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The Caltrans Division of Research and Innovation (DRI) receives and evaluates numerous research problem
statements for funding every year. DRI conducts Preliminary Investigations on these problem statements to better
scope and prioritize the proposed research in light of existing credible work on the topics nationally and
internationally. Online and print sources for Preliminary Investigations include the National Cooperative Highway
Research Program (NCHRP) and other Transportation Research Board (TRB) programs, the American Association
of State Highway and Transportation Officials (AASHTO), the research and practices of other transportation
agencies, and related academic and industry research. The views and conclusions in cited works, while generally
peer reviewed or published by authoritative sources, may not be accepted without qualification by all experts in the
field.

Executive Summary
Background

To rehabilitate culverts without disrupting highway corridors and causing long delays and significant
added costs, Caltrans will need to use cured-in-place pipe (CIPP) repairs, a method of completely relining
culverts using a thermosetting, resin-impregnated flexible tube that is inflated and cured with hot water or
steam.
The North Coast Regional Water Quality Board (NCRWQB) is currently not permitting use of CIPP
because of concerns that it negatively affects water quality. These concerns are based predominantly on a
study by the Virginia Department of Transportation (DOT), which showed that CIPP sometimes caused
residual styrene concentrations in the stormwater that were above the U.S. Environmental Protection
Agency’s maximum contaminant level for drinking water, and led to a moratorium on the use of CIPP in
Virginia. However, subsequent Virginia DOT studies showed that the release of styrene was caused by
poor CIPP installation practices, and implementing new specifications could eliminate these problems.
With the new specifications in place, Virginia DOT has resumed its use of CIPP, and Caltrans has revised
its CIPP specifications to take into account lessons learned by Virginia DOT. The NCRWQB uses
Virginia DOT’s earlier study to justify its restrictions on CIPP, not taking into account further
developments in Virginia, and has made styrene effluent limits so low that using CIPP is impossible even
with new installation practices. The NCRWQB is also requiring Caltrans to conduct a pilot study that
would be cumbersome and impractical to perform.
Caltrans is interested in adopting a more scientific approach to the regulatory standards that will allow for
continued use of CIPP. This Preliminary Investigation presents the results of a review of completed
research and a survey of state practices addressing the use of CIPP in an environmentally safe manner. To
gather information for this investigation, we:
•

Conducted a literature search about the effects of CIPP on the environment, and responsible
methods and practices for using CIPP with a focus on finding related studies by or on behalf of
other state transportation agencies.

•
•

Contacted Insituform Technologies, a CIPP manufacturer, regarding the environmental impacts
of using CIPP.
Performed a brief survey of members of the AASHTO Standing Committee on the Environment
regarding DOT use of CIPP, asking whether they have faced water quality problems and how
they have addressed them. After the survey, we conducted follow-up phone interviews with four
of the participating DOTs: New York, Oregon, Virginia and Washington.

Summary of Findings

Our literature review found no additional published research about the environmental effects of CIPP
installations beyond the reports referred to in Caltrans’ request. We distributed the following survey to
members of the AASHTO Standing Committee on the Environment:
1. Does your agency use cured-in-place pipe (CIPP) repairs as a method for rehabilitating culverts?
If yes to #1:
2. Please provide copies of or links to specifications and guidance related to your agency’s use of
CIPP.
3. Have you encountered any problems with your use of CIPP related to its effects on water quality?
Has a water quality regulatory agency challenged the use of CIPP by your agency?
4. If yes to #3, how did you respond to these problems and concerns? Did you modify CIPP
specifications, or have you conducted studies related to CIPP effects on water quality? (If so,
please provide relevant reports.)
5. Who at your agency may we contact for further information about this issue (email and phone)?
Staff at 14 state DOTs and the Canadian province of Alberta responded to this survey. (See Survey and
Interview Results beginning on page 7 of this report for the full text of these survey responses.) We also
conducted follow-up interviews with four states (New York, Oregon, Virginia and Washington).
Arkansas State Highway and Transportation Department did not respond to email or phone inquiries.
The survey and follow-up interviews confirm the lack of research into the environmental effects of CIPP
installations, although two states—New York and Oregon—noted that they had done some water quality
testing of CIPP installations. Further, Virginia DOT completed some recent testing of a CIPP repair
(using new specifications) that showed the installation to have no water quality issues.
While 11 of 15 respondents said they use CIPP, only four states reported water quality issues:
• New York: Shortly after Virginia DOT’s original study, a New York State DOT regional office
expressed concerns about styrene from CIPP installations and conducted testing that found levels
far in excess of allowable limits. As a consequence, New York State DOT revised its
specifications and is currently confident that installations can be done without negative
environmental impacts.
• Oregon: Oregon DOT took water quality samples from a “bungled” CIPP installation and found
174 parts per million of styrene. The contractor in this case used steam instead of hot water for
curing and failed to divert incoming water. There was styrene discharge into the Willamette
River, and styrene levels were so high that the responder had to wear a respirator to collect
samples. Oregon DOT hopes that this scenario is a rare exception, and specifications call for all
wastewater to be contained.
• Virginia: Virginia DOT recently conducted water quality testing on a CIPP repair that complied
with its new specifications, and found the installation to be very clean. Samples were collected at
the outlet a few days following installation and about 10 meters downstream, with results
showing styrene levels of 0.294 mg/L at the outlet and 1.34 mg/L downstream. These levels are
below the toxicity thresholds for rainbow trout (a common indicator species). In August 2012 the
2

•

agency will release reports on water quality testing results for both ultraviolet (UV)-based CIPP
repairs and polyuria and cementitious spray-on liners.
Washington: Washington State DOT has used CIPP repairs only on two design-build projects,
but does not have specifications for CIPP repairs. Both projects had water quality issues, leading
to a violation and $9,000 fine. As a consequence, the agency recommends that culverts be
replaced rather than relined in most cases; when relining is used, water should be diverted around
the pipe being relined.

Seven of the 11 respondents using CIPP provided specifications; Maryland and Washington noted that
they do not have CIPP specifications.

Gaps in Findings
•

•
•
•

There is no published research available on the environmental impacts of CIPP repairs beyond the
original report by the Virginia Transportation Research Council (VTRC). (See Understanding the
Environmental Implications of Cured-in-Place Pipe Rehabilitation Technology in Related
Research and Guidance.) Further, only Virginia DOT has conducted water quality testing on a
carefully controlled CIPP installation to evaluate the effectiveness of more stringent
specifications.
A number of states are planning to provide CIPP specifications but were unable to provide them
within the deadline for this Preliminary Investigation.
We talked briefly to Chris Hanson of Insituform Technologies, who was not aware of any
research on the environmental effects of CIPP repairs, but he is making inquiries internally.
We were unable to reach an appropriate contact at the Arkansas State Highway and
Transportation Department, which Caltrans had singled out as being of interest.

Next Steps

Moving forward, we recommend that Caltrans:
• Contact Joe Sicluna of New York State DOT and Bridget Donaldson of Virginia DOT for water
quality testing results of CIPP installations.
• Follow up with Bridget Donaldson of Virginia DOT for forthcoming reports on the water quality
effects of repairs using UV-cured CIPP and spray-on liners.
• Follow up with Chris Hanson of Insituform Technologies on the results of internal inquires about
the environmental effects of CIPP repairs.
• Contact Robert Trevis of Oregon DOT for further information about the use of CIPP in that state.
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Contacts
During the course of this Preliminary Investigation, we spoke to or corresponded with the following
individuals:

