Oil 
	Scholar Chemistry 

	Section 9: 
	Section 9: 
	Physical and Chemical Properties 

	Molecular formula 
	Molecular formula 
	Natural Product. 
	Appearance 
	Clear, light yellow, oily liquid. 

	Molecular weight 
	Molecular weight 
	N/A. 
	Odor 
	Faint odor. 

	Specific Gravity 
	Specific Gravity 
	~0.9 g/mL @ 60°C. 
	Odor Threshold 
	N/A. 

	Vapor Density (air=1) 
	Vapor Density (air=1) 
	N/A. 
	Solubility 
	Insoluble. 

	Melting Point 
	Melting Point 
	22-31°C. 
	Evaporation rate 
	N/A. 
	(Butyl acetate = 1). 

	Boiling Point/Range 
	Boiling Point/Range 
	N/A. 
	Partition Coefficient 
	N/A. 
	(log POW). 

	Vapor Pressure (20°C) 
	Vapor Pressure (20°C) 
	N/A. 
	pH 
	N/A. 

	Flash Point: 
	Flash Point: 
	255°C (491°F). 
	LEL 
	N/A. 

	Autoignition Temp.: 
	Autoignition Temp.: 
	N/A. 
	UEL 
	N/A. 

	TR
	N/A = Not available or applicable 

	Section 10: 
	Section 10: 
	Stability and Reactivity 


	Avoid heat and moisture. Stability: Stable under normal conditions of use and storage. Incompatibility: Oxidizing materials. Shelf life: Indefinite if stored properly. 
	Section 11: Toxicology Information 
	Acute Symptoms/Signs of exposure: Eyes: Redness, tearing, itching, burning, conjunctivitis. Skin: Redness, itching. Ingestion: Irritation and burning sensations of mouth and throat, nausea, vomiting and abdominal pain. Inhalation: Irritation of mucous membranes, coughing, wheezing, shortness of breath, Chronic Effects: No information found. Sensitization: none expected 
	Vegetable Oil: LD50 [oral, rat]; N/A; LC50 [rat]; N/A; LD50 Dermal [rabbit]; N/A Material has not been found to be a carcinogen nor produce genetic, reproductive, or developmental effects. 
	Section 12: Ecological Information 
	Ecotoxicity (aquatic and terrestrial): Not considered an environmental hazard. 
	Section 13: Disposal Considerations 
	Check with all applicable local, regional, and national laws and regulations. Local regulations may be more stringent than regional or national regulations. Small amounts of this material may be suitable for sanitary sewer or trash disposal. 
	Section 14: Transport Information 
	DOT Shipping Name: Not regulated by DOT. Canada TDG: Not regulated by TDG. DOT Hazard Class: Hazard Class: Identification Number: UN Number: 
	Section 15: Regulatory Information 
	EINECS: Listed (232-274-4). WHMIS Canada: Not WHMIS Controlled. TSCA: All components are listed or are exempt. California Proposition 65: Not listed. 
	The product has been classified in accordance with the hazard criteria of the Controlled Products Regulations and the MSDS contains all the information required by the Controlled Products Regulations. 
	Section 16: Other Information 
	Current Issue Date: December 19, 2011 
	Disclaimer: Scholar Chemistry and Columbus Chemical Industries, Inc., (“S&C”) believes that the information herein is factual but is not intended to be all inclusive. The information relates only to the specific material designated and does not relate to its use in combination with other materials or its use as to any particular process. Because safety standards and regulations are subject to change and because S&C has no continuing control over the material, those handling, storing or using the material sh
	© 2008, Scholar Chemistry. All Rights Reserved. 12/19/2011 
	Figure
	Michels Pipeline Construction 1715 16th St. SE Salem, OR 97302 (503)364-1199 main (503)391-8317 fax 
	Department: 
	CALTRANS 

	Figure
	RTE 50 at various locations near Kyburz, CA in El Dorado County Construction on State HWY in El Dorado County City's Project Number: 
	Project Location: 
	Project Title: 
	03-4M4404 

	Andy Thompson Michels Project No: 
	Prepared By: 
	40435 

	Date Received: Engineer: Darlene Wulff 
	Contractor: Michels Corp 
	Submittal number: 
	10 Submittal Date: Revision Date: 
	5/27/2014 

	NA Revision Number: 
	NA 
	Engineer's Stamp 
	Specification Section: 15-6.11A(3) Subsection: 4 Item: Calibration for Temp. and Pressure 
	Page: 20 Deviation (Y or N): N 
	Submittal Description: 
	Submittal Description: 
	Submittal Description: 
	Temperature Reader, Pressure Guages and Sample Cure Log. 

	Intended Use: 
	Intended Use: 
	CIPP Reference Manual 

	Plan Sheet: 
	Plan Sheet: 
	NA 

	Manufacturer: 
	Manufacturer: 
	NA 

	Supplier: 
	Supplier: 
	NA 

	Applicable Standard: 
	Applicable Standard: 
	NA 

	Referenced Document: 
	Referenced Document: 
	NA 
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	Bourdon Tube Pressure GaugeStainless Steel Construction Model 21X.53 
	Applications 
	Intended for adverse service conditions where pulsating 
	

	or vibration exists (with liquid filling) 
	
	
	
	

	Hydraulics & compressors 

	
	
	

	Suitable for gaseous or liquid media that will not obstruct the pressure system 


	Special Features 
	
	
	
	

	Vibration and shock resistant (with liquid filling) 

	
	
	

	Stainless steel case 

	
	
	

	Pressure ranges up to 15,000 psi 


	Standard Features 
	Design 
	ASME B40.100 & EN 837-1 
	Sizes 
	2”, 2½” & 4” (50, 63 & 100 mm) 
	Accuracy class 
	2” & 2½”: ± 2/1/2% of span (ASME B40.100 Grade A) 4”: ± 1% of span (ASME B40.100 Grade 1A) 
	Ranges 
	Vacuum / Compound to 200 psi Pressure from 15 psi to 15,000 psi Pressure from 15 psi to 10,000 psi - 2” size or other equivalent units of pressure or vacuum 
	Working pressure 
	2 & 2½”: 
	2 & 2½”: 
	2 & 2½”: 
	Steady: 
	¾ full-scale value 

	TR
	Fluctuating: 
	2/3  full-scale value 

	TR
	Short time: 
	full-scale value 

	4”: 
	4”: 
	Steady: 
	full-scale value 

	TR
	Fluctuating: 
	0.9 x full-scale value 

	TR
	Short time: 
	1.3 x full-scale value 


	WIKA Datasheet 21X.53 · 12/2011 
	Mechanical Pressure Measurement 
	WIKA Datasheet 21X.53 
	Figure
	Bourdon Tube Pressure Gauge Model 21X.53 
	Operating temperature 
	Ambient: -40°F to +140°F (-40°C to +60°C) - dry -4°F to +140°F (-20°C to +60°C) - glycerine filled -40°F to +140°F (-40°C to +60°C) - silicone filled 
	Medium: +140°F (+60°C) maximum 
	Temperature error 
	Additional error when temperature changes from reference 
	temperature of 68°F (20°C) ±0.4% for every 18°F (10°C) 
	rising or falling.  Percentage of  span. 
	Weather protection 
	Weather tight (NEMA 4X / IP 65) 
	Pressure connection 
	Material: copper alloy 
	Lower mount (LM) or center back mount (CBM) - 2” & 2½” Lower mount (LM) or lower back mount (LBM) - 4” ⅛” NPT, ¼” NPT or ½” NPT  limited to wrench flat areaABS (2” & 2½”) and white aluminum (4”) 
	Page 1 of 3 
	Figure
	Bourdon tube 
	2½” Size- Material: Copper alloy 
	30” Hg (VAC) to 800 psi - C-type (soldered) 1000 psi to 15,000 psi - helical type (soldered) 
	Changes to stainless steel at 7,500 psi brazed 4” Size- Material: Copper alloy < 1,000 psi 316 stainless steel > 1,500 psi 
	30” Hg (Vac) to 1,000 psi- C-type (soldered) 1,500 psi to 15,000 psi- helical type (brazed) 
	Changes to stainless steel at 1,500 psi 
	Movement 
	Copper alloy 
	Dial 
	White ABS (2” & 2½”) and white aluminum (4”) 
	Pointer 
	Black aluminum 
	Case 
	304 stainless steel with vent plug and stainless steel crimp 
	ring.  Suitable for liquid filling. 
	Case connection sealed with O-ring, (O-ring material 
	dependent on the case fill): 
	
	
	
	

	2½”: EPDM O-ring for Glycerine case fill; Viton O-ring for Silicone fill 

	
	
	

	4”: EPDM O-ring for Glycerine or Silicone case fill; Viton O-ring for Halocarbon or Fluorolube fill 


	Window Polycarbonate with Buna-N gasket 
	Case fill 
	Glycerine 99.7% - Type 213.53 
	Optional extras 
	
	
	
	

	Brass restrictor 

	
	
	

	Stainless steel front or rear flange - 2½” & 4” 

	
	
	

	Zinc-plated steel or SS U-clamp bracket (field installable) 

	
	
	

	External zero adjustment (2½” only) 

	
	
	

	Red drag pointer or mark pointer 

	
	
	

	Silicone or Fluorolube case filling 

	
	
	

	Special connections limited to wrench flat area 

	
	
	

	Custom dial layout 

	
	
	

	Other pressure scales available     bar, kPa, MPa, kg/cm² and dual scales 
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	 2” mm55 48 30 50 12 53 -3.6 72 71 60 17 5.5 14 0.27 lb. dry 

	Dimensions
	in 2.17 1.89 1.18 1.97 0.47 2.09 -0.14 2.83 2.80 2.36 2.80 0.22 ¼” 0.55 0.33 lb. filled 
	in 2.17 1.89 1.18 1.97 0.47 2.09 -0.14 2.83 2.80 2.36 2.80 0.22 ¼” 0.55 0.33 lb. filled 


	 Size                                       A B C D E G H J K M N O S T W Weight
	2½” mm 69 54 32 62 13 54 -3.6 72 88.1 75 85 6.5 14 0.36 lb. dry 
	in 2.69 2.13 1.26 2.45 0.51 2.13 -0.14 2.83 3.47 2.95 3.35 0.26 ¼” 0.55 0.44 lb. filled
	 4” mm 107 87 48 100 15.5 79.5 30 4.8 109 132 116 132 8 22 1.10 lb. dry 
	in 4.21 3.43 1.89 3.91 0.61 3.13 1.18 0.19 4.29 5.20 4.57 5.20 0.31 ½” 0.87 1.76 lb. filled 
	Note: For ¼” NPT connections on 4” gauges, reduce B dimension by 5mm/0.2” 
	Recommended panel cut-out: 2”- U-clamp: 51mm 2½”- U-clamp: 63mm  4”-  U-clamp: 101mm 4½”- panel mount adapter 104mm minimum
	      front flange: n/a front flange: 65mm front flange: 104mm    (not shown) 
	WIKA Datasheet 21X.53 · 12/2011 Page 3 of 3 
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	Figure
	WIKA Instrument Corporation 
	1000 Wiegand Boulevard Lawrenceville, GA 30043-5868 
	Tel: 888-WIKA-USA • 770-513-8200 
	Fax: 770-338-5118 E-Mail:
	 info@wika.com 
	www.wika.com 

	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	 -
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	Probe Storage 
	Accepts J, K, T and E type probes 5 year limited warranty Includes: 1 J type probe with clip, 2 AAA batteries, Quick Start Guide and Owners Manual Specifications of UEI DT301 Apollo 1 Digital Temperature Logger: Measurement Range J-Type: -346� to +2192�F (-210� to +1200�C); K-Type: -328� to +2498�F (-200� to +1370�C); T-Type: -418� to +752�F (-250� to +400�C); E-Type: -238� to +1832�F (-150� to +1000�C) Display Resolution 0.1�F/�C < 1000� 1.0�F/�C � 1000� Accuracy J, K, T, and E-Type; �[0.1% +1.0�F (0.5�C)]
	Temperature Coefficient 
	Temperature Coefficient 
	0.01% of reading 0.1�F per �F(+0.05�C per �C) for <+64�F (+18�C) or +82�F (+28�C) [Below -148�F (100�C): add 0.05% of reading for J, K, and E-type; and 0.1% of reading for T-type 
	-


	Figure
	Real Time Clock Tolerance About 1 second per day Maximum Differential Common Mode Voltage 1V (maximum voltage difference between any pair of inputs) Temperature Scale ITS-90 (International Temperature Scale of 1990) Applicable Standards N.I.S.T. Monograph 175 revised to ITS-90 Battery 2 x LR03 (AAA) type 1.5V Dimension 7.20� (H) x 3.70� (W) x 1.70� (D) Weight Approx. 16.2 oz Certification CE Safety IEC 1010-1 (2001), UL 3111-1 (6, 1994), EN 61010-1 (2001), CSA C22.2; No. 1010.1 (1992) CAT I Over Voltage (In
	Need Technical Advise? Please Call: 602-795-4033 
	Browse Similar Products 
	Browse Similar Products 

	Related Products 
	Mannix DL8835CERT Te.. Testo 175-T2 Tempera.. Testo 175-T3 Tempera.. 
	8/3/2009 
	Tell a friend 
	Bookmark this page 
	Figure
	Temperature and Pressure gauges. 
	At Michels Corporation we replace our temperature and pressure gauges frequently. We use high quality oil filled pressure and temperature gauges. We stock brand new gauges on our vehicles and we can replace the gauges at the construction managers / inspectors requests. 
	All submittals are provided on an “as needed” basis only. 
	All information contained within should be considered CONFIDENTIAL and PROPRIETERY. Any request for additional copies should be addressed to our attention. If you should have any questions pertaining to this information please feel free 
	to contact our office at 503.364-1199. 
	Figure
	Michels Pipeline Construction 1715 16th St. SE Salem, OR 97302 (503)364-1199 main (503)391-8317 fax 
	Department: 
	CALTRANS 

	Figure
	RTE 50 at various locations near Kyburz, CA in El Dorado County Construction on State HWY in El Dorado County City's Project Number: 
	Project Location: 
	Project Title: 
	03-4M4404 

	Andy Thompson Michels Project No: 
	Prepared By: 
	40435 

	Date Received: Engineer: Darlene Wulff 
	Contractor: Michels Corp 
	Submittal number: 
	11 Submittal Date: Revision Date: 
	5/27/2014 

	NA Revision Number: 
	NA 
	Engineer's Stamp 
	Specification Section: 15-6.11A(3) Subsection: 5 Item: 3rd Party Testing 
	Page: 20 Deviation (Y or N): N 
	Submittal Description: 3rd Party Testing Info Intended Use: CIPP Refernece Manual 
	Plan Sheet: NA Manufacturer: NA 
	Supplier: NA Applicable Standard: ASTM F 1216 
	Referenced Document: ASTM F 1216 
	Notes: 
	Figure
	Figure
	INTERPLASTIC CORPORATION Thermoset Resins Division 
	2015 Northeast Broadway Street Minneapolis, Minnesota 55413-1775 (651) 481-6860 Fax (612) 331-4235
	Corrosion Test Data COR72-AT and AZ Type Products Flexural Strength and Modulus Retention 
	ASTM F1216 & D543 (CIPP) 
	ASTM F1216 & D543 (CIPP) 
	ASTM F1216 & D543 (CIPP) 

	Immersion Media 
	Immersion Media 
	Flexural Strength Retention, % Months 1 3 6 12 
	Flexural M1 3 
	odulus RMonths 
	6 
	etention, % 12 


	100% Tap Water 
	100% Tap Water 
	100% Tap Water 
	94 
	100 
	97 
	89 

	5% Nitric Acid 
	5% Nitric Acid 
	100 
	92 
	86 
	82 

	10% Phosphoric Acid 
	10% Phosphoric Acid 
	98 
	88 
	90 
	95 

	10% Sulfuric Acid 
	10% Sulfuric Acid 
	93 
	91 
	93 
	93 

	100% Fuel C 
	100% Fuel C 
	85 
	100 
	100 
	100 

	0.1% Detergent 
	0.1% Detergent 
	99 
	92 
	91 
	90 

	0.1% Soap Solution 
	0.1% Soap Solution 
	100 
	87 
	100 
	90 

	100% Vegetable Oil 
	100% Vegetable Oil 
	81 
	100 
	81 
	100 


	100 
	100 
	100 
	96 
	93 
	91 

	86 
	86 
	88 
	81 
	80 

	84 
	84 
	89 
	83 
	80 

	92 
	92 
	92 
	94 
	93 

	96 
	96 
	97 
	99 
	94 

	100 
	100 
	99 
	99 
	93 

	97 
	97 
	94 
	100 
	92 

	100 
	100 
	96 
	80 
	97 


	ASTM D5813, F1743 & D543 (CIPP) 
	ASTM D5813, F1743 & D543 (CIPP) 

	1% Nitric Acid 
	1% Nitric Acid 
	1% Nitric Acid 
	100 
	84 
	86 
	100 

	5% Sulfuric Acid 
	5% Sulfuric Acid 
	94 
	81 
	95 
	87 

	100% Fuel C 
	100% Fuel C 
	85 
	100 
	100 
	100 

	0.1% Detergent 
	0.1% Detergent 
	99 
	92 
	91 
	90 

	0.1% Soap Solution 
	0.1% Soap Solution 
	100 
	87 
	100 
	90 

	100% Vegetable Oil 
	100% Vegetable Oil 
	81 
	100 
	81 
	100 

	ASTM C581 & D543 (GRP) 
	ASTM C581 & D543 (GRP) 
	ASTM C581 & D543 (GRP) 



	100 
	100 
	100 
	93 
	86 
	93 

	87 
	87 
	92 
	81 
	80 

	96 
	96 
	97 
	99 
	94 

	100 
	100 
	99 
	99 
	93 

	97 
	97 
	94 
	100 
	92 

	100 
	100 
	96 
	80 
	97 


	100% Tap Water 
	100% Tap Water 
	100% Tap Water 
	100 
	97 
	100 
	100 

	1% Nitric Acid 
	1% Nitric Acid 
	100 
	100 
	100 
	80 

	5% Nitric Acid 
	5% Nitric Acid 
	100 
	100 
	96 
	80 

	10% Phosphoric Acid 
	10% Phosphoric Acid 
	100 
	100 
	100 
	100 

	5% Sulfuric Acid 
	5% Sulfuric Acid 
	100 
	100 
	91 
	82 

	10% Sulfuric Acid 
	10% Sulfuric Acid 
	100 
	100 
	100 
	95 

	100% Fuel C 
	100% Fuel C 
	100 
	100 
	90 
	100 

	0.1% Detergent 
	0.1% Detergent 
	100 
	100 
	100 
	100 

	0.1% Soap Solution 
	0.1% Soap Solution 
	91 
	96 
	82 
	100 

	100% Vegetable Oil 
	100% Vegetable Oil 
	100 
	100 
	100 
	100 

	pH 0.5 Solution 
	pH 0.5 Solution 
	100 
	100 
	91 
	82 

	pH 10 Solution 
	pH 10 Solution 
	100 
	100 
	100 
	100 


	100 
	100 
	100 
	95 
	100 
	91 

	100 
	100 
	93 
	99 
	83 

	97 
	97 
	94 
	96 
	81 

	100 
	100 
	100 
	99 
	88 

	98 
	98 
	100 
	88 
	90 

	94 
	94 
	83 
	85 
	80 

	95 
	95 
	100 
	100 
	100 

	100 
	100 
	95 
	100 
	100 

	97 
	97 
	100 
	93 
	90 

	98 
	98 
	100 
	100 
	90 

	98 
	98 
	100 
	88 
	90 

	100 
	100 
	95 
	100 
	100 


	Other Corrosion Testing (CIPP) 
	Other Corrosion Testing (CIPP) 

	1% Sodium Hydroxide 
	1% Sodium Hydroxide 
	1% Sodium Hydroxide 
	95 
	95 
	90 
	69 

	1% Sodium Hypochlorite 
	1% Sodium Hypochlorite 
	94 
	84 
	92 
	80 

	1% Ammonium Hydroxide 
	1% Ammonium Hydroxide 
	100 
	100 
	100 
	99 


	100 
	100 
	100 
	96 
	93 
	91 

	96 
	96 
	95 
	98 
	85 

	99 
	99 
	100 
	94 
	92 


	Note: Non-shaded regions are the applicable test durations as it relates to achievement of the minimum acceptable retentions. All corrosion media maintained @ 73.4 + 3.6°F (23  2°C). 
	+

	All specification and properties shown are approximate. Specifications and properties of material delivered may vary slightly from those given above.  Interplastic Corporation makes no representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above.  Final determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer. The Thermoset R
	Date: March 10, 2004 
	Figure

	Div
	Figure
	INTERPLASTIC CORPORATION 
	2015 Northeast Broadway Street Minneapolis, Minnesota 55413-1775 (651) 481-6860 Fax (612) 331-4235 
	COR78-AT-5XX Type Resins 
	ASTM F1216 & D543 (CIPP) Corrosion Data @ 73.4 +/- 3.6°F (23 +/- 2°C) 
	Flexural Strength Retention, % 
	Flexural Strength Retention, % 
	Flexural Strength Retention, % 
	Flexural Modulus Retention, % 

	Immersion 
	Immersion 
	Months 
	Months 

	Media 
	Media 
	1 
	12 
	1 
	12 


	100% Tap Water (pH 6 - 9) 97 97 5% Nitric Acid 96 96 10% Phosphoric Acid 94 100 10% Sulfuric Acid 95 100 100% Gasoline 100 99 0.1% Detergent 94 96 0.1% Soap Solution 95 97 100% Vegetable Oil 98 100 
	ASTM D5813, F1743 & D543 (CIPP) Corrosion Data @ 73.4 +/- 3.6°F (23 +/- 2°C) 
	Flexural Strength Retention, % Flexural Modulus Retention, % 
	Flexural Strength Retention, % Flexural Modulus Retention, % 

	Immersion Months Months 
	Media 1 12 1 12 
	1% Nitric Acid 5% Sulfuric Acid 100% Gasoline 0.1% Detergent 0.1% Soap Solution 100% Vegetable Oil 
	97 98 100 94 95 98 
	97 98 100 94 95 98 
	97 98 100 94 95 98 
	98 

	100 
	100 

	99 
	99 

	96 
	96 

	97 
	97 

	100 
	100 


	Note: Non-shaded regions are the applicable test durations as it relates to achievement of the minimum acceptable retentions. 
	**All testing was conducted by HTS Pipe Consultants, Inc.  
	All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer. Interp
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Michels Pipeline Construction 1715 16th St. SE Salem, OR 97302 (503)364-1199 main (503)391-8317 fax 
	Department: 
	CALTRANS 

	Figure
	RTE 50 at various locations near Kyburz, CA in El Dorado County Construction on State HWY in El Dorado County City's Project Number: 
	Project Location: 
	Project Title: 
	03-4M4404 

	Andy Thompson Michels Project No: 
	Prepared By: 
	40435 

	Date Received: Engineer: Darlene Wulff 
	Contractor: Michels Corp 
	Submittal number: 
	12 Submittal Date: Revision Date: 
	5/27/2014 

	NA Revision Number: 
	NA 
	Engineer's Stamp 
	Specification Section: 15-6.11A(3) Subsection: 6 Item: Manufactures Certifications 
	Page: 21 Deviation (Y or N): N 
	Submittal Description: Crew Certifications 
	Intended Use: Crew Certifications 
	Plan Sheet: NA Manufacturer: NA 
	Supplier: NA Applicable Standard: NA 
	Referenced Document: NA 
	Notes: 
	Figure
	INTERPLASTIC CORPORATION 
	Figure
	1225 Willow Lake Boulevard Saint Paul, Minnesota 55110-5145 (651) 481-6860 Fax (651) 481-9836 
	May 2, 2014 
	Mr. Chris Tavernier Michels Pipe Services 1715 16Street SE Salem, OR 97302 
	th 

	Dear Mr. Tavernier: 
	You have requested information on a cured-in-place pipe (CIPP) resin manufactured by Interplastic Corporation, COR78-AT-559, T or TH. This resin has been manufactured by Interplastic Corporation for over five (5) years and over 50 million pounds has been used to successfully renovate deteriorated sewer and storm water lines. 
	Interplastic Corporation is certified under ISO9001-2000. 
	This resin meets the requirements found in ASTM F1216, ASTM F1743, and ASTM D5813 from the standpoint of achievable mechanical properties and corrosion resistance. This resin has also been tested under ASTM D2990 and exhibits a creep retention factor of 50%. 
	-

	Michels Pipe Services have successfully used this resin to renovate deteriorated lines using the CIPP process. 
	The formulation for this resin includes a resin enhancer which allows the system to exhibit higher mechanical properties. Resin formulations for Interplastic Corporation are proprietary. The enhancer amount used in the resin is approximately 27%. The enhancer and resin form an acceptable bond resulting in the increased properties. This system is designed to be used in an aqueous environment. 
	I hope that this information proves to be useful. Please contact me at 281-687-8617 if you have additional questions or comments on this matter. 
	Sincerely, 
	Figure
	Kaleel Rahaim Business Manager Remediation Polymers Thermoset Resins Division 
	Figure
	Figure
	INTERPLASTIC CORPORATION Thermoset Resins Division 
	1225 Willow Lake Boulevard Saint Paul, Minnesota 55110-5145 (651) 481-6860 Fax (651) 481-9836 
	February 18, 2013 
	Mr. Chris Tavernier, Operations Manager Michels Pipe Services 1715 16 Street SE Salem, OR 97302 
	th

	Dear Mr. Tavernier: 
	You have requested information on a cured-in-place pipe (CIPP) resin manufactured by Interplastic Corporation, COR72-AT-470HT. This resin has been manufactured by Interplastic Corporation for over twenty five(25) years and over 270 million pounds has been used to successfully renovate deteriorated sewer and storm water lines. 
	Interplastic Corporation is certified under ISO9001-2000. 
	This resin meets the requirements found in ASTM F1216, ASTM F1743, and ASTM D5813 from the standpoint of achievable mechanical properties and corrosion resistance. This resin has also been tested under ASTM D2990 and exhibits a creep retention factor of 50%. 
	-

	Michels Pipe Services have successfully used this resin to renovate deteriorated lines using the CIPP process. 
	The formulation for this resin includes a resin enhancer which allows the system to exhibit higher mechanical properties. Resin formulations for Interplastic Corporation are proprietary. The enhancer amount used in the resin is approximately 25%. The enhancer and resin form an acceptable bond resulting in the increased properties.  This system is designed to be used in an aqueous environment. 
	I hope that this information proves to be useful.  Please contact me at 281-687-8617 if you have additional questions or comments on this matter. 
	Sincerely, 
	Kaleel Rahaim Business Manager Remediation Polymers Thermoset Resins Division 
	Cc: Nicole Kleweno, Dave Herzog, Ben Hazen, Jason Schiro 
	Figure
	Premier-Pipe USA 
	Ron Smisek of Michels Pipe Services 
	Is recognized as a trained and certified CIPP wetout technician of Premier-Pipe USA 
	James W. Mortell 
	President Premier-Pipe USA 
	Figure
	Premier-Pipe USA 
	Josh Smisek of Michels Pipe Services 
	Is recognized as a trained and certified CIPP installer of Premier-Pipe USA 
	James W. Mortell 
	President Premier-Pipe USA 
	Figure
	Premier-Pipe USA 
	Victor Garlock of Michels Pipe Services 
	Is recognized as a trained and certified CIPP installer of Premier-Pipe USA 
	James W. Mortell 
	President Premier-Pipe USA 
	Figure
	Premier-Pipe USA 
	Buck Haupt of Michels Pipe Services 
	Is recognized as a trained and certified CIPP installer of Premier-Pipe USA 
	James W. Mortell 
	President Premier-Pipe USA 
	Figure
	Premier-Pipe USA 
	Rick Field of Michels Pipe Services 
	is recognized as a trained and certified Technical Expert of Premier-Pipe USA 
	James W. Mortell 
	President Premier-Pipe USA 
	Figure
	Premier-Pipe USA 
	Jerrick Rodriguez of Michels Pipe Services 
	is recognized as a trained and certified Technical Expert of Premier-Pipe USA 
	James W. Mortell 
	President   Premier-Pipe USA 
	Figure
	Premier-Pipe USA 
	Paul Mallory of Michels Pipe Services 
	is recognized as a trained and certified Technical Expert of Premier-Pipe USA 
	James W. Mortell 
	President Premier-Pipe USA 
	Figure
	Premier-Pipe USA 
	Eric McClain of Michels Pipe Services 
	is recognized as a trained and certified Technical Expert of Premier-Pipe USA 
	James W. Mortell 
	President Premier-Pipe USA 
	Figure
	Premier-Pipe USA 
	Terry Baldridge of Michels Pipe Services 
	is recognized as a trained and certified Technical Expert of Premier-Pipe USA 
	James W. Mortell 
	President Premier-Pipe USA 
	Figure
	Premier-Pipe USA 
	Colby Stacey of Michels Pipe Services 
	is recognized as a trained and certified Technical Expert of Premier-Pipe USA 
	James W. Mortell 
	President Premier-Pipe USA 
	Figure
	Premier-Pipe USA 
	Roman Ybarra of Michels Pipe Services 
	is recognized as a trained and certified Technical Expert of Premier-Pipe USA 
	James W. Mortell 
	President Premier-Pipe USA 
	Figure
	Premier-Pipe USA 
	Mike Schmeisser of Michels Pipe Services 
	is recognized as a trained and certified Technical Expert of Premier-Pipe USA 
	James W. Mortell 
	President Premier-Pipe USA 
	Figure
	Michels Pipeline Construction 1715 16th St. SE Salem, OR 97302 (503)364-1199 main (503)391-8317 fax 
	Department: 
	CALTRANS 

	Figure
	RTE 50 at various locations near Kyburz, CA in El Dorado County Construction on State HWY in El Dorado County City's Project Number: 
	Project Location: 
	Project Title: 
	03-4M4404 

	Andy Thompson Michels Project No: 
	Prepared By: 
	40435 

	Date Received: Engineer: Darlene Wulff 
	Contractor: Michels Corp 
	Submittal number: 
	13 Submittal Date: Revision Date: 
	5/27/2014 

	NA Revision Number: 
	NA 
	Engineer's Stamp 
	Specification Section: 15-6.11A(3) Subsection: 7 Item: MSDS Sheets 
	Page: 21 Deviation (Y or N): N 
	Submittal Description: MSDS Sheets for Chemicals on Site 
	Intended Use: Hazmat Awareness 
	Plan Sheet: NA Manufacturer: NA 
	Supplier: NA Applicable Standard: NA 
	Referenced Document: NA 
	Notes: 
	Figure
	Figure
	Michels Corporation 
	Michels Corporation 

	May 27, 2014 
	RE: Subsection 7: MSDS Use and Location 
	To: Engineer 
	1. 
	1. 
	1. 
	Mineral Oil – Not used. Replace with Vegetable Oil 

	2. 
	2. 
	Diesel – Used in trucks and Air Compressor 

	3. 
	3. 
	Sikadur 31 – Used on pipe ends and end seals 

	4. 
	4. 
	Triginox-C – Blended into the resin in Michels CIPP liners as a catalyst. 