CIPP Vendor
Insituform Technologies
Chris Hanson
(916) 616-3920

State Agencies
New York
Michael Mathioudakis
New York State Department of Transportation
(518) 457-9800, mmathioudakis@dot.state.ny.us
Joe Sicluna
New York State Department of Transportation
(607) 721-8479, jsicluna@dot.state.ny.us
Oregon
Ken Cannon
Aquatic Biology Program Coordinator, Geo-Environmental Section
Oregon Department of Transportation
(503) 986-3518, ken.h.cannon@odot.state.or.us
William Fletcher
Water Resources Program Coordinator, Geo-Environmental Section
Oregon Department of Transportation
(503) 986-3509, william.b.fletcher@odot.state.or.us
Robert Trevis
Culvert Design Engineer
Oregon Department of Transportation
(503) 986-3860, robert.e.trevis@odot.state.or.us
Paul Wirfs
Oregon Department of Transportation
(503) 986-3526, paul.r.wirfs@odot.state.or.us
Virginia
Bridget Donaldson
Virginia Department of Transportation
(434) 293-1922, bridget.donaldson@vdot.virginia.gov
Washington
Christina Martinez
Washington State Department of Transportation
Compliance Branch Manager, Environmental Services
(360) 705-7448, martich@wsdot.wa.gov
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Related Research and Guidance
“A Pilot Study for Retrospective Evaluation of Cured-in-Place Pipe (CIPP) Rehabilitation of
Municipal Gravity Sewers,” E. Allouche, S. Alam, J. Simicevic, R. Sterling, W. Condit, J. Matthews, A.
Selvakumar, Tunnelling and Underground Space Technology, March 2012.
http://www.sciencedirect.com/science/article/pii/S088677981200034X
This paper presented results from a pilot project that tested CIPP liners for thickness, annular gap, ovality,
density, specific gravity, porosity, flexural strength, flexural modulus, tensile strength, tensile modulus,
surface hardness, glass transition temperature and Raman spectroscopy. Researchers also gathered
environmental data, including external soil conditions and pH and internal waste stream pH. Samples
retrieved from the four locations involved in the pilot study testing were in excellent condition after being
in use for 25 years, 23 years, 21 years and 5 years, respectively. Overall, researchers concluded that there
is no reason to anticipate that the liners evaluated in this pilot study will not last for their intended lifetime
of 50 years and perhaps well beyond.
Review of Styrene Water Quality Goals and Recommended Next Steps for CIPP Projects, Brown
and Caldwell, March 2012.
See Appendix A.
This technical memorandum briefly summarizes water quality issues related to styrene in CIPP
rehabilitation projects and recommends potential next steps for Caltrans to consider in response to recent
regulatory developments related to styrene, including modifying CIPP specifications to reflect lessons
learned from Virginia DOT.
“State-of-the-Art Literature Review on In-Situ Pipe Repairs and Durability,” Fazil Najafi, Brad
Cooney, Adnan Javed, TRB 90th Annual Meeting Compendium of Papers DVD, Paper #11-1269, 2011.
Abstract available at http://trid.trb.org/view/2011/C/1091856
From the abstract: After an extensive literature review, it can be concluded that, when compared to the
traditional open cut pipe replacement method, in-situ technologies cause less disruption to the
surrounding environment, less inconvenience on the community, and in appropriate applications are more
cost-effective.
A Technical Review of VTRC’s Research Report: Understanding the Environmental Implications
of Cured-in-Place Pipe Rehabilitation Technology, Ed Campbell, 2010.
See Appendix B
This report reviews the 2008 report by the VTRC, Understanding the Environmental Implications of
Cured-in-Place Pipe Rehabilitation Technology, and concludes that it was executed poorly “without
practical scientific reasoning.” Criticisms cover the failure to evaluate curing methods other than steam
(such as hot water and UV light), sampling methods and a lack of a cost-benefit analysis. The author
concludes: “The VA DOT had a real opportunity to provide the industry with an independent review of its
practices and refine them as needed to preserve their cost-effective (and environmentally-effective) usage.
The report falls short on this and the conclusions reached were not based on sound engineering principles.
The end result is a document that is misleading to the general public and of little use to the technical
community without a lot of work to sort out the test results and what guidance they may provide.”
“Creating Environmentally Sound Specifications for Culvert Rehabilitation: Virginia Applies
Findings for Cured-in-Place Pipe Repair,” Bridget Donaldson, Edward Wallingford, TR News, Issue
268, 2010: 47-49.
http://onlinepubs.trb.org/onlinepubs/trnews/trnews268RPO.pdf
This technical overview summarizes the VTRC’s evaluation of the impacts of styrene-based CIPP repair
on water quality. VTRC’s findings led to the development of new construction specifications to minimize
environmental risks and ensure maximum structural performance of the finished product. Specification
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requirements are discussed as well as the benefits of more stringent controls of the installation process.
Modified specifications require the following:
• Both an inner and an outer impervious film to envelop the resin-liner system and promote
complete polymerization, prevent resin loss and prevent styrene contamination of the interior
portion of the finished pipe.
• Use of a semirigid plastic slip sheet over significant voids and pipe intrusions that could
damage the liner during insertion.
• Installation oversight by a trained inspector.
• Time-temperature monitoring, with data logging, at points throughout the length of the pipe
for the curing of the lining material.
• Thorough rinsing of the finished product.
• Proper containment and disposal of effluent cure water and rinseate.
• Water and soil testing for styrene before and after installation.
• Corrective actions to remediate the accidental release of styrene.
“Environmental Implications of Cured-in-Place Pipe Rehabilitation Technology,” Transportation
Research Record, Vol. 2123, 2009: 172-179.
Citation at http://trid.trb.org/view/2009/C/880557; see Appendix C for full report.
From the abstract: In this study, seven styrene-based, steam-cured CIPP installations in surface water and
storm water conveyances in Virginia were identified and observed over the course of 1 year. Although the
sites were not directly linked to sources of drinking water, styrene levels at five sites were higher than the
Environmental Protection Agency’s maximum contaminant level for drinking water of 0.1 mg/L. These
concentrations were detected at these sites for a minimum of 5 days to 71 days after installation. Certain
measurements were also found to exceed the concentration required to kill 50% of several freshwater
aquatic indicator species. The findings suggest that the elevated styrene levels could have resulted from
one or a combination of the following: (a) installation practices that did not capture condensate containing
styrene, (b) uncured resin that escaped from the liner during installation, (c) insufficient curing of the
resin, and (d) some degree of permeability in the lining material. In response to the preliminary findings
of this study, the Virginia Department of Transportation suspended the use of styrene CIPP for conveying
surface or storm water while the department further evaluated CIPP repair and subsequently developed
new requirements for these installations.
Guideline for the Use and Handling of Styrenated Resins in Cured-in-Place Pipe, NASSCO CIPP
Committee, September 2008.
See Appendix D.
This document presents a state-of-the-art guideline for the use and handling of styrene-based resins in the
CIPP pipeline rehabilitation industry. Members of the committee conclude that CIPP installation sites
managed with good housekeeping will present little opportunity for human health risks and/or
environmental risks; and that studies done to date have concluded that CIPP resin systems do not appear
to be a significant source of styrene or any of the other volatile organic compounds that are typically of
concern in occupational or air quality studies. They also note that relevant studies show styrene
biodegrades quickly in most environments.
Understanding the Environmental Implications of Cured-in-Place Pipe Rehabilitation Technology,
Bridget Donaldson, Andrew Baker, Virginia Transportation Research Council, May 2008.
http://www.virginiadot.org/vtrc/main/online_reports/pdf/08-r16.pdf; or see Appendix E.
From the abstract: To evaluate the potential for impacts on water quality from the steam-cured CIPP
process, seven CIPP installations in surface water and stormwater conveyances were identified and
observed over the course of a 1-year study in Virginia. Water samples were collected from each project
site and analyzed for styrene. The results were then evaluated for compliance with established regulatory
standards and published aquatic toxicity criteria. Water samples collected from pipe outlets at five of the
seven CIPP installations showed detectable levels of styrene. Styrene concentrations were generally
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highest in water samples collected during and shortly following installation. The maximum duration that
styrene was detected at any site was 88 days following the CIPP installation. Although the sites in this
study were not directly linked to sources of drinking water, styrene levels at five sites were higher than
the U.S. Environmental Protection Agency’s maximum contaminant level for drinking water of 0.1 mg/L.
Styrene was detected at five sites for a minimum of 5 days to at least 71 days after installation and was
detected at these sites up to 40 m downstream. Certain measurements were also found to exceed the
values for EC50 (the concentration required to have a defined effect on 50 percent of a study population)
or LC50 (the concentration required to kill 50 percent of a study population) for several freshwater
aquatic indicator species. The findings suggest that the elevated styrene levels could have resulted from
one or a combination of the following: (1) installation practices that did not capture condensate containing
styrene, (2) uncured resin that escaped from the liner during installation, (3) insufficient curing of the
resin, and (4) some degree of permeability in the lining material. A summary of the actions taken by the
Virginia Department of Transportation (VDOT) in response to the preliminary findings of this study is
also provided in this report. VDOT suspended the use of styrene-CIPP for pipes that convey surface or
stormwater while further evaluating CIPP repair and subsequently developing new requirements for these
installations. The new measures include substantial modifications to VDOT’s CIPP specifications; an
inspector training program; increased project oversight; and water and soil testing prior to and after CIPP
installation. Reinstatement of statewide VDOT CIPP installations using the new procedures and
specifications is planned for May 2008.

Survey and Interview Results
The full text of each survey response is provided below. Some responses have received minor edits for
clarity. For reference, we have included an abbreviated version of each question before the response; for
the full question text, please see the Summary of Findings on page 2 of this report.

Alberta
1.

Use of CIPP? No.

2.

Specifications and guidance? N/A.

3.

Water quality and regulatory problems? N/A.

4.

Response to problems? N/A.

5.

Staff contact information: Des Williamson, Director, Bridge and Water Management Section,
(780) 415-1015, des.williamson@gov.ab.ca.

Arizona
1.

Use of CIPP? Yes. We have contracts through our procurement office and know of a few projects
that opted to perform this type of work. AZDOT is still working on its survey response and will
provide more information, including specifications, in the last week of June.

2.

Specifications and guidance? N/A.

3.

Water quality and regulatory problems? N/A.

4.

Response to problems? N/A.

5.

Staff contact information: Leigh Waite, Water Quality Analyst, Office of Environmental Services,
(602) 712-6170, lwaite@azdot.gov.
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Idaho
1.

Use of CIPP? Yes.

2.

Specifications and guidance? Not provided (awaiting response from Construction Engineer).

3.

Water quality and regulatory problems? Not aware of any issues.

4.

Response to problems? N/A.

5.

Staff contact information: Sue Sullivan, Environmental Program Manager, (208) 334-8203,
sue.sullivan@itd.idaho.gov.

Indiana
1.

Use of CIPP? Yes.

2.

Specifications and guidance? See the Technical Advisory for Pipe Lining, 1202-ta.pdf (Appendix
F.1). The CIPP liners feature in the latter half of the Technical Advisory. See also a unique special
provision (USP) that Indiana used as a specification in the past, CIPP USP.pdf (Appendix F.2).

3.

Water quality and regulatory problems? I don’t believe we’ve run into any problems with CIPP
related to water quality. I’ve heard potential concerns about thermal pollution downstream of the
structure from the steam used in the CIPP curing process, but none of the water quality regulatory
agencies have challenged our use of CIPP.

4.

Response to problems? N/A.

5. Staff contact information: Crystal Weaver, Hydraulics Manager, (317) 233-2096,
cmweaver@indot.in.gov.

Maryland
1.

Use of CIPP? The Maryland State Highway Administration (SHA) has had very limited experience
with these types of repairs.
From the Highway Hydraulics Division: We have used this in one or two instances under our time
and materials contract several years ago. It was for a small diameter pipe for a storm drainage
system—no stream, all dry system. No monitoring was done. Since this was time and materials
contract, the work was prescribed in the field by SHA staff. We do not have specification.
From the Structures Engineering Division: We do not use this product for several reasons, cost
being one of them. Highway Hydraulics has used this system since they have smaller pipes and it is
more cost effective to use for certain applications: small pipes under large fills. I am familiar with
the product, one being called Insitu-Form East, which has been around for a long time. It is typically
used in smaller diameter pipes such as 18" diameter or 2' diameter sewers, etc. We have never used it
on any of our small structures or culverts.

2.

Specifications and guidance? None. (See above.)

3.

Water quality and regulatory problems? Not aware of any issues. (See above.)

4.

Response to problems? N/A.
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5.
.

Staff contact information: Bruce Grey, (410) 545-8500, bgrey@sha.state.md.us.

New York

The following responses are based on phone conversations with Michael Mathioudakis and Joe Sicluna,
interviewed at the suggestion of Bridget Donaldson of Virginia DOT.
1.

Use of CIPP? Yes.

2.

Specifications and guidance? See Appendix G.1 and Appendix G.2.

3.

Water quality and regulatory problems?
Michael Mathioudakis (Albany central office): New York has strict specifications for CIPP
repairs, and since these specifications have been in place has not had any problems. It has done some
informal, unscientific testing after implementation of these specifications and didn’t find any
problems. (See Appendix G.3 for testing results.) New York only allows use of water curing, and
never steam curing or UV. NYSDOT uses CIPP widely and is happy with its current CIPP
specifications. [Note that this answer conflicts with that given by Joe Sicluna below.]
Joe Sicluna (Binghamton regional office): Our regional office expressed concerns about styrene
from CIPP installations a few years ago. We tested styrene levels locally and found levels far in
excess of allowable limits. (See Appendix G.3 for water sampling results.) The discharge of hot
water was itself also a violation of water quality standards (both styrene and hot water can affect
trout and other species). Contractors were supposed to prevent this sort of discharge from happening,
but they tended to cut corners and at the time no one took it seriously. As a consequence, NYSDOT
revised its specifications to the effect that contractors had to be in compliance with all applicable
water quality regulations, and no more discharge of wastewater to surface waters is allowed;
everything must be caught in a truck and taken for treatment (although I know of no place where this
kind of waste can be treated). As a result, contractors are opting to use non-styrene products, and I
know of no CIPP contract since the new specifications. [Note that this answer conflicts with that
given by Michael Mathioudakis above.] CIPP probably can be used cleanly if materials are
contained, but that depends on the contractor’s due diligence. UV or steam would produce less
wastewater, but the central office is against their use.

4. Response to problems? NYSDOT responded to concerns from a regional office by changing
specifications.
5. Staff contact information: Michael Mathioudakis, (518) 457-9800,
mmathioudakis@dot.state.ny.us;
Joe Sicluna, (607) 721-8479, jsicluna@dot.state.ny.us.

Ohio
1.

Use of CIPP? Yes—not used very often.

2.

Specifications and guidance?
http://www.dot.state.oh.us/Divisions/ConstructionMgt/Specification%20Files/834_04162010%20for
%202010.pdf
Submittals. Submit a written installation plan for the conduit renewal to the Engineer for acceptance
at least ten days before beginning work. Include the following information:
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1. Design calculations and shop drawings for the renewed conduit. Ensure the calculations and
shop drawings address the polymer physical properties and the lining thickness as shown in
the plans.
2. Methods of cleaning the host pipe.
3. Plan to bypass flow around the host pipe.
4. Video survey of the host pipe before installation.
5. Site specific health and safety plan.
Install resin based liner materials in a dry host pipe. Prevent the accumulation and flow of water
through the host pipe and liner until after the work is complete.
3.

Water quality and regulatory problems? Not aware of any issues.

4.

Response to problems? N/A.

5.

Staff contact information: Ron Trivisonno, Construction Hydraulics Engineer, Office of
Construction Administration, (614) 644-6588, ron.trivisonno@dot.state.oh.us.

Oregon

The following responses are based on a phone call with Paul Wirfs and email correspondence with Ken
Cannon and William Fletcher.
1.

Use of CIPP? Yes.

2.

Specifications and guidance? Our standard specifications and special provisions related to
environmental protection are found here: http://www.oregon.gov/ODOT/HWY/SPECS/index.shtml;
see Standard Specification, Section 00290 - Environmental Protection.
For unique circumstances we use 00290 “Special Provisions.” These are specs that can be modified
to meet site specific concerns. “Specials” are found here:
http://www.oregon.gov/ODOT/HWY/SPECS/Pages/2008_special_provisions.aspx#Part_00200
Also for specs related to CIPP, see Section 00410 - Pipe Lining, found here:
http://www.oregon.gov/ODOT/HWY/SPECS/Pages/2008_special_provisions.aspx#Part_00400;
http://www.oregon.gov/ODOT/HWY/SPECS/Pages/standard_specifications.aspx

3.

Water quality and regulatory problems?
Paul Wirfs: To his knowledge there are no problems with water quality due to CIPP. (See William
Fletcher’s response below for a conflicting answer.) Specifications require that a containment system
be put in place.
Ken Cannon: Oregon fish passage laws limit our ability to use slip line technology on pipes in fish
bearing streams. Slip line repair (in fish bearing streams) triggers a state law that requires us to meet
fish passage standards at the site or mitigate off-site. Meeting the state fish passage standards usually
means we have to replace the structure rather than repair it. My guess is that most (if not all) of our
CIPP work is done on pipes that are not fish bearing, and therefore would not trigger fish passage
laws. From the aquatic biology perspective, using the CIPP technology comes with concerns even in
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non-fish bearing pipes. Chemical and heat contamination could be conveyed to areas where fish do
reside. This kind of contamination could violate water quality standards and cause “take” of fish
protected by the Endangered Species Act. For projects with these concerns, ODOT will direct
contractors to protect natural resources through our Standard Specifications and Special Provisions.
William Fletcher: With regards to regulatory agency concerns, so far CIPP seems to have flown
under the radar. According to one of our biologists who previously was the NMFS/ODOT liaison,
the issue didn’t come up, but he assumed this was more due to lack of awareness that the epoxy
might be an issue than real comfort with its use. I suspect that if NMFS were aware of the Virginia
Transportation Research Center study on styrene releases from CIPP they might be less sanguine. As
it is, CIPP is not mentioned one way or the other in the programmatic [Biological Opinion] NMFS is
developing for use on highway projects in Oregon. Our HazMat Program Coordinator, Jennie
Armstrong, has provided me with the sampling results from a bungled installation of a CIPP repair.
See attached sampling results (Appendix H.1 and Appendix H.2), which detected 174 parts per
million of styrene. Jennie’s description of the event is: “It wasn’t really a spill in the traditional
sense. The sub-sub-contractor was supposed to cure the pipe lining with hot water. Instead they used
steam. This overheated the pipe lining such that it released more styrene (solvent) than it normally
would and such that it melted the old asphalt lining in the original pipe. They also failed to divert all
the incoming water so that water was able to flow between the old pipe and the new lining during
installation. We also suspect they under-sized the lining, which further aided water in getting
between the old pipe and the new lining. As a result the styrene laden water was able to dissolve the
melted asphalt and wash it out into the Willamette River. The styrene levels were so high that our
responder had to wear a respirator to collect samples.” As far as we are aware, this is the only
characterization ODOT has done on water flowing through a CIPP pipe, and it was (we hope) a
deplorable exception to what should normally happen. Jennie has advocated ODOT treating all cure
water and steam from CIPP like any other waste stream, i.e., it must be contained and treated
properly. Our specs in 00290 call for wastes to be contained, characterized and disposed of properly.
Robert Trevis has more information on CIPP use in Oregon, but will be unable to respond until after
June 22.
4.

Response to problems? N/A.

5.

Staff contact information: Paul Wirfs, (503) 986-3526, paul.r.wirfs@odot.state.or.us; Ken Cannon,
Aquatic Biology Program Coordinator, Geo-Environmental Section, (503) 986-3518,
ken.h.cannon@odot.state.or.us; William Fletcher, Water Resources Program Coordinator, GeoEnvironmental Section, (503) 986-3509, william.b.fletcher@odot.state.or.us; Robert Trevis, Culvert
Design Engineer, (503) 986-3860, robert.e.trevis@odot.state.or.us.

Pennsylvania
1.

Use of CIPP? Yes. We have tried CIPP in a few projects, but it is currently not on our approved
products list. The District has requested individual project approvals to use this product. We have
received a New Product application for this product. We are currently evaluating the product, but a
decision has not been made.

2.

Specifications and guidance? See Appendix I.

3.

Water quality and regulatory problems? None.

4.

Response to problems? N/A.

5.

Staff contact information: Sheri Little, Research Project Manager, (717) 787-3584, slittle@pa.gov.
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Tennessee
1.

Use of CIPP? No.

2.

Specifications and guidance? N/A.

3.

Water quality and regulatory problems? N/A.

4.

Response to problems? N/A.

5.

Staff contact information: Suzanne Herron, (615)741-2612, suzanne.herron@tn.gov.

Utah
1.

Use of CIPP? Yes.

2.

Specifications and guidance? See Appendix J.

3.

Water quality and regulatory problems? None.

4.

Response to problems? N/A.

5.

Staff contact information: Denis Stuhff, Hydraulics Engineer, dstuhff@utah.gov.

Virginia
1.

Use of CIPP? Yes.

2.

Specifications and guidance? http://www.virginiadot.org/business/resources/const/cdmemo0811.pdf. See page 5, Method D.

3.

Water quality and regulatory problems? Styrene-based CIPP was evaluated in 2007, prior to the
pipe repair memorandum provided in the above link. The following report describes the monitoring
results and the resulting actions taken by VDOT:
http://www.virginiadot.org/vtrc/main/online_reports/pdf/08-r16.pdf.

4.

Response to problems? Report and resulting specifications are provided above. We are also
currently completing water quality studies on unconventional CIPP (including UV-CIPP and
styrene-free CIPP) and spray-on liners.

5. Staff contact information: Bridget Donaldson, (434) 293-1922,
bridget.donaldson@vdot.virginia.gov.
Follow-up phone call with Bridget Donaldson: The new specifications for styrene-based CIPP are
stringent enough to keep installations clean. Virginia conducted water quality on one installation and
found it to be very clean. Samples were collected at the outlet a few days following installation, and about
10 meters downstream, with the following results for styrene levels:
• Outlet: 0.294 mg/L.
• Downstream: 1.34 mg/L.
These levels are below the toxicity thresholds for rainbow trout (a common indicator species).
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Despite the fact that Virginia’s specifications are working, it can be difficult to ensure a complete cure on
all projects, which means that there is always the danger of uncured pockets of resin that leach into the
water after installation.
Specifications have increased the costs and workload for contractors because they can’t just release cure
water downstream, but have to collect it and properly dispose of it at a wastewater facility; and they must
hire an independent laboratory to do testing after installation. Consequently, the use of styrene-based
CIPP in Virginia has become less common; epoxy-based and UV-based CIPP repairs are more common.
Epoxy-based CIPP has its own water quality issues, and Virginia will also be tightening up its
specifications for this method. UV-based CIPP seems to be cleaner than epoxy-based CIPP. In August
2012, VDOT will release reports on water quality testing results for both UV-based CIPP repairs and
polyuria and cementitious spray-on liners (under the title “Water Quality Implications of Culvert Repair
Options Available for Use by VDOT”; Caltrans recently accepted a spray-on liner into its list of approved
products). The most popular method for repairing culverts other than CIPP involves steel liners
(manufactured by DLB, Inc.). Before the use of CIPP and steel liners, Virginia used pneumatically
applied concrete to patch holes, but such repairs did not last long, and there were concerns about raising
the culvert’s elevation and disrupting stream dynamics and aquatic passage.
Ms. Donaldson recommended talking to Joe Sicluna and Michael Mathioudakis of the New York State
DOT, which conducted its own testing after Virginia’s study. The agency found high styrene content after
a few installations and developed specifications that are even more stringent than Virginia’s. New York is
the only other state that Ms. Donaldson knew of that was publically addressing CIPP installation water
quality issues. She noted that many DOTs are probably reluctant to face the possibility that they might be
engaged in environmentally damaging practices. However, she has also heard anecdotal evidence of other
locales with CIPP-related water quality problems. Ontario has banned the use of CIPP repairs and the
issue is now in litigation; there should be a ruling in January or February. Further, a California wastewater
agency (Central Contra Costa Sanitary District, Martinez, CA) found that styrene from CIPP repairs
damaged its systems.

Washington
1.

Use of CIPP? Yes—on two projects.

2.

Specifications and guidance? WSDOT has only used CIPP repairs on two design-build projects (on
Interstate 405). The contracts did not specify how to replace the culverts, only that they needed to be
replaced. WSDOT does not have any contract specifications for CIPP repairs, nor have we
developed any project specific/special provisions for CIPP repairs. WSDOT is not planning on
developing specifications for CIPP repairs due to the lack of success we’ve had with that type of
work. WSDOT does have specifications for other types of trenchless techniques. Contact Jay
Christianson at (360) 750-7269 for more information.