	5. 
	5. 
	Perkadox -16 -Blended into the resin in Michels CIPP liners as a catalyst. 


	The items referenced above are used at the Drainage Sytems below. 
	DS 1-18, excluding DS 3 and 15 
	Sincerely, 
	Andy Thompson Michels Corporation 503-428-2009 
	athompso@michels.us 
	athompso@michels.us 
	athompso@michels.us 


	Michels Corporation, 1715 16Street SE, Salem, OR 97302 Ph: 503-364-1199 -Fx: 503-391-8317 
	th 

	Figure
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	Figure
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	Figure
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	Figure
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	Figure
	Figure
	Figure
	Figure
	Figure
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	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Catalyst for resin 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Catalyst for resin 
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	Michels Pipeline Construction 1715 16th St. SE Salem, OR 97302 (503)364-1199 main (503)391-8317 fax 
	Department: 
	CALTRANS 

	Figure
	RTE 50 at various locations near Kyburz, CA in El Dorado County Construction on State HWY in El Dorado County City's Project Number: 
	Project Location: 
	Project Title: 
	03-4M4404 

	Andy Thompson Michels Project No: 
	Prepared By: 
	40435 

	Date Received: Engineer: Darlene Wulff 
	Contractor: Michels Corp 
	Submittal number: Submittal Date: Revision Date: Revision Number: 
	Submittal number: Submittal Date: Revision Date: Revision Number: 
	Submittal number: Submittal Date: Revision Date: Revision Number: 
	14 5/27/2014 NA NA 

	Specification Section: Subsection: 
	Specification Section: Subsection: 
	15-6.11A(3) 8 


	Item: CIPP Liner Designs Page: 21 
	Deviation (Y or N): 
	Submittal Description: Intended Use: Plan Sheet: 
	Manufacturer: 
	N 
	CIPP Liner Design for Each Culvert Location Design Guide NA 
	NA 
	Supplier: NA Applicable Standard: ASTM F1216 
	Referenced Document: ASTM F1216 
	Notes: 
	Figure
	Engineer's Stamp 
	PREMIER-PIPE USA CIPP-DESIGN MICHELS PIPE SERVICES CIPP Liner Thickness for Non-Pressure Pipes By ASTM F1216-09 Appendix X1 Design Method 
	PROJECT INFORMATION 
	27-May-14 CALTRANS 03-4M4404 - In El Dorado County DS 1,4,5,6,7,9,10,11,12,13,14,17,18 Required minimum thickness is 8.6mm Michels recommends a nominal liner thickness of 9mm 
	for all 18" depths 
	Ground Surface 
	19.00 ft 
	Existing Pipe 
	10.00 ft 
	Size 18 in Ovality 5.0% 
	Invert Partially Deteriorated Design Required Liner Thickness: 8.6 mm 
	 17.50 ft 9.00 ft Water Table 
	 BY ASTM F1216 VERSION 
	 BY ASTM F1216 VERSION 
	 BY ASTM F1216 VERSION 
	F1216-09 
	CIPP liner design by Appendix X1 method of ASTM F1216-09

	 EXISTING PIPE PARAMETERS
	 EXISTING PIPE PARAMETERS
	ENTERED 
	 FACTOR SUMMARY - PARTIALLY DETERIORATED 

	Design Condition 
	Design Condition 
	Partially Det. 
	Flexural Modulus Design 125,000 psi 

	Inside Dia. of Existing Pipe 
	Inside Dia. of Existing Pipe 
	18 in 
	Flexural Strength Design2,250 psi 

	Depth to Invert 
	Depth to Invert 
	19 ft 
	Minimum Dia for host pipe 17.10 in 

	Water Table Below Surface 
	Water Table Below Surface 
	9 ft 
	Maximum Dia for host pipe 18.90 in 

	Ovality, ∆ 
	Ovality, ∆ 
	5% 
	Ovality Reduction Factor, C 0.640 

	Soil Density Note 1 
	Soil Density Note 1 
	120 lb/ft3 
	Water Pressure - Invert 4.33 psi 10.00 ft 

	Soil Modulus Note 1 
	Soil Modulus Note 1 
	1,000 psi 
	Vacuum Pressure 0.00 psi 

	Live Load Note 1 
	Live Load Note 1 
	2. HS-20 
	Total Design Pressure, Invert 4.33 psi 

	Other Load Note 1 
	Other Load Note 1 
	0 psi 

	Vacuum Condition
	Vacuum Condition
	0 psi 

	 CIPP LINER PARAMETERS 
	 CIPP LINER PARAMETERS 
	ENTERED 

	Flexural Modulus short-term 
	Flexural Modulus short-term 
	250,000 psi 

	Flexural Strength short-term 
	Flexural Strength short-term 
	4,500 psi 

	Long-term Retention 
	Long-term Retention 
	50% 

	Enhancement Factor 
	Enhancement Factor 
	7 


	50% of Short-term 50% of Short-term For 5% ovality For 5% ovality 
	For X1.1 & X1.2 
	Note 1: Entries ignored for Partially Deteriorated design. 
	Poisson's Ratio 
	0.3 
	Safety Factor 
	2 
	PARTIALLY DETERIORATED DESIGN REQUIRES SATISFYING F1216-X1 EQUATIONS X1.1 & X1.2 
	Equations X1.1 & X1.2 solved for liner thickness t 
	X1.1: P = [2KEL/(1-v)] x [1/(DR-1)] x [C/N] Governs 
	2
	3

	For load due to groundwater at invert X1.2: (1.5∆/100)(1+∆/100)DR-0.5(1+∆/100)DR=σL/(PN) For minimum  thickness for ovality 
	2

	-
	-
	Required Liner Thickness - Partially Deteriorated 
	Required Liner Thickness - Partially Deteriorated 
	t mm 

	8.6 mm 
	7.6 mm 
	-
	-
	8.6 mm 
	8.6 mm 
	t in 

	0.34 in 
	0.30 in 
	-
	-
	0.34 in 
	0.34 in 
	DR 

	53.2 
	60.2 
	-
	-
	53.2 
	t mm is rounded-up to 1 decimal place; t in = t mm/25.4; DR = (Inside Diameter in)/(t mm/25.4)    NA - Not Available/Applicable 
	FLOW COMPARISON PARAMETERS FLOW COMPARISON FOR: ENTERED LINER THICKNESS 
	Liner Thickness - Entered 9.0 mm Inside Diameter before Lining 18.00 in Before Lining Manning n 0.0150 Inside Diameter after Lining 17.29 in 9.0 mm liner After Lining Manning n 0.0100 Flow Capacity after Lining 135% Of before Lining 
	COMMENTS 
	PREMIER-PIPE USA Summary Page CIPP-DESIGN: D151109-1usw 
	Figure
	PREMIER-PIPE USA CIPP-DESIGN 
	MICHELS PIPE SERVICES CIPP Liner Thickness for Non-Pressure Pipes By ASTM F1216-09 Appendix X1 Design Method 
	ASTM F1216 APPENDIX X1 CALCULATION DETAILS: PARTIALLY DETERIORATED DESIGN F1216-09 Partially deteriorated design requires satisfying 2 equations: X1.1 and X1.2 Check Equation X1.1 P = [2KEL/(1-v2)] x [1/(DR-1)3] x [C/N] P is the maximum allowed external pressure on the liner, with safety factor, from groundwater and any vacuum Determine P for  liner thickness of …………………… t = 8.6 mm t is from summary page K = Enhancement factor = 7 EL = Flexural Modulus Long-term = (Flexural Modulus Short-term) x (Long-term 
	ASTM F1216 APPENDIX X1 CALCULATION DETAILS: PARTIALLY DETERIORATED DESIGN F1216-09 Partially deteriorated design requires satisfying 2 equations: X1.1 and X1.2 Check Equation X1.1 P = [2KEL/(1-v2)] x [1/(DR-1)3] x [C/N] P is the maximum allowed external pressure on the liner, with safety factor, from groundwater and any vacuum Determine P for  liner thickness of …………………… t = 8.6 mm t is from summary page K = Enhancement factor = 7 EL = Flexural Modulus Long-term = (Flexural Modulus Short-term) x (Long-term 
	ASTM F1216 APPENDIX X1 CALCULATION DETAILS: PARTIALLY DETERIORATED DESIGN F1216-09 Partially deteriorated design requires satisfying 2 equations: X1.1 and X1.2 Check Equation X1.1 P = [2KEL/(1-v2)] x [1/(DR-1)3] x [C/N] P is the maximum allowed external pressure on the liner, with safety factor, from groundwater and any vacuum Determine P for  liner thickness of …………………… t = 8.6 mm t is from summary page K = Enhancement factor = 7 EL = Flexural Modulus Long-term = (Flexural Modulus Short-term) x (Long-term 

	Check Equation X1.2 X1.2:  [(1.5 x ∆/100 ) x (1+∆/100) x DR2] - [0.5 x (1+∆/100) x DR] = (σL)/(P x N) ∆ = 5 As shown above in determination of C, Ovality Reduction Factor, above. DR, calculated above = 53.16 σL = Flex Strength Long-term = (Flex Strength Short-term) x (Long-term Retention) =4500 x 50% = 2250 psi P = External pressure on liner = Pa = 4.33 psi  See above N = safety factor = 2 Solve Eq. X1.2 for liner thickness, t.  Where DR = (Liner OD)/(t) t = [3 x (∆/100) x Do)]/[0.5 + {0.25 + (6 x (∆/100) x
	Check Equation X1.2 X1.2:  [(1.5 x ∆/100 ) x (1+∆/100) x DR2] - [0.5 x (1+∆/100) x DR] = (σL)/(P x N) ∆ = 5 As shown above in determination of C, Ovality Reduction Factor, above. DR, calculated above = 53.16 σL = Flex Strength Long-term = (Flex Strength Short-term) x (Long-term Retention) =4500 x 50% = 2250 psi P = External pressure on liner = Pa = 4.33 psi  See above N = safety factor = 2 Solve Eq. X1.2 for liner thickness, t.  Where DR = (Liner OD)/(t) t = [3 x (∆/100) x Do)]/[0.5 + {0.25 + (6 x (∆/100) x

	Summary for Partially Deteriorated Design Partially Deteriorated design requires satisfying Eqs X1.1 & X1.2 Eq X1.1 Satisfied by selected liner thickness of 8.6 mm Eq X1.2 Satisfied by selected liner thickness of 8.6 mm Required liner thickness for Partially Deteriorated design is…………… 8.6 mm 
	Summary for Partially Deteriorated Design Partially Deteriorated design requires satisfying Eqs X1.1 & X1.2 Eq X1.1 Satisfied by selected liner thickness of 8.6 mm Eq X1.2 Satisfied by selected liner thickness of 8.6 mm Required liner thickness for Partially Deteriorated design is…………… 8.6 mm 

	FULL FLOW CAPACITY COMPARISON BEFORE & AFTER LINING - For Entered t Flow = Q = Area x Velocity =[(Pi x D2)/4] x [(1.486/n) x R2/3 x S1/2]   Manning formula, imperial units t = 9 mm S = Slope = same before & after lining; R = Hydraulic Radius = D/4 for full flow (D in ft) D1 = 18 in = 1.5 ft Q2/Q1 = {[(Pi x (D2 2)/4] x [(1.486/n2)] x (D2/4)2/3} / {[(Pi x (D1 2)/4] x [(1.486/n1)] x (D1/4)2/3} D2 = 17.29 in = 1.441 ft = {[(3.142 x (1.441^2)/4] x [(1.486/0.01)] x (1.441/4)^(2/3)} / {[(3.142 x (1.5)^2)/4] x [(1.
	FULL FLOW CAPACITY COMPARISON BEFORE & AFTER LINING - For Entered t Flow = Q = Area x Velocity =[(Pi x D2)/4] x [(1.486/n) x R2/3 x S1/2]   Manning formula, imperial units t = 9 mm S = Slope = same before & after lining; R = Hydraulic Radius = D/4 for full flow (D in ft) D1 = 18 in = 1.5 ft Q2/Q1 = {[(Pi x (D2 2)/4] x [(1.486/n2)] x (D2/4)2/3} / {[(Pi x (D1 2)/4] x [(1.486/n1)] x (D1/4)2/3} D2 = 17.29 in = 1.441 ft = {[(3.142 x (1.441^2)/4] x [(1.486/0.01)] x (1.441/4)^(2/3)} / {[(3.142 x (1.5)^2)/4] x [(1.


	PREMIER-PIPE USA Calculation Details: Page 1 of 1 CIPP-DESIGN: D151109-1usw 
	Figure
	PREMIER-PIPE USA CIPP-DESIGN 
	MICHELS PIPE SERVICES CIPP Liner Thickness for Non-Pressure Pipes By ASTM F1216-09 Appendix X1 Design Method 
	IGNORE THIS PAGE - NOT REQUIRED FOR PARTIALLY DETERIORATED DESIGN Check Equation X1.3 X1.3 not required for Partially Deteriorated Design (ELI/D3)]1/2 If F1216-07a, Equation X1.3 is: qt=[C/N] x [32RwB'E'sNot using this equation C(ELI/D3)]1/2 If F1216-09, Equation X1.3 is: qt=[1/N] x [32RwB'E'sUsing this equation Where qt is the maximum allowed external pressure on the liner from cover, live loads and other loads Determine qt for liner thickness of …………………… t = 8.6 mm t is from summary page C = Ovality Reduc
	IGNORE THIS PAGE - NOT REQUIRED FOR PARTIALLY DETERIORATED DESIGN Check Equation X1.3 X1.3 not required for Partially Deteriorated Design (ELI/D3)]1/2 If F1216-07a, Equation X1.3 is: qt=[C/N] x [32RwB'E'sNot using this equation C(ELI/D3)]1/2 If F1216-09, Equation X1.3 is: qt=[1/N] x [32RwB'E'sUsing this equation Where qt is the maximum allowed external pressure on the liner from cover, live loads and other loads Determine qt for liner thickness of …………………… t = 8.6 mm t is from summary page C = Ovality Reduc
	IGNORE THIS PAGE - NOT REQUIRED FOR PARTIALLY DETERIORATED DESIGN Check Equation X1.3 X1.3 not required for Partially Deteriorated Design (ELI/D3)]1/2 If F1216-07a, Equation X1.3 is: qt=[C/N] x [32RwB'E'sNot using this equation C(ELI/D3)]1/2 If F1216-09, Equation X1.3 is: qt=[1/N] x [32RwB'E'sUsing this equation Where qt is the maximum allowed external pressure on the liner from cover, live loads and other loads Determine qt for liner thickness of …………………… t = 8.6 mm t is from summary page C = Ovality Reduc

	Check Equation X1.4 X1.4 not required for Partially Deteriorated Design (E x I)/D^3 = E/(12 x (DR^3))  ≥ 0.093 Determine for liner thickness ……………………. t = 8.6 mm t is from summary page E = initial (short-term)  modulus = 250000 psi DR = liner dimension ratio = D/t = 18 / (8.6 / 25.4) = 53.16 E/(12 x (DR^3)) = 250000/(12 x 53.16^3) = 0.13868 Is E/(12 x (DR^3))  ≥ 0.093? NA 
	Check Equation X1.4 X1.4 not required for Partially Deteriorated Design (E x I)/D^3 = E/(12 x (DR^3))  ≥ 0.093 Determine for liner thickness ……………………. t = 8.6 mm t is from summary page E = initial (short-term)  modulus = 250000 psi DR = liner dimension ratio = D/t = 18 / (8.6 / 25.4) = 53.16 E/(12 x (DR^3)) = 250000/(12 x 53.16^3) = 0.13868 Is E/(12 x (DR^3))  ≥ 0.093? NA 

	Summary for Fully Deteriorated Design Fully Deteriorated design requires satisfying Eqs X1.1, X1.2, X1.3, X1.4 Eq X1.1 Ignore this page Eq X1.2 Ignore this page Eq X1.3 Ignore this page Eq X1.4 Ignore this page IGNORE THIS PAGE - FOR FULLY DETERIORATED ONLY. 
	Summary for Fully Deteriorated Design Fully Deteriorated design requires satisfying Eqs X1.1, X1.2, X1.3, X1.4 Eq X1.1 Ignore this page Eq X1.2 Ignore this page Eq X1.3 Ignore this page Eq X1.4 Ignore this page IGNORE THIS PAGE - FOR FULLY DETERIORATED ONLY. 


	PREMIER-PIPE USA This Page Not Required for Partially Deteriorated CIPP-DESIGN: D151109-1usw 
	Figure
	PREMIER-PIPE USA MICHELS PIPE SERVICES 
	PROJECT INFORMATION 
	27-May-14 CALTRANS 03-4M4404 - In El Dorado County DS 2,16 Required minimum thickness is 12.8mm Michels recommends a nominal liner thickness of 13.5mm 
	for all 24" depths 
	 BY ASTM F1216 VERSION 
	 EXISTING PIPE PARAMETERS 
	Design Condition Inside Dia. of Existing Pipe Depth to Invert Water Table Below Surface 
	Ovality, ∆ 
	Ovality, ∆ 
	Ovality, ∆ 

	Soil Density 
	Soil Density 
	Note 1 

	Soil Modulus 
	Soil Modulus 
	Note 1 

	Live Load 
	Live Load 
	Note 1 

	Other Load 
	Other Load 
	Note 1 

	Vacuum Condition
	Vacuum Condition


	 CIPP LINER PARAMETERS 
	Flexural Modulus short-term Flexural Strength short-term Long-term Retention Enhancement Factor Poisson's Ratio Safety Factor 
	F1216-09 
	ENTERED 
	Partially Det. 
	24 in 
	28 ft 
	14 ft 
	5% 
	120 lb/ft3 
	1,000 psi 
	2. HS-20 
	0 psi 
	0 psi 
	ENTERED 
	250,000 psi 
	4,500 psi 
	50% 
	7 
	0.3 
	2 
	CIPP-DESIGN 
	CIPP Liner Thickness for Non-Pressure Pipes By ASTM F1216-09 Appendix X1 Design Method 
	Ground Surface 
	28.00 ft 
	Existing Pipe 
	14.00 ft 
	Size 24 in Ovality 5.0% 
	Invert Partially Deteriorated Design Required Liner Thickness: 12.8 mm 
	 26.00 ft 14.00 ft Water Table 
	CIPP liner design by Appendix X1 method of ASTM F1216-09 
	 FACTOR SUMMARY - PARTIALLY DETERIORATED 
	Flexural Modulus Design 
	Flexural Modulus Design 
	Flexural Modulus Design 
	125,000 psi 
	50% of Short-term 

	Flexural Strength Design
	Flexural Strength Design
	2,250 psi 
	50% of Short-term 

	Minimum Dia for host pipe 
	Minimum Dia for host pipe 
	22.80 in 
	For 5% ovality 

	Maximum Dia for host pipe 
	Maximum Dia for host pipe 
	25.20 in 
	For 5% ovality 

	Ovality Reduction Factor, C 
	Ovality Reduction Factor, C 
	0.640 

	Water Pressure - Invert 
	Water Pressure - Invert 
	6.06 psi 
	14.00 ft 

	Vacuum Pressure 
	Vacuum Pressure 
	0.00 psi 

	Total Design Pressure, Invert 
	Total Design Pressure, Invert 
	6.06 psi 
	For X1.1 & X1.2 


	Note 1: Entries ignored for Partially Deteriorated design. 
	PARTIALLY DETERIORATED DESIGN REQUIRES SATISFYING F1216-X1 EQUATIONS X1.1 & X1.2 
	Equations X1.1 & X1.2 solved for liner thickness t 
	X1.1: P = [2KEL/(1-v)] x [1/(DR-1)] x [C/N] Governs 
	2
	3

	For load due to groundwater at invert X1.2: (1.5∆/100)(1+∆/100)DR-0.5(1+∆/100)DR=σL/(PN) For minimum  thickness for ovality 
	2

	-
	-
	Required Liner Thickness - Partially Deteriorated 
	Required Liner Thickness - Partially Deteriorated 
	t mm 

	12.8 mm 
	11.8 mm 
	-
	-
	12.8 mm 
	12.8 mm 
	t in 

	0.50 in 
	0.46 in 
	-
	-
	0.50 in 
	0.50 in 
	DR 

	47.6 
	51.7 
	-
	-
	47.6 
	t mm is rounded-up to 1 decimal place; t in = t mm/25.4; DR = (Inside Diameter in)/(t mm/25.4)    NA - Not Available/Applicable 
	FLOW COMPARISON PARAMETERS FLOW COMPARISON FOR: ENTERED LINER THICKNESS 
	Liner Thickness - Entered 13.5 mm Inside Diameter before Lining 24.00 in Before Lining Manning n 0.0150 Inside Diameter after Lining 22.94 in 13.5 mm liner After Lining Manning n 0.0100 Flow Capacity after Lining 133% Of before Lining 
	COMMENTS 
	PREMIER-PIPE USA Summary Page CIPP-DESIGN: D151109-1usw 
	Figure
	PREMIER-PIPE USA CIPP-DESIGN 
	MICHELS PIPE SERVICES CIPP Liner Thickness for Non-Pressure Pipes By ASTM F1216-09 Appendix X1 Design Method 
	ASTM F1216 APPENDIX X1 CALCULATION DETAILS: PARTIALLY DETERIORATED DESIGN F1216-09 Partially deteriorated design requires satisfying 2 equations: X1.1 and X1.2 Check Equation X1.1 P = [2KEL/(1-v2)] x [1/(DR-1)3] x [C/N] P is the maximum allowed external pressure on the liner, with safety factor, from groundwater and any vacuum Determine P for  liner thickness of …………………… t = 12.8 mm t is from summary page K = Enhancement factor = 7 EL = Flexural Modulus Long-term = (Flexural Modulus Short-term) x (Long-term
	ASTM F1216 APPENDIX X1 CALCULATION DETAILS: PARTIALLY DETERIORATED DESIGN F1216-09 Partially deteriorated design requires satisfying 2 equations: X1.1 and X1.2 Check Equation X1.1 P = [2KEL/(1-v2)] x [1/(DR-1)3] x [C/N] P is the maximum allowed external pressure on the liner, with safety factor, from groundwater and any vacuum Determine P for  liner thickness of …………………… t = 12.8 mm t is from summary page K = Enhancement factor = 7 EL = Flexural Modulus Long-term = (Flexural Modulus Short-term) x (Long-term
	ASTM F1216 APPENDIX X1 CALCULATION DETAILS: PARTIALLY DETERIORATED DESIGN F1216-09 Partially deteriorated design requires satisfying 2 equations: X1.1 and X1.2 Check Equation X1.1 P = [2KEL/(1-v2)] x [1/(DR-1)3] x [C/N] P is the maximum allowed external pressure on the liner, with safety factor, from groundwater and any vacuum Determine P for  liner thickness of …………………… t = 12.8 mm t is from summary page K = Enhancement factor = 7 EL = Flexural Modulus Long-term = (Flexural Modulus Short-term) x (Long-term

	Check Equation X1.2 X1.2:  [(1.5 x ∆/100 ) x (1+∆/100) x DR2] - [0.5 x (1+∆/100) x DR] = (σL)/(P x N) ∆ = 5 As shown above in determination of C, Ovality Reduction Factor, above. DR, calculated above = 47.63 σL = Flex Strength Long-term = (Flex Strength Short-term) x (Long-term Retention) =4500 x 50% = 2250 psi P = External pressure on liner = Pa = 6.06 psi  See above N = safety factor = 2 Solve Eq. X1.2 for liner thickness, t.  Where DR = (Liner OD)/(t) t = [3 x (∆/100) x Do)]/[0.5 + {0.25 + (6 x (∆/100) x
	Check Equation X1.2 X1.2:  [(1.5 x ∆/100 ) x (1+∆/100) x DR2] - [0.5 x (1+∆/100) x DR] = (σL)/(P x N) ∆ = 5 As shown above in determination of C, Ovality Reduction Factor, above. DR, calculated above = 47.63 σL = Flex Strength Long-term = (Flex Strength Short-term) x (Long-term Retention) =4500 x 50% = 2250 psi P = External pressure on liner = Pa = 6.06 psi  See above N = safety factor = 2 Solve Eq. X1.2 for liner thickness, t.  Where DR = (Liner OD)/(t) t = [3 x (∆/100) x Do)]/[0.5 + {0.25 + (6 x (∆/100) x

	Summary for Partially Deteriorated Design Partially Deteriorated design requires satisfying Eqs X1.1 & X1.2 Eq X1.1 Satisfied by selected liner thickness of 12.8 mm Eq X1.2 Satisfied by selected liner thickness of 12.8 mm Required liner thickness for Partially Deteriorated design is…………… 12.8 mm 
	Summary for Partially Deteriorated Design Partially Deteriorated design requires satisfying Eqs X1.1 & X1.2 Eq X1.1 Satisfied by selected liner thickness of 12.8 mm Eq X1.2 Satisfied by selected liner thickness of 12.8 mm Required liner thickness for Partially Deteriorated design is…………… 12.8 mm 

	FULL FLOW CAPACITY COMPARISON BEFORE & AFTER LINING - For Entered t Flow = Q = Area x Velocity =[(Pi x D2)/4] x [(1.486/n) x R2/3 x S1/2]   Manning formula, imperial units t = 13.5 mm S = Slope = same before & after lining; R = Hydraulic Radius = D/4 for full flow (D in ft) D1 = 24 in = 2 ft Q2/Q1 = {[(Pi x (D2 2)/4] x [(1.486/n2)] x (D2/4)2/3} / {[(Pi x (D1 2)/4] x [(1.486/n1)] x (D1/4)2/3} D2 = 22.94 in = 1.911 ft = {[(3.142 x (1.911^2)/4] x [(1.486/0.01)] x (1.911/4)^(2/3)} / {[(3.142 x (2)^2)/4] x [(1.4
	FULL FLOW CAPACITY COMPARISON BEFORE & AFTER LINING - For Entered t Flow = Q = Area x Velocity =[(Pi x D2)/4] x [(1.486/n) x R2/3 x S1/2]   Manning formula, imperial units t = 13.5 mm S = Slope = same before & after lining; R = Hydraulic Radius = D/4 for full flow (D in ft) D1 = 24 in = 2 ft Q2/Q1 = {[(Pi x (D2 2)/4] x [(1.486/n2)] x (D2/4)2/3} / {[(Pi x (D1 2)/4] x [(1.486/n1)] x (D1/4)2/3} D2 = 22.94 in = 1.911 ft = {[(3.142 x (1.911^2)/4] x [(1.486/0.01)] x (1.911/4)^(2/3)} / {[(3.142 x (2)^2)/4] x [(1.4


	PREMIER-PIPE USA Calculation Details: Page 1 of 1 CIPP-DESIGN: D151109-1usw 
	Figure
	PREMIER-PIPE USA CIPP-DESIGN 
	MICHELS PIPE SERVICES CIPP Liner Thickness for Non-Pressure Pipes By ASTM F1216-09 Appendix X1 Design Method 
	IGNORE THIS PAGE - NOT REQUIRED FOR PARTIALLY DETERIORATED DESIGN Check Equation X1.3 X1.3 not required for Partially Deteriorated Design (ELI/D3)]1/2 If F1216-07a, Equation X1.3 is: qt=[C/N] x [32RwB'E'sNot using this equation C(ELI/D3)]1/2 If F1216-09, Equation X1.3 is: qt=[1/N] x [32RwB'E'sUsing this equation Where qt is the maximum allowed external pressure on the liner from cover, live loads and other loads Determine qt for liner thickness of …………………… t = 12.8 mm t is from summary page C = Ovality Redu
	IGNORE THIS PAGE - NOT REQUIRED FOR PARTIALLY DETERIORATED DESIGN Check Equation X1.3 X1.3 not required for Partially Deteriorated Design (ELI/D3)]1/2 If F1216-07a, Equation X1.3 is: qt=[C/N] x [32RwB'E'sNot using this equation C(ELI/D3)]1/2 If F1216-09, Equation X1.3 is: qt=[1/N] x [32RwB'E'sUsing this equation Where qt is the maximum allowed external pressure on the liner from cover, live loads and other loads Determine qt for liner thickness of …………………… t = 12.8 mm t is from summary page C = Ovality Redu
	IGNORE THIS PAGE - NOT REQUIRED FOR PARTIALLY DETERIORATED DESIGN Check Equation X1.3 X1.3 not required for Partially Deteriorated Design (ELI/D3)]1/2 If F1216-07a, Equation X1.3 is: qt=[C/N] x [32RwB'E'sNot using this equation C(ELI/D3)]1/2 If F1216-09, Equation X1.3 is: qt=[1/N] x [32RwB'E'sUsing this equation Where qt is the maximum allowed external pressure on the liner from cover, live loads and other loads Determine qt for liner thickness of …………………… t = 12.8 mm t is from summary page C = Ovality Redu

	Check Equation X1.4 X1.4 not required for Partially Deteriorated Design (E x I)/D^3 = E/(12 x (DR^3))  ≥ 0.093 Determine for liner thickness ……………………. t = 12.8 mm t is from summary page E = initial (short-term)  modulus = 250000 psi DR = liner dimension ratio = D/t = 24 / (12.8 / 25.4) = 47.63 E/(12 x (DR^3)) = 250000/(12 x 47.63^3) = 0.1928 Is E/(12 x (DR^3))  ≥ 0.093? NA 
	Check Equation X1.4 X1.4 not required for Partially Deteriorated Design (E x I)/D^3 = E/(12 x (DR^3))  ≥ 0.093 Determine for liner thickness ……………………. t = 12.8 mm t is from summary page E = initial (short-term)  modulus = 250000 psi DR = liner dimension ratio = D/t = 24 / (12.8 / 25.4) = 47.63 E/(12 x (DR^3)) = 250000/(12 x 47.63^3) = 0.1928 Is E/(12 x (DR^3))  ≥ 0.093? NA 

	Summary for Fully Deteriorated Design Fully Deteriorated design requires satisfying Eqs X1.1, X1.2, X1.3, X1.4 Eq X1.1 Ignore this page Eq X1.2 Ignore this page Eq X1.3 Ignore this page Eq X1.4 Ignore this page IGNORE THIS PAGE - FOR FULLY DETERIORATED ONLY. 
	Summary for Fully Deteriorated Design Fully Deteriorated design requires satisfying Eqs X1.1, X1.2, X1.3, X1.4 Eq X1.1 Ignore this page Eq X1.2 Ignore this page Eq X1.3 Ignore this page Eq X1.4 Ignore this page IGNORE THIS PAGE - FOR FULLY DETERIORATED ONLY. 