3.

Water quality and regulatory problems? Yes. WSDOT had problems on both I-405 projects (in
2009-2010 timeframe) during Cured in Place Pipe rehab. The first was on the Kirkland Nickel Stage
1 Project (in the old culvert that used to carry Forbes Creek under I-405). The second was on the
South Bellevue Nickel Project (Trail Creek). In both cases, the water that came into contact with the
curing chemicals was accidentally released downstream resulting in water quality issues. On the I405 Bellevue Project, the Washington State Department of Ecology issued a $9000 penalty to the
contractor for the release of styrene into Trail Creek and failure to report. See our documented
lessons learned and news items (Appendix K).

4.

Response to problems? The following is in our lessons learned database:
RECOMMENDATION: Describe how the knowledge gained can be used.
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The team recommends all stream bearing culverts to be replaced instead of relined in most cases.
However, if relining is still considered for use we recommend all water be diverted around the pipe
being relined. The diversions should be placed well above the work. In addition, the pipe should be
fully blocked downstream of the work to prevent any accidental spills from reaching waters of the
state. The pipe should be cleaned of all liquid compounds and inspected either manually or with a
camera before water is allowed to flow through it. Lastly, contingency and communication
procedures should be in place and strictly followed before and during work and should include all
entities which may be impacted including downstream jurisdictions. Changes to the work plan in the
field during work should only be considered upon consultation with the Project Engineer and
Environmental staff. Environmental staff should be on-site or on-call during these operations.
5. Staff contact information: Christina Martinez, Compliance Branch Manager, Environmental
Services,
(360) 705-7448, martich@wsdot.wa.gov.
Follow-up phone call with Christina Martinez: Christina confirmed that Washington State DOT has
used CIPP on only two projects, and that these involved a discharge of styrene into a creek. The smell of
the styrene was noticed by nearby residents, and there was significant political fallout, a written violation
and a fine. The two instances of use of CIPP were for design-build jobs, for which Washington State
DOT doesn’t direct the contractor on methods and technologies. Washington State DOT is doing a lot of
culvert repairs because it has many older culverts that are undersized for fish passage; these typically
require new and larger culverts, and so Washington State DOT is not typically relining a lot of culverts. It
does some relining for stormwater infrastructure.

Wisconsin
1.

Use of CIPP? No.

2.

Specifications and guidance? N/A.

3.

Water quality and regulatory problems? N/A.

4.

Response to problems? N/A.

5.

Staff contact information: Fred Wisner, Environmental Engineer, Environmental Services Section,
(715) 499-5204, frederick.wisner@dot.wi.gov.

Wyoming
1.

Use of CIPP? No.

2.

Specifications and guidance? N/A.

3.

Water quality and regulatory problems? N/A.

4.

Response to problems? N/A.

5. Staff contact information: Bill Wilson, Standard Plans Group, (307) 777-4216,
bill.wilson@wyo.gov.

14

APPENDIX A
Brown "",
Caldwell

Technical Memorandum

201 North Civic Drive
Walnut Creek. california. 94596

Tel: 925-937-9010

Fax: 925-937-9026

Prepared for:

California Department of Transportation (CaltranS)

prOject Title:

Design Support

Technica l Memorandum

Subject

Review of Styrene Water Quality Goa ls and Recommended Next Steps for CIPP Projects

Date:

March 2, 2012

To:

Hardeep S. Takhar, P.E., Chief, Office of Water Quality, Caltrans

From:

Dr. Khalil Abusaba, Supervising Scientist

Copy to:

Michael Flake, Analette Ochoa (WRECO)

Prepared by:

/~
=--=
Khalil Abusaba, Ph.D.

Reviewed by:

Michael Flake, P.E.

Review of Styrene Water Quality Goals and Recommended

Ne~t

Steps for CIPP Projects

1. Introduction
The purpose of this technical memorandum is to briefly summarize water quality issues related to styrene in
cured-in-place pipeline (CI PP) rehabilitation projects, and recommend potential next steps for the California
Department of Transportation (the Department) to consider in response to recent regulatory developments
related to styrene. This memorandum presents a brief overview of those recent regulatory developments,
summarizes water quality goals for styrene, presents a review of technical studies on styrene toxicity, and
concludes with options for the Department to consider.
The basis for looking into styrene and CIPP was a June 2010, 401-Certification letter from the San Francisco
Bay Regional Water Quality Control Board (SFRWQCB) to The california Department of Transportation,
District 4 of the Department (SFRWQCB, 2010) regarding a Highway 17 culvert repair project. That letter
cited a study by the Virginia Transportation Research COuncit (VTRC) on styrene residues from CIPP
installations (Donaldson and Baker, 2008). The study showed detectable levels of styrene in water samples
collected from pipe outlets at five of seven CIPP installations monitored. Styrene levels detected in the study
exceeded the USEPA maximum contaminant level (MCl) of 0.1 mg/l (100 ~g;l). The study authors
suggested four possible causes of elevated styrene concentrations:

1. Installation practices that did not caPture condensate;
2. Uncured resin that escaped from the liner during installation;
3. Insufficient curing of the resin; and
4. Some degree of permeability in the lining material.
Photographs from the VTRC document uncured resin waste adjacent to pipe outlets after CIPP installation.
The study was commissioned by the Virginia Department of Transportation (VDOT), which had temporarily
suspended the use of CIPP beginning in August 2007 because of concerns over styrene (Griffin, 2008).
VDOT resumed use of CIPP in June 2008 after instituting the following measures to manage projects using
CIPP linings:

1. Substantial modifications to VDOT's CIPP specifications, including requirements for the COntractor to:
a.

Implement control measures to capture raw styrene resin spills

b.

Obtain all necessary diSCharge-related permits

c.

capture and properly dispose of all condensate and cure water

d. Thoroughly rinse cured pipe with water and capture and properly dispose of rinse water prior to reintroducing flow
e.

Employ the services of an independent, environmental services, laboratory or consultant to collect
and analyze soil and water samples upstream and downstream of the rehabilitation project before
the project is initiated and one week after the pipe liner has cured.

2. An inspector training program;
3. Increased project oversight; and
4. Water and soil testing prior to and after CIPP installation.
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The June 2010 letter by the SFRWQCB required certain conditions for the use of CIPP as part of the water
quality certification. The letter required that CIPP specifications be submitted and accepted by the
SFRWQCB's Executive Officer prior to proceeding with CIPP installations. According to the SFRWQCB, the
accepted CIPP specs were to include:
1. Identification of the resin system and actual chemical name of the monomer that will be used during
CIPP installation (including Material Safety Data Sheets);
2.

Deta iled speCifications describing the containment method for all process water;

3. Specifications to repeatedly flush and capture water through the culvert after the liner has cured and
installation is complete;
4. Specifications to test final flush water, including appropriate target constituents and testing methods.
Flush ing and testing shall be conducted until test results show acceptable levels of any target
constituents, including styrene monomer or any other appropriate monomer and any toxic additives;
5. Specifications to appropriately dispose of all process and rinse water with receipt of disposal; and
6. Specif ications to prohibit resumption of natural flow through the culvert until residual styrene
concentrations are not greater than 1 part per billion (jJg.lL) 60 days after installation, or until other
monomer-specific appropriate concentrations are not exceeded 60 days after installation.
The SFRWQCB cited the state-adopted MClof 100 jJg.lL for protection of drinking water supplies, but did not
explain the basis for the 1 jJg.lL restriction.
The water Quality issues raised in the June 2010, 401-Gertification letter could potentially constrain future
use of CIPP by t he Department and other parties seeking to rehabilitate storm drains. To address thiS, water
Quality goals for styrene and available information on styrene toxicity to aquatic life are summarized below,
followed by some preli minary recommendations for reviewing and updating CIPP specifications.

2. Findings
This section summarizes the review of water quality goals and eCOlogical effects of styrene.

2.1 Water Quality Goals
As noted above, the only enforceable numeric objective for styrene in California is the 100 jJg.lL water MCL

for drinking water. That MCL WOUld apply to receiving waters that are deSignated for municipal water supply
(MU N). The Office of Environmental Health Hazard Assessment (OEHHA) has established a Public Health
Goal (PHG ) of 0.5 jJg.lL (OEHHA, 2010). OEHHHA established the PHG after conducting a risk assessment
based on ava ilable scientific research on the toxiCOlOgy and epidemiOlOgy of styrene. OEHHA recommended
that for the purposes of the public health evaluation, styrene be considered a carcinogen. The drinking water
PHG established by OEHHA is ~that there is sufficient evidence that styrene causes cancer in animals and
limited evidence in humans. ~
PHGs established by OEHHA are not enforceable as numeric limits in receiving water or discharges. Human
health information, including PHGs, are considered, along with economic and technical feasibility criteria, by
the california Department of Public Health (DPH) when adopting MCLs that are enforceable water quality
objectives. DPH has not yet completed adoption of an MCl based on the new PHG for styrene. As DPH goes
through the adoption process, it may choose to adopt an MeL higher than the PHG should DPH find
sufficient evidence for the technical or economic infeasibility of attaining the PHG.
The State Water Resources Control Soard (SWRCS) has a compilation of water quality goals (SWRCS, 2010)
that cites a US EPA secondary MCL of 10 jJg.lL for styrene, in addition to the 100 )Jg.ll primary MCl. However,
the USEPA information on drinking water MCLs only lists the 100 ~gtl primary MCl; no mention of a 10 )Jgtl
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secondary MCl was found in readily available USEPA documentation (USEPA, 2010). Other goals listed by
the SWRCB compilation include a reference dose of 140 ~g;l established in USEPA's IRIS database, and a
931 ~g/l health advisory level established by the national academy of sciences.
In summary, 100 ~gll is the lowest enforceable water quality objective goal for styrene that has been
identified to date.

2.2 Ecological Effects of Styrene
A review of available scientific literature on styrene was conducted uSing Google SchOlar
(http:scholar.google.com), using the search words ~styrene~ ~toxic~ and confining the search to life,
enVironmental, and biological sciences publications. Table 1 below summarizes effects thresholds for
styrene that were Identified in the literature. The effect thresholds summarized in Table 1 below are all
higher than the 1 ppb limit specified by the SFRWQCB in their June 22, 2010 letter.

of Ecological Effects Thresholds foi s~rene Identified in Published Scientific Arti~,!S-::~

~ ~ Table 1: Sum~mar,.
Effects

Threshold

Basis (organism and effect)

Reference

(~g;LJ

121,040

Zebra fish (8rachydanio reno) 96 hr lC~

72,770

Mitten crab (E. sinensis) 96 hrl~

Wangetal.(2oo7)

18,550

Eastem whlpblrd (P. oIlvaceus) 96 hr lCso

Wang at al.( 2007)

11,350

Water flea (Daphn/8 f1U1$1a, 96 hr LCso

Shen and Yuan (2006)

10,000

Fathead minnow (Pimph8lesptr)meI~ 96 hr LCso

Cushman etal (1997)

9,500

Amphipod (l/y8fellsstztecdj 96 hr LCso

8,960

Diatom (N. cJosterlunlj 96 hr EC50

7,960

Paper wasps (P.

chi~ 96 hr LCso

Shen and Yuan (2006)

Cushman etal (1997)
Wanget al.( 20(7)
Wanget al.( 20(7)

5,940

Malfnegreen algae (Plstymol/8Ss,o.) 96 hr ECso

4,700

Water flea (Daphnia f1U1$14 48 hr ECso

Cushman etal (1997)

4,100

Amphipod (Hysfetls stztet:Jlj NOEC

Cushman etal (1997)

4,000

Fathead minnow (PimphaJesptlJl1lefu5j NOEC

Cushman etal (1997)

1,900

Water flea (Daphnia magna, 48 hr NOEC

Cushman etal (1997)

F.eshwater green algae (SelenastnJmcaplfcomufllnIJ 96 hr ECso

Cushman etal (1997)

Freshwater green algae (SelenaswmcaprlcomutunfJ NOEC

Cushman etal (1997)

720
63

Wanget al.( 2007)

lCSO - concentration at which mortality IS observed In 5096 of the test organISms
ECSO - concentration at which growth inhibition (algae and diatoms) or reproductive
inhibition (water fleas) is observed In 5096 of the test organisms
NOEC - No observable effect concentration

low-level (NOEC "" 63 IJg/L) growth inhibition of freshwater green algae (Selenastrum capricornutum) was
observed in one study. This apparent sensitivity stands in stark contrast to the threshOld for growth inhibition
of marine green algae (Platymonas species), which is a thousand fold higher. Many of the toxicology studies
cited in Table 1 conclude that Mstyrene's potential impact on aquatic and soil environments is significantly
mitigated by its volatility and biodegradability. ~ A study by Alexander (1997) confirms that styrene
concentrations rapidly decline in aerobic surface waters, as a result of VOlatilization, degradation, and
sorption to soils.

Brown '.....c Caldwell
5:V""'"

CIPP' r ,I <lot <

4

Review of Styrene Water Quality Goals and Recommended Next Steps for CIPP Projects

2.3 Styrene Fate and Transport
The principal removal mechanism for styrene in natural waters is volatilization, although bio-degradation
may also playa role. In practical terms, the most efficient way to remove styrene from CIPP installations is to
ensure adequate curing time and heat. In the VTRC study by Donaldson and Baker (2008), styrene
concentrations in water draining through CIPP installations exceeded the MC l (100 ~g,ll) at five of seven
study sites for at least five days after CIPP installation was completed; in three of those sites, styrene
concentrations above the MCl were detected 44 to 71 days after insta llation. The study authors cite the
fOllowing as possible reasons for detection of residual styrene after CIPP projects were completed:
•

Inadequate condensate capture

•

Uncured resin escaping from the liner during installation

•

Insufficient curing ofthe resin

•

Some degree of permeability of the lining material.

Those observations informed the updates to the VDOT specifications for CIPP installations.

3. Recommendations
The establishment of llJg,ll as a post- construction performance standard does not appear to have a
regulatory or scientific basis for protection from ecological effects. Human health effects are currently
regulated by the Mel for styrene, 100 IJglL That human health MCl is lower than all but one of the
ecological effects thresholds listed in Table 1 above.
The lowest identified ecological effects threshold (63 ~g/l) is for growth inhibition of freshwater green algae.
It would be reasonable and defensible for the Department to propose 63 lJg/l as a receiving water goal for
styrene in waters downstream of CIPP installations. This would attain the lowest known ecological effects
threShOld, and provide a margin of safety below the current human health based MCL It would not be
appropriate for the Department to implement the PHG of 0.5 IJgll, until DPH has completed its assessment
of technical and economic feasibility and adopted a new MCl for styrene.
Implementation of Best Management Practices (BMPS) for styrene in CIPP would help the Department build
a record to inform the technical and economic feasibility of attaining styrene concentrations lower than 63
IJg,ll in surface waters following CIPP installations. BMPs could be included as modifications to the existing
standard specification for CIPP installations (California Department Transportation, 2009).
Many aspects of the VoOT contract specifications could be incorporated into the Department's updated CIPP
specification; however, the VoOT specification to rinse with water shOuld be revisited by the Department
before stipulating such a measure. Because styrene is volatile, it may make more sense to force heated air
or steam through a CIPP liner, or allow air curing for a prolonged period of time. Flushing with rinse water
could generate large volumes of water requiring treatment prior to discharge, and is tess efficient than using
the inherent vOlat ility of styrene to remove it from the CIPP installation.
The required curing time will vary depending on the ambient temperature of the installation and the
complexity of the project. In general, greater pipe lengths and greater numbers of turns and bends in the
pipe would lead to longer curing times; higher ambient temperatures could reduce curing times, while colder
ambient temperatures could lengthen the time required to attain 63 ~g/l in water draining through a CIPP
project.
The revised CIPP specification would include the following requirements of the Contractor:
a.

Divert water away from the pipeline prior to installation

b.

Implement contrOl measures to capture raw styrene resin spills
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c.

Obtain all necessary discharge-related permits

d.

capture and properly dispose of all condensate and cure water

e.

Employ the services of an independent environmental services laboratory or consultant to collect
and analyze soil and water samples upstream and downstream of the rehabilitation project before
the project is init iated and one week after the pipe liner has cured.

f.

Require soil and water samples to be analyzed using EPA Method 82608 to attain sufficiently low
detection limits.

g.

Allow sufficient time for air-curing, or force heated air or steam to increase the curing rate, so that
water flowing through the CIPP installation does not cause receiving waters to exceed 63 1Jg/L.

h.

If the contractor does not wish to assess dilution and mixing in receiving waters, they can choose to
show that 63 IJg/L is attained at the end-of-pipe after curing is complete

i.

Do not remove the diversion until attainment of 63 IJg/L in receiving waters or end-of-pipe can be
demonstrated through monitoring.

As these specifications are implemented on a number of projects throughout the state, the Department can
compile the information to provide to DPH to inform their analysis of the technical and economic feasibility
of implementing an MCL lower than the current MCL of 100 IJglL for styrene.
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A Technical Review of VTRC’s Research Report:
Understanding the Environmental Implications of
Cured-in-Place Pipe Rehabilitation Technology
Ed Kampbell, P.E.
President, Rehabilitation Resource Solutions, LLC, 4862 Sarasota Court, Hilliard, OH 43026;
Ph 614-529-8204; Fax 614-573-7617; ekampbell@sbcglobal.net
In May of 2008 the VA DOT issued the results of a study (VTRC 08-R16) of which the
purpose and scope was stated as “to evaluate the potential for impacts on water
quality from use of the steam-cured CIPP process.” What lead them to embark on this
ambitious one year study of seven VA DOT construction sites is somewhat of a mystery;
but, given the potential value of an independent investigative look at the potential
environmental impacts of using styrenated resin systems in storm water system
rehabilitation, the gains from such a study had the opportunity to be a great addition to
the body of information available to the consulting engineering community as they
continued to increase their usage of CIPP in this application. Sadly, the study, in this
author’s opinion, was executed poorly and the subsequent report was written without
practical scientific reasoning. This paper will explore the path of the research, the
findings of the researchers and the value of their technical conclusions.
All engineering works projects must contain an environmental assessment of the
disruption that potentially might occur as a result of the contemplated work; and
trenchless pipeline rehabilitation work using CIPP is no exception. CIPP projects,
however, because of their short duration and limited area of impact typically should fall
under the EPA’s construction general permit (CGP); if at all. Projects fitting under the
requirements of the CGA are those having an impact area of between one and five
acres. This permitting program was established by the EPA in an effort to forego the
massive amount of paperwork that would be required to address each individual small
construction project such as those typical of CIPP projects. In this author’s experience
the impact areas of essentially all CIPP projects are less than one acre in size. Given
such an extremely small footprint it is my interpretation of the regulations that CIPP
project sites would be governed under the broader self oversight requirements for a
hazardous material. Self oversight, however, can be a bit of a challenge as the EPA has
no stated or pre-determined limits for discharges of water containing styrene from
construction sites. Because of this the CIPP installer must consider the assimilative
capacity of the downstream receiving ditch or waterway to accept the estimated
VOC and/or thermal loading that will result from the installer’s chosen process
methodology as it pertains to the known downstream aquatic organisms.
Compounding this analysis, the rapid volatilization of styrene in the environment has to
be taken into account. Acute toxicity studies, by their nature, hold the concentrations
of the “toxins” under scrutiny at a constant level for the reported study period;
inconsistent with styrene’s high volatilization rate in the real world. Further supporting this
self diminishing impact is the fact that styrene has been confirmed to be not
bioaccumulative.

In VTRC 08-R16 the researchers state that a literature review revealed that spills of
uncured resin from CIPP installations can cause large fish kills. As an example of this fact
they cited a Lockheed Martin Energy Systems internal report dated August 17, 1995,
that recounted the installation of 280 linear feet of 36-inch diameter CIPP into a
stormwater pipe. The CIPP was cured using hot water and during processing it was
estimated that “approximately three to four gallons of uncured resin extruded into the
manhole at the lower end of the liner …” Because the stormwater system under
rehabilitation discharged into the East Fork Poplar Creek, the project’s engineer
directed the installer to hold the process water in the cured liner until it reached a
temperature of 72 F before discharging it into the downstream piping and subsequent
holding lake. Normally, the installer’s processing steps called for cutting a 2-inch
diameter hole to allow the 90-100 F water to drain slowly from the cured lined
which had been demonstrated to cure “the extruded uncured resin causing it to
precipitate out as an insoluble solid”. The post installation discovery of a fish kill in
the East Fork Poplar Creek having a measured dead count of 5500 fish was quickly
attributed to a styrene release when a quantity of uncured resin was found in
the downstream manhole of the lining work. The concentration level of the water in
the manhole was around 100ppm. Curiously, the styrene concentration in the
holding lake at this same point in time was found to be 0.066ppm; and the outfall
point to the creek was not sampled. No information was given in the posted report to
ascertain the validity of the assumption that styrene was indeed the culprit.
Certainly a discharge containing 0.066ppm would not have triggered such an
occurrence. On a positive note the report’s author stated that, “After dead fish were
observed, actions were implemented to remove the uncured resins from the creek and
the storm drainage system. The creek, lake, and aquatic life returned to normal
conditions after the cleanup efforts were completed.” VTRC 08-R16’s authors went on
to state in their opinion that “Except in the immediate vicinity of a spill, exposures to
styrene are not deemed to cause deleterious effects on natural communities of
organisms. Styrene volatilizes rapidly and has not been shown to bioaccumulate in
organisms to any measurable extent.” Further, they related other bodies of work that
had shown that styrene “introduced in river water in concentrations up to 37mg/L was
reduced [naturally] by 99 percent after 20 days.” And that “Fu and Alexander found
that 50 percent of 2 to 10mg/L was lost by volatilization in 1 to 3 hours in lake water
samples.” Common sense tells one that while styrene can indeed kill fish and other
aquatic organisms, the risks are essentially nil when proper housekeeping practices
are in use to contain, pick up and dispose of any uncured resin that occurs during the
installation of the CIPP. While this one incident was cited in the report, it’s hard to
find any other writings of styrene related fish kills caused by CIPP installations. There
are numerous examples of this happening at resin manufacturing and processing
facilities; but none that I could find for CIPP.
There were seven CIPP installation sites monitored for VTRC 08– R16 representing the
installation practices of three CIPP installers. None of the installations chosen
represented curing the CIPP by hot water or UV light; only sites utilizing the steam curing
method were evaluated. Further, no review was made of the various installers curing
expertise or confirmation of the resultant CIPP’s percent of cure. Being culvert
installations, the sites were classified as having low intermittent flow, low to medium
continual flow, low to heavy continual flow, and medium to heavy continual flow. The