	PREMIER-PIPE USA This Page Not Required for Partially Deteriorated CIPP-DESIGN: D151109-1usw 
	Figure
	PREMIER-PIPE USA MICHELS PIPE SERVICES 
	PROJECT INFORMATION 
	27-May-14 CALTRANS 03-4M4404 - In El Dorado County DS 2,16 Required minimum thickness is 10.7mm Michels recommends a nominal liner thickness of 12mm 
	 BY ASTM F1216 VERSION 
	 EXISTING PIPE PARAMETERS 
	Design Condition Inside Dia. of Existing Pipe Depth to Invert Water Table Below Surface 
	Ovality, ∆ 
	Ovality, ∆ 
	Ovality, ∆ 

	Soil Density 
	Soil Density 
	Note 1 

	Soil Modulus 
	Soil Modulus 
	Note 1 

	Live Load 
	Live Load 
	Note 1 

	Other Load 
	Other Load 
	Note 1 

	Vacuum Condition
	Vacuum Condition


	 CIPP LINER PARAMETERS 
	Flexural Modulus short-term Flexural Strength short-term Long-term Retention Enhancement Factor Poisson's Ratio Safety Factor 
	F1216-09 
	ENTERED 
	Partially Det. 
	30 in 
	8 ft 
	4 ft 
	5% 
	120 lb/ft3 
	1,000 psi 
	2. HS-20 
	0 psi 
	0 psi 
	ENTERED 
	250,000 psi 
	4,500 psi 
	50% 
	7 
	0.3 
	2 
	CIPP-DESIGN 
	CIPP Liner Thickness for Non-Pressure Pipes By ASTM F1216-09 Appendix X1 Design Method 
	Ground Surface 
	8.00 ft 
	Existing Pipe 
	4.00 ft 
	Size 30 in Ovality 5.0% 
	Invert Partially Deteriorated Design Required Liner Thickness: 10.7 mm 
	 5.50 ft 4.00 ft Water Table 
	CIPP liner design by Appendix X1 method of ASTM F1216-09 
	 FACTOR SUMMARY - PARTIALLY DETERIORATED 
	Flexural Modulus Design 
	Flexural Modulus Design 
	Flexural Modulus Design 
	125,000 psi 
	50% of Short-term 

	Flexural Strength Design
	Flexural Strength Design
	2,250 psi 
	50% of Short-term 

	Minimum Dia for host pipe 
	Minimum Dia for host pipe 
	28.50 in 
	For 5% ovality 

	Maximum Dia for host pipe 
	Maximum Dia for host pipe 
	31.50 in 
	For 5% ovality 

	Ovality Reduction Factor, C 
	Ovality Reduction Factor, C 
	0.640 

	Water Pressure - Invert 
	Water Pressure - Invert 
	1.73 psi 
	4.00 ft 

	Vacuum Pressure 
	Vacuum Pressure 
	0.00 psi 

	Total Design Pressure, Invert 
	Total Design Pressure, Invert 
	1.73 psi 
	For X1.1 & X1.2 


	Note 1: Entries ignored for Partially Deteriorated design. 
	PARTIALLY DETERIORATED DESIGN REQUIRES SATISFYING F1216-X1 EQUATIONS X1.1 & X1.2 
	Equations X1.1 & X1.2 solved for liner thickness t 
	X1.1: P = [2KEL/(1-v)] x [1/(DR-1)] x [C/N] Governs 
	2
	3

	For load due to groundwater at invert X1.2: (1.5∆/100)(1+∆/100)DR-0.5(1+∆/100)DR=σL/(PN) For minimum  thickness for ovality 
	2

	-
	-
	Required Liner Thickness - Partially Deteriorated 
	Required Liner Thickness - Partially Deteriorated 
	t mm 

	10.7 mm 
	8.1 mm 
	-
	-
	10.7 mm 
	10.7 mm 
	t in 

	0.42 in 
	0.32 in 
	-
	-
	0.42 in 
	0.42 in 
	DR 

	71.2 
	94.1 
	-
	-
	71.2 
	t mm is rounded-up to 1 decimal place; t in = t mm/25.4; DR = (Inside Diameter in)/(t mm/25.4)    NA - Not Available/Applicable 
	FLOW COMPARISON PARAMETERS FLOW COMPARISON FOR: ENTERED LINER THICKNESS 
	Liner Thickness - Entered 12.0 mm Inside Diameter before Lining 30.00 in Before Lining Manning n 0.0150 Inside Diameter after Lining 29.06 in 12.0 mm liner After Lining Manning n 0.0100 Flow Capacity after Lining 138% Of before Lining 
	COMMENTS 
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	Figure
	PREMIER-PIPE USA CIPP-DESIGN 
	MICHELS PIPE SERVICES CIPP Liner Thickness for Non-Pressure Pipes By ASTM F1216-09 Appendix X1 Design Method 
	ASTM F1216 APPENDIX X1 CALCULATION DETAILS: PARTIALLY DETERIORATED DESIGN F1216-09 Partially deteriorated design requires satisfying 2 equations: X1.1 and X1.2 Check Equation X1.1 P = [2KEL/(1-v2)] x [1/(DR-1)3] x [C/N] P is the maximum allowed external pressure on the liner, with safety factor, from groundwater and any vacuum Determine P for  liner thickness of …………………… t = 10.7 mm t is from summary page K = Enhancement factor = 7 EL = Flexural Modulus Long-term = (Flexural Modulus Short-term) x (Long-term
	ASTM F1216 APPENDIX X1 CALCULATION DETAILS: PARTIALLY DETERIORATED DESIGN F1216-09 Partially deteriorated design requires satisfying 2 equations: X1.1 and X1.2 Check Equation X1.1 P = [2KEL/(1-v2)] x [1/(DR-1)3] x [C/N] P is the maximum allowed external pressure on the liner, with safety factor, from groundwater and any vacuum Determine P for  liner thickness of …………………… t = 10.7 mm t is from summary page K = Enhancement factor = 7 EL = Flexural Modulus Long-term = (Flexural Modulus Short-term) x (Long-term
	ASTM F1216 APPENDIX X1 CALCULATION DETAILS: PARTIALLY DETERIORATED DESIGN F1216-09 Partially deteriorated design requires satisfying 2 equations: X1.1 and X1.2 Check Equation X1.1 P = [2KEL/(1-v2)] x [1/(DR-1)3] x [C/N] P is the maximum allowed external pressure on the liner, with safety factor, from groundwater and any vacuum Determine P for  liner thickness of …………………… t = 10.7 mm t is from summary page K = Enhancement factor = 7 EL = Flexural Modulus Long-term = (Flexural Modulus Short-term) x (Long-term

	Check Equation X1.2 X1.2:  [(1.5 x ∆/100 ) x (1+∆/100) x DR2] - [0.5 x (1+∆/100) x DR] = (σL)/(P x N) ∆ = 5 As shown above in determination of C, Ovality Reduction Factor, above. DR, calculated above = 71.21 σL = Flex Strength Long-term = (Flex Strength Short-term) x (Long-term Retention) =4500 x 50% = 2250 psi P = External pressure on liner = Pa = 1.73 psi  See above N = safety factor = 2 Solve Eq. X1.2 for liner thickness, t.  Where DR = (Liner OD)/(t) t = [3 x (∆/100) x Do)]/[0.5 + {0.25 + (6 x (∆/100) x
	Check Equation X1.2 X1.2:  [(1.5 x ∆/100 ) x (1+∆/100) x DR2] - [0.5 x (1+∆/100) x DR] = (σL)/(P x N) ∆ = 5 As shown above in determination of C, Ovality Reduction Factor, above. DR, calculated above = 71.21 σL = Flex Strength Long-term = (Flex Strength Short-term) x (Long-term Retention) =4500 x 50% = 2250 psi P = External pressure on liner = Pa = 1.73 psi  See above N = safety factor = 2 Solve Eq. X1.2 for liner thickness, t.  Where DR = (Liner OD)/(t) t = [3 x (∆/100) x Do)]/[0.5 + {0.25 + (6 x (∆/100) x

	Summary for Partially Deteriorated Design Partially Deteriorated design requires satisfying Eqs X1.1 & X1.2 Eq X1.1 Satisfied by selected liner thickness of 10.7 mm Eq X1.2 Satisfied by selected liner thickness of 10.7 mm Required liner thickness for Partially Deteriorated design is…………… 10.7 mm 
	Summary for Partially Deteriorated Design Partially Deteriorated design requires satisfying Eqs X1.1 & X1.2 Eq X1.1 Satisfied by selected liner thickness of 10.7 mm Eq X1.2 Satisfied by selected liner thickness of 10.7 mm Required liner thickness for Partially Deteriorated design is…………… 10.7 mm 

	FULL FLOW CAPACITY COMPARISON BEFORE & AFTER LINING - For Entered t Flow = Q = Area x Velocity =[(Pi x D2)/4] x [(1.486/n) x R2/3 x S1/2]   Manning formula, imperial units t = 12 mm S = Slope = same before & after lining; R = Hydraulic Radius = D/4 for full flow (D in ft) D1 = 30 in = 2.5 ft Q2/Q1 = {[(Pi x (D2 2)/4] x [(1.486/n2)] x (D2/4)2/3} / {[(Pi x (D1 2)/4] x [(1.486/n1)] x (D1/4)2/3} D2 = 29.06 in = 2.421 ft = {[(3.142 x (2.421^2)/4] x [(1.486/0.01)] x (2.421/4)^(2/3)} / {[(3.142 x (2.5)^2)/4] x [(1
	FULL FLOW CAPACITY COMPARISON BEFORE & AFTER LINING - For Entered t Flow = Q = Area x Velocity =[(Pi x D2)/4] x [(1.486/n) x R2/3 x S1/2]   Manning formula, imperial units t = 12 mm S = Slope = same before & after lining; R = Hydraulic Radius = D/4 for full flow (D in ft) D1 = 30 in = 2.5 ft Q2/Q1 = {[(Pi x (D2 2)/4] x [(1.486/n2)] x (D2/4)2/3} / {[(Pi x (D1 2)/4] x [(1.486/n1)] x (D1/4)2/3} D2 = 29.06 in = 2.421 ft = {[(3.142 x (2.421^2)/4] x [(1.486/0.01)] x (2.421/4)^(2/3)} / {[(3.142 x (2.5)^2)/4] x [(1


	PREMIER-PIPE USA Calculation Details: Page 1 of 1 CIPP-DESIGN: D151109-1usw 
	Figure
	PREMIER-PIPE USA CIPP-DESIGN 
	MICHELS PIPE SERVICES CIPP Liner Thickness for Non-Pressure Pipes By ASTM F1216-09 Appendix X1 Design Method 
	IGNORE THIS PAGE - NOT REQUIRED FOR PARTIALLY DETERIORATED DESIGN Check Equation X1.3 X1.3 not required for Partially Deteriorated Design (ELI/D3)]1/2 If F1216-07a, Equation X1.3 is: qt=[C/N] x [32RwB'E'sNot using this equation C(ELI/D3)]1/2 If F1216-09, Equation X1.3 is: qt=[1/N] x [32RwB'E'sUsing this equation Where qt is the maximum allowed external pressure on the liner from cover, live loads and other loads Determine qt for liner thickness of …………………… t = 10.7 mm t is from summary page C = Ovality Redu
	IGNORE THIS PAGE - NOT REQUIRED FOR PARTIALLY DETERIORATED DESIGN Check Equation X1.3 X1.3 not required for Partially Deteriorated Design (ELI/D3)]1/2 If F1216-07a, Equation X1.3 is: qt=[C/N] x [32RwB'E'sNot using this equation C(ELI/D3)]1/2 If F1216-09, Equation X1.3 is: qt=[1/N] x [32RwB'E'sUsing this equation Where qt is the maximum allowed external pressure on the liner from cover, live loads and other loads Determine qt for liner thickness of …………………… t = 10.7 mm t is from summary page C = Ovality Redu
	IGNORE THIS PAGE - NOT REQUIRED FOR PARTIALLY DETERIORATED DESIGN Check Equation X1.3 X1.3 not required for Partially Deteriorated Design (ELI/D3)]1/2 If F1216-07a, Equation X1.3 is: qt=[C/N] x [32RwB'E'sNot using this equation C(ELI/D3)]1/2 If F1216-09, Equation X1.3 is: qt=[1/N] x [32RwB'E'sUsing this equation Where qt is the maximum allowed external pressure on the liner from cover, live loads and other loads Determine qt for liner thickness of …………………… t = 10.7 mm t is from summary page C = Ovality Redu

	Check Equation X1.4 X1.4 not required for Partially Deteriorated Design (E x I)/D^3 = E/(12 x (DR^3))  ≥ 0.093 Determine for liner thickness ……………………. t = 10.7 mm t is from summary page E = initial (short-term)  modulus = 250000 psi DR = liner dimension ratio = D/t = 30 / (10.7 / 25.4) = 71.21 E/(12 x (DR^3)) = 250000/(12 x 71.21^3) = 0.05769 Is E/(12 x (DR^3))  ≥ 0.093? NA 
	Check Equation X1.4 X1.4 not required for Partially Deteriorated Design (E x I)/D^3 = E/(12 x (DR^3))  ≥ 0.093 Determine for liner thickness ……………………. t = 10.7 mm t is from summary page E = initial (short-term)  modulus = 250000 psi DR = liner dimension ratio = D/t = 30 / (10.7 / 25.4) = 71.21 E/(12 x (DR^3)) = 250000/(12 x 71.21^3) = 0.05769 Is E/(12 x (DR^3))  ≥ 0.093? NA 

	Summary for Fully Deteriorated Design Fully Deteriorated design requires satisfying Eqs X1.1, X1.2, X1.3, X1.4 Eq X1.1 Ignore this page Eq X1.2 Ignore this page Eq X1.3 Ignore this page Eq X1.4 Ignore this page IGNORE THIS PAGE - FOR FULLY DETERIORATED ONLY. 
	Summary for Fully Deteriorated Design Fully Deteriorated design requires satisfying Eqs X1.1, X1.2, X1.3, X1.4 Eq X1.1 Ignore this page Eq X1.2 Ignore this page Eq X1.3 Ignore this page Eq X1.4 Ignore this page IGNORE THIS PAGE - FOR FULLY DETERIORATED ONLY. 
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	Quality Assurance Testing Results – Manufacturer 
	Quality Assurance Testing Results – Manufacturer 
	Quality Assurance Testing Results – Manufacturer 
	Alphaliner 500 
	Alphaliner 1500 

	Circumferential Flexural Modulus (psi) (DIN EN 1228)1 
	Circumferential Flexural Modulus (psi) (DIN EN 1228)1 
	1,378,000 
	1,740,000 

	Curved Beam Flexural Modulus (psi) (ISO 178)2 
	Curved Beam Flexural Modulus (psi) (ISO 178)2 
	1,218,000 
	1,653,000 

	Curved Beam Flexural Strength (psi) (ISO 178)2 
	Curved Beam Flexural Strength (psi) (ISO 178)2 
	26,110 
	30,460 

	Porosity of finished liner (APS Water Tightness Standard)3 
	Porosity of finished liner (APS Water Tightness Standard)3 
	Insignificant (0%) 
	Insignificant (0%) 

	Wall thickness of the finished liner (mm) 4 
	Wall thickness of the finished liner (mm) 4 
	"per design" 
	"per design" 

	CIPP Design Properties & Qualification Testing Results 
	CIPP Design Properties & Qualification Testing Results 

	Chemical Resistance 5 
	Chemical Resistance 5 

	Corrosion Resistance Enhanced Polyester Resin 
	Corrosion Resistance Enhanced Polyester Resin 
	See note 5 
	See note 5 

	Vinyl ester Resin System 
	Vinyl ester Resin System 
	See note 5 
	See note 5 

	Strain Corrosion Resistance (ISO 10952) 6 
	Strain Corrosion Resistance (ISO 10952) 6 
	0.68% 
	0.68% 

	Conformance with Host Pipe 7 
	Conformance with Host Pipe 7 
	Excellent 
	Excellent 

	Fiber Reinforcement 8 
	Fiber Reinforcement 8 
	E-CR Fiberglass 
	E-CR Fiberglass 

	50-year Strength Retention Factor 9 
	50-year Strength Retention Factor 9 
	0.625 
	0.750 

	Liner rinsing performance qualification test 10 
	Liner rinsing performance qualification test 10 
	Pass 
	Pass 

	Wicking at cuts in finished liner 11 
	Wicking at cuts in finished liner 11 
	Insignificant (0%) 
	Insignificant (0%) 


	DIN EN 1228 is a test method that determines the initial ring stiffness which is a measure of the ring's response to bending immediately upon loading. The initial ring stiffness returns a more accurate stiffness than the three-point bend test method (ISO 178 or ASTM D790) because it is measured on a complete ring, which represents a more realistic sample than a sample cut out from a ring. Modulus values obtained from complete hoops (rings) are in the range of 5-15% higher than those obtained from curved bea
	1 

	The ISO 178 and ASTM D 790 test methods are designed to measure the flexural strength of flat specimens using three-point bending. Because of the Alphaliner's isotropic design, a curved beam specimen must be substituted for the flat beam specimen. ISO 11296-4, Annex B, provides the specific changes necessary to use adapt the ISO 178 test method to perform the required quality assurance testing on field samples of liners with an isotropic glass fiber reinforced liners. Further, per the Note 2 therein, the en
	2 

	DIN EN 1610 is the installation standard for new pipe construction. Section 13 of this standard covers the procedures and requirements for testing gravity pipelines using either pressurized air or water. The allowable leakage rate, or drop in pressure, is based upon the diameter of the pipe being tested and the differential pressure created by the slope of the pipe. This is analogous to the ASTM F 1216 and F 1743 allowable leakage rates being based on new pipe installation standards. Reline America promotes
	3 

	The wall thickness is calculated using an approved engineering approach. The installer should always submit the calculated minimum value and not the nominal thickness manufactured for the installation. The quality assurance testing is based upon the minimum required finished thickness. The wall thickness together with the physical properties of the finished liner establishes the factor of safety achieved by the installer in the field. Reline America previously issued a calculator to its installers which use
	4 

	Figure
	The chemical corrosion resistance performance of the enhanced orthophthalic polyester resin used by Reline America is quite superior to the standard isopthalic polyester resins used by most CIPP system manufacturers. Recent, unpublished test results done by an independent lab in accordance with Reline America's "Greenbook pickle jar testing" effort have demonstrated that this enhanced polyester resin reaches the performance levels previously only attainable with vinyl ester resins. Once Reline America has f
	5 

	Strain corrosion testing must be performed on liners containing reinforcing fibers other than the standard polyester fibers. The specified ISO 10952 determines the resistance to chemical attack of a liner in deflected, or strained, condition. A range of estimated deflections is selected such that the times to failure of at least 18 test pieces will be distributed between 0.1 hours and over 10,000 hours; with 4 failures occurring between 10 and 1000 hours, 3 failures occurring between 1000 and 6000 hours, an
	6 

	Both Alphaliner 500 and 1500 are dimensioned and designed to conform to the contours of the host pipe's geometry very tightly. Alphaliner 500 and 1500 both have at least a 10% expansion capability built into their design. With the ID of the host pipe measured for each and every reach of pipe prior to its manufacture, the Alphaliner glass fiber tubes have the ability to expand differentially to the demands of any localized deviations from the pipe's global geometry (jogs, offsets, damage, etc.) making for an
	7 

	The fiberglass reinforcements in both the Alphaliner 500 and 1500 systems are of a corrosion resistant E-glass, commonly referred to as E-CR glass. The use of glass fibers meeting this class designation is essential to the finished liner's performance in the types of environments into which it can be installed. In addition to the fibers themselves, it is the sizing that is put onto the fibers to create the mechanical lock or bond between the resin and the fiber that assures the long-term composite action of
	8 

	Sustained external hydrostatic loading on a liner can over time exact a circumferential shortening of the liner which, in turn, can lead to localized bending in the region of the liner where the radius is the greatest (most flattened). Using the test method described in the DIN EN 761 the Alphaliner systems have been subjected to a ring deformation of three percent and the amount of pressure or load to maintain this deformation is then recorded over a time period up to 10,000 hours at prescribed points alon
	9 

	The liner firmness in rinsing is a qualifications testing process to assure that the finished liner can stand up to the powerful jetting used today to remove debris and obstructions that will be a part of the service life of the CIPP liner. The level of the cleaning pressures, the angle of the hydraulic jets, and the cleaning actions (speed of retrieval) normally used are applied to the liner to simulate the level of hydraulic action the hardened liner must endure throughout its proposed 50 year life cycle.
	10 

	Reinstating branch connections to the new liner presents an opportunity for the fluid in the pipe to enter the liner matrix via the fibers if they have not been properly sized to hold tight to the resin matrix. If this were to happen the structural integrity of the liner wall could become compromised. Testing for the potential for wicking action of water through any cut edges in the liner is an essential part of the design validation (qualification) process. 
	11 
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	Figure
	Figure
	Figure
	Page 1 of the National Technical Approval no. Z-42.3-330 from 28 April, 2008 
	DEUTSCHES INSTITUT FÜR BAUTECHNIK 
	German Institute for Construction Technology -a public corporation 
	10829 Berlin, 28 April, 2008 Kolonnenstraße 30 L 
	Telephone: Telefax: Ref.no.: 
	Telephone: Telefax: Ref.no.: 
	Telephone: Telefax: Ref.no.: 
	+49 (0) 30 78730-296 +49 (0) 30 78730-320 III 59-1.42.3-3/07 

	National Technical Approval 
	National Technical Approval 

	Approval number 
	Approval number 
	Z-42.3-330 

	Applicant: 
	Applicant: 
	Brandenburger Liner GmbH & Co. KG Taubensuhlstrasse 6 


	76829 Landau (Palatinate), Germany 
	Object of approval: Pipe lining procedure called “Brandenburger liner” for rehabilitation of underground, damaged sewage pipes with circular profile and inverted egg-shaped profiles in the diameter range of DN 150 to DN 1000 and 200/300 mm to 800/1200 mm 
	Valid till: 30 April, 2011 
	The object of approval named above is nationally technically approved.* This national technical approval encompasses 22 pages and 25 appendices. 
	Official seal Nr. 23 of the German Institute for Construction Technology 
	* 
	* 

	This national technical approval replaces the national technical approval no Z-42.3-330 from 27 September extended by notification from 12 February 2007. 
	Figure
	Page 17 and 18 of the National Technical Approval no. Z-42.3-330 from 28 April, 2008 
	1 Regulations for the measurements 
	The stability of the intended pipe liners needs to be verified by a stress analysis for each rehabilitation according to the ATV-DVWK Advisory Leaflet M 127-2from the “Deutsche Vereinigung fr Wasserwirtschaft, Abwasser und Abfall e.V. (DWA)” (German Association of Water, Sewage and Waste Management). For the stress analysis for the pipe liner rigidity of SN ≥ 5,000 M/m², a deformation module of the base needs to be applied that matches the lateral line zone of the old pipe. For the stress calculation, a saf
	7 
	21
	7

	1. Pipe liner “ADV 75”: Tensile bending stressshort-term, 5% quantile = 180 N/mm² (26,105psi) In accordance with DIN EN ISO 178Tensile bending stresslong-term, 5% quantile = 100 N/mm² (14,503psi) Circumference Eshort-term, 5% quantile = 8,500 N/mm(1,232,755psi) In accordance with DIN EN ISO 1228Circumference Elong-term, 5% quantile = 4,700 N/mm(681,641psi) short-term, 5% quantile = 7,500 N/mm(1,087,725psi) In accordance with DIN EN ISO 178long-time, 5% quantile = 4,200 N/mm(609,126psi) 
	12 
	2 
	11 
	2 
	Young modulus E
	2 
	12 
	Long-term E
	2 

	2. Pipe liner “ADV 95”: Tensile bending stressshort-term, 5% quantile = 200 N/mm² In accordance with DIN EN ISO 178Tensile bending stresslong-term, 5% quantile = 125 N/mm² Circumference Eshort-term, 5% quantile = 9,500 N/mmIn accordance with DIN EN ISO 1228Circumference Elong-term, 5% quantile = 5,900 N/mmshort-term, 5% quantile = 9,500 N/mmIn accordance with DIN EN ISO 178long-time, 5% quantile = 5,900 N/mm
	12 
	2 
	11 
	2 
	Young modulus E
	2 
	12 
	Long-term E
	2 

	3. Pipe liner “ADV 120”: Tensile bending stressshort-term, 5% quantile = 230 N/mm² (33,356psi) In accordance with DIN EN ISO 178Tensile bending stresslong-term, 5% quantile = 170 N/mm² (24,655psi) Circumference Eshort-term, 5% quantile = 12,000 N/mm(1,740,360psi) In accordance with DIN EN ISO 1228Circumference Elong-term, 5% quantile = 9,000 N/mm(1,305,270psi) short-term, 5% quantile = 10,800 N/mm(1,566,324psi) In accordance with DIN EN ISO 178long-time, 5% quantile = 8,100 N/mm(1,174,743psi) 
	12 
	2 
	11 
	2 
	Young modulus E
	2 
	12 
	Long-term E
	2 

	2 Regulations for the maintenance 
	Each of the six sewage pipes rehabilitated during the validity period of this approval as well as at least six residential connections re-established by cap profile technology have to be visually inspected by the applicant. These results along with the accompanying descriptions of the rehabilitated damages have to be submitted without request to the German Institute for Construction Technology during the validity period of this approval. Three of these completed rehabilitations have to be inspected for leak
	Kersten Certified 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
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	CERTIFICATE OF CONFORMITY 
	THIS CONFIRMS THAT Alphaliner 1500 and AOC Vipel Resin meets the standards set out for a 
	50 Year Design Life 
	per the National Standards 
	ASTM F1216 Standard Practice for Rehabilitation of Existing Pipelines and Conduits by the Inversion and Curing of a Resin-Impregnated Tube ASTM F 2019 Standard Practice for Rehabilitation of Existing Pipelines and Conduits by the Pulled in Place Installation of Glass Reinforced 
	Plastic, (GRP) cured in Place Thermosetting Resin Pipe (CIPP) ASTM D5813 Standard Specification for Cured in Place Thermosetting Resin Sewer Piping Systems ASTM F1743 Standard Practice for Rehabilitation of Existing Pipelines and Conduits by Pulled in Place Installation of Cured in Place 
	Thermosetting Resin Pipe (CIPP) 
	1: The Product was installed by an Installer trained by Reline America personnel or official appointed agents, on the specific product listed above 
	2.
	2.
	2.
	 The Installer has abided with the rules stated on Reline America Quality Statement 

	3.
	3.
	 The Goods were sold in accordance with Reline America Standard Terms of Sale. 