timing of the samples taken to measure the styrene content in the downstream
waterway was varied; and in some cases no measurements were made until 15 days
after the installation. At site number 4, the stormwater pipe only carried flow during
rainfall events so the researchers chose to pour one gallon of distilled water into the
inlet of the pipe and capture it on the outlet end; that’s one gallon of water running
through 121 linear feet of 24-inch diameter pipe. While the researchers stated that
upstream samples were taken at sites 2, 5, and 7 at the commencement of testing,
upstream samples were not taken at sites 1, 3, 4, and 6 at the commencement of their
monitoring; nor were any upstream samples taken throughout the course of the study
which could have provided the user of the report with confidence that the styrene
concentrations were the resultant of the newly installed CIPP. This fact was particularly
disturbing to the NASSCO styrene task group as the flows carried by these stormwater
installations carry flow from the roadway; and automobile emissions are a known source
of styrene in the environment. A condensed presentation of the styrene concentrations
found by the researchers is shown in the table below.
Site #
1
2
3
4
5
6
7

Upstream
N.R.
N.R.
N.R.
N.R.
N.R.
N.R.
N.R.

At Outlet

Post Curing, Conc. in ppm/Days after
installation

(Condensate)
29
4.9/1
31
1.2/1
77
2.2/5
N.R.
0.006/37
N.R.
<0.005/15
N.R.
43/15
N.R.
<0.0058/16

3.1/8
44/6
<0.005/23
0.71/71
<0.005/30
0.14/44
<0.005/31

.009/32
22/24

1.4/50

<0.005/88
<0.005/56

What is the assimilative capacity of the seven project sites investigated? No analyses
were made by the researchers.
Were there any observed fish kills or other environmental impact to these project sites?
None were reported by the researchers.
As these are stormwater pipes, the contaminate loading rates should have been
assessed based upon the assimilative capacity of the receiving waterway and the
aquatic species therein. Instead, the concentrations measured by singly taken grab
samples were compared against the maximum contaminant level for styrene in treated
drinking water; o.1ppm. Additionally, we were provided with reference levels of styrene
concentration for the water flea (48-hour E50) and rainbow trout (96-hour LC50). From the
lack of documented environmental impacts at these sites one can logically conclude
that the assimilative capacities of the receiving waterways were in fact not exceeded
by the direct discharge of the measured styrene concentrations from these CIPP
processing operations, or by the subsequent styrene concentrations measured in the
stormwater flushing of the newly installed CIPP.
VTRC 08-R16’s preliminary findings issued in mid, 2007 were that the VA DOT should
suspend the use of styrene-based CIPP and undertake additional study to understand

CIPP, that the DOT should evaluate their contract documents to ensure that CIPP
contractors are specifically required to prevent the escape or leaching of process
residuals (capturing and properly disposing of cure water, cure steam condensate, and
escaped resin), and if styrene-based CIPP is re-instated that the DOT should ensure that
it has proper oversight on hand during the CIPP’s installation. As a result of these findings
and the researchers’ recommendations, the following notable changes were issued by
the VA DOT in April of 2008:
1. A project inspector, properly trained in CIPP, must be present for the duration of
each
installation.
2. The contractor must obtain and comply with all discharge related permits,
including air, water, and wastewater treatment
3. Styrene resin based CIPP systems must have an impermeable inner and outer
plastic film or plastic pre-liner to promote complete polymerization, prevent resin
migration and loss, and prevent styrene contamination of the interior of the
finished product.
4. For styrene resin based systems, the contractor shall place an impermeable
sheet immediately upstream and downstream of the host pipe to capture any
raw resin spillage during installation and shall remove and properly dispose of
any waste materials
5. The contractor must submit preconstruction installation and cure specifications.
Included therein shall be the requirement for monitoring temperature via a
minimum of three thermocouples on the outer surface of the liner (one at the
upstream end, one at the downstream end, and one at the approximate
midpoint of the lining). The thermocouples shall be connected to a data logger
capable of producing a print-out which shall be given to the project inspector.
6. Additional lining materials and measures to ensure the containment of resin and
styrene
7. Procedures for monitoring the curing of the CIPP lining material
8. Thorough rinsing of the finished CIPP
9. The contractor shall capture and properly dispose of cure water, cure
condensate, and rinse water by transporting it to an off-site disposal location
10. Water and soil testing to be done prior to and after installation. Samples shall be
taken within three feet of both ends of the pipeline being rehabilitated. The post
installation sampling must be accomplished within one week of the installation.
The results of the impact of the above made changes to the VA DOT’s specifications
have essentially been mixed. Some installers already had a policy in place to transport
and dispose of the process water from hot water curing at a nearby wastewater

treatment facility because of the lack of definitive information on the process water’s
potential environmental impact and the general public’s fear of chemicals that smell.
Steam condensate is not typically transported away. Appropriate permits were
obtained in the past by most installers; the question going forward is, “Have they been
missing any required permitting?” In the short-term the requirements have resulted in
some of the installers not bidding the DOT’s projects while they sort out these new
requirements. Those that are continuing to bid the work say the pricing of the work has
approximately doubled since their implementation. The environmental costs to
transport the water used in the CIPP processing (increased engine emissions, diesel
usage, etc) have not been quantified. It is logical to conclude, however, that there has
been a negative environmental and economical cost to the new requirements as the
DOT has chosen to implement them. Is this added cost technically justified?
In the newly issued NASSCO Guideline for the Use and Handling of Styrenated Resins in
Cured-In-Place-Pipe the guideline’s authors concluded that “All CIPP resin systems
require that good housekeeping be practiced by the installation team on the project
site.” Further, provisions must be made by the contractor in advance for containing any
accidental spillage of the resin on the work area. By law, spills less than the hazardous
materials “reportable quantity” of 1000 pounds of styrene (2500 pounds of resin) are to
be handled in a responsible manner by the contractor. Absorption with an inert
material and placing in an appropriate waste disposal container is the industry
standard for handling small spills like this on the ground. Oil dry, kitty litter and sand work
well for this action. If the spill occurs on a hard surface, the area should be scrubbed
with soap and water after the bulk of the spill has been cleaned up by the absorbent
material. If the spill gets into a waterway, the spill should be contained using a
temporary dike. The resin can then be picked up by vacuuming the resin into a vacuum
truck and subsequently placed in an appropriate waste disposal container.
It is imperative that the processing of the liner, whichever method of curing is used, is
properly completed. Properly cured liners release little or no styrene to the environment.
Thermocouples placed strategically in the liner-host pipe interface are a must. A written
curing schedule developed for a CIPP system acknowledging the conditions that can
be present in the curing environment and the resin system proposed will lead to a
proper cure and a long CIPP life; and, in this author’s opinion, no measurable
environmental impact.
In the NASSCO guideline proper curing and handling of CIPP systems is recommended
to be done using the following steps:
Water Curing
Sanitary Sewers
1. Cure resin system per written curing schedule
2. Release process water to the sewer after per industry standards
during/after cool-down.
Storm Sewers and Culverts
1. Cure resin systems per written curing schedule
2. Based upon receiving waterway’s assimilate capabilities
a. Discharge water once at ambient air temperature

b. Discharge water once styrene concentration is confirmed to be
at or below 25ppm; or
c. Transport process water to nearest wastewater treatment
facility

Steam Curing
Sanitary Sewers
1. Cure resin system per written curing schedule
2. Release condensate water directly to receiving sewer while processing
Storm Sewers and Culverts
1. Cure resin system per written curing schedule
2. Based upon receiving waterway’s assimilative capabilities
a. Detain condensate in a lined holding pond until it cools to
ambient
b. Discharge water once styrene concentration is confirmed to be
less than 25ppm; or
c. Retrieve condensate by pumping it into the steam generation
truck’s reservoir; or
d. Transport condensate to nearest wastewater treatment facility.
Using the above recommendations, any residual styrene concentrations from a
properly cured resin system that are taken into the runoff water from storm events will
typically be short-lived, in the range of less than 1.0ppm and therefore pose no
significant environmental threat.
The VA DOT had a real opportunity to provide the industry with an independent review
of its practices and refine them as needed to preserve their cost-effective (and
environmentally-effective) usage. The report falls short on this and the conclusions
reached were not based on sound engineering principles. The end result is a document
that is misleading to the general public and of little use to the technical community
without a lot of work to sort out the test results and what guidance they may provide.

APPENDIX C

Environmental Implications of Cured-in-Place
Pipe Rehabilitation Technology
Bridget M. Donaldson
CIPP rehabilitation is common worldwide. The CIPP business was
pioneered by Insituform Technologies, Inc., which now performs
projects for industries and municipalities in 40 countries and for
transportation agencies in 36 U.S. states (4).
Despite its widespread and frequent use, little has been investigated
about the environmental impact of CIPP technology on surface water
or aquatic habitat. Although literature on the mechanisms involved in
CIPP rehabilitation is readily available, studies have not been published that relate to the potential environmental impacts of effluent
leaked or discharged downstream or chemicals leached from the
cured pipe after the installation is completed. Of particular concern
are the potential effects of styrene, which is commonly used as a main
component of the resin that saturates the lining tube. Styrene is classiﬁed by the U.S. Environmental Protection Agency (EPA) as a mutagen and is thus potentially carcinogenic (5). In certain concentrations,
styrene is toxic to aquatic species (6–9).
The Virginia Department of Transportation (VDOT) uses CIPP
repair technology for many of its pipes that convey streams or storm
water beneath or along roads. VDOT uses CIPP rehabilitation more
than any other pipe repair method and issues contracts to several
companies to perform this work (S. L. Hite, unpublished data).