	Dated 08 January 2016 
	Figure
	Figure
	Submittals 
	1.
	1.
	1.
	 Resin sample submitted and accepted 

	2. 
	2. 
	2. 
	Work Plan 

	2.1.  Calculated thickness of liner – 9 mill. (see calculations) 
	2.2Manufactures recommendations: 
	2.2.1  Minumum pressure – 5 lbs. PSI 
	2.2.2  Maxum pressure – 15 lbs. PSI 
	2.2.3  Postcure temperature – 110 degrees F. 
	2.2.4Cure pressures – Min cold – 5 lbs, Maxuim heated and cold – 15 lbs PSI 
	2.2.5Curing time for steam – 1.5 hrs. 
	2.3Resin Trade Name – AOC 
	2.4Expected maximum exothermic temperature – 160 degees F. 
	2.5Insertion type – Inversion 
	2.6Method of cure – Steam 
	2.7 Termination of segment – extend 3 feet at each end of host pipe 

	3.
	3.
	 Manufacures information: 


	3.1.1Supplier – AOC 
	3.1.2Infared scans p. 59 
	3.1.3N/A (host pipe contains no bituminous coating) 
	3.1.4Certificates – p 43 – 58 
	3.2.1 – 5. N/A (no enhancer used in resin) 
	3.3.1Fabric tubesupplier – Applied Felts 
	3.3.2Membrane type – Polyeurethane 
	3.3.3 N/A – Inversion of the liner 
	3.4Resin inserted at factory 
	3.5Sealing Material – Soka Flex 1A 
	3.6 N/A – no splicing 
	3.7Lubricant – vegetable oil 4 Annual pressure calabration – N/A (temperature and pressure range does not require) 
	5.
	5.
	5.
	 Flexual testing – P. 44-47 

	6.
	6.
	 Manufactures certification letterhead – see attached. 7. MSDS -P.19 


	8. Design Calc – See attached 
	9. Testing Lab -HAUSER LABORATORIES A Division of Microbac Laboratories, Inc. 4750 Nautilus Court South, Unit A, Boulder, CO 80301-3240 Phone: 720 406 4800  Fax:  303 581 0195 
	www.hauserlabs.com 
	www.hauserlabs.com 


	Figure
	8/13/13 
	Installation Procedure 
	1. 
	1. 
	1. 
	Clean line from top manhole. 

	2. 
	2. 
	CCTV line from top manhole. 

	3. 
	3. 
	Place refrigerated liner transport truck and boiler truck at top manhole. 

	4. 
	4. 
	Insert liner from top manhole. 

	5. 
	5. 
	Introduce air and steam to the liner from top manhole 

	6. 
	6. 
	Moniter air pressure and temperature from bottom manhole 

	7. 
	7. 
	After liner is fully cured and cooled, remove excess liner from manhole. 

	8. 
	8. 
	Post CCTV line. 


	Tom Byrd President Christian Brothers Lining Co. 
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	FerraTex Liner Cured-In-Place Pipe 

	SPINIELLO CIPP INSTALLATION PROCEDURES The following are guidelines for installing the Spiniello Liner CIPP system for the Annual Sewer Inspection & Rehabilitation Services (Cured-in-Place Pipe). The field conditions can vary, especially in these areas of standing water with varying depths, therefore, more specific procedures will be determined after verifying the field conditions. PREPARATORY WORK A. Clean each length of pipe to be lined and dispose of any resulting material in accordancewith the cleaning 
	SPINIELLO CIPP INSTALLATION PROCEDURES The following are guidelines for installing the Spiniello Liner CIPP system for the Annual Sewer Inspection & Rehabilitation Services (Cured-in-Place Pipe). The field conditions can vary, especially in these areas of standing water with varying depths, therefore, more specific procedures will be determined after verifying the field conditions. PREPARATORY WORK A. Clean each length of pipe to be lined and dispose of any resulting material in accordancewith the cleaning 


	Figure
	FerraTex Liner Cured-In-Place Pipe 
	B. In this case, which is factory resin impregnation; the liner shall be transported and kept in a refrigerated truck until the time of installation. The refrigerated truck shall be equipped with a sealed temperature recording device that continuously monitors the temperature of the liner at all times after leaving the wet-out site. Transportation and storage of the resin impregnated liner shall be done so that the liner is not damaged, exposed to direct sunlight or creates a safety hazard. 
	C. For more details on the resin impregnation process refer to Wet-Out Procedures below. 
	INVERSION 
	A. No CIPP installations shall be undertaken in weather conditions that could jeopardize the installation of the CIPP, or be detrimental to the long term performance of the CIPP. 
	B. The first step before setting equipment up for inversion is to establish site specific safety measures and the correct traffic control. Once traffic control has been set-up the inversion tower is then erected over the access pit (inversion point). The height of the inversion platform is adjusted to meet the required inversion head depending on the depth of the pipe to be rehabilitated. 
	C. With the water inversion platform, the liner is then pulled into position and the open end of the down tube is turned inside out and attached to the horizontal frame on the inversion tower. The liner was resin impregnated at the factory, therefore; it will be pulled out of a refrigerated trailer. The inversion down-tube which is suspended from the platform is then formed by inverting the liner through itself. Water is poured into the downtube to carry the inversion along, a lubricant is also added to red
	D. As the liner enters the host pipe an electrical thermocouple is placed in the invert between the tube and the pipe wall. This thermocouple placement serves to monitor temperatures during the curing and cool-down process. 
	E. Water is introduced into the down tube maintaining the required inversion pressure and the water level is constantly regulated during the inversion process. The water pressure is maintained to ensure a tight fit of the liner along the host pipe wall. 
	F. For the water inversion process, the procedure above continues until the end of the liner is 
	20520 Unico Road McKenney, VA 23872  P: 804.451.3667 F: 804.414.7759  
	W: www.FerraTex.com 
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	FerraTex Liner Cured-In-Place Pipe 

	within approximately ten feet of the top of the downtube, this is approximately the halfway point of the inversion. The inversion is then temporarily stopped and a hold back rope and lay flat hose is then tied to the end of the liner. The other end of the hold back rope is then wrapped around the capstan at the top of the inversion tower. The inversion process then continues and the rate of progression is controlled by the force applied to the holdback rope. G. Using water, the inversion continues until the
	within approximately ten feet of the top of the downtube, this is approximately the halfway point of the inversion. The inversion is then temporarily stopped and a hold back rope and lay flat hose is then tied to the end of the liner. The other end of the hold back rope is then wrapped around the capstan at the top of the inversion tower. The inversion process then continues and the rate of progression is controlled by the force applied to the holdback rope. G. Using water, the inversion continues until the
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	FerraTex Liner Cured-In-Place Pipe 

	B. For each segment of liner installed, samples will be prepared and will be submitted fortesting purposes per the project specifications, in accordance with ASTM F1216 and ASTM D790. Restrained samples are preferred as noted. C. All cutting and sealing of the liner at the ends shall provide a watertight pipe D. Any gap between an installed liner and the host pipe shall be reviewed on a case by case basis. E. The liner shall be cleaned and the debris removed. The CONTRACTOR shall then conduct a post-lining 
	B. For each segment of liner installed, samples will be prepared and will be submitted fortesting purposes per the project specifications, in accordance with ASTM F1216 and ASTM D790. Restrained samples are preferred as noted. C. All cutting and sealing of the liner at the ends shall provide a watertight pipe D. Any gap between an installed liner and the host pipe shall be reviewed on a case by case basis. E. The liner shall be cleaned and the debris removed. The CONTRACTOR shall then conduct a post-lining 
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	FerraTex Liner Cured-In-Place Pipe 

	D. Precautions for safe handling of all material shall be performed by adhering to the handling guidelines stated in the manufacturer’s MSDS. RESIN IMPREGNATION D. The liner tube shall be vacuum-impregnated with resin under controlled conditions to thoroughly saturate the tube prior to being sent for installation. The volume of resin used shall be sufficient to fill all voids in the tube material at nominal thickness and diameter, and to allow for any migration of resin into the cracks and joints of the pip
	D. Precautions for safe handling of all material shall be performed by adhering to the handling guidelines stated in the manufacturer’s MSDS. RESIN IMPREGNATION D. The liner tube shall be vacuum-impregnated with resin under controlled conditions to thoroughly saturate the tube prior to being sent for installation. The volume of resin used shall be sufficient to fill all voids in the tube material at nominal thickness and diameter, and to allow for any migration of resin into the cracks and joints of the pip
	-
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	FerraTex Liner Cured-In-Place Pipe 

	for the inversion process. The liner then enters through the manhole or other inversion point until it reaches the invert, at which point the inversion end is angled so that its direction of progression is straight into the direction of the host pipe to be lined. This is achieved by angling the liner in the direction of the host pipe. The angle of the liner is based on the invert in the manhole. After installed in the mouth of the invert, the procedure is to apply air in order to invert the liner. After the
	for the inversion process. The liner then enters through the manhole or other inversion point until it reaches the invert, at which point the inversion end is angled so that its direction of progression is straight into the direction of the host pipe to be lined. This is achieved by angling the liner in the direction of the host pipe. The angle of the liner is based on the invert in the manhole. After installed in the mouth of the invert, the procedure is to apply air in order to invert the liner. After the
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	F. The actual time required to cure a liner is left to the Contractor’s discretion because of the numerous factors involved. Some of the factors that can affect the curing process are the catalyst used, the liner thickness, the material of the host pipe, the heating capacities (Boiler used), the ambient temperature and water content of the surrounding soil. Please refer to the cure schedule for more information (Appendix C). G. After the liner has cured, it is then allowed to cool down before cutting the en
	F. The actual time required to cure a liner is left to the Contractor’s discretion because of the numerous factors involved. Some of the factors that can affect the curing process are the catalyst used, the liner thickness, the material of the host pipe, the heating capacities (Boiler used), the ambient temperature and water content of the surrounding soil. Please refer to the cure schedule for more information (Appendix C). G. After the liner has cured, it is then allowed to cool down before cutting the en
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	Quality Assurance/Quality Control Program I. Summary FerraTex has established and refined a strict Quality Control Program to ensure that all material and workmanship exceed the minimum standards and guarantee the finished product/facility performs according to design. This Program has been successfully implemented on past projects and is used on all current and future projects. The Program provides a rigid framework but is easily modified to incorporate specific requirements of the Owner. A. Measurements m
	Quality Assurance/Quality Control Program I. Summary FerraTex has established and refined a strict Quality Control Program to ensure that all material and workmanship exceed the minimum standards and guarantee the finished product/facility performs according to design. This Program has been successfully implemented on past projects and is used on all current and future projects. The Program provides a rigid framework but is easily modified to incorporate specific requirements of the Owner. A. Measurements m
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	II. Liner Production QA/QC This section details the QA/QC procedures involved in production of the FerraTex Liner CIPP.  Liner requirements are collected by way of the job order from the superintendent, and are confirmed by the plant manager.  Once all requirements are known, a liner is designed which will fulfill all the requirements.  The design is detailed to the production department and then entered into the production schedule.  The control and test of the liner properties are detailed in Table 1.
	II. Liner Production QA/QC This section details the QA/QC procedures involved in production of the FerraTex Liner CIPP.  Liner requirements are collected by way of the job order from the superintendent, and are confirmed by the plant manager.  Once all requirements are known, a liner is designed which will fulfill all the requirements.  The design is detailed to the production department and then entered into the production schedule.  The control and test of the liner properties are detailed in Table 1.
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	FERRATEX LINER (CIPP) 1 Liner Components The history of FerraTex’s operation dates back to 1989.  Our Cured-In-Place Pipe Liners are made of flat stock polyester felt material and Isophthalic polyester resin and are manufactured to comply with requirements of ASTM F1216. The FerraTex Liner CIPP is manufactured at our facility in McKenney, VA. The dry or wet-out tube (depending on the installation) is folded and shipped to the job site according to the installation schedule. The following table lists the com
	FERRATEX LINER (CIPP) 1 Liner Components The history of FerraTex’s operation dates back to 1989.  Our Cured-In-Place Pipe Liners are made of flat stock polyester felt material and Isophthalic polyester resin and are manufactured to comply with requirements of ASTM F1216. The FerraTex Liner CIPP is manufactured at our facility in McKenney, VA. The dry or wet-out tube (depending on the installation) is folded and shipped to the job site according to the installation schedule. The following table lists the com
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	strength.  The polyester felt tube is impregnated with polyester resin and the tube is inverted in place and cured. 2.1 Cured Resin Properties The cured resin can attain physical properties as high as the following values: Table 3 – Cured Resin Properties Description Value Test Method Initial Flexural Strength (psi) >4,500 ASTM D-790 (Typically ≥ 6,000) Initial Flexural Modulus (psi) > 300,000 ASTM D-790 (Typically ≥ 400,000) Tensile elongation (%) < 2 ASTM D-638 Compressive Strength (psi) 15,000 ASTM D-695
	strength.  The polyester felt tube is impregnated with polyester resin and the tube is inverted in place and cured. 2.1 Cured Resin Properties The cured resin can attain physical properties as high as the following values: Table 3 – Cured Resin Properties Description Value Test Method Initial Flexural Strength (psi) >4,500 ASTM D-790 (Typically ≥ 6,000) Initial Flexural Modulus (psi) > 300,000 ASTM D-790 (Typically ≥ 400,000) Tensile elongation (%) < 2 ASTM D-638 Compressive Strength (psi) 15,000 ASTM D-695
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	2.2.2.3 Solvents Solvents are used in the tube manufacturing process for patching the coating and taping the seams. The most commonly used solvent is Tetrahydofuran (THF), which is highly flammable; only a small quantity of this solvent is needed to bond the tube coating.. 2.2.3 Tube Fabrication Liner fabrication starts with a field report of the actual length of the line to be rehabilitated. This initial record includes the diameter of the pipe, depth of each manhole structures on either side of the reach 
	2.2.2.3 Solvents Solvents are used in the tube manufacturing process for patching the coating and taping the seams. The most commonly used solvent is Tetrahydofuran (THF), which is highly flammable; only a small quantity of this solvent is needed to bond the tube coating.. 2.2.3 Tube Fabrication Liner fabrication starts with a field report of the actual length of the line to be rehabilitated. This initial record includes the diameter of the pipe, depth of each manhole structures on either side of the reach 
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	2.2.3.4 Inspections & Reporting During Tube Fabrication. All relevant facts about the dry tube fabrication is recorded by direct observation. Measurements of the liner in its ‘lay-flat’ configuration along with length numbering, bag end installation and rope installation information are indicated on the quality control report completed for each liner produced (see sample report in Appendix B). A certificate of compliance is also generated for each liner certifying its dimensions and build information (see A
	2.2.3.4 Inspections & Reporting During Tube Fabrication. All relevant facts about the dry tube fabrication is recorded by direct observation. Measurements of the liner in its ‘lay-flat’ configuration along with length numbering, bag end installation and rope installation information are indicated on the quality control report completed for each liner produced (see sample report in Appendix B). A certificate of compliance is also generated for each liner certifying its dimensions and build information (see A
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	Technical Data Sheet 
	Technical Data Sheet 
	Technical Data Sheet 

	TPU COATED NONWOVEN PIPELINER MATERIAL STYLE: LHI 
	TPU COATED NONWOVEN PIPELINER MATERIAL STYLE: LHI 

	PHYSICAL PROPERTIES WEIGHT: 
	PHYSICAL PROPERTIES WEIGHT: 
	TEST METHOD ASTM D751 
	SPECIFICATION 934 -1094 g/m² 
	TYPICAL DATA 1014 g/m2 

	THICKNESS: 
	THICKNESS: 
	DM9000 (W4.10.1.84) 
	3.2 -4.0 mm 
	3.6 mm 

	STYRENE : 
	STYRENE : 
	DM9000 (W4.10.1.59) 
	PASS/FAIL 
	PASS 

	TENSILE: Warp x Fill 
	TENSILE: Warp x Fill 
	ASTM D751 
	950 x1030 (N) MIN. 
	1739 x 1735 (N) 

	TRAPEZOID TEAR: Warp x Fill 
	TRAPEZOID TEAR: Warp x Fill 
	ASTM D1117 
	195 x 270 (N) MIN. 
	949 x 841 (N) 


	Figure
	Figure
	Technical Data Sheet 
	Technical Data Sheet 
	Technical Data Sheet 

	TPU COATED NONWOVEN PIPELINER MATERIAL STYLE:  FRE 
	TPU COATED NONWOVEN PIPELINER MATERIAL STYLE:  FRE 

	PHYSICAL PROPERTIES WEIGHT: 
	PHYSICAL PROPERTIES WEIGHT: 
	TEST METHOD ASTM D751 
	SPECIFICATION 746 -906 g/m² 
	TYPICAL DATA 826 g/m2 

	THICKNESS: 
	THICKNESS: 
	DM9000 (W4.10.1.84) 
	2.3 – 2.9 mm 
	2.6 mm 

	STYRENE: 
	STYRENE: 
	DM9000 (W4.10.1.59) 
	PASS/FAIL 
	PASS 

	TENSILE: Warp x Fill 
	TENSILE: Warp x Fill 
	ASTM D751 
	950 X 1030 (N) MIN. 
	1512 x 1608 (N) 

	TRAPEZOID TEAR: Warp x Fill 
	TRAPEZOID TEAR: Warp x Fill 
	ASTM D1117 
	195 x 270 (N) MIN. 
	614 X 603 (N) 


	Figure
	Material Safety Data Sheet May be used to comply with OSHA's Hazard Communication Standard 29 CFR 1910.1200. Standard must be consulted for specific requirements. 
	IDENTITY (As Used on Label and List) 
	HAARTZ I-TPU COATED FELT 
	U.S. Department of Labor 
	Occupational Safety and Health Administration (Non-Mandatory Form) Form Approved OMB No. 1218-0072 Forms Published by WindowChem (707)864-0846 
	Figure
	Note: Blank spaces are not permitted. If any item is not applicable, or no         information is available, the space must be marked to indicate that. 
	Section I 
	Manufacturer's Name HAARTZ CORPORATION 
	Manufacturer's Name HAARTZ CORPORATION 
	Manufacturer's Name HAARTZ CORPORATION 
	Emergency Telephone Number (978) 264 2600 

	Address (Number, Street, City, State, and ZIP Code) 87 HAYWARD ROAD 
	Address (Number, Street, City, State, and ZIP Code) 87 HAYWARD ROAD 
	Telephone Number for Information (978) 264 2600 

	ACTON, MA 01720-3000 
	ACTON, MA 01720-3000 
	Date Prepared 3/6/2013 

	TR
	Signature of Preparer (optional) 


	Section IIA -Ingredients/Identity Information 
	% (optional) 
	THERMOPLASTIC POLYURETHANE (TPU) COMPOUND 
	POLYESTER FIBER WEB 
	Rest of the Information considered Proprietary By Haartz Corp. 
	List of Suppliers, addresses and telephone numbers can be obtained from 
	Haartz Corporation 
	Stabilizers (Trade Secret) 
	Stabilizers (Trade Secret) 
	Stabilizers (Trade Secret) 
	< 5.0% 

	Section IIB - Hazardous Ingredients/Identity Information 
	Section IIB - Hazardous Ingredients/Identity Information 

	Hazardous Components (Specific Chemical Identity; Common Name(s)) 
	Hazardous Components (Specific Chemical Identity; Common Name(s)) 
	OSHA PEL 
	ACGIH TLV 
	Other Limits Recommended 
	% (optional) 


	Section III - Physical/Chemical Characteristics 
	Boiling Point N/A 
	Boiling Point N/A 
	Boiling Point N/A 
	N/A 
	Specific Gravity (H2O = 1) 
	N/A 

	Vapor Pressure (mm Hg) N/A 
	Vapor Pressure (mm Hg) N/A 
	N/A 
	Melting Point 
	N/A 

	Vapor Density (AIR = 1) 
	Vapor Density (AIR = 1) 
	Evaporation rate 

	N/A 
	N/A 
	N/A 
	(Butyl Acetate = 1) 
	N/A 


	Solubility in Water 
	INSOLUBLE 
	Appearance and Odor 
	MILD OLOFINIC ODOR 
	Section IV - Fire and Explosion Hazard Data 
	Flash Point (Method Used) 
	Flash Point (Method Used) 
	Flash Point (Method Used) 
	Flammable Limits 
	LEL 
	UEL 

	N/A (ASTM D-1929) 
	N/A (ASTM D-1929) 
	N/A 
	N/A 
	N/A 


	Extinguishing Media 
	SMALL FIRE: USE DRY CHEMICAL POWDER, LARGE FIRE: USE WATER SPRAY, FOR OR FOAM. DO NOT USE WATER JET. 
	Special Firefighting Procedures 
	FIRE FIGHTERS AND OTHER PERSONS SUBJECT TO PRODUCTS OF COMBUSTION SHOULD WEAR SELF-CONTAINED BREATHING APPARATUS. 
	Unusual Fire and Explosion Hazards 
	DURING A FIRE, IRRITATING AND HIGHLY TOXIC GASES MAY BE GENERATED DURING COMBUSTION OR DECOMPOSITION. 
	Figure
	Section V - Reactivity Data 
	Stability 
	Stability 
	Stability 
	Unstable 
	Conditions to Avoid 

	Stable 
	Stable 
	X 


	Incompatibility (Materials to Avoid) 
	N/A 
	Hazardous Decomposition or Byproducts 
	CO, CO₂ , AND SMALL AMOUNTS OF ALIPHATIC AND AROMATIC HYDROCARBONS 
	Hazardous Polymerization 
	Hazardous Polymerization 
	Hazardous Polymerization 
	May Occur 
	Conditions to Avoid 

	Will Not Occur 
	Will Not Occur 
	X 


	Section VI - Health Hazard Data 
	Section VI - Health Hazard Data 
	Section VI - Health Hazard Data 

	Route(s) of Entry: 
	Route(s) of Entry: 
	Inhalation? 
	Skin? 
	Ingestion? 

	TR
	No 
	No unless in molten state 
	Unlikely 

	Health Hazards (Acute and Chronic) 
	Health Hazards (Acute and Chronic) 

	NO KNOWN SIGNIFICANT EFFECTS OR CRITICAL HAZARDS. 
	NO KNOWN SIGNIFICANT EFFECTS OR CRITICAL HAZARDS. 

	Carcinogenicity: 
	Carcinogenicity: 
	NTP? 
	IARC Monographs? 
	OSHA Regulated? 

	None Known 
	None Known 
	No 
	No 
	No 


	Signs and Symptoms of Exposure 
	PRODUCT FINES, DUST MAY CAUSE MECHANICAL IRRITATION 
	Medical Conditions 
	PRE-EXISTING EYE AND RESPIRATORY DISORDERS MAY BE AGGRIVATED BY PRODUCT DUST. 
	Emergency and First Aid Procedure 
	FLUSH EYES WITH WATER FOR AT LEAST 10 MINUTES. CONTACT WITH MOLTEN MATERIAL SHOULD 
	BE TREATED AS A THERMAL BURN. SEEK MEDICAL ATTENTION FOR ALL BURNS, PARTICULARLY IN THE FACIAL AREA. 
	Section VII - Precautions for Safe Handling and Use 
	Steps to be Taken in Case Material is Released or Spilled 
	AVOID COLLECT PRODUCT FOR DISPOSAL. FOLLOW STANDARD DISPOSAL PROCEDURES. 
	GENERATING DUST CLOUDS. 
	Waste Disposal Method 
	PLACE IN APPROPRIATE CONTAINER AND DISPOSE OF IN COMPLIANCE WITH ALL FEDERAL, STATE 
	AND LOCAL ORDINANCES. 
	Precautions to be Taken in Handling and Storage 
	TREAT AS A SOLID THAT CAN BURN. AVOID MOISTURE CONTAMINATION. 
	Other Precautions 
	Not Determined 
	Section VIII - Control Measures 
	Respiratory Protection (Specify Type) 
	No special protection for normal use. 
	Ventilation 
	Ventilation 
	Ventilation 
	Local Exhaust Local exhaust around processing is recommended 
	Special N/A 

	Mechanical (General) N/A 
	Mechanical (General) N/A 
	Other N/A 


	Protective Gloves 
	As required for hot materials 
	Other Protective Clothing or Equipment 
	N/A 
	Work/Hygienic Practices 
	USE GOOD INDUSTRIAL HYGIENE PRACTICES AND PROCEDURES. 
	Figure
	Figure
	Provisional Technical Data Sheet 
	Product Identification: 07016222 6MM Product Description: 100% Polyester Needle Felt 
	Property Target Tolerance Method Weight: 32.7 OZ/SY +/‐10% ASTM D461 Thickness: 0.295” +/‐10% ASTM D5729 Tensile MD/CD: 250/230 LBS Target ASTM D4632 Elongation MD/CD: 100/120% +/‐25 ASTM D4632 Total PSI: ( TBD ) LBS/IN² Minimum NWS Internal Fiber Composition: 100% 15Dx3” Polyester Fiber Auriga Polymer Width: As Specified NWS Internal 
	NWS043014 (Temporary) NWS Item# 
	1320295‐xxx.00 

	Figure
	Figure
	Provisional Technical Data Sheet 
	Product Identification: 07016222 4.5MM Product Description: 100% Polyester Needle Felt 
	Property Target Tolerance Method Weight: 24.8 OZ/SY +/‐10% ASTM D461 Thickness: 0.235” +/‐10% ASTM D5729 Tensile MD/CD: 177/177 LBS Target ASTM D4632 Elongation MD/CD: 95/110% +/‐25 ASTM D4632 Total PSI: ( TBD ) LBS/IN² Minimum NWS Internal Fiber Composition: 100% 15Dx3” Polyester Fiber Auriga Polymer Width: As Specified NWS Internal 
	NWS043014 (Temporary) NWS Item# 
	1248320‐xxx.00 

	Figure
	Figure
	Provisional Technical Data Sheet 
	Product Identification: 07016222 3MM Product Description: 100% Polyester Needle Felt 
	Property Target Tolerance Method Weight: 16.6 OZ/SY +/‐10% ASTM D461 Thickness: 0.175” +/‐10% ASTM D5729 Tensile MD/CD: 130/140 LBS Target ASTM D4632 Elongation MD/CD: 85/95% +/‐25 ASTM D4632 Total PSI: ( TBD ) LBS/IN² Minimum NWS Internal Fiber Composition: 100% 6Dx3” Polyester Fiber Polymer DAK 54W Width: As Specified NWS Internal 
	NWS043014 (Temporary) NWS Item# 
	1164170‐xxx.00 
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	Figure
	Material Safety Data Sheet 
	May be used to comply with OSHA's Hazard Communication Standard, 29 CFR 1910.1200 Standard must be consulted for specific requirements. 
	Identity (as used on Label and List Note: Blank spaces are not permitted. If any item is not applicable  (07016222 3mm) or no information is available, spaces must be marked to indicate that.  (07016222 4.5mm)  (07016222 6mm) 
	1164170-xxx.00
	1248320-xxx.00
	1327295-xxx.00

	Section 1 - Manufacturer's Information 
	Manufacturer's Name     NONWOVEN SOLUTIONS LLC 
	Manufacturer's Name     NONWOVEN SOLUTIONS LLC 
	Manufacturer's Name     NONWOVEN SOLUTIONS LLC 
	Emergency Telephone Number 1-866-697-0277 

	Address (Number, Street, State and Zip Code)     27981 CONCRETE DRIVE 
	Address (Number, Street, State and Zip Code)     27981 CONCRETE DRIVE 
	Telephone Number for Information 1-866-697-0277

	 INGLESIDE, IL, 60041
	 INGLESIDE, IL, 60041
	Date Prepared 4/29/2014 
	Date Updated 4/29/2014 

	TR
	Signature of Preparer Jsovran 


	Section II - Hazardous Ingredients/Identity Information 
	Hazardous Components (Specify Chemical Identity) 
	Hazardous Components (Specify Chemical Identity) 
	Hazardous Components (Specify Chemical Identity) 
	OSHA PEL 
	ACGIH TLV 
	Other Limits 
	% 

	TR
	Recommended 

	Polyester Fiber Web 
	Polyester Fiber Web 
	N/A 
	N/A 
	N/A 

	CAS # 25038-59-9 
	CAS # 25038-59-9 

	Minor Pigments and Additives 
	Minor Pigments and Additives 
	N/A 
	N/A 
	N/A 

	CAS # N/A 
	CAS # N/A 


	This material is an "Article" and is considered non-hazardous per OSHA Hazard Communication 
	Standard - 29 CFR 1910.1200 
	Section III - Physical/Chemical Characteristics 
	Boiling Point
	Boiling Point
	Boiling Point
	Not Applicable 
	Specific Gravity (H2O=1) 
	1.38 

	Vapour Pressure (mm Hg) 
	Vapour Pressure (mm Hg) 
	Not Applicable 
	Melting Point 
	258° C 

	Vapour Density (AIR = 1) 
	Vapour Density (AIR = 1) 
	Not Applicable 
	Evaporation Rate (Butyl Acetate = 1) 
	Not Applicable 


	Solubility in Water 
	Insoluble 
	Appearance and Odor 
	Nonwoven fiber web, no distinct odor Section IV - Fire and Explosion Hazard Data Flash Point (Method Used) 
	UEL
	N/A 
	LEL N/ANot Applicable Flammable Limits 

	Extinguishing Media 
	Water fog, foam dry (ABC) 
	Special Fire Fighting Procedure 
	Use full bunker gear including NIOSH approved breathing apparatus 
	Unusual Fire and/or Explosion Hazards 
	Figure
	Treat as a solid that burns generally with a low smoke density 
	Page 1 of 2 
	Section V - Reactivity Data 
	Stability 
	Stability 
	Stability 
	Unstable 
	Conditions to Avoid 

	Stable 
	Stable 
	xxx 
	None Known 


	Incombatibility (Materials to Avoid) 
	Strong Oxidizing Agents 
	Hazardous Decomposition of Byproducts 
	CO, CO, and small amounts of aliphatic and aromatic hydrocarbons 
	2

	Hazardous 
	Hazardous 
	Hazardous 
	Unstable 
	Conditions to Avoid 

	Polymerization 
	Polymerization 
	Stable 
	xxx 
	None Known 


	Section VI - Health Hazard Data 
	Route(s) of Entry: 
	Route(s) of Entry: 
	Route(s) of Entry: 
	Inhalation? 
	Skin? 
	Ingestion? 