Cured-in-place pipe (CIPP) technology is commonly used for pipe rehabilitation, and transportation agencies are increasingly using it to repair
damaged pipe culverts. In typical CIPP applications, a lining tube saturated with a styrene-based thermosetting resin is installed into the damaged pipe. Subsequent curing with a heat source results in a pipe within
a pipe. In this study, seven styrene-based, steam-cured CIPP installations in surface water and storm water conveyances in Virginia were
identiﬁed and observed over the course of 1 year. Although the sites
were not directly linked to sources of drinking water, styrene levels at
ﬁve sites were higher than the Environmental Protection Agency’s maximum contaminant level for drinking water of 0.1 mg/L. These concentrations were detected at these sites for a minimum of 5 days to 71 days after
installation. Certain measurements were also found to exceed the concentration required to kill 50% of several freshwater aquatic indicator species.
The ﬁndings suggest that the elevated styrene levels could have resulted
from one or a combination of the following: (a) installation practices that
did not capture condensate containing styrene, (b) uncured resin that
escaped from the liner during installation, (c) insufficient curing of the
resin, and (d) some degree of permeability in the lining material. In
response to the preliminary ﬁndings of this study, the Virginia Department
of Transportation suspended the use of styrene CIPP for conveying surface or storm water while the department further evaluated CIPP repair
and subsequently developed new requirements for these installations.

BACKGROUND
Because many pipes and culverts were placed more than 20 years
ago, repair or replacement of damaged or worn pipes is becoming a
large maintenance concern in the United States. Cured-in-place pipe
(CIPP) rehabilitation is one of several “trenchless” pipe repair technologies that allow users to repair existing underground pipes in
place rather than their using the conventional method of unearthing
and replacing sections of damaged pipe. Trenchless technologies
were first developed about 25 years ago and were used primarily
in Western Europe until about 15 years ago, when departments of
transportation and construction outﬁts in North America began to
use them (1). In the mid-1990s, when the City of Houston, Texas,
undertook a major overhaul of its sewer system, contractors used
trenchless methods for 87% of the repairs, involving millions of feet
of pipeline. Of the many trenchless methods available, contractors
used CIPP technology signiﬁcantly more than any other in situ pipe
rehabilitation method (2). CIPP repair dominates the underground
pipe rehabilitation industry (3), and both above- and underground

Procedures and Materials for CIPP Installations
Typical CIPP operations begin with the project setup, which includes
measures to prevent water ﬂow through the damaged host pipe. ASTM
standards for CIPP procedures specify that bypassing or diverting
the ﬂow should be done by pumping the ﬂow to a downstream point
(10, 11). Rocks and debris are then removed from the pipe. The next
phase of the operation is liner insertion. The resin-saturated liner,
which has been transported from the factory via a refrigerated truck,
is inserted into the host pipe. Depending on the company, the liner
is either pulled or inverted through the host pipe. Inversion is accomplished by forcing air into one end of the liner, causing the liner to
turn inside-out as it travels the length of the host pipe. The liner is
expanded to conform to the inner dimensions of the host pipe and
is subsequently cured to form a pipe within a pipe. Typical curing is
achieved by circulating heated water or steam through the pipe to
polymerize the resin material. The curing process takes up to several
hours, depending on the size of the pipe. It and the subsequent cooldown period generate spent process water or steam condensate. ASTM
standards (10, 11) specify that, during the cool-down period, hot
water or steam effluent should be drained through a small hole in the
downstream end of the pipe and cool water should be introduced as a
replacement. Following the cool-down period, the closed ends of the
cured liner are cut open, and generally a video camera is inserted into
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the pipe for a ﬁnal inspection. A more detailed explanation of CIPP
procedures is provided in ASTM F1743-96 (10), ASTM F1216-07b
(11), and ASTM D5813-04 (12). These three standards contain a
caveat that “it is the responsibility of the user to establish appropriate
safety and health practices and determine applicability of regulatory
limitations prior to use” (10–12).
The pipe lining material used in CIPP operations is composed of
absorbent nonwoven felt fabric that is presaturated (at the manufacturing facility) with a thermosetting resin. Typically, the liner
tube has a membrane coating to protect and contain the resin; the
membrane is generally a ﬂexible thermoplastic, such as polyethylene or polyurethane (3). This coating is normally only on the inner
surface of the ﬁnished product. This arrangement allows the resin
to migrate into any voids, such as joints or cracks, in the host pipe
before curing. Three types of resins are typically used in CIPP applications: unsaturated polyester resins, vinyl ester resins, and epoxies
(3). Unsaturated polyester resin and vinyl ester resins are the most
common and contain styrene; epoxies do not.
The styrene content of polyester and vinyl ester resins is generally
on the order of 30% to 50% (by weight). A material safety data sheet
obtained from one vendor shows the styrene content of the resin to be
44% (by weight), with the remaining components made of unspeciﬁed
polymers (50% to 54%) and colloidal silica (1% to 5%) (13).

Standards and Toxicity Studies on Styrene
Concentrations in Water
The EPA drinking water standard lists the maximum contaminant
level (MCL) for styrene as 0.1 mg/L (0.1 ppm) (5). The EPA does not
have established regulatory standards for ecological toxicity speciﬁcally for styrene concentrations in water. In Canada, however, a section of the British Columbia Environmental Management Act sets
limits for toxins in discharged effluent (14). Under the act’s municipal sewage regulation (which includes regulations for surface water),
effluent must not be discharged unless any toxins in the effluent are
below the lethal limit for rainbow trout (Oncorhynchus mykiss) as
determined by Environment Canada’s 96-h lethal concentration
(LC50) bioassay test method (i.e., the concentration required to kill
50% of the test population after 96 h of exposure to that concentration)
for this species (15).
Numerous acute toxicity studies have documented the impacts
of styrene on aquatic organisms (6–9). Table 1 provides a summary

TABLE 1

of published values for acute styrene toxicity studies for several
aquatic indicator species that are found in freshwater habitats throughout the United States. Indicator species are sensitive to pollutants,
and their disappearance from a body of water can be indicative of
contamination.
The literature reveals that spills of uncured resin from CIPP
installations can cause large ﬁsh kills. About 3 to 4 gal of uncured
resin were released during a CIPP installation (the location of which
was not disclosed in the report) on a storm water drain (16). The
residual uncured resins were carried to a creek, resulting in the death
of more than 5,500 ﬁsh of various species. Water samples indicated
a 100 ppm (100 mg/L) concentration of styrene in the downstream
manhole at the project site (16). Except in the immediate vicinity of
a spill, typical environmental exposures of styrene are not deemed to
cause deleterious effects on natural communities of organisms (17).
Styrene volatilizes rapidly and has not been shown to bioaccumulate
in organisms to any measurable extent (17). Rates of volatilization are
dependent on many factors, including styrene concentration, water
temperature, and oxygen availability. Styrene compounds degrade
more rapidly once microorganisms adapt to their presence (17, 18).
Bogacka et al. found that the styrene (and other aromatic hydrocarbons) introduced to river water in concentrations up to 37 mg/L
was reduced by 99% after 20 days (18). Fu and Alexander found that
50% of 2 to 10 mg/L was lost by volatilization in 1 to 3 h in lake
water samples (19).
Styrene has a high degree of adsorption onto soils, and although
styrene will mineralize to carbon dioxide under aerobic conditions
(19), some is readily desorbed from soil and can enter groundwater.
It is not expected to be transported considerable distances through
soil, however, because of its high biodegradability (19).

PURPOSE AND SCOPE
The purpose of this study was to evaluate the potential for impacts
on water quality from use of the steam-cured CIPP process. Of the
thermosetting resins used in CIPP applications, styrene-based resins
are the most common. Thus, this research focused on styrene-based
CIPP products.
To gather information on the methods used in VDOT’s CIPP
installations and to analyze the impacts that the process might have
on water quality, seven steam-cured CIPP installations in Virginia
were identiﬁed and observed over the course of a 1-year study. Water

Styrene Toxicities for Various Freshwater Indicator Species

Aquatic Species
Water ﬂea (Daphnia magna)
Amphipod (Hyalella azteca)
Fathead minnow (Pimephales
promelas)
Rainbow trout (Oncorhynchus mykiss)
Freshwater green algae (Selenastrum
capricornutum)

LC50 or EC50a (mg/L)

NOECb (mg/L)

Reference

48-h EC50: 4.7
48-h EC50: 1.3
96-h LC50: 9.5
96-h LC50: 5.2
96-h LC50: 10
96-h LC50: 2.5
96-h EC50: 0.72
72-h EC50: 2.3

1.9
0.81
4.1
2.6
4
N/A
0.063
0.53

(6)
(7)
(6)
(7)
(8)
(9)
(6)
(7)

Lethal concentration (LC50) and effective concentration (EC50), or the concentration required to kill (LC50)
or have a deﬁned effect (EC50) on 50% of the test population after a given number of hours of exposure in
that concentration.
b
No observable effect concentration, or the highest limit at which no mortalities or abnormalities were
observed.
a
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samples were collected from each project site and analyzed for styrene.
The results were then evaluated for compliance with established
regulatory standards and published aquatic toxicity criteria.

METHODS
Seven CIPP installations were identiﬁed within the Piedmont and
Blue Ridge physiographic provinces of Virginia, and water samples
were collected over the course of this 1-year study (Table 2). The
installations were conducted by three primary companies that perform CIPP rehabilitation in Virginia. All project sites were surface
water conveyances in which the pipe inlet and outlet were exposed,
with the exception of Site 4, which was an entirely subsurface storm
water conveyance. None of these sites directly links to a source of
drinking water.

Field Observations
Project sites were observed during CIPP installations and at various
periods after the installations were complete. Because the CIPP installations observed continued up to 30 consecutive hours and because of
the distance between the project sites, the author could not be present
to collect samples at consistent intervals during and after all installations. Observations of incidents that could potentially result in
adverse impacts to water quality were documented.

During some sampling periods at ﬁve of the six surface water sites
(Sites 1, 2, 3, 5, and 7), samples were also taken from the water
5 to 40 m downstream. At Sites 2 and 3, a sample was taken from
the stream water within 1 m of the outlet during steam condensate
release. Water samples were collected, depending on the site, for
30 to 116 days after CIPP installation, until the styrene concentration
at the site was below the reporting limit (0.005 mg/L) of the primary
laboratory (Microbac) used in this study.
The subsurface storm water pipe at Site 4 conveyed water only
during rain events. Because it was difficult to time-sample collections with rain events, a rain event was simulated for each sampling
period by pouring 1 gal of distilled water into the inlet of the repaired
section of pipe and capturing the water as it ﬂowed out of the outlet
of the pipe section.
All samples were collected into 40-ml volatile organic analysis
vials with HCl preservative. The samples were packed on ice and
sent to the laboratory via an overnight courier service. All samples
were analyzed by Microbac Laboratories in Baltimore, Maryland,
for styrene in accordance with the EPA’s SW-846 Method 8260B
(20). Samples collected at the last one to two sampling periods from
Sites 1, 4, 5, 6, and 7 were also sent to Air, Water, and Soil Laboratories, Inc., in Richmond, Virginia. These samples were also packed
on ice and sent to the laboratory via an overnight courier service.
Sample analyses were blind in that locations and project descriptions
were not disclosed to either laboratory.