	Health Hazards (Acute and Chronic 
	Health Hazards (Acute and Chronic 
	N/A 
	N/A 
	N/A 

	None Known 
	None Known 


	Carcinogenicity: NTP? 
	Carcinogenicity: NTP? 
	Carcinogenicity: NTP? 
	IARC Monographs? 
	OSHA Regulated? 

	N/A 
	N/A 
	N/A 
	N/A 

	Signs and Symptoms of Exposure 
	Signs and Symptoms of Exposure 

	Product fines, dust may cause mechanical irritation 
	Product fines, dust may cause mechanical irritation 


	Medical Conditions Genrally Aggravated by Exposure 
	Pre-existing eye and respiratory disorders may be aggavated by product dust 
	Emergency and First Aid Procedures 
	Flush eyes with water for at least 10 minutes. Contact with molten material should be treated as a thermal burn. Seek medical attention for all burns, particularly if in the facial area. Section VII - Precautions for Safe Handling and Use 
	Steps to Be Taken in Case Material is Released or Spilled 
	Shovel, sweep or vacuum. Avoid generating dust clouds. 
	Waste Disposal Method 
	Place in appropriate container and dispose of in compliance with all federal, state and localordinances. 
	Precautions to Be Taken in Handling and Storing 
	Treat as a solid that can burn 
	Other Precautions 
	Store away from oxidizing agents. 
	Section VIII - Control Measures 
	Respiratory Protection (Specify Type) 
	Not required, but appropriate dust mask can be used if product dust is present 

	Ventilation 
	Ventilation 
	Ventilation 
	Ventilation 
	Local Exhaust 
	Special N/A

	Mechanical (General) Recommended 
	Mechanical (General) Recommended 
	Other N/A 

	Protective Gloves Not Required 
	Protective Gloves Not Required 
	Eye Protection ANSI Z87 Safety glasses recommended 


	Other Protective Clothing or Equipment 
	Not Required 
	Work/Hygiene Practices 
	Use good industrial hygiene practices and procedures 
	Page 2 of 2 
	Figure
	Figure
	Inversion Head Pressures 
	Pipe Diameter 
	Pipe Diameter 
	Pipe Diameter 
	CIPP pressure thickness 
	Recommended Inversion pressure 
	Minimum Inversion pressure 
	Maximum Inversion pressure 

	IN 
	IN 
	MM 
	MM 
	PSI 
	PSI 
	PSI 

	6 
	6 
	152 
	4.5 
	10 
	8 
	13 

	6 
	6 
	152 
	6 
	14 
	10 
	17 

	8 
	8 
	203 
	4.5 
	7 
	6 
	10 

	8 
	8 
	203 
	6 
	10 
	7 
	13 

	8 
	8 
	203 
	7.5 
	12 
	9 
	16 

	10 
	10 
	254 
	6 
	7 
	5 
	10 

	10 
	10 
	254 
	7.5 
	9 
	7 
	13 

	10 
	10 
	254 
	9 
	10 
	8 
	16 


	As installation conditions, Installers experience and equipment may vary these values stated above are recommendations only. 
	Figure
	Figure
	® L704-NET-11 Series Polyester Resin 
	Vipel

	Product Information 
	Vipel® Isophthalic Based Resin for Underground Sewer Pipe Liners 
	TYPICAL LIQUID RESIN PROPERTIES*(1) Vipel® L704-NET-11 see back page 
	Figure
	Nominal 
	Viscosity @ 77°F/25°C, RVF Brookfield 
	Spindle #4 @ 20 RPM, cps. 5,600 Thix Index 2/20 4.3 Color Opaque Specific Gravity @ 77°F/25°C 1.11 Non-Volatiles, % 62 Gel Time @ 140°F with (1.0% Di-(4-tert-butyl-cyclohexyl) peroxydicarbonate and 0.5% Trigonox KSM), minutes 11 Pot Life @ 77°F/25°C 
	®

	(1% Di-(4-tert-butyl-cyclohexyl) 
	peroxydicarbonate and + 0.5% Trigonox KSM), hours 40 
	®

	Trigonox is a trademark of Akzo Nobel Chemicals 
	DESCRIPTION 
	The Vipel® L704-NET-11 is a high molecular weight isophthalic/unsaturated polyester resin. Vipel® L704-NET11 Series provides the corrosion resistance, durability and toughness that is required for cured in place pipe applications. Refer to the AOC Corrosion Resistant Resin Guide for corrosion resistance information listed under Vipel® F701. 
	-
	-
	-
	-
	-

	TYPICAL CAST MECHANICAL PROPERTIES* (2) see back page 
	Table
	TR
	Test Method 

	Tensile Strength, psi/MPa 
	Tensile Strength, psi/MPa 
	13,500/93.1 
	ASTM D 638 

	Tensile Modulus, psi/GPa 
	Tensile Modulus, psi/GPa 
	600,000/4.1 
	ASTM D 638 

	Tensile Elongation, % 
	Tensile Elongation, % 
	3.0 
	ASTM D 638 

	Flexural Strength, psi/MPa 
	Flexural Strength, psi/MPa 
	23,300/161 
	ASTM D 790 

	Flexural Modulus, psi/GPa 
	Flexural Modulus, psi/GPa 
	630,000/4.3 
	ASTM D 790 

	Heat Distortion Temperature, 
	Heat Distortion Temperature, 

	°F/°C @ 264 psi 
	°F/°C @ 264 psi 
	212/100 
	ASTM D 648 

	Barcol Hardness 
	Barcol Hardness 
	40 
	ASTM D 2583 

	*Typical properties are not to be construed as specifications. 
	*Typical properties are not to be construed as specifications. 


	FEATURES 
	L
	LI
	Lbl
	ExtraCharSpan

	Excellent catalyzed pot life 

	LI
	Lbl
	ExtraCharSpan

	Superior mechanical properties 

	LI
	Lbl
	ExtraCharSpan

	High molecular weight 

	LI
	Lbl
	ExtraCharSpan

	High viscosity version 


	BENEFITS 
	Adaptability 
	AOC's Vipel® L704-NET-11 molecular architecture provides an excellent balance of corrosion and physical properties. 
	-
	-
	-

	Figure
	® L704-NET-11 Polyester Resin 
	Vipel

	PERFORMANCE GUIDELINES 
	A. Keep full strength catalyst levels between 1.0% - 3.0% of the total resin weight. 
	B. Maintaining shop temperatures between 65°F/ 18°C and 90°F/32°C and humidity between 40% and 90% will help the fabricator make a high quality part. Consistent shop conditions contribute to consistent gel times. 
	STORAGE STABILITY 
	Resins are stable for three months from date of production when stored in the original containers away from sunlight at no more than 77°F/25°C. After extended storage, some drift may occur in gel time. 
	During the hot summer months, no more than two months stability at 86°F/30°C should be anticipated. 
	SAFETY 
	See appropriate Material Safety Data Sheet for guidelines. 
	ISO 9001:2000 CERTIFIED 
	The Quality Management Systems at every AOC manufacturing facility have been certified as meeting ISO 9001:2000 standards. This certification recognizes that each AOC facility has an internationally accepted model in place for managing and assuring quality. We follow the practices set forth in this model to add value to the resins we make for our customers. 
	FOOTNOTES 
	(1) 
	The pot life times shown are typical but may be affected by catalyst, promoter and inhibitor concentrations in resin, and environmental temperature. Variations in gelling characteristics can be expected between different lots of catalysts and at extremely high humidities. Pigment and fillers can retard or accelerate gelation. It is recommended that the fabricator check the gelling characteristics of a small quantity of resin under actual operating conditions prior to use. 
	(2) 
	Based on tests on Vipel™ L704-NET-11 pipe at 77°F/25° and 50% relative humidity. Ccastings were prepared using 1.0% Perkadox 16 and 0.5 Trigonox C. 
	The information contained in this data sheet is based on laboratory data and field experience. We believe this information to be reliable, but do not guarantee its applicability to the user’s process or assume any liability for occurrences arising out of its use. The user, by accepting the products described herein, agrees to be responsible for thoroughly testing  each such product before committing to production. 
	Our recommendations should not be taken as inducements to infringe any patent or violate any law, safety code or insurance regulation. 
	950 HIGHWAY 57 EAST COLLIERVILLE, TN 38017 
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	ASIA, MIDDLE EAST 
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	FerraTex Liner Cured-In-Place Pipe 

	Cure Schedule Prior to curing the CIPP Liner, the interface temperatures (thermocouples) will be placed at all middle manholes in addition to both ends in the invert between the tube and the pipe wall. Please see the recommended curing procedures for the polyester resins as it will clear up many of the reviewer comments from the 1st submittal. To summarize, Spiniello’s steam hold time is normally .5 hr to .45 hr in small pipe applications. This means that the required minimum interface temperature for that 
	Cure Schedule Prior to curing the CIPP Liner, the interface temperatures (thermocouples) will be placed at all middle manholes in addition to both ends in the invert between the tube and the pipe wall. Please see the recommended curing procedures for the polyester resins as it will clear up many of the reviewer comments from the 1st submittal. To summarize, Spiniello’s steam hold time is normally .5 hr to .45 hr in small pipe applications. This means that the required minimum interface temperature for that 


	1 Year Warranty1 Year Warranty FERRATEX, as the liner system Manufacturer, hereby warrants the liner system, including all repair material, defect fillers, primers, and liner compo-site, against any and all defects and liner failures when installed and utilized in accordance with and for the purposes described in its specifications. Manufacturer shall not be liable or responsible under this warranty for any failure caused by fire, war, earthquake or other earth movement, acts of God, negligence, abuse, alte
	Figure
	Figure
	CORVE8295 
	Thixotropic Vinyl Ester Resin Technical Data Sheet 
	CORVE8295 is a property enhanced, promoted, thixotropic, corrosion resistant, epoxy vinyl ester resin for use in the manufacture of liner pipe using cured-in-place techniques. This resin contains no Hazardous Air Pollutants (HAP’s). 
	FEATURES 
	FEATURES 
	FEATURES 
	BENEFITS 

	• Contains No HAP’s 
	• Contains No HAP’s 
	• Useful in applications requiring no styrene 

	• Handling Characteristics of Standard Vinyl Ester 
	• Handling Characteristics of Standard Vinyl Ester 
	• No special initiators or procedures needed 

	• Good Fiberglass Wet-Out 
	• Good Fiberglass Wet-Out 
	• High composites physical properties 

	• Contains Low-Volatility Materials 
	• Contains Low-Volatility Materials 
	• Minimal odor 


	LIQUID PROPERTIES RESULTS Viscosity, Brookfield Model RV #4 Spindle @ 20 rpm, 77°F (25°C), cps 3,700-4,400 Thixotropic Index 3.15-4.00 Gel Time run in a 140°F (60°C) water bath, catalyzed with 0.75% of Perkadox 16 and 0.38% of Trigonox C by weight* Gel Time, 130°F to 150°F (54-66°C), min:sec 12:00-17:00 Gel to Peak, 150°F (66°C) to Peak Exotherm Time, min:sec 1:30-5:00 Peak Exotherm 200-260°F  (93-127°C) Room Temperature Catalyzed Stability, hours >20 Specific Gravity 1.29-1.35 TYPICAL PROPERTIES Thickness 
	All specifications and properties specified above are approximate.  Specifications and properties of material delivered may vary slightly 
	INTERPLASTIC CORPORATION 
	from those given above. Interplastic Corporation makes no representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of 2015 Northeast Broadway Street the suitability of the material for the use contemplated is the sole responsibility of the Buyer. The Thermoset Resins Division's technical 
	Minneapolis, Minnesota  55413-1775 
	sales representatives will assist in developing procedures to fit individual requirements. 
	651.481.6860  Fax 612.331.4235 
	www.interplastic.com 
	www.interplastic.com 

	Revised: 03/11 
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	INTERPLASTIC CORPORATION Thermoset Resins Division 
	1225 Willow Lake Boulevard Saint Paul, Minnesota 55110-5145 (651) 481-6860 Fax (651) 481-9836 
	July 29, 2011 
	To Whom It May Concern: 
	Interplastic Corporation has assigned commercial resin numbers to the following resins as listed: 
	DEVELOPMENT NUMBER 
	DEVELOPMENT NUMBER 
	DEVELOPMENT NUMBER 
	COMMERCIAL NUMBER 

	COR VEX221-464 
	COR VEX221-464 
	COR VE8290 

	COR VEX221-607 
	COR VEX221-607 
	COR VE8295 


	This is a number change only. The formulation has not changed from the development number formulation. 
	Please call me at 281-687-8617 if you have additional questions or comments on this matter. 
	Sincerely, 
	Figure
	Kaleel Rahaim Business Manager Thermoset Resins Division 
	Figure
	CONFIDENTIAL 
	INTERPLASTIC CORPORATION VEX221‐464 CASTING WITHOUT A THERMOPLASTIC LINER NSF/ANSI 61‐2009 EXTRACTION REDUCTION DESCRIPTION: INFLUENT VOLUME: 17 DAY REPORTING COMPOUND RESULTS UNITS LIMIT METHOD Bisphenol A <1.00 µg/L 1.00 EPA 625 Reactive Diluent #1 <2.00 µg/L 2.00 EPA 625 Reactive Diluent #2 <2.00 µg/L 2.00 EPA 625 Styrene <1.00 µg/L 1.00 EPA 524.2 pH 8.18 (None) NA EPA 150.1 Temperature 24.1 °C NA EPA 150.1 pH and Temperature were analyzed on 2/5/10 prior to collection of samples The surface area to volu
	INTERPLASTIC CORPORATION VEX221‐464 CASTING WITHOUT A THERMOPLASTIC LINER NSF/ANSI 61‐2009 EXTRACTION REDUCTION DESCRIPTION: INFLUENT VOLUME: 17 DAY REPORTING COMPOUND RESULTS UNITS LIMIT METHOD Bisphenol A <1.00 µg/L 1.00 EPA 625 Reactive Diluent #1 <2.00 µg/L 2.00 EPA 625 Reactive Diluent #2 <2.00 µg/L 2.00 EPA 625 Styrene <1.00 µg/L 1.00 EPA 524.2 pH 8.18 (None) NA EPA 150.1 Temperature 24.1 °C NA EPA 150.1 pH and Temperature were analyzed on 2/5/10 prior to collection of samples The surface area to volu
	INTERPLASTIC CORPORATION VEX221‐464 CASTING WITHOUT A THERMOPLASTIC LINER NSF/ANSI 61‐2009 EXTRACTION REDUCTION DESCRIPTION: INFLUENT VOLUME: 17 DAY REPORTING COMPOUND RESULTS UNITS LIMIT METHOD Bisphenol A <1.00 µg/L 1.00 EPA 625 Reactive Diluent #1 <2.00 µg/L 2.00 EPA 625 Reactive Diluent #2 <2.00 µg/L 2.00 EPA 625 Styrene <1.00 µg/L 1.00 EPA 524.2 pH 8.18 (None) NA EPA 150.1 Temperature 24.1 °C NA EPA 150.1 pH and Temperature were analyzed on 2/5/10 prior to collection of samples The surface area to volu
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	y = ‐32089ln(x) + 623927 R² = 0.998 200,000 250,000 300,000 350,000 400,000 450,000 500,000 C r e e p M o d p s i VE8295 CREEP Creep Modulus, psi Log. (Creep Modulus, psi) ‐50,000 100,000 150,000 0 2000 4000 6000 8000 u l u s , Time, Hrs Log. (Creep Modulus, psi) 
	Figure
	Creep at 50 Years 
	Creep at 50 Years 
	Creep at 50 Years 
	207,100 

	Initial Creep 
	Initial Creep 
	474,949 

	Creep Retention Factor: 
	Creep Retention Factor: 
	44% 
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	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
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	Figure
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	 INTERPLASTIC CORPORATION 
	2015 Northeast Broadway Street Minneapolis, Minnesota  55413-1775 (651) 481-6860   Fax (612) 331-4235 
	CONFIDENTIAL 
	VEX221-607 ASTM F1216 & D543 (CIPP) Corrosion Data @ 73.4 +/- 3.6°F (23 +/- 2°C) 
	Immersion Months Months Media 1 12 1 12 
	Flexural Strength Retention, % Flexural Modulus Retention, % 

	100% Tap Water (pH 6 - 9) 5% Nitric Acid 10% Phosphoric Acid 10% Sulfuric Acid 100% Gasoline 0.1% Detergent 0.1% Soap Solution 100% Vegetable Oil 
	100% Tap Water (pH 6 - 9) 5% Nitric Acid 10% Phosphoric Acid 10% Sulfuric Acid 100% Gasoline 0.1% Detergent 0.1% Soap Solution 100% Vegetable Oil 
	100% Tap Water (pH 6 - 9) 5% Nitric Acid 10% Phosphoric Acid 10% Sulfuric Acid 100% Gasoline 0.1% Detergent 0.1% Soap Solution 100% Vegetable Oil 
	10097 99979999 100100
	 86 96 95 95 99 94 93 95 


	99 100 100100100 96 95100
	99 100 100100100 96 95100
	99 100 100100100 96 95100
	94 91 94 93 96 100 100 100 


	ASTM D5813, F1743 & D543 (CIPP) Corrosion Data @ 73.4 +/- 3.6°F (23 +/- 2°C) 
	Immersion Months Months Media 1 12 1 12 
	Flexural Strength Retention, % Flexural Modulus Retention, % 

	1% Nitric Acid 5% Sulfuric Acid 100% Gasoline 0.1% Detergent 0.1% Soap Solution 100% Vegetable Oil 
	1% Nitric Acid 5% Sulfuric Acid 100% Gasoline 0.1% Detergent 0.1% Soap Solution 100% Vegetable Oil 
	1% Nitric Acid 5% Sulfuric Acid 100% Gasoline 0.1% Detergent 0.1% Soap Solution 100% Vegetable Oil 
	98 97 99 99 100100
	97 96 9994 93 95 


	98 98 100 96 95100
	98 98 100 96 95100
	98 98 100 96 95100
	99 97 96 100 100 100 


	Note: Non-shaded regions are the applicable test durations as it relates to achievement of the minimum acceptable retentions. 
	**All testing was conducted by HTS, Inc.  
	All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer. Interp
	Figure
	Figure
	INTERPLASTIC CORPORATION 
	2015 Northeast Broadway Street Minneapolis, Minnesota  55413-1775 (651) 481-6860   Fax (612) 331-4235 
	Confidential 
	VEX221-607 

	All specifications and properties specified above are appropriate. Specifications and properties of material delivered may vary slightly from those given above. Interplastic Corporation makes no representations of fact regarding the material except those specified above. No person has any authority to bind Interplastic Corporation to any representation except those specified above. Final determination of the suitability of the material for the use contemplated is the sole responsibility of the Buyer. Interp
	Figure
	<><><><><><><> CIPP DESIGN <><><><><><><> (as per ASTM F1216) 
	Client: Sac State 6/2/2016 Project: Exp Location: Sac State
	     Conduit \ Condition: Gravity Sewer, Partially Deteriorated ` 400,000 psi Flexural Modulus 50 % Flexural Modulus Reduction to Account for      Long-term Effects 4,500 psi Flexural Strength 2 Safety Factor for External Loads 
	18.0 inches Mean Diameter 
	17.6 inches Minimum Diameter 2 % Ovality 
	5.0 feet Maximum External Water Pressure to flowline 
	11.0 feet Depth at Top of Conduit , soil only
	        Thickness Limitations  ( in inches ) ------------------------------------------------
	-

	0.100 :  Maximum compressive hoop stress 
	0.212 :  External pressure buckling 
	 = 0.21 inches = 5.4 mm 
	Minimum Design Thickness

	DR = 85.0 
	Mode of Failure : External pressure buckling 
	The input data for this project should be verified in the field prior to construction.  Should other conditions exist now or are expected in the field over the design life of this CIPP differing from the information contained herein, then appropriate adjustments must be made to the design calculations. 
	This Design Spreadsheet uses the equations from ASTM F1216 Appendix X1.2.1. User is responsible for All input values. 
	Checked by 
	Designed by 
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	Head Calculator 
	Diameter 
	Diameter 
	Diameter 
	18 
	in 

	Thickness 
	Thickness 
	9 
	mm 

	Change in Elevation 
	Change in Elevation 
	0 
	ft 

	(use negative if rise), in feet 
	(use negative if rise), in feet 

	TR
	Water Head 
	Steam PSI 

	TR
	Minimum Head 
	12.4 
	5.5 


	Ideal Head* 16.2 7.1 
	Max Cold Head 19.9 8.8 Total Head at Tail End based on min head Max Hot Head** 17.4 7.6 12.4 Max Head OK 
	* Ideal head is the theoretical head required to properly inflate the liner while maintaining the design thickness Anything above this will reduce thickness Anything below this may not fully inflate the liner 
	** This is the theoretical bursting point of the liner. If your tower and Grade exceed this USE CAUTION 
	Figure
	CONTRACTOR SUBMITTAL SUMMARY 
	Project #: 
	65A0588 

	Pipeline Rehabilitation Services
	PROJECT NAME: 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	THIS SECTION TO BE COMPLETED BY CLIENT ONLY SUBMITTAL NO.: 1 1ST 2ND 3RD 4TH DATE RECEIVED: DATE RETURNED: 

	CONTR. SUBMITTAL NO.: 1 ITEM: Summary Sheet SPEC. SEC./PAGE NO.: SEC. 15.6.11 A(3) 2 SUPPLIER/SUBCONTR.: SAK Construction 
	CONTR. SUBMITTAL NO.: 1 ITEM: Summary Sheet SPEC. SEC./PAGE NO.: SEC. 15.6.11 A(3) 2 SUPPLIER/SUBCONTR.: SAK Construction 
	NO. COPIES RECEIVED
	REVIEW ACTION 
	NO. COPIES RETURNED

	NO EXCEPTIONSOBSERVED
	NO EXCEPTIONSOBSERVED
	MAKE CORRECTIONSNOTED
	REVISE AS NOTEDAND RESUBMIT
	REJECT - RESUBMIT

	DETAILED DESCRIPTION 
	DETAILED DESCRIPTION 

	Summary Sheet 
	Summary Sheet 

	Cure Schedule 
	Cure Schedule 

	REMARKS: 
	REMARKS: 


	Figure
	OWNER: California Department of Transportation (Caltrans) PROJECT: 
	Contract No. 65A0588, Pipeline Rehabilitation Services 

	SUMMARY SHEET BY DRAINAGE SYSTEM NUMBER 
	Figure
	Table
	TR
	CALCULATED MINIMUM THICKNESS 
	RECOMMENDED POST-CURE TEMPERATURE (°F) 
	RECOMMENDED PRESSURE (psi) 
	MINIMUM COLD PRESSURE (psi) 
	MAXIMUM COLD PRESSURE (psi) 
	MAXIMUM HOT PRESSURE (psi) 
	RECOMMENDED CURE TIME (hours) 
	TRADE NAME OF RESIN TO BE USED 
	EXPECTED MAX EXOTHERM TEMPERATURE (°F) 
	METHOD OF LINER INSERTION 
	PROPOSED CURE METHOD 

	DRAINAGE SYSTEM NO. 
	DRAINAGE SYSTEM NO. 
	HOST PIPE DIAMETER (in) 
	CULVERT LENGTH (LF) 
	HOST PIPE MATERIAL 
	INSTALLED THICKNESS 

	A2 
	A2 
	18 
	20 
	CSP 
	7.6mm 
	9mm 
	220 
	5.8 
	3.0 
	19.7 
	9.8 
	1.0 
	AOC L713-LTA 
	450 
	Pull in 
	Steam 

	A3 
	A3 
	18 
	20 
	CSP 
	7.6mm 
	9mm 
	220 
	5.8 
	3.0 
	19.7 
	9.8 
	1.0 
	AOC L713-LTA 
	450 
	Air Inv 
	Steam 

	A4 
	A4 
	18 
	20 
	CSP 
	7.6mm 
	9mm 
	220 
	5.8 
	3.0 
	19.7 
	9.8 
	1.0 
	AOC L713-LTA 
	450 
	Air Inv 
	Steam 

	A5 
	A5 
	18 
	20 
	RCP 
	7.6mm 
	9mm 
	220 
	5.8 
	3.0 
	19.7 
	9.8 
	1.0 
	AOC L713-LTA 
	450 
	Air Inv 
	Steam 

	A8 
	A8 
	19 
	20 
	CSP 
	7.6mm 
	9mm 
	220 
	5.8 
	3.0 
	19.7 
	9.8 
	1.0 
	EcoTek L040-TNVG-33 
	450 
	Air Inv 
	Steam 


	CIPP lengths, access, and termination points for each run will be determined based on a pre-installation survey of the site. At that time, the pipe diameter and length will be measured so that the CIPP may be ordered to fit the existing host pipe. Typically, CIPP is installed from the upstream end and terminated at the downstream end of the pipeline, however, site-specific conditions can often impact this decision. Access limitations, traffic control, and wastewater management considerations may cause the d
	Figure
	Figure
	Figure
	CONTRACTOR SUBMITTAL SUMMARY 
	Project #: 
	65A0588 

	Pipeline Rehabilitation Services
	PROJECT NAME: 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	THIS SECTION TO BE COMPLETED BY CLIENT ONLY SUBMITTAL NO.: 2 1ST         2ND         3RD         4TH DATE RECEIVED: DATE RETURNED: 

	CONTR. SUBMITTAL NO.: 2 ITEM: Manufacturer's Information SPEC. SEC./PAGE NO.: SEC.  15.6.11 A(3) 3 SUPPLIER/SUBCONTR.: SAK Construction 
	CONTR. SUBMITTAL NO.: 2 ITEM: Manufacturer's Information SPEC. SEC./PAGE NO.: SEC.  15.6.11 A(3) 3 SUPPLIER/SUBCONTR.: SAK Construction 
	NO. COPIES RECEIVED 
	REVIEW ACTION 
	NO. COPIES RETURNED 

	NO EXCEPTIONS OBSERVED
	NO EXCEPTIONS OBSERVED
	MAKE CORRECTIONS NOTED
	REVISE AS NOTED AND RESUBMIT
	REJECT - RESUBMIT 

	DETAILED DESCRIPTION 
	DETAILED DESCRIPTION 

	Resin Data Sheet 
	Resin Data Sheet 

	Resin Enhancer 
	Resin Enhancer 

	Certificate of Compliance Resin 
	Certificate of Compliance Resin 

	Fabric Tube Detail Sheet 
	Fabric Tube Detail Sheet 

	Installation Procedures 
	Installation Procedures 

	Sealing Method 
	Sealing Method 

	Preliner Description 
	Preliner Description 

	Description of Lubricant 
	Description of Lubricant 

	REMARKS: 
	REMARKS: 
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	™ L040-TNVG-33 Vinyl Ester Resin 
	EcoTek

	Product Information 
	EcoTek Ultra Low VOC Resin  for Underground Sewer Pipe Liners 
	TYPICAL LIQUID RESIN PROPERTIES* (1) see back page 
	Nominal 
	Viscosity @
	Spindle #4 @ 20 RPM, cps. 6,500 Thix Index 2/20 >2 Color Light brown         
	TYPICAL 6mm PET FELT MECHANICAL PROPERTIES*  (2) see back page 
	Figure
	DESCRIPTION 
	The EcoTek  L040-TNVG-33 is an enhanced, Ultra Low VOC resin designed for CIPP applications. L040-TNVG-33 does not contain any styrene monomers or hazardous air pollutants. 
	FEATURES 
	Excellent catalyzed pot life Superior mechanical properties Contains no styrene 
	BENEFITS 
	Adaptability 
	The EcoTek L040-TNVG-33 molecular architecture provides an excellent balance of corrosion and physical properties. 
	Table
	TR
	Test  Method 
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	North America 
	Toll Free: +1 (866) 319-8827 
	northamerica@aoc-resins.com 

	www.aoc-resins.com 
	www.aoc-resins.com 

	www.green-resins.com 
	www.green-resins.com 

	green-resins@aoc-resins.com 
	green-resins@aoc-resins.com 

	The information contained in this data sheet is based on laboratory data and field experience. We believe this information to be reliable, but do not guarantee its applicability to the user’s process or assume any liability for occurrences arising out of its use. The user, by accepting the products described herein, agrees to be responsible for thoroughly testing  each such product before committing to production. 
	Our recommendations should not be taken as inducements to infringe any patent or violate any law, safety code or insurance regulation. 
	Figure
	™ L040-TNVG-33 Vinyl Ester Resin 
	EcoTek

	PERFORMANCE GUIDELINES 
	A. Keep full strength catalyst levels 
	        
	weight. 
	B. Maintaining shop temperatures
	P
	humidity between 40% and 90% will help the fabricator make a high quality part. Consistent shop conditions contribute to consistent gel times. 
	STORAGE STABILITY 
	Resins are stable for three months from date of production when stored in the original containers away from sunlight at 
	P
	storage, some drift may occur in gel time. 
	     
	should be anticipated. 
	SAFETY 
	        
	Sheet for guidelines. 
	Figure
	ISO 9001:2000 CERTIFIED 
	The Quality Management Systems 
	           
	internationally accepted model in place for managing and assuring quality. We follow the practices set forth in this model to add value to the resins we make for our customers. 
	FOOTNOTES 
	(1) 
	The gel times shown are typical but may be affected by catalyst, promoter and inhibitor concentrations and resin, mold and shop temperature. Variations in gelling characteristics can be expected between different lots of catalysts and at extremely high humidities. Pigment and fillers can retard or accelerate gelation. It is recommended that the fabricator check the gelling characteristics of a small quantity of resin under actual operating conditions prior to use. 
	(2) 
	           
	thixotropic resins should be mixed well prior to use. Testing conducted on 2 ply 3mm PETfelt laminates. 
	Figure
	Figure
	North America 
	Toll Free: +1 (866) 319-8827 
	northamerica@aoc-resins.com 

	www.aoc-resins.com 
	www.aoc-resins.com 

	www.green-resins.com 
	www.green-resins.com 

	green-resins@aoc-resins.com 
	green-resins@aoc-resins.com 

	The information contained in this data sheet is based on laboratory data and field experience. We believe this information to be reliable, but do not guarantee its applicability to the user’s process or assume any liability for occurrences arising out of its use. The user, by accepting the products described herein, agrees to be responsible for thoroughly testing each such product before committing to production. 
	Our recommendations should not be taken as inducements to infringe any patent or violate any law, safety code or insurance regulation. 
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	®   L713-LTA Series Polyester Resin 
	Vipel

	Product Information 
	® Isophthalic Based Resin for Underground Sewer Pipe Liners 
	Vipel

	TYPICAL FILLED LIQUID RESIN PROPERTIES* (1) see back page 
	Nominal 
	Nominal 
	Nominal 

	Viscosity @ 77°F/25°C, RVF Brookfield 
	Viscosity @ 77°F/25°C, RVF Brookfield 

	Spindle #4 @ 20 RPM, cps. 
	Spindle #4 @ 20 RPM, cps. 
	6,200 

	Thix Index 2/20 
	Thix Index 2/20 
	2.7+ 

	Color 
	Color 
	Opaque 

	Specific Gravity @ 77°F/25°C 
	Specific Gravity @ 77°F/25°C 
	1.26 

	Styrene, % 
	Styrene, % 
	41 

	Gel Time @ 140°F with
	Gel Time @ 140°F with

	 (1.0% Di-(4-tert-butyl-cyclohexyl)
	 (1.0% Di-(4-tert-butyl-cyclohexyl)

	 peroxydicarbonate and 0.5% 
	 peroxydicarbonate and 0.5% 

	Trigonox® KSM), minutes 
	Trigonox® KSM), minutes 
	11 

	Pot Life @ 77°F/25°C 
	Pot Life @ 77°F/25°C 

	(1% Di-(4-tert-butyl-cyclohexyl)
	(1% Di-(4-tert-butyl-cyclohexyl)

	 peroxydicarbonate and + 0.5% 
	 peroxydicarbonate and + 0.5% 

	Trigonox® KSM), hours 
	Trigonox® KSM), hours 
	40 


	Trigonox is a trademark of Akzo Nobel Chemicals 
	TYPICAL FILLED CAST MECHANICAL PROPERTIES* (2) See back page 
	Table
	TR
	Test Method 

	Tensile Strength, psi/MPa 
	Tensile Strength, psi/MPa 
	7570/52 
	ASTM D 638 

	Tensile Modulus, psi/GPa 
	Tensile Modulus, psi/GPa 
	690,000/4.8 
	ASTM D 638 

	Tensile Elongation, % 
	Tensile Elongation, % 
	1.5 
	ASTM D 638 

	Flexural Strength, psi/MPa 
	Flexural Strength, psi/MPa 
	11,550/80 
	ASTM D 790 

	Flexural Modulus, psi/GPa 
	Flexural Modulus, psi/GPa 
	700,000/4.8 
	ASTM D 790 

	Heat Distortion Temperature, 
	Heat Distortion Temperature, 

	°F/°C@ 264 psi 
	°F/°C@ 264 psi 
	132/270 
	ASTM D 648 

	Barcol Hardness 
	Barcol Hardness 
	43 
	ASTM D 2583 

	*Typical properties are not to be construed as specifications. 
	*Typical properties are not to be construed as specifications. 


	Figure
	DESCRIPTION 
	® L713-LTA Series is a high molecular weight isophthalic/ ® L713-LTA Series provides the corrosion resistance, durability and toughness t hat is required for cured in place pipe applications. 
	The Vipel
	unsaturated polyester resin. The Vipel

	BENEFITS 
	•
	•
	•
	 Excellent catalyzed pot life 

	•
	•
	 Superior mechanical properties 


	••High molecular weight 
	••High viscosity version 
	Figure
	®  L713-LTA Series Polyester Resin 
	Vipel

	PERFORMANCE GUIDELINES 
	A. Keep full strength catalyst levels between 1.0% - 3.0% of the total resin weight. 
	B. Maintaining shop temperatures between 65°F/ 18°C and 90°F/32°C and humidity between 40% and 90% will help the fabricator make a high quality part. Consistent shop conditions contribute to consistent gel times. 
	STORAGE STABILITY 
	Resins are stable for three months from date of production when stored in the original containers away from sunlight at no more than 77°F/25°C. After extended storage, some drift may occur in gel time. 
	During the hot summer months, no more than two months stability at 86°F/30°C should be anticipated. 
	SAFETY 
	See appropriate Material Safety Data Sheet for guidelines. 
	ISO 9001:2000 CERTIFIED 
	The Quality Management Systems at every AOC manufacturing facility have been certified as meeting ISO 9001:2000 standards. This certification recognizes that each AOC facility has an internationally accepted model in place for managing and assuring quality. We follow the practices set forth in this model to add value to the resins we make for our customers. 
	FOOTNOTES 
	(1) 
	The pot life times shown are typical but may be affected by catalyst, promoter and inhibitor concentrations in resin, and environmental temperature. Variations in gelling characteristics can be expected between different lots of catalysts and at extremely high humidities. Pigment and fillers can retard or accelerate gelation. It is recommended that the fabricator check the gelling characteristics of a small quantity of resin under actual operating conditions prior to use. 
	(2) 
	Based on tests on Vipel® L713-LTA pipe at 77°F/25° and 50% relative humidity. Ccastings were prepared using 1.0% Perkadox 16 and 0.5 Trigonox C. 
	The information contained in this data sheet is based on laboratory data and field experience. We believe this information to be reliable, but do not guarantee its applicability to the user’s process or assume any liability for occurrences arising out of its use. The user, by accepting the products described herein, agrees to be responsible for thoroughly testing  each such product before committing to production. 
	Our recommendations should not be taken as inducements to infringe any patent or violate any law, safety code or insurance regulation. 
	Figure
	Figure
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	TECHNICAL INFORMATION 
	TECHNICAL INFORMATION 

	(PROCESS QUALITY CONTROL) 
	CIPP Liner for Hot Water/Steam Cure Installation 

	1. 
	Raw Materials 

	Each Supplier is assessed against Quality Assurance criteria. If the supplier meets the criteria set out, then they may be included in our “Approved Suppliers List”. Periodic reviews take place of all of our approved suppliers to ensure that they continue to meet our criteria. 
	Inspection and test of raw materials, when received also enables us to assess the supplier as well as each batch of delivered raw material. Details are shown in Table 1.1. 
	Table 1.1 
	Table 1.1 

	Raw Material 
	Raw Material 
	Raw Material 
	Characteristic Tested 

	Polyester fiber (Several Specifications) 
	Polyester fiber (Several Specifications) 
	Staple length Crimp level Denier Shade Supplier Certification 

	Polymer granules (Several Specifications) 
	Polymer granules (Several Specifications) 
	Hardness/Softness Melting Point Pellet Geometry Supplier Certification 

	Polymer sealing tape/extrusion 
	Polymer sealing tape/extrusion 
	Gauge Density Strength of weld – Heat Opacity 
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	2. 
	Production of Felt (Nonwoven) 

	The sole raw material used in the production of felt is polyester staple fiber. The most suitable fiber specification for the customer’s particular end‐use is selected (on basis of resin type, impregnation equipment, installation conditions, and cure regime). 
	The process utilizes state of the art equipment and technology to ensure that the Nonwoven Product is fully suited to the customer’s requirements. 
	Continual operator inspection at each stage of the process and product, combined with the use of standard machine parameters and computerized machine monitoring ensures that the process is repeatable and consistent. 
	Each product is tailored to the specific customer’s requirements, and a production specification is produced by the Technical Department. The felt produced is tested against the requirements of this document to concur suitable. 
	Process controls are described in Table 2.1 
	. Table 2.1 
	. Table 2.1 
	. Table 2.1 

	Process 
	Process 
	Control 
	Characteristic 

	Opening Fiber 
	Opening Fiber 
	Operator inspection, set parameters 
	Even density and thickness 

	Carding 
	Carding 
	Operator inspection, set parameters, computer feedback 
	Even fiber distribution 

	Tacker needling 
	Tacker needling 
	Operator inspection, set parameters, computer feedback, orientation of fibers 
	Permits controlled 

	Reorientation of fibers 
	Reorientation of fibers 
	Operator inspections, set parameters, computer feedback 
	Controls relative elongation moduli in length and cross directions 

	Needling 
	Needling 
	Operator inspections, set parameters, computer feedback 
	Density, strength, ability to weld 
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	3. 
	Polymer Coating of Felt 

	The sole consumable is granular polymer. The polymer specification is selected to ensure that the coating has the correct properties to meet the requirements of the customer. 
	Process controls are described in Table 3.1. 
	Table 3.1 
	Table 3.1 
	Table 3.1 

	TR
	Process 
	Control 
	Characteristics 

	Extrusion o
	Extrusion o
	f polymer into Fla
	t Die Fully automatic temperature, pressure control 
	Homogeneity of extrudate 

	Formation film 
	Formation film 
	of molten polymer 
	Operator control of machine temperatures, pressures, speeds 
	Coating uniformity 

	Transfer of 
	Transfer of 
	molten film onto 
	felt Operator control of machine temperatures, pressures, speeds. Continual monitoring of coating thickness 
	Coating mass per unit area Weight distribution over entire roll area 
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	4. 
	Testing of Plain and Coated Felts 

	Each roll of plain felt and felt for coating is sampled and destructively tested against the requirements of the Production Specification as shown in Table 4.1. Each coated roll undergoes testing as shown in Table 4.2. 
	Table 4.1 Characteristic 
	Table 4.1 Characteristic 

	Density and density distribution at various applied pressures 
	Load at break in machine and cross directions 
	Secant Modulus in machine and cross directions (resistance to stretch) 
	Table 4.2 Characteristic 
	Table 4.2 Characteristic 

	Density and density distribution at various applied pressures 
	Load at break in machine and cross directions Secant Modulus in machine and cross directions (resistance to stretch) 
	Coating Weight and Distribution 
	Coating adhesion and ability to weld 
	Coating Surface Finish 
	Test 
	Test 

	Compression measurement at increasing pressure 
	Tensile Testing – Maximum Resistive Force. 
	Tensile Testing – Maximum Resistive Force vs. Elongation % 
	Test 
	Test 

	Compression measurement at increasing pressure 
	Tensile Testing – Maximum Resistive Force. 
	Tensile Testing – Maximum Resistive Force vs. Elongation % Samples weighed to determine distribution of 
	coating in cross direction of roll. 
	Peel strength of sealing tape/extrusion (Standard Specification) Visual inspection. 
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	5. 
	Production of Liners 

	Liner requirements are collected by way of the Customer Order and customer liaison, and are confirmed to the customer on our Order Acknowledgement form. 
	Once all of the requirements are known, a liner is designed, which will fulfill all of the requirements. The design is detailed to the Production Department as a Manufacturing Specification. This is then entered into the Production Schedule. 
	The liner may be produced by one of a number of production techniques, depending on the requirements. 
	Figure
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	6. Testing the Finished Liner 
	The control and test of the liner properties are detailed in Table 6.1. 
	From each liner produced, a sample is cut from one end for QC inspection and test. This sample is destructively tested to ensure that all of the liner properties are within the Manufacturing Specification. 
	Table 6.1 
	Table 6.1 
	Table 6.1 

	Property 
	Property 
	Control 

	Circumference of liner 
	Circumference of liner 
	Monitored at each production stage against the Manufacturing Specification 

	Density, Gauge of Liner under various applied pressures 
	Density, Gauge of Liner under various applied pressures 
	Selection of felt layers in order that finished density and gauge are within Manufacturing Specification 

	Length of Liner 
	Length of Liner 
	Monitored at each production stage against Manufacturing Specifications 

	Coating Integrity 
	Coating Integrity 
	Continually monitored by state‐ofthe‐art gauge. 
	‐


	Metal Free 
	Metal Free 
	Needling process is continually monitored for alignment to prevent needle damage 

	Felt Weld Strengths 
	Felt Weld Strengths 
	All welding equipment operates to set parameters. Overlapped thermal welded. 

	Polymer Sewn Seam Strength 
	Polymer Sewn Seam Strength 
	All sewing equipment operates to set parameters. 

	Polymer Sealing Tape/Extrusion Weld Strengths 
	Polymer Sealing Tape/Extrusion Weld Strengths 
	All welding equipment operates to set parameters, chemically bonded seal. 


	Test 
	Test 

	Destructive test of sample. All layers are measured. 
	Compression test of sample of all layers. 
	Inspection regime includes measurement or a sample of liners against Manufacturing Specifications. 
	Inspected after coating. Monitored throughout liner manufacture 
	Each roll passes through Metal Detection equipment. 
	Each weld is sampled and destructively tested. Results are compared to the Manufacturing Specification. 
	Each sewn seam is sampled and destructively tested. Results are compared to the Manufacturing Specification. 
	Each weld is sampled, specially conditioned, and destructively tested under conditions that simulate the “worst case” for that liner. 
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	TECHNICAL INFORMATION CIPP Liner for Hot Water/Steam Cure Installation 
	TECHNICAL INFORMATION CIPP Liner for Hot Water/Steam Cure Installation 

	Felt: 
	Specification 

	The fiber is PET Polyester staple fiber. 
	The denier of the fiber for a standard hot cure eversion liner for vacuum impregnation with a polyester resin is usually selected as nominally 6 denier (+10%) (dependent on specific liner and installation details). 
	The felt is manufactured to a thickness specification of ± 3% when measured at a compressive pressure of 0.5 bar (7.4 psi) (16 ft. of water head). Standard thicknesses of 1.5mm, 3mm, 4mm, 4.5mm, and 6mm exist. 
	Coating: 
	The coating is a thermoplastic polymer. The nominal weight may be 338 to 430 grams per square meter, with 384 grams per square meter typical. This affords an average coating thickness of 17 MILS. 
	Liner: 
	The liner is assembled from layers of plain felt and an outer layer of coated felt. Each inner felt layer edge is butted together and sewn. 
	The outer polymer coated layer is butted together and sewn, and a polymer sealing tape/extrusion is laid on top and welded over the sewn seam, to give a seal and a barrier of comparable thickness to the coating. 
	The finished liner thickness is measured at the installation head and is tolerance at ‐0 + 5% on nominal ordered thickness. 
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	Fabric Tube Strength 
	Fabric Tube Strength 

	5.0 MM MFG Date 2/27/2014 
	Roll Number 
	Roll Number 
	Roll Number 
	MD Specific Strength (Longitudinal) 
	CD Specific Strength (Transverse) 
	Ratio Average 

	1738115 
	1738115 
	988 
	1007 
	0.981 

	1738149 
	1738149 
	992 
	1013 
	0.980 

	1738191 
	1738191 
	1030 
	1108 
	0.931 

	1738230 
	1738230 
	1010 
	1045 
	0.966 


	Average 1005 1043 0.965 
	6.5 MM MFG Date 2/28/2014 
	Roll Number 
	Roll Number 
	Roll Number 
	MD Specific Strength (Longitudinal) 
	CD Specific Strength (Transverse) 
	Ratio Average 

	1738388 
	1738388 
	1092 
	1079 
	1.010 

	1738388 
	1738388 
	1107 
	1107 
	1.000 

	1738422 
	1738422 
	1134 
	1124 
	1.000 

	1738423 
	1738423 
	1102 
	1081 
	1.019 

	1738459 
	1738459 
	1105 
	1114 
	0.991 

	1738460 
	1738460 
	1104 
	1089 
	1.014 


	Average 
	Average 
	Average 
	1107 
	1099 
	1.006 

	ASTM: D5813‐04 ASTM: D5035‐06 
	ASTM: D5813‐04 ASTM: D5035‐06 
	Standard Specification for Cured‐In‐Place Thermosetting Resin Sewer Piping Section 6.1 Fabric Tube Strength & Section 8.4 Fabric Tube Tensile Properties Minimum Tensile Strength of 750 PSI in both longitudinal and transverse directions. (ASTM 1682 withdrawn in 1992 and replaced with D5035) Standard Test Method for Breaking Force and Elongation of Textile Fabrics (Strip Method for Felted Fabrics) 
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	RECOMMENDED HANDLING AND STORAGE FOR LINERS 
	RECOMMENDED HANDLING AND STORAGE FOR LINERS 

	1. Avoid extremes of temperature. 
	Freezing may cause the coating structure to degrade locally, especially areas where the coating is in tension or compression, at bends, edges, and immediately adjacent to seam welds. Recommended storage temperature 5 to 35 Degrees C. Shelf life at this temperature: in excess of 1 year. 
	2. Avoid extremes of humidity. 
	Very high relative humidity (especially at high temperature such as tropical countries) will accelerate the hydrolysis of the polyurethane coating, consequently reducing the shelf life. Recommended storage humidity 25% rh to 65% rh. Shelf life at 65% rh, 35 Degrees C: 1 year. 
	3. Avoid prolonged wet storage. 
	As with high humidity, the coating is more susceptible to degradation at higher temperatures, and even further susceptible if pH of liquid in contact is below 7. 
	Wet storage is not recommended. 
	4. Avoid direct sunlight of incident UV radiation. 
	Prolonged exposure to ultra violet light will accelerate the degradation of the polyurethane. 
	It is recommended that liners remain in the original packaging until they are required for use. Failing this, the liner should be covered to prevent exposure. 
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	Storage and Handling con’t. 
	5. Mechanical damage should be avoided. 
	In order to ensure that the liner is not damaged, the following recommendations should be followed: 
	a. 
	a. 
	a. 
	Ensure that the liner is not placed directly onto girt or gravel floor. Sweep and cover floor first. 

	b. 
	b. 
	Ensure personnel are instructed not to walk on liner. 

	c. 
	c. 
	Handle liner with care. 

	d. 
	d. 
	Ensure nip rollers are clean, and liner is not in contact with any sharp edges or snags anywhere during impregnation and installation. 

	e. 
	e. 
	Large liners will require special handling considerations (especially when wet‐out), as their weight will preclude manual handling. Cranes or conveyors may be required. If a liner is to be lifted with a crane sling, it is important that the sling should be sufficiently wide to prevent it from “biting” into the liner. It should be set up in such a way that the sling does not grip the liner (ie. Both loops on the sling onto the crane hook). 


	6. Styrene and Chemical Attack. 
	Avoid prolonged contact with solvents and chemicals. 
	Recommended shelf life after impregnation will vary dependent on the proportion of styrene in the resin, the nature and proportion of thixotropes, inhibitors, accelerators and catalysts, and the storage temperature. 
	As a general rule, the impregnated liner should be stored below 10 degrees C. 
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	January 1st, 2015 
	This letter certifies that Pipenology, LLC manufactured tubes meet the material requirements of ASTM F1216‐09 (paragraph 5.1) and ASTM F1743‐08 (section 6) as well as the minimum strength requirements of ASTM D5813‐04 (paragraph 6.1). 
	Pipenology, LLC is a registered ISO 9001:2008 company and all materials are tested to ensure suitability to the various field applications and recommended installation procedures. All of our materials and finished products are tested to ensure they meet the standards listed above and suitability to each type of application. 
	Over three million feet of our liner has been successfully installed nationwide. Our liners are assembled in O’Fallon, MO, using only components made in the USA. 
	Nor‐Cal Pipeline Services is a certified installer of Pipenology, LLC CIPP products. Nor‐Cal crew personnel are trained in proper installation procedures of Pipenology liners, as well as other CIPP products. 
	Sincerely, 
	Figure
	S Casey Smith Vice President 
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	1449 Hoff Industrial Drive   O’Fallon, MO 63366   (636) 542-6710  tel    (636) 542-6711 fax 
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	AIR INVERSION / STEAM CURE INSTALLATION PROCEDURES 
	INSTALLATION PROCEDURES 
	INSTALLATION PROCEDURES 

	1 Invert the resin-impregnated tube into the pipeline using air pressure( or a column of water) at a sufficient head to fully install the tube into position (i.e., depending on the length of the inversion a 8inch diameter liner by 6mm in thickness is typically 10psi to 20psi) On longer installation lengths it might be necessary to add a small amount of water to facilitate the inversion process.  Thermocouples should be installed during the inversion process at the host pipe-liner pipe interface(top and bott
	2 Once in place and properly inflated, continue discharging air at the downstream end while maintaining the recommended expansion pressure (Installation note: If the pipeline is below the water table, 1.5psi mush be added to the recommended expansion pressure for each 3 feet of external hydrostatic head on the host pipe(measured from the flow line of the host pipe)).  Start the steam generator and when ready, begin to discharge steam until an air temperature of 190degF is obtained entering the line.  Mainta
	3 While continuing to maintain the recommended expansion pressure, increase the flow of steam allowing the temperature to rise to a maximum valve of 260degF.  This will typically necessitate the operator throttling back the air supply to achieve this maximum temperature. This will begin the liner's post-curing phase.  Observe the temperatures at the various interfaces and begin timing. 
	4 PLEASE NOTE.  THE COATING HAS A MAXIMUM TEMPERATURE CAPABILITY OF 399degF;  DO NOT ALLOW STEAM TO REACH THIS TEMPERATURE OR MELTING OF THE COATING CAN OCCUR. 
	5 Continue post-curing at the above conditions until the temperature measured at all points along the host pipe-liner interfaces have a reading at or above manufactures recommend temperature and duration 
	6 Once the post-curing portion of the process is complete, discontinue the addition of steam, continue maintaining the curing pressure and allow maximum ventilation to occur using air flow only.  Continue this cool down process until the temperature at the thermocouples placed in the interface(s) report a value below 100deg F.  Water may be introduced into the liner during this process to facilitate the cooling process.  You may also deploy a chiller on the air.  In any event, the cool down rate of the line
	4.5 - 10.5mm — 45degF / 10 minutes 
	10.5 - 18mm — 35degF / 15 minutes 18 - 22.5mm — 25degF / 15 minutes 
	7 Once cool down is complete, the ends of the liner can be opened.  Inspect finished line and reinstate the laterals. 
	Air Inversion 
	Unit " Shooter" Install Manhole CIPP LINER 
	Figure
	Downstream Manhole 
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	griffolyn® tx 1200 
	Figure
	Figure
	Figure
	GriffolynTX-1200 is a 3-ply laminate combining two layers of linear low density polyethylene and a high-strength cord grid. It is specifically engineered to provide high strength and durability in a lightweight material. 
	® 

	P h y s i c a l P r o p e r t i e s a n d t y p i c a l v a l u e s
	P h y s i c a l P r o p e r t i e s a n d t y p i c a l v a l u e s
	P h y s i c a l P r o p e r t i e s a n d t y p i c a l v a l u e s
	P r o p e r t y 
	A s t m t e s t m e t h o d 
	u . s . v a l u e 
	m e t r i c v a l u e 

	Weight 
	Weight 
	D-751 
	38 LB/1000 FT2 
	18.5 KG/100 M2 

	3” Load @ Yield 
	3” Load @ Yield 
	D-882 
	90 LBF 
	400 N 

	3” Load @ Break 
	3” Load @ Break 
	D-882 
	54 LBF 
	240 N 

	2500 PSI 
	2500 PSI 
	17 MPA 

	3” Elongation @ Break 
	3” Elongation @ Break 
	D-882 
	400 % 
	400 % 

	Tongue Tear 
	Tongue Tear 
	D-2261 
	22 LBF 
	98 N 

	Trapezoidal Tear 
	Trapezoidal Tear 
	D-4533 
	29 LBF 
	129 N 

	PPT Resistance 
	PPT Resistance 
	D-2582 
	29 LBF 
	129 N 

	Dart Impact Strength 
	Dart Impact Strength 
	D-1709 
	1.6 LBS 
	0.73 KG 

	Cold Impact Strength 
	Cold Impact Strength 
	D-1790 
	-40°F 
	-40°C 

	Permeance 
	Permeance 
	E-96 
	0.040 Grain/Hr•Ft2•in.Hg 
	2.30 NG/(PA•S•M2) 
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	Features 
	• 
	• 
	• 
	Multiple layers and cord reinforcement resist punctures and tears. 

	• 
	• 
	UV stabilization protects the material from degradation during extended exposure to sunlight. 

	• 
	• 
	Cold-crack resistance eliminates failures in extremely cold temperatures. 

	• 
	• 
	Low permeability greatly inhibits moisture transmission. 

	• 
	• 
	Flexibility and light weight allow for easy handling and quick installation. 

	• 
	• 
	Custom fabrication is available to meet your exact specifications. 

	• 
	• 
	Long life expectancy allows for significant cost savings through reuse and fewer replacements. 

	• 
	• 
	Class C, ASTM E-1745-97 Standard Specification for water vapor retarders used in contact with soil or granular fill under concrete slabs. 


	Product information • specification guide 
	T X 1 2 0 0G r i f f o l y n ® 
	The information provided herein is based upon data believed to be reliable. All testing is performed in accordance with ASTM standards and procedures. All values are typical and nominal and do not represent either minimum or maximum performance of the product. Although the 
	toll free 1.800.231.6074 information is accurate to the best of our knowledge and belief, no representation of warranty or guarantee is made as to the suitability or completeness of such information. Likewise, no representation of warranty or guarantee, expressed or implied, or merchantability, ﬁtness or otherwise, is made as to product application for a particular use. 
	©2008 REEF INDUSTRIES, INC. Griffolyn is a registered trademark of Reef Industries, Inc. 04-08 
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	9209 Almeda Genoa Rd. • Houston, Texas 77075 P: 713.507.4251 • F: 713.507.4295 Email: ri@reefindustries.com 
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	suggested applications 
	• 
	• 
	• 
	Pallet, cable reel and drum covers for outside storage. 

	• 
	• 
	Temporary walls, plant dividers, building enclosures and containment tents. 

	• 
	• 
	Shipping container covers and liners. 

	• 
	• 
	Floor covers, dust partitions and cleanroom enclosures. 

	• 
	• 
	Soil covers to control leachate for stockpiles and landfills. 

	• 
	• 
	Agricultural storage systems, hay covers and windbreaks. 

	• 
	• 
	Athletic field and equipment covers. 

	• 
	• 
	Interim landfill covers 

	• 
	• 
	Architectural vapor retarder for underslab, walls, ceilings and in roofing systems. 
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	ordering information 
	AVAILABLE COLORS: 
	Black, White, and Clear 
	SIZES: 
	Standard rolls from 4’ x 100’ to 40’ x 100’ in increments of 4’ widths are available for immediate shipment. Standard length and width tolerances are ± 1% (minimum 2”) 
	Custom sizes up to 200’ x 300’ and custom fabrication are avaiable to meet your exact specifications. 
	USABLE TEMPERATURE RANGE: 
	Minimum: -45ŁF -42ŁC Maximum: 170ŁF 77ŁC 
	Figure
	outdoor exposure 
	Under normal continuous exposure the average life expectancy ranges from 30 to 48 months. 
	The information provided herein is based upon data believed to be reliable. All testing is performed in accordance with ASTM standards and procedures. All values are typical and nominal and do not represent either minimum or maximum performance of the product. Although the 
	toll free 1.800.231.6074 
	Figure
	information is accurate to the best of our knowledge and belief, no representation of warranty or guarantee is made as to the suitability or completeness of such information. Likewise, no representation of warranty or guarantee, expressed or implied, or merchantability, ﬁtness or otherwise, is made as to product application for a particular use. 
	©2008 REEF INDUSTRIES, INC. Griffolyn is a registered trademark of Reef Industries, Inc. 04-08 
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	Material Safety Data Sheet Page 1 of 2 
	Crisco Shortening 
	MSDS # 235.70 
	Figure
	Section 1: Product and Company Identification 
	Crisco Shortening Synonyms/General Names: Solid Shortening Product Use: For educational use only Manufacturer: Loders Croklaan, Channahan, IL, 60410 
	24 Hour Emergency Information Telephone Numbers CHEMTREC (USA): 800-424-9300 CANUTEC (Canada): 613-424-6666 
	ScholAR Chemistry; 5100 W. Henrietta Rd, Rochester, 
	NY 14586; (866) 260-0501; www.Scholarchemistry.com 

	Section 2: Hazards Identification 
	White or off-white oily solid, characteristic corn oil odor. HMIS (0 to 4) 
	CAUTION! Combustible solid. Not for human consumption Target organs: None known. 
	Health 
	Health 
	Health 
	0 

	Fire Hazard 
	Fire Hazard 
	1 

	Reactivity 
	Reactivity 
	0 


	This material is considered hazardous by the OSHA Hazard Communication Standard (29 CFR 1910.1200). 
	Section 3: Composition / Information on Ingredients 
	Mixture of fatty acid, triglycerides of vegetable origin, 100% 
	Section 4: 
	Section 4: 
	Section 4: 
	First Aid Measures 

	TR
	Always seek professional medical attention after first aid measures are provided. 

	Eyes: 
	Eyes: 
	Immediately flush eyes with excess water for 15 minutes, lifting lower and upper eyelids occasionally. 

	Skin: 
	Skin: 
	Immediately flush skin with excess water for 15 minutes while removing contaminated clothing. 

	Ingestion: 
	Ingestion: 
	Call Poison Control immediately. Rinse mouth with cold water. Give victim 1-2 cups of water or milk to drink. 

	TR
	Induce vomiting immediately. 

	Inhalation: 
	Inhalation: 
	Remove to fresh air. If not breathing, give artificial respiration. 

	Section 5: 
	Section 5: 
	Fire Fighting Measures 


	When heated to decomposition, emits acrid fumes. 
	Protective equipment and precautions for firefighters: Use foam or dry chemical to extinguish fire. Firefighters should wear full fire fighting turn-out gear and respiratory protection (SCBA). Cool container with water spray. Material is not sensitive to mechanical impact or static discharge. 
	1 0 0 
	Section 6: Accidental Release Measures 
	Use personal protection recommended in Section 8. Isolate the hazard area and deny entry to unnecessary and unprotected personnel. Contain spill with sand or absorbent material and place in sealed bag or container for disposal. Ventilate and wash spill area after pickup is complete. See Section 13 for disposal information. 
	Section 7: Handling and Storage Green 
	Handling: Use with adequate ventilation and do not breathe dust or vapor. Avoid contact with skin, eyes, or clothing. Wash hands thoroughly after handling. 
	Storage: Store in General Storage Area [Green Storage] with other items with no specific storage hazards. Store in a cool, dry, well-ventilated, locked store room away from incompatible materials. 
	Section 8: Exposure Controls / Personal Protection 
	Use ventilation to keep airborne concentrations below exposure limits. Have approved eyewash facility, safety shower, and fire extinguishers readily available. Wear chemical splash goggles and chemical resistant clothing such as gloves and aprons. Wash hands thoroughly after handling material and before eating or drinking. Exposure guidelines: Shortening : OSHA PEL: N/A, ACGIH: TLV: N/A, STEL: N/A. 
	© 2009, Scholar Chemistry. All Rights Reserved. 12/16/2009 
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	Material Safety Data Sheet 
	Material Safety Data Sheet 
	Material Safety Data Sheet 
	Page 2 of 2 

	MSDS # 235.70 
	MSDS # 235.70 
	Crisco Shortening 
	Scholar Chemistry 

	Section 9: 
	Section 9: 
	Physical and Chemical Properties 

	Molecular formula 
	Molecular formula 
	Natural Product. 
	Appearance 
	White to off-while oil solid 

	Molecular weight 
	Molecular weight 
	N/A. 
	Odor 
	Characteristic corn oil odor. 

	Specific Gravity 
	Specific Gravity 
	~0.7 – 0.9 g/mL @ 60°C. 
	Odor Threshold 
	N/A. 

	Vapor Density (air=1) 
	Vapor Density (air=1) 
	N/A. 
	Solubility 
	Insoluble. 

	Melting Point 
	Melting Point 
	50 °C. 
	Evaporation rate 
	N/A. 
	(Butyl acetate = 1). 

	Boiling Point/Range 
	Boiling Point/Range 
	N/A. 
	Partition Coefficient 
	N/A. 
	(log POW). 

	Vapor Pressure (20°C) 
	Vapor Pressure (20°C) 
	N/A. 
	pH 
	N/A. 

	Flash Point: 
	Flash Point: 
	N/A 
	LEL 
	N/A. 

	Autoignition Temp.: 
	Autoignition Temp.: 
	N/A. 
	UEL 
	N/A. 

	TR
	N/A = Not available or applicable 

	Section 10: 
	Section 10: 
	Stability and Reactivity 


	Avoid heat and moisture. Stability: Stable under normal conditions of use and storage. Incompatibility: Oxidizing materials. Shelf life: Indefinite if stored properly. 
	Section 11: Toxicology Information 
	Acute Symptoms/Signs of exposure: Eyes: Redness, tearing, itching, burning, conjunctivitis. Skin: Redness, itching. Ingestion: Irritation and burning sensations of mouth and throat, nausea, vomiting and abdominal pain. Inhalation: Irritation of mucous membranes, coughing, wheezing, shortness of breath, Chronic Effects: No information found. Sensitization: none expected 
	Shortening: LD50 [oral, rat]; N/A; LC50 [rat]; N/A; LD50 Dermal [rabbit]; N/A Material has not been found to be a carcinogen nor produce genetic, reproductive, or developmental effects. 
	Section 12: Ecological Information 
	Ecotoxicity (aquatic and terrestrial): Not considered an environmental hazard. 
	Section 13: Disposal Considerations 
	Check with all applicable local, regional, and national laws and regulations. Local regulations may be more stringent than regional or national regulations. Small amounts of this material may be suitable for sanitary sewer or trash disposal. 
	Section 14: Transport Information 
	DOT Shipping Name: Not regulated by DOT. Canada TDG: Not regulated by TDG. DOT Hazard Class: Hazard Class: Identification Number: UN Number: 
	Section 15: Regulatory Information 
	EINECS: Not Listed WHMIS Canada: Not WHMIS Controlled. TSCA: All components are listed or are exempt. California Proposition 65: Not listed. 
	The product has been classified in accordance with the hazard criteria of the Controlled Products Regulations and the MSDS contains all the information required by the Controlled Products Regulations. 
	Section 16: Other Information 
	Current Issue Date: December 16, 2009 
	Disclaimer: Scholar Chemistry and Columbus Chemical Industries, Inc., (“S&C”) believes that the information herein is factual but is not intended to be all inclusive. The information relates only to the specific material designated and does not relate to its use in combination with other materials or its use as to any particular process. Because safety standards and regulations are subject to change and because S&C has no continuing control over the material, those handling, storing or using the material sh
	© 2009, Scholar Chemistry. All Rights Reserved. 12/16/2009 
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	CONTRACTOR SUBMITTAL SUMMARY 
	Project #: 
	65A0588 

	Pipeline Rehabilitation Services
	PROJECT NAME: 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	THIS SECTION TO BE COMPLETED BY CLIENT ONLY SUBMITTAL NO.: 3 1ST 2ND 3RD 4TH DATE RECEIVED: DATE RETURNED: 

	CONTR. SUBMITTAL NO.: 3 ITEM: Calibration SPEC. SEC./PAGE NO.: SEC. 15.6.11 A(3) 4 SUPPLIER/SUBCONTR.: SAK Construction 
	CONTR. SUBMITTAL NO.: 3 ITEM: Calibration SPEC. SEC./PAGE NO.: SEC. 15.6.11 A(3) 4 SUPPLIER/SUBCONTR.: SAK Construction 
	NO. COPIES RECEIVED
	REVIEW ACTION 
	NO. COPIES RETURNED

	NO EXCEPTIONSOBSERVED
	NO EXCEPTIONSOBSERVED
	MAKE CORRECTIONSNOTED
	REVISE AS NOTEDAND RESUBMIT
	REJECT - RESUBMIT

	DETAILED DESCRIPTION 
	DETAILED DESCRIPTION 

	Calibration Record 
	Calibration Record 

	Sample Temperature Log 
	Sample Temperature Log 

	REMARKS: 
	REMARKS: 
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	Figure
	OWNER: Caltrans CLIENT: Caltrans CONTRACT #: 06-0J2904 
	PROJECT NAME: CIPP Lining in Kern County Hwy 33 Various Locations PIPENOLOGY JOB #: 1019 
	HOST PIPE DIAMETER (in): 
	18 
	PIPENOLOGY SHOT #: 1 CIPP NOMINAL THICKNESS (mm): 
	9.0 
	SHOT LOCATION: Drainage System No 1 
	TEMPERATURE & PRESSURE LOG DURING CURE 
	TIME 
	TIME 
	TIME 
	TOP INTERFACE TEMPERATURE (°F) 
	BOTTOM INTERFACE TEMPERATURE (°F) 
	PRESSURE (psi) 

	10:45 AM 
	10:45 AM 
	74 
	72 
	6.0 

	10:50 AM 
	10:50 AM 
	96 
	85 
	6.0 

	10:55 AM 
	10:55 AM 
	120 
	99 
	6.0 

	11:00 AM 
	11:00 AM 
	146 
	108 
	6.0 

	11:05 AM 
	11:05 AM 
	156 
	119 
	6.0 

	11:10 AM 
	11:10 AM 
	172 
	125 
	6.0 

	11:15 AM 
	11:15 AM 
	182 
	137 
	6.0 

	11:20 AM 
	11:20 AM 
	185 
	145 
	6.0 

	11:25 AM 
	11:25 AM 
	190 
	156 
	6.0 

	11:30 AM 
	11:30 AM 
	191 
	166 
	6.0 

	11:35 AM 
	11:35 AM 
	189 
	169 
	6.0 

	11:40 AM 
	11:40 AM 
	185 
	170 
	6.0 

	11:45 AM 
	11:45 AM 
	184 
	171 
	6.0 

	11:50 AM 
	11:50 AM 
	182 
	172 
	6.0 

	11:55 AM 
	11:55 AM 
	180 
	173 
	6.0 

	12:00 PM 
	12:00 PM 
	180 
	174 
	6.0 

	12:05 PM 
	12:05 PM 
	180 
	174 
	6.0 

	12:10 PM 
	12:10 PM 
	179 
	175 
	6.0 

	12:15 PM 
	12:15 PM 
	178 
	175 
	6.0 

	12:20 PM 
	12:20 PM 
	176 
	175 
	6.0 

	12:25 PM 
	12:25 PM 
	173 
	175 
	6.0 

	12:30 PM 
	12:30 PM 
	171 
	175 
	6.0 

	12:35 PM 
	12:35 PM 
	171 
	178 
	6.0 

	12:40 PM 
	12:40 PM 
	172 
	180 
	6.0 

	12:45 PM 
	12:45 PM 
	173 
	182 
	6.0 

	12:50 PM 
	12:50 PM 
	172 
	180 
	6.0 

	12:55 PM 
	12:55 PM 
	172 
	178 
	6.0 

	1:00 PM 
	1:00 PM 
	171 
	175 
	6.0 

	1:05 PM 
	1:05 PM 
	171 
	174 
	6.0 

	1:10 PM 
	1:10 PM 
	169 
	172 
	6.0 

	1:15 PM 
	1:15 PM 
	165 
	169 
	6.0 

	1:20 PM 
	1:20 PM 
	155 
	162 
	6.0 

	1:25 PM 
	1:25 PM 
	142 
	157 
	6.0 


	Figure
	Figure
	OWNER: Caltrans CLIENT: Caltrans CONTRACT #: 06-0J2904 
	PROJECT NAME: CIPP Lining in Kern County Hwy 33 Various Locations PIPENOLOGY JOB #: 1019 
	HOST PIPE DIAMETER (in): 
	18 
	PIPENOLOGY SHOT #: 1 CIPP NOMINAL THICKNESS (mm): 
	9.0 
	SHOT LOCATION: Drainage System No 1 
	TEMPERATURE & PRESSURE LOG DURING CURE 
	TIME 
	TIME 
	TIME 
	TOP INTERFACE TEMPERATURE (°F) 
	BOTTOM INTERFACE TEMPERATURE (°F) 
	PRESSURE (psi) 

	1:30 PM 
	1:30 PM 
	130 
	151 
	6.0 

	1:35 PM 
	1:35 PM 
	127 
	148 
	6.0 

	1:40 PM 
	1:40 PM 
	119 
	145 
	6.0 

	1:45 PM 
	1:45 PM 
	110 
	143 
	6.0 

	1:50 PM 
	1:50 PM 
	109 
	135 
	6.0 

	1:55 PM 
	1:55 PM 
	107 
	128 
	6.0 

	2:00 PM 
	2:00 PM 
	105 
	121 
	6.0 

	2:05 PM 
	2:05 PM 
	100 
	110 
	6.0 

	2:10 PM 
	2:10 PM 

	2:15 PM 
	2:15 PM 

	2:20 PM 
	2:20 PM 

	2:25 PM 
	2:25 PM 

	2:30 PM 
	2:30 PM 

	2:35 PM 
	2:35 PM 

	2:40 PM 
	2:40 PM 

	2:45 PM 
	2:45 PM 

	2:50 PM 
	2:50 PM 

	2:55 PM 
	2:55 PM 

	3:00 PM 
	3:00 PM 
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	CONTRACTOR SUBMITTAL SUMMARY 
	Project #: 
	65A0588 

	Pipeline Rehabilitation Services
	PROJECT NAME: 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	THIS SECTION TO BE COMPLETED BY CLIENT ONLY SUBMITTAL NO.: 4 1ST 2ND 3RD 4TH DATE RECEIVED: DATE RETURNED: 

	CONTR. SUBMITTAL NO.: 4 ITEM: Third Party Test Reports SPEC. SEC./PAGE NO.: SEC. 15.6.11 A(3) 5 SUPPLIER/SUBCONTR.: SAK Construction 
	CONTR. SUBMITTAL NO.: 4 ITEM: Third Party Test Reports SPEC. SEC./PAGE NO.: SEC. 15.6.11 A(3) 5 SUPPLIER/SUBCONTR.: SAK Construction 
	NO. COPIES RECEIVED
	REVIEW ACTION 
	NO. COPIES RETURNED

	NO EXCEPTIONSOBSERVED
	NO EXCEPTIONSOBSERVED
	MAKE CORRECTIONSNOTED
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	REJECT - RESUBMIT

	DETAILED DESCRIPTION 
	DETAILED DESCRIPTION 

	Third Party Test Reports 
	Third Party Test Reports 
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	CONTRACTOR SUBMITTAL SUMMARY 
	Project #: 
	65A0588 

	Pipeline Rehabilitation Services
	PROJECT NAME: 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	THIS SECTION TO BE COMPLETED BY CLIENT ONLY SUBMITTAL NO.: 5 1ST 2ND 3RD 4TH DATE RECEIVED: DATE RETURNED: 

	CONTR. SUBMITTAL NO.: 5 ITEM: Certification of Installer SPEC. SEC./PAGE NO.: SEC. 15.6.11 A(3) 6 SUPPLIER/SUBCONTR.: SAK Construction 
	CONTR. SUBMITTAL NO.: 5 ITEM: Certification of Installer SPEC. SEC./PAGE NO.: SEC. 15.6.11 A(3) 6 SUPPLIER/SUBCONTR.: SAK Construction 
	NO. COPIES RECEIVED 
	REVIEW ACTION 
	NO. COPIES RETURNED

	NO EXCEPTIONSOBSERVED
	NO EXCEPTIONSOBSERVED
	MAKE CORRECTIONSNOTED
	REVISE AS NOTEDAND RESUBMIT
	REJECT - RESUBMIT

	DETAILED DESCRIPTION 
	DETAILED DESCRIPTION 

	Certificate of Installer ( Resin) 
	Certificate of Installer ( Resin) 

	Certificate of Installer ( Liner) 
	Certificate of Installer ( Liner) 

	REMARKS: 
	REMARKS: 
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	January 1st, 2015 
	To‐Whom‐it‐May‐Concern: 
	This letter certifies that SAK Construction, LLC is an of Pipenology, LLC CIPP products. SAK crew personnel are trained in the proper installation procedures of Pipenology liners, as well as other CIPP products. 
	Authorized Installer 

	Sincerely, 
	Figure
	S Casey Smith Vice President 
	1449 Hoff Industrial Drive   O’Fallon, MO 63366   (636) 542-6710  tel    (636) 542-6711 fax 
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	CONTRACTOR SUBMITTAL SUMMARY 
	Project #: 
	65A0588 

	Pipeline Rehabilitation Services
	PROJECT NAME: 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	CONTRACTOR: SAK Construction 4253 Duluth Ave Rocklin, CA 95765 ATTN: Todd Chalk 
	THIS SECTION TO BE COMPLETED BY CLIENT ONLY SUBMITTAL NO.: 6 1ST 2ND 3RD 4TH DATE RECEIVED: DATE RETURNED: 

	CONTR. SUBMITTAL NO.: 6 ITEM: MSDS SPEC. SEC./PAGE NO.: SEC. 15.6.11 A(3) 7 SUPPLIER/SUBCONTR.: SAK Construction 
	CONTR. SUBMITTAL NO.: 6 ITEM: MSDS SPEC. SEC./PAGE NO.: SEC. 15.6.11 A(3) 7 SUPPLIER/SUBCONTR.: SAK Construction 
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	DETAILED DESCRIPTION 
	DETAILED DESCRIPTION 

	MSDS 
	MSDS 

	REMARKS: 
	REMARKS: 
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	Material Safety Data Sheet 
	For U.S. Only 
	MSDS no. 14764V1 
	WHMIS (Canada) D-2A D-2B 
	WHMIS (Canada) D-2A D-2B 
	WHMIS (Canada) D-2A D-2B 
	NFPA (USA) Fire 1 2 1 Health Reactivity Specific hazard 
	HMIS (USA) Health hazards * 2 Flammability 1 Physical hazards 1 Personal protection X 
	Protective clothing 

	Section 1. Chemical product and company identification 
	Section 1. Chemical product and company identification 

	Trade name L040-TNVG-33 
	Trade name L040-TNVG-33 

	Product type Vinyl Ester Resin 
	Product type Vinyl Ester Resin 

	Chemical family Aromatic. 
	Chemical family Aromatic. 

	Material uses Used in the manufacture of thermoset plastic parts. 
	Material uses Used in the manufacture of thermoset plastic parts. 

	Manufacturer AOC, LLC 950 Highway 57 East Collierville, TN U.S.A. 38017 Website: www.aoc-resins.com Phone Number: (901) 854-2800  8am-5pm (Central Time) Mon-Fri 
	Manufacturer AOC, LLC 950 Highway 57 East Collierville, TN U.S.A. 38017 Website: www.aoc-resins.com Phone Number: (901) 854-2800  8am-5pm (Central Time) Mon-Fri 
	In case of emergency CHEMTREC (US): 24 hours/7 days (800) 424-9300 CANUTEC (Canada): 24 hours/7 days (613) 996-6666 

	Section 2. Hazards identification 
	Section 2. Hazards identification 

	OSHA status This material is considered hazardous by the OSHA Hazard Communication Standard (29 CFR 1910.1200). 
	OSHA status This material is considered hazardous by the OSHA Hazard Communication Standard (29 CFR 1910.1200). 

	Routes of entry Eye contact, Skin contact,  Inhalation,  Ingestion 
	Routes of entry Eye contact, Skin contact,  Inhalation,  Ingestion 

	Potential acute health Eyes: Severe eye irritant which may result in redness, burning, tearing and blurred vision. effects Skin: Skin contact may cause irritation. May cause skin sensitization. Ingestion: Ingestion may be harmful. Inhalation: May be harmful by inhalation. 
	Potential acute health Eyes: Severe eye irritant which may result in redness, burning, tearing and blurred vision. effects Skin: Skin contact may cause irritation. May cause skin sensitization. Ingestion: Ingestion may be harmful. Inhalation: May be harmful by inhalation. 

	Potential chronic health CARCINOGENIC EFFECTS: effects Talc: Classified A2 (suspected for human) by ACGIH.  Classified 1 (proven for human) by IARC.  Classified 1 (known) by NTP. MUTAGENIC or  TERATOGENIC EFFECTS: No known effect according to our database. 
	Potential chronic health CARCINOGENIC EFFECTS: effects Talc: Classified A2 (suspected for human) by ACGIH.  Classified 1 (proven for human) by IARC.  Classified 1 (known) by NTP. MUTAGENIC or  TERATOGENIC EFFECTS: No known effect according to our database. 

	Section 3. Composition/information on ingredients 
	Section 3. Composition/information on ingredients 

	Name 
	Name 
	CAS # 
	% by weight 

	1) Trade Secret Ingredient(s) 2) Talc 
	1) Trade Secret Ingredient(s) 2) Talc 
	Proprietary 14807-96-6 
	30 - 35 20 - 30 

	Section 4. First aid measures 
	Section 4. First aid measures 

	Eye contact Flush with a continuous flow of water for at least 15 minutes, occasionally lifting the upper and lower eyelids. Use of buffered baby shampoo will aid in removal.  Seek medical attention. 
	Eye contact Flush with a continuous flow of water for at least 15 minutes, occasionally lifting the upper and lower eyelids. Use of buffered baby shampoo will aid in removal.  Seek medical attention. 

	Skin contact Gently and thoroughly wash the contaminated skin with running water and non-abrasive soap.  If irritation persists, seek medical attention. 
	Skin contact Gently and thoroughly wash the contaminated skin with running water and non-abrasive soap.  If irritation persists, seek medical attention. 
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	MSDS no. : 14764V1 L040-TNVG-33 
	MSDS no. : 14764V1 L040-TNVG-33 
	MSDS no. : 14764V1 L040-TNVG-33 

	Section 4. First aid measures 
	Section 4. First aid measures 

	Inhalation Move the victim to a safe area as soon as possible.  Allow the victim to rest in a well-ventilated area. If breathing is difficult, give oxygen.  If the victim is not breathing, perform mouth-to-mouth resuscitation.  Seek immediate medical attention. 
	Inhalation Move the victim to a safe area as soon as possible.  Allow the victim to rest in a well-ventilated area. If breathing is difficult, give oxygen.  If the victim is not breathing, perform mouth-to-mouth resuscitation.  Seek immediate medical attention. 

	Ingestion Do not induce vomiting.  Seek immediate medical attention. 
	Ingestion Do not induce vomiting.  Seek immediate medical attention. 


	Section 5. Fire fighting measures 
	Section 5. Fire fighting measures 
	Section 5. Fire fighting measures 

	The product is: Non-flammable. 
	The product is: Non-flammable. 

	Auto-ignition temperature 375.8°F(191°C) 
	Auto-ignition temperature 375.8°F(191°C) 

	Flash point 305.6°F (152°C) (Setaflash) 
	Flash point 305.6°F (152°C) (Setaflash) 

	Flammable limits Not available. 
	Flammable limits Not available. 

	Products of combustion May produce oxide of carbon; hydrocarbons 
	Products of combustion May produce oxide of carbon; hydrocarbons 

	Fire hazard May be combustible at high temperature. 
	Fire hazard May be combustible at high temperature. 

	Explosion hazard Uncontrolled polymerization may cause rapid evolution of heat and increase in pressure that could result in violent rupture of sealed storage vessels or containers. 
	Explosion hazard Uncontrolled polymerization may cause rapid evolution of heat and increase in pressure that could result in violent rupture of sealed storage vessels or containers. 

	Fire-fighting media and SMALL FIRE: Use carbon dioxide, foam, dry chemical or water fog to extinguish. instructions LARGE FIRE: Evacuate surrounding areas.  Use carbon dioxide, foam, dry chemical or water fog to extinguish. Wear self-contained breathing apparatus (SCBA) and full fire-fighting protective clothing.  Cool containing vessels with water spray in order to prevent pressure build-up, autoignition or explosion.  Prevent run off to sewers or other water ways. 
	Fire-fighting media and SMALL FIRE: Use carbon dioxide, foam, dry chemical or water fog to extinguish. instructions LARGE FIRE: Evacuate surrounding areas.  Use carbon dioxide, foam, dry chemical or water fog to extinguish. Wear self-contained breathing apparatus (SCBA) and full fire-fighting protective clothing.  Cool containing vessels with water spray in order to prevent pressure build-up, autoignition or explosion.  Prevent run off to sewers or other water ways. 


	Section 6. Accidental release measures 
	Section 6. Accidental release measures 
	Section 6. Accidental release measures 

	Small spill Absorb with an inert material and place in an appropriate waste disposal container. 
	Small spill Absorb with an inert material and place in an appropriate waste disposal container. 

	Large spill Stop leak if without risk.  Eliminate all ignition sources.  Contain with an inert material, recover as much as possible and place the remainder in an appropriate waste disposal container.  Warn unauthorized personnel to move away.  Prevent entry into sewers or confined areas. 
	Large spill Stop leak if without risk.  Eliminate all ignition sources.  Contain with an inert material, recover as much as possible and place the remainder in an appropriate waste disposal container.  Warn unauthorized personnel to move away.  Prevent entry into sewers or confined areas. 


	Section 7. Handling and storage 
	Section 7. Handling and storage 
	Section 7. Handling and storage 

	Handling WARNING! Use only in well-ventilated areas.  Store away from direct sunlight.  Avoid inhalation and contact with eyes, skin, and clothing.  Wear appropriate personal protective equipment for your task.  Ground and bond all containers when transferring the material.  Empty containers may retain product and product vapor.  Do not expose to heat, flame, sparks or other ignition sources such as cutting, welding, drilling, grinding or static electricity. Do not pressurize.  Provide adequate safety showe
	Handling WARNING! Use only in well-ventilated areas.  Store away from direct sunlight.  Avoid inhalation and contact with eyes, skin, and clothing.  Wear appropriate personal protective equipment for your task.  Ground and bond all containers when transferring the material.  Empty containers may retain product and product vapor.  Do not expose to heat, flame, sparks or other ignition sources such as cutting, welding, drilling, grinding or static electricity. Do not pressurize.  Provide adequate safety showe

	Storage Keep away from heat.  Keep away from sources of ignition.  Keep container tightly closed.  Keep in a cool, well-ventilated place.  Containers should be grounded. 
	Storage Keep away from heat.  Keep away from sources of ignition.  Keep container tightly closed.  Keep in a cool, well-ventilated place.  Containers should be grounded. 


	Section 8. Exposure controls/personal protection 
	Section 8. Exposure controls/personal protection 
	Section 8. Exposure controls/personal protection 

	Exposure limits Trade Secret Ingredient(s) Not available. Talc ACGIH TLV (United States, 1/2008). TWA: 0.1 f/cc 8 hour(s). NIOSH REL (United States, 6/2008). TWA: 2 mg/m³ 10 hour(s). Form: Respirable fraction OSHA PEL 1989 (United States). TWA: 2 mg/m³ 8 hour(s). Form: Respirable dust OSHA PEL Z3 (United States, 9/2005). 
	Exposure limits Trade Secret Ingredient(s) Not available. Talc ACGIH TLV (United States, 1/2008). TWA: 0.1 f/cc 8 hour(s). NIOSH REL (United States, 6/2008). TWA: 2 mg/m³ 10 hour(s). Form: Respirable fraction OSHA PEL 1989 (United States). TWA: 2 mg/m³ 8 hour(s). Form: Respirable dust OSHA PEL Z3 (United States, 9/2005). 

	Effective Date: 12/03/2009 Supersedes Date: Not applicable. 
	Effective Date: 12/03/2009 Supersedes Date: Not applicable. 
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	MSDS no. : 14764V1 L040-TNVG-33 
	MSDS no. : 14764V1 L040-TNVG-33 
	MSDS no. : 14764V1 L040-TNVG-33 

	Section 8. Exposure controls/personal protection 
	Section 8. Exposure controls/personal protection 

	STEL: 1 f/cc 30 minute(s). Form: not containing asbestos  TWA: 20 mppcf 8 hour(s). Form: not containing asbestos 
	STEL: 1 f/cc 30 minute(s). Form: not containing asbestos  TWA: 20 mppcf 8 hour(s). Form: not containing asbestos 

	Engineering controls Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their respective occupational exposure limits. Provide adequate safety showers and eyewashes in the area of use. 
	Engineering controls Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their respective occupational exposure limits. Provide adequate safety showers and eyewashes in the area of use. 

	Personal protection Personal protective equipment may vary depending on the job being performed. Eye/face: Wear eye protection such as safety glasses with side shields, splash goggles or face shield with safety glasses. Skin: Avoid skin contact. Impervious gloves should be worn.  Other items may include long sleeves, lab coats, or impervious jackets. Respiratory: Determine if airborne concentrations are below the recommended exposure limits in accordance your company's PPE program and regulatory requirement
	Personal protection Personal protective equipment may vary depending on the job being performed. Eye/face: Wear eye protection such as safety glasses with side shields, splash goggles or face shield with safety glasses. Skin: Avoid skin contact. Impervious gloves should be worn.  Other items may include long sleeves, lab coats, or impervious jackets. Respiratory: Determine if airborne concentrations are below the recommended exposure limits in accordance your company's PPE program and regulatory requirement

	Personal protection in case Chemical resistant gloves, full protective suit, and boots. Respiratory protection in accordance with OSHA of a large spill regulation 29 CFR 1910.134.  A self-contained breathing apparatus should be used to avoid inhalation of the product vapors. 
	Personal protection in case Chemical resistant gloves, full protective suit, and boots. Respiratory protection in accordance with OSHA of a large spill regulation 29 CFR 1910.134.  A self-contained breathing apparatus should be used to avoid inhalation of the product vapors. 


	Section 9. Physical and chemical properties 
	Section 9. Physical and chemical properties 
	Section 9. Physical and chemical properties 

	Physical state Liquid. 
	Physical state Liquid. 

	Color Brown. 
	Color Brown. 

	Odor Acrylate 
	Odor Acrylate 

	Molecular weight (g/mol) 1000 - 15000 
	Molecular weight (g/mol) 1000 - 15000 

	Boiling point 590°F(310°C) 
	Boiling point 590°F(310°C) 

	Melting point Not available. 
	Melting point Not available. 

	pH (1% soln/water) Not applicable. 
	pH (1% soln/water) Not applicable. 

	Vapor pressure Not available. 
	Vapor pressure Not available. 

	Vapor density Not available. 
	Vapor density Not available. 

	Specific gravity 1.1 (Water = 1) 
	Specific gravity 1.1 (Water = 1) 

	Water/oil dist. coeff. Not available. 
	Water/oil dist. coeff. Not available. 

	Evaporation rate Not available. 
	Evaporation rate Not available. 

	Odor threshold Not available. 
	Odor threshold Not available. 

	Solubility in water Slight. 
	Solubility in water Slight. 

	Dispersibility properties Not dispersed in water. 
	Dispersibility properties Not dispersed in water. 
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	MSDS no. : 14764V1 
	MSDS no. : 14764V1 
	MSDS no. : 14764V1 
	L040-TNVG-33 

	Section 10. Stability and reactivity 
	Section 10. Stability and reactivity 

	Stability This product is normally stable, but can become unstable at elevated temperatures. 
	Stability This product is normally stable, but can become unstable at elevated temperatures. 

	Instability temperature >170°F (77°C) 
	Instability temperature >170°F (77°C) 

	Conditions of instability Heat. 
	Conditions of instability Heat. 

	Incompatibility with various Polymerizes in the presence of organic peroxides, oxidizing materials, or heat. substances 
	Incompatibility with various Polymerizes in the presence of organic peroxides, oxidizing materials, or heat. substances 

	Corrosivity Our database contains no additional remark on the corrosivity of this product 
	Corrosivity Our database contains no additional remark on the corrosivity of this product 


	Section 11. Toxicological information 
	Section 11. Toxicological information 
	Section 11. Toxicological information 

	Toxicity to animals Name Result Species Dose Exposure Trade Secret Ingredient(s) LD50 Dermal Rabbit >2 gm/kg -LD50 Rat 345 mg/kg -Intraperitoneal LD50 Oral Rat 6200 mg/kg -
	Toxicity to animals Name Result Species Dose Exposure Trade Secret Ingredient(s) LD50 Dermal Rabbit >2 gm/kg -LD50 Rat 345 mg/kg -Intraperitoneal LD50 Oral Rat 6200 mg/kg -

	Special remarks on toxicity No additional remark. to animals 
	Special remarks on toxicity No additional remark. to animals 

	Special remarks on chronic No additional remark. effects on humans 
	Special remarks on chronic No additional remark. effects on humans 

	Special remarks on other Talc: toxic effects on humans Exposure to dusts containing talc can be toxic and can produce acute and chronic effects.  Contact with dusts may irritate the eyes.  Breathing dust may irritate the nose and throat and cause coughing and chest discomfort. There are reports that relatively mild pneumoconiosis can develop after years of occupational exposure to mixed dusts containing talc.  Prolonged inhalation may also produce a fibrotic response. 
	Special remarks on other Talc: toxic effects on humans Exposure to dusts containing talc can be toxic and can produce acute and chronic effects.  Contact with dusts may irritate the eyes.  Breathing dust may irritate the nose and throat and cause coughing and chest discomfort. There are reports that relatively mild pneumoconiosis can develop after years of occupational exposure to mixed dusts containing talc.  Prolonged inhalation may also produce a fibrotic response. 


	Section 12. Ecological information 
	Section 12. Ecological information 
	Section 12. Ecological information 

	Ecotoxicity Toxic to aquatic organisms.  Should not be released to sewage system or other bodies of water at concentrations above limits established in regulations or permits. 
	Ecotoxicity Toxic to aquatic organisms.  Should not be released to sewage system or other bodies of water at concentrations above limits established in regulations or permits. 


	Section 13. Disposal considerations 
	Section 13. Disposal considerations 
	Section 13. Disposal considerations 

	Waste disposal Recycle to process, if possible.  Consult your local or regional authorities.  Ignitable characteristic. 
	Waste disposal Recycle to process, if possible.  Consult your local or regional authorities.  Ignitable characteristic. 


	Section 14. Transport information 
	Section 14. Transport information 
	Section 14. Transport information 

	DOT Not regulated. 
	DOT Not regulated. 
	Labels 

	TDG Not regulated. 
	TDG Not regulated. 

	IATA/IMDG IATA: Not Regulated. IMDG: Not Regulated. 
	IATA/IMDG IATA: Not Regulated. IMDG: Not Regulated. 

	Additional information US regulations require the reporting of spills when the amount exceeds the Reportable Quantity (RQ) for specific components of this material.  See CERCLA in Section 15, Regulatory Information, for the Reportable Quantities. 
	Additional information US regulations require the reporting of spills when the amount exceeds the Reportable Quantity (RQ) for specific components of this material.  See CERCLA in Section 15, Regulatory Information, for the Reportable Quantities. 
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	MSDS no. : 14764V1 L040-TNVG-33 
	MSDS no. : 14764V1 L040-TNVG-33 
	MSDS no. : 14764V1 L040-TNVG-33 

	Section 15. Regulatory information 
	Section 15. Regulatory information 

	Other regulations This section does not reference all applicable regulatory compliance lists. TSCA: All ingredients are listed or compliant with TSCA. DSL: All ingredients are listed or compliant with the NSNR. Proposition 65 Warning: This product contains a chemical(s) known to the State of California to cause cancer, birth defects and/or reproductive harm. SARA 302 component(s): None. SARA 313 component(s): None. CERCLA(RQ): None. 
	Other regulations This section does not reference all applicable regulatory compliance lists. TSCA: All ingredients are listed or compliant with TSCA. DSL: All ingredients are listed or compliant with the NSNR. Proposition 65 Warning: This product contains a chemical(s) known to the State of California to cause cancer, birth defects and/or reproductive harm. SARA 302 component(s): None. SARA 313 component(s): None. CERCLA(RQ): None. 


	Section 16. Other information 
	Section 16. Other information 
	Section 16. Other information 

	Prepared by AOC, LLC - Corporate Regulatory Affairs. TN 
	Prepared by AOC, LLC - Corporate Regulatory Affairs. TN 

	LEGAL DISCLAIMER The information contained in this data sheet is furnished in good faith and without warranty, representation, or inducement or license of any kind, except that it is accurate to the best of AOC, LLC's knowledge, or was obtained from sources believed by AOC, LLC to be reliable.  The accuracy, adequacy or completeness of health and safety precautions set forth herein cannot be guaranteed, and the buyer is solely responsible for ensuring that the product is used, handled, stored, and disposed 
	LEGAL DISCLAIMER The information contained in this data sheet is furnished in good faith and without warranty, representation, or inducement or license of any kind, except that it is accurate to the best of AOC, LLC's knowledge, or was obtained from sources believed by AOC, LLC to be reliable.  The accuracy, adequacy or completeness of health and safety precautions set forth herein cannot be guaranteed, and the buyer is solely responsible for ensuring that the product is used, handled, stored, and disposed 
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	Personal protection 
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	Section I. Chemical Product and Company Identification 
	Section I. Chemical Product and Company Identification 
	Section I. Chemical Product and Company Identification 

	Trade name L713-LTA-12 
	Trade name L713-LTA-12 
	Product type Polyester Resin Solution 

	CAS # Not applicable. 
	CAS # Not applicable. 
	Synonym None. 

	Chemical name Not applicable. 
	Chemical name Not applicable. 
	Chemical Not applicable. formula 

	Chemical Aromatic. family 
	Chemical Aromatic. family 

	Material uses Used in the manufacture of thermoset plastic parts. 
	Material uses Used in the manufacture of thermoset plastic parts. 

	TSCA All ingredients are listed or compliant with TSCA. 
	TSCA All ingredients are listed or compliant with TSCA. 

	DSL All ingredients are listed or compliant with the NSNR. 
	DSL All ingredients are listed or compliant with the NSNR. 

	Manufacturer AOC, LLC 950 Highway 57 East Collierville, TN U.S.A. 38017 Phone Number: (901) 854-2800 8am-5pm (CST) Mon-Fri 
	Manufacturer AOC, LLC 950 Highway 57 East Collierville, TN U.S.A. 38017 Phone Number: (901) 854-2800 8am-5pm (CST) Mon-Fri 
	In case of emergency CHEMTREC (US): 24 hours/7 days (800) 424-9300 CANUTEC (Canada): 24 hours/7 days (613) 996-6666 


	Section II. 
	Section II. 
	Section II. 
	Information on Hazardous Ingredients 

	TR
	Name 
	CAS # 
	% by weight 

	1) Styrene 2) Talc 
	1) Styrene 2) Talc 
	100-42-5 14807-96-6 
	32.0 20 - 30 


	Section III. Hazards Identification. 
	Potential acute health effects 
	Potential chronic health effects 
	Inhalation of spray mist or liquid vapors may cause upper respiratory irritation and possible central nervous system effects including headaches, nausea, vomiting, dizziness, drowsiness, loss of coordination, impaired judgement and general weakness. Severe eye irritant which may result in redness, burning, tearing and blurred vision. Skin irritant which may result in burning sensation. Ingestion may result in mouth, throat and gastrointestinal irritation, nausea, vomiting and diarrhea. 
	CARCINOGENIC EFFECTS: 
	 Classified A4 (not classifiable for human or animal) by ACGIH. Classified 2B (possible for human) by IARC. An increased incidence of lung tumors was observed in mice from a recent inhalation study. The relevance of this finding is uncertain since data from other long-term animal studies and from epidemiology studies of workers exposed to styrene do not provide a basis to conclude that styrene is carcinogenic. Lung effects have been observed in mouse studies following repeated exposure.  Classified A2 (susp
	Styrene:
	Talc:

	MUTAGENIC EFFECTS 
	Not available. 
	TERATOGENIC EFFECTS 
	Not available. 
	Skin effects: 
	Prolonged exposure may cause dermatitis. 
	Effective Date: 12/19/2007 Supersedes Date: Not applicable. Page: 1 
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	L713-LTA-12 
	Section IV. First Aid Measures 
	Eye contact Flush with a continuous flow of water for at least 15 minutes, occasionally lifting the upper and lower eyelids. Use of buffered baby shampoo will aid in removal. Seek medical attention. 
	Skin contact Gently and thoroughly wash the contaminated skin with running water and non-abrasive soap. If irritation persists, seek medical attention. 
	Hazardous Skin Contact No additional information. 
	Inhalation Move the victim to a safe area as soon as possible. Allow the victim to rest in a well ventilated area. 
	Hazardous Inhalation Move the victim to a safe area as soon as possible. If breathing is difficult, give oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. Seek immediate medical attention. 
	Ingestion Do not induce vomiting. Seek immediate medical attention. 
	Hazardous Ingestion No additional information. 
	Fire and Explosion Data
	Fire and Explosion Data
	Fire and Explosion Data

	Section V. 
	Section V. 

	The product is: Flammable liquid, Class IC. 
	The product is: Flammable liquid, Class IC. 

	Auto-ignition temperature 914°F (490°C) Styrene 
	Auto-ignition temperature 914°F (490°C) Styrene 

	Flash point 87.6°F (31°C) Styrene 
	Flash point 87.6°F (31°C) Styrene 

	Flammable limits Lower: 0.9% Upper: 6.8% (Styrene) 
	Flammable limits Lower: 0.9% Upper: 6.8% (Styrene) 

	Products of combustion May produce carbon monoxide, carbon dioxide, and irritating or toxic vapors, gases or particulate. 
	Products of combustion May produce carbon monoxide, carbon dioxide, and irritating or toxic vapors, gases or particulate. 

	Fire hazard Flammable in the presence of open flames, sparks, or heat. 
	Fire hazard Flammable in the presence of open flames, sparks, or heat. 

	Explosion hazard Can react with oxidizing materials. Explosive in the form of vapor when exposed to heat or flame. Material may polymerize when container is exposed to heat (fire) and polymerization will increase pressure in a closed container which may cause the container to rupture violently. 
	Explosion hazard Can react with oxidizing materials. Explosive in the form of vapor when exposed to heat or flame. Material may polymerize when container is exposed to heat (fire) and polymerization will increase pressure in a closed container which may cause the container to rupture violently. 

	Fire-fighting media and SMALL FIRE: Use carbon dioxide, foam, dry chemical or water fog to extinguish. instructions LARGE FIRE: Evacuate surrounding areas. Use carbon dioxide, foam, dry chemical or water fog to extinguish. Wear self-contained breathing apparatus (SCBA) and full fire-fighting protective clothing. Cool containing vessels with water spray in order to prevent pressure build-up, autoignition or explosion. Prevent run off to sewers or other water ways. 
	Fire-fighting media and SMALL FIRE: Use carbon dioxide, foam, dry chemical or water fog to extinguish. instructions LARGE FIRE: Evacuate surrounding areas. Use carbon dioxide, foam, dry chemical or water fog to extinguish. Wear self-contained breathing apparatus (SCBA) and full fire-fighting protective clothing. Cool containing vessels with water spray in order to prevent pressure build-up, autoignition or explosion. Prevent run off to sewers or other water ways. 


	Section VI. Accidental Release Measures 
	Small Spill Absorb with an inert material and place in an appropriate waste disposal container. 
	Large Spill Stop leak if without risk. Eliminate all ignition sources. Contain with an inert material, recover as much as possible and place the remainder in an appropriate waste disposal container. Warn unauthorized personnel to move away. Prevent entry into sewers or confined areas. 
	Section VII. Handling and Storage 
	Section VII. Handling and Storage 
	Section VII. Handling and Storage 

	Precautions WARNING! Use only in well-ventilated areas. Store away from direct sunlight. Avoid inhalation and contact with eyes, skin, and clothing. Wear appropriate personal protective equipment for your task. Ground and bond all containers when transferring the material. Empty containers may retain product and product vapor. Do not expose to heat, flame, sparks or other ignition sources such as cutting, welding, drilling, grinding or static electricity. Do not pressurize. Provide adequate safety showers a
	Precautions WARNING! Use only in well-ventilated areas. Store away from direct sunlight. Avoid inhalation and contact with eyes, skin, and clothing. Wear appropriate personal protective equipment for your task. Ground and bond all containers when transferring the material. Empty containers may retain product and product vapor. Do not expose to heat, flame, sparks or other ignition sources such as cutting, welding, drilling, grinding or static electricity. Do not pressurize. Provide adequate safety showers a

	Effective Date: 12/19/2007 Supersedes Date: Not applicable. Page: 2 
	Effective Date: 12/19/2007 Supersedes Date: Not applicable. Page: 2 
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	Section VII. 
	Section VII. 
	Handling and Storage 

	Storage 
	Storage 
	Keep away from sources of ignition. Keep away from heat and direct sunlight. Keep container tightly closed. Keep in a cool, well-ventilated place. Containers should be grounded. 


	Section VIII. 
	Section VIII. 
	Section VIII. 
	Exposure Controls/Personal Protection 

	Exposure limits 
	Exposure limits 
	1) Styrene 
	OSHA PEL (United States).

	TR
	 TWA: 100 ppm

	TR
	 TWA: 426 mg/m3 

	TR
	ACGIH TLV (United States).

	TR
	 TWA: 20 ppm

	TR
	 TWA: 85 mg/m3 

	TR
	2) Talc 
	OSHA PEL (United States).

	TR
	 TWA: 2 mg/m3 

	TR
	ACGIH TLV (United States). Notes: Respirable


	 TWA: 2 mg/m
	3 

	Engineering controls Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their respective occupational exposure limits. Provide adequate safety showers and eyewashes in the area of use. 
	Personal protection Personal protective equipment may vary depending on the job being performed. Eye/Face: Wear eye protection such as safety glasses with side shields, splash goggles or face shield with safety glasses. Skin: Avoid skin contact. Impervious gloves should be worn. Other items may include long sleeves, lab coats, or impervious jackets. Respiratory: Determine if airborne concentrations are below the recommended exposure limits in accordance your company's PPE program and regulatory requirements
	Personal protection in Chemical resistant gloves, full protective suit, and boots. Respiratory protection in accordance 
	case of a large spill with OSHA regulation 29 CFR 1910.134. A self-contained breathing apparatus should be used to avoid inhalation of the product vapors. 
	Section IX. Physical and Chemical Properties 
	Section IX. Physical and Chemical Properties 
	Section IX. Physical and Chemical Properties 

	Physical state Liquid. 
	Physical state Liquid. 
	Odor 
	Aromatic. 

	Color Clear to Amber. 
	Color Clear to Amber. 
	pH (1% soln/water) 
	Not applicable. 

	Molecular weight 1000 to 15000 (g/mol) 
	Molecular weight 1000 to 15000 (g/mol) 
	Boiling point 
	293°F (145°C) Styrene 

	Melting point Not available. 
	Melting point Not available. 
	Specific gravity 
	1.1 (Water = 1) 

	Vapor pressure 4.5 mm Hg @ 68°F (20°C) Styrene 
	Vapor pressure 4.5 mm Hg @ 68°F (20°C) Styrene 
	Vapor density 
	3.59 Styrene (Air = 1) 

	Odor threshold 0.14 ppm Styrene 
	Odor threshold 0.14 ppm Styrene 
	Water/oil dist. coeff. 
	Not available. 

	Evaporation rate Not available. 
	Evaporation rate Not available. 
	Dispersibility properties 
	Not dispersed in water. 

	Solubility in water Slight. 
	Solubility in water Slight. 

	Section X. Stability and Reactivity Data 
	Section X. Stability and Reactivity Data 


	Stability This product is normally stable, but can become unstable at elevated temperatures and undergo polymerization, which could produce heat and fumes resulting in over-pressurization and rupture in a closed container. 
	Instability temperature >170°F (77°C) 
	Conditions of instability Heat. 
	Incompatibility with Polymerizes in the presence of organic peroxides, oxidizing materials, or heat. various substances 
	Corrosivity No specific information is available in our database regarding the corrosivity of this product in presence of various materials. 
	Effective Date: 12/19/2007 Supersedes Date: Not applicable. Page: 3 
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	L713-LTA-12 
	Section XI. Toxicological Information 
	Routes of entry Inhalation. Ingestion. Skin contact. Eye contact. 
	Toxicity to animals 
	Toxicity to animals 
	Toxicity to animals 
	1) Styrene ORAL (LD50): Acute: 2650 mg/kg [Rat]. VAPOR (LC50): Acute: 5634.2 ppm 4 hour/hours [Rat]. 2) Talc Not available. 

	Special remarks on toxicity to animals 
	Special remarks on toxicity to animals 
	Lung effects have been observed in mouse studies following repeated exposure. 

	Special remarks on chronic effects on humans 
	Special remarks on chronic effects on humans 
	No additional remark. 

	Special remarks on other toxic effects on humans 
	Special remarks on other toxic effects on humans 
	Talc: Exposure to dusts containing talc can be toxic and can produce acute and chronic effects. Contact with dusts may irritate the eyes. Breathing dust may irritate the nose and throat and cause coughing and chest discomfort. There are reports that relatively mild pneumoconiosis can develop after years of occupational exposure to mixed dusts containing talc. Prolonged inhalation may also produce a fibrotic response. 
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	Section XII. 
	Section XII. 
	Ecological Information 

	Ecotoxicity 
	Ecotoxicity 
	Toxic to aquatic organisms. Should not be released to sewage system or other bodies of water at concentrations above limits established in regulations or permits. 


	Section XIII. 
	Section XIII. 
	Section XIII. 
	Disposal Considerations 

	Waste disposal 
	Waste disposal 
	Recycle to process, if possible. Consult your local or regional authorities. Ignitable characteristic. 


	Section XIV. 
	Section XIV. 
	Section XIV. 
	Transport Information 

	DOT Shipping description 
	DOT Shipping description 
	-

	UN1866; Resin Solution; 3; III. Labels 

	TDG Shipping description 
	TDG Shipping description 
	-

	UN1866; Resin Solution; 3; III. Labels 

	IATA/IMDG Shipping description 
	IATA/IMDG Shipping description 
	-

	IATA: UN1866; Resin Solution; 3; III; Pkg. Inst.: Passenger - 309; Cargo - 310 IMDG: UN1866; Resin Solution; 3; III; FP=31°C; EmS No.: F-E, S-E 

	Additional information 
	Additional information 
	US regulations require the reporting of spills when the amount exceeds the Reportable Quantity (RQ) for specific components of this material. See CERCLA in Section 15, Regulatory Information, for the Reportable Quantities. 


	Section XV. Other Regulatory Information 
	Section XV. Other Regulatory Information 
	Section XV. Other Regulatory Information 

	Other This section does not reference all applicable regulatory compliance lists. regulations OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200). Proposition 65 Warning: This product contains a chemical(s) known to the State of California to cause cancer, birth defects and/or reproductive harm. SARA 302 component(s): None. SARA 313 component(s): Styrene. 
	Other This section does not reference all applicable regulatory compliance lists. regulations OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200). Proposition 65 Warning: This product contains a chemical(s) known to the State of California to cause cancer, birth defects and/or reproductive harm. SARA 302 component(s): None. SARA 313 component(s): Styrene. 
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	Section XV. 
	Section XV. 
	Other Regulatory Information 

	TR
	CERCLA RQ(s): Styrene-1000 lbs. (453.6 kg) 


	Section XVI. Other Information 
	Section XVI. Other Information 
	Section XVI. Other Information 

	References -Transportation of Dangerous Goods Act - "Regulations respecting the handling, offering for transport and transporting of dangerous goods." Extract from the Canada Gazette Part II -Canada Gazette Part II, Hazardous Products Act "Ingredient Disclosure List". -Manufacturer's Material Safety Data Sheet. -29 CFR 1910.1000, Z - Tables -ACGIH 2000 TLVs for Chemical Substances and Physical Agents -Registry of Toxic Effects of Chemical Substances (RTECS) -California Code of Regulation Proposition 65 
	References -Transportation of Dangerous Goods Act - "Regulations respecting the handling, offering for transport and transporting of dangerous goods." Extract from the Canada Gazette Part II -Canada Gazette Part II, Hazardous Products Act "Ingredient Disclosure List". -Manufacturer's Material Safety Data Sheet. -29 CFR 1910.1000, Z - Tables -ACGIH 2000 TLVs for Chemical Substances and Physical Agents -Registry of Toxic Effects of Chemical Substances (RTECS) -California Code of Regulation Proposition 65 
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	Prepared by AOC, LLC - Corporate Regulatory Affairs. CA 

	LEGAL DISCLAIMER The information contained in this data sheet is furnished in good faith and without warranty, representation, or inducement or license of any kind, except that it is accurate to the best of AOC, LLC's knowledge, or was obtained from sources believed by AOC, LLC to be reliable. The accuracy, adequacy or completeness of health and safety precautions set forth herein cannot be guaranteed, and the buyer is solely responsible for ensuring that the product is used, handled, stored, and disposed o
	LEGAL DISCLAIMER The information contained in this data sheet is furnished in good faith and without warranty, representation, or inducement or license of any kind, except that it is accurate to the best of AOC, LLC's knowledge, or was obtained from sources believed by AOC, LLC to be reliable. The accuracy, adequacy or completeness of health and safety precautions set forth herein cannot be guaranteed, and the buyer is solely responsible for ensuring that the product is used, handled, stored, and disposed o
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	Figure
	OWNER: Caltrans 
	PROJECT: Pipeline Rehabilitation 
	Figure
	CIPP STRUCTURAL DESIGN CALCULATIONS DESIGN PARAMETERS COMMON ACROSS ENTIRE PROJECT (for parameters that vary by line segment, see the table below) 
	CIPP STRUCTURAL DESIGN CALCULATIONS DESIGN PARAMETERS COMMON ACROSS ENTIRE PROJECT (for parameters that vary by line segment, see the table below) 

	 - Groundwater where noted - None noted in specifications or drawings   Currently, normal groundwater loading designs assume groundwater encountered at the crown of the pipe - See table below 
	CIPP Flexural Properties Utilized for Design with Normal Groundwater Loading

	Short-term Flexural Modulus: 
	Short-term Flexural Modulus: 
	Short-term Flexural Modulus: 
	Polyester 
	400,000 psi 
	Low VOC 
	300,000 psi 

	Long-term Flexural Modulus (retention 50%): 
	Long-term Flexural Modulus (retention 50%): 
	200,000 psi 
	150,000 psi 

	Flexural Strength: 
	Flexural Strength: 
	4500 psi 
	5000 psi 

	Host Pipe Condition: 
	Host Pipe Condition: 
	Fully Deteriorated 
	Fully Deteriorated 

	Factor of Safety: 
	Factor of Safety: 
	2.0 
	2.0 

	Ovality: 
	Ovality: 
	5.0% 
	5.0% 

	Unit Weight of Soil: 
	Unit Weight of Soil: 
	120 pcf 
	120 pcf 

	Modulus of Soil Reaction: 
	Modulus of Soil Reaction: 
	1,000 psi 
	1,000 psi 

	Live Loading: 
	Live Loading: 
	AASHTO H-20 
	AASHTO H-20 


	   (Railroad AREMA E-80 loading is currently N/A to the work sites on this project) 
	CIPP RECOMMENDED SHOT DESIGN INSTALL STATED NUMBER VARIATION U/S MH D/S MH U/S DEPTH D/S DEPTH THICKNESS THICKNESS DIAM. LENGTH LATS 1 A2 Inlet A2-1 Outlet A2-2 2.0 2.0 7.62mm 9mm 18 20 2 A3 Inlet A3-1 Outlet A3-2 2.0 2.0 7.62mm 9mm 18 20 3 A4 Inlet A4-1 Outlet A4-2 2.0 2.0 7.62mm 9mm 18 20 4 A5 Inlet A5-1 Outlet A5-2 2.0 2.0 7.62mm 9mm 18 20 5 A8 Inlet A8-1 Outlet A8-2 2.0 2.0 7.62mm 9mm 18 20 
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	Figure
	4253 Duluth Ave. ● Rocklin, CA 95765 ● Ph: 916.408.5038 ● Fax: 888.857.1215 
	RE: CIPP Sampling Method – Specification Section (15-6.11 A (4) Quality Control) 
	Field Quality Control: 
	Field Quality Control: 

	CIPP Flat plate samples will not be cured in the pipe when doing a steam cure inversion.  Any nonessential foreign object should not be in the pipe during a steam cure.  It could inhibit circulation, cause a foreign heat sink and increase the chances of a condensation pocket.  All these things could prohibit a successful cure.  The flat plate samples are made from the same tube and resin as the rest of the CIPP liner. They are cured using the same steam over the same time period as the CIPP Liner. They are 
	-
	Place 3 each 6” x 16” aluminum plates clamped molds, each containing a flat plate sample, inside CIPP during resin curing period.  

	The sampling method in this specification was written for a water inversion / water cure which has become an obsolete method over the last few years when lining storm drains. The current methods using an air inversion / steam cure prohibit placing the sample(s) inside the CIPP liner during cure. 
	Sincerely 
	Figure
	Todd Chalk Project Manager SAK Construction 
	Figure