RESULTS
Water Samples

Field Observations

A control sample was collected from the water within 1 m of the pipe
outlet at Sites 1, 3, and 4 immediately before CIPP installations. At
sites that were not monitored until the installation was under way
(Site 2) or until 15 to 16 days after installation (Sites 5 to 7), a control sample was collected after installation at least 10 m upstream
from the pipe inlet. Water samples were collected at various intervals during installation at Sites 1, 2, and 3 and at various intervals
after installation at all seven sites. During each sampling period,
a sample was taken from the water within 1 m of the pipe outlet.

Table 3 lists observations during and following CIPP operations at
Sites 1 through 4, including descriptions of post-project conditions
shown in Figure 1.
The author observed effluent from the steam condensate being
discharged downstream by workers at Sites 2 and 3. At Sites 1, 3,
and 4, the author observed uncured resin residue waste immediately
outside the pipe outlet or inlet. A sample of the uncured resin left in
the streambed at Site 1 (collected 1 day after installation) had a
styrene concentration of 580 mg/L.

TABLE 2

Project Descriptions for Seven CIPP Installations in Virginia
Pipe Size

Site

County

Route No.

Diameter (in.)

Length (ft)

1

Spotsylvania

1316

36

71

2

Prince Edward

15

18

60

3

Prince Edward

628

30

100

4

Albemarle

1722

24

121

5

Nottoway

460

15

112

6

Nottoway

460 (business)

18

64

7

Nottoway

613

30

60

Project
Conveys an unnamed tributary drainage to Massaponax Creek. Drains
into concrete-lined ditch. Continual ﬂow.
Conveys an unnamed tributary drainage to Briery Creek. Drains into
earthen ditch. Intermittent ﬂow.
Conveys an unnamed tributary drainage to Dickenson branch of Briery
Creek. Drains into stream bed. Continual ﬂow.
Conveys stormwater entirely below ground. Drains into stormwater pond.
Intermittent ﬂow.
Conveys an unnamed tributary drainage to Lazaretto Creek. Drains into
stream bed. Continual ﬂow.
Conveys an unnamed tributary drainage to Jacks Branch. Drains into
stream bed. Intermittent ﬂow.
Conveys an unnamed tributary drainage to Deep Creek. Drains into
stream bed. Continual ﬂow.
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Environmental Observations for Four CIPP Installations for Surface Water Conveyances
Effluent (Steam Condensate)
Disposal Method

Site

Stream Flow Management

Curing Method

1

Temporary dam

Steam

Not observed (authors not present at
this stage of installation)

2

None necessary (dry pipe at
time of installation)

Steam

3

Temporary dam

Steam

Discharged by workers in stream
(see associated water sample
results in Figure 2)
Discharged by workers in stream
(see associated water sample
results in Figure 2)

4

None necessary (dry pipe at
time of installation)

Steam

Not observed (authors not present at
this stage of installation)

At Sites 1, 2, and 3, algal blooms were apparent within 6 to 8 days
after installation (A. L. Mills, unpublished data); algae were not visible at any of these sites when visited before the CIPP installation
and were not present upstream of the installation. (The other three
surface water sites in this study were not monitored until 15 and
16 days after installation; algal blooms were not visible at these sites.)
Algae appeared most dense at the pipe outlet (occurring up to 8 in.
below the water surface), and the density decreased further downstream; the algae were present in clusters up to 50 m downstream
from the repaired pipe section. Although the density of algal blooms
appeared to decrease over time, blooms were observed 50 to 55 days
after installation. Blooms were no longer visible 78 to 88 days after
installation.

(a)

Postproject Conditions
Extruded resin in stream (Figure 1a); algal blooms
present at pipe outlet (0 to 10 m downstream,
Figure 1a); residue present at pipe outlet (present
at each sampling period up to study’s end).
Algal blooms present at pipe outlet (0 to 5 m downstream); residue present at pipe outlet (present at
each sampling period up to study’s end).
Extruded resin in stream (Figure 1b); algal blooms
present at pipe outlet (0 to 50 m downstream);
residue present at pipe outlet (present at each
sampling period up to study’s end).
Extruded resin just outside of pipe inlet (present at
each sampling period up to study’s end).

Water Samples
Styrene concentrations in all control samples were below the
reporting limit (0.005 mg/L) of the primary laboratory used in this
study. Samples were collected until styrene concentrations were
below the reporting limit at all sites. Samples collected at the pipe outlet often contained residue that was visible on the water surface after
installation.
Figure 2 provides styrene concentrations at all sites compared
with the MCL of drinking water (0.1 mg/L) and with the median effective concentration (EC50) required to induce a 50% effect) or LC50
values for two aquatic species (as detailed in Table 1), and the laboratory reporting limit (0.005 mg/L), with the horizontal lines indicating
the MCL of drinking water (0.1 mg/L). For styrene concentrations

(b)

FIGURE 1 Uncured resin waste (a) at Site 1 (gray substance adjacent to outlet and along rocks on right side of image), 1 week after
installation, with algal blooms (brown cloudy substance in water) also visible, and (b) extruded during installation (white substance adjacent
to pipeliner and in water) just before pipe end was cut.
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FIGURE 2 Styrene concentrations in water samples collected at pipe outlet during installation
and at sampling periods up to 116 days after installation.

below the laboratory reporting limit, the data points shown merely
indicate that sampling occurred and that the results were below
the limit of 0.005 mg/L; they do not indicate the true concentration value. Samples for three sites were taken during installation,
and samples for all sites were taken at various intervals after installation. No compounds other than styrene were detected in the laboratory analyses.
The results indicate that styrene concentrations were generally
highest in water samples collected during installation, although
comparable levels were detected at some sites several days after
installation. The highest concentration (77 mg/L) was recorded at
Site 3 at the outlet while steam condensate was discharged during
the installation process.
Styrene concentrations and the duration of styrene’s detectable presence were highly variable among sites. Samples from some sites did
not show a consistent decrease in concentration, particularly at sites
with low or intermittent water ﬂow. Although none of the sites was
directly linked to a source of drinking water, styrene concentrations
exceeding the MCL for drinking water were measured at ﬁve of the
seven study sites. The concentrations at Sites 1, 2, 3, and 6 exceeded
the MCL for drinking water (0.1 mg/L) at sampling periods of 5 to 50
days after installation, and at Site 4, the concentration exceeded the
MCL 71 days after installation during a period of very low ﬂow. The
maximum styrene concentrations at four sites (Sites 1, 2, 3, and 6)
exceeded published EC50 or LC50 values (Table 1) for various aquatic
species. At Site 2, the concentration exceeded these values for the
water ﬂea and the rainbow trout for the sampling period of 24 days.

DISCUSSION OF RESULTS
Speciﬁc Observations
At certain times after CIPP installation, styrene concentrations
exceeded the MCL for drinking water at ﬁve of the seven study sites
and exceeded the EC50 or LC50 values of the water ﬂea (6) and the rain-

bow trout (9) (common indicator species) at four of the monitored
project sites. Compared with samples collected from sites with continual water ﬂow, samples from sites with intermittent ﬂow contained
relatively higher styrene concentrations for a greater length of time
after CIPP installation. This observation suggests that ﬂow volume
and regularity are important factors in diluting styrene concentrations.
At the two sites where styrene was not detected, the initial sample
was not collected until 15 and 16 days, respectively, after installation;
therefore, it cannot be known whether these installations had any effect
on water quality or whether styrene, if indeed present, had decreased
to concentrations below detection. At sites where styrene was detected,
styrene was above the laboratory reporting limit (0.005 mg/L) at
sampling periods 44 to 88 days after installation.
Styrene concentrations reached as high as two orders of magnitude
greater than the MCL for drinking water. Concentrations exceeded
the MCL for drinking water for at least 5 days after installation at
ﬁve sites and for at least 44 to 71 days at three of these sites. Concentrations above the MCL were detected up to 40 m downstream.
Although the sites in this study do not directly link to a drinking
water supply, roadway conveyances often carry water upon which
a variety of aquatic species depend. The sample results from ﬁve of
seven sites exceeded one or more aquatic toxicity criterion (EC50 or
LC50 values, Table 2) for styrene, and concentrations exceeding these
values were detected as far as 10 m downstream. Styrene concentrations at one site exceeded the EC50 value for the water ﬂea and the
LC50 value for the rainbow trout for the sampling period of 24 days
following installation.
One apparent ecological change during this study was the emergence of algal blooms, which appeared at three surface water sites
within 6 to 8 days after CIPP installation and remained at these sites
for at least 50 to 55 days postinstallation. Algal blooms are often
indicative of poor water quality (commonly from nitrogen or phosphorus pollution) and can have adverse ecological impacts (21). The
fact that algal blooms were not seen at project sites before CIPP
installation could suggest that some aspect of the CIPP process
could be a contributing factor for the blooms, but the speciﬁc cause
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(whether hot–effluent discharge, styrene leaching, factors unrelated
to the installations, etc.) is unknown.
As typical CIPP resins contain between 30% and 50% styrene, even
a relatively small amount of uncured resin could potentially result in
water samples with detectable styrene concentrations at the project
site or downstream. Any resin that might be unintentionally released
during installation would not have been subject to the same curing
conditions as the resin contained within the liner. A sample of the
uncured resin waste in the streambed at Site 1 collected 1 day after
installation had a styrene concentration of 580 mg/L. Styrene was
detected at sites even where resin waste was either not released or had
washed downstream; styrene was also detected at sites long after
observed discharges of steam condensate had been ﬂushed downstream. These observations, coupled with the length of time styrene
was detected after installation, suggest that these installation practices
(i.e., uncured extruded resin and discharge of the steam condensate
effluent) were not solely accountable for the styrene concentrations in
water. These ﬁndings suggest that the resin-saturated liner was not
completely cured during the installation process and continued to
leach styrene, perhaps through or around the inner-membrane liner.
Although the scope of this study did not lend itself to deﬁnitive
determination of the speciﬁc contribution of styrene from each aspect
of the CIPP process, the styrene concentrations identified in the
laboratory tests of water samples may have resulted from one or a
combination of the following: (a) installation practices that did not
capture condensate containing styrene, (b) uncured resin that escaped
from the liner during installation, (c) insufficient curing of the resin,
and (d) some degree of permeability of the lining material.

Standards and Regulations
Although CIPP technology dominates the underground pipe rehabilitation industry and is a common method for above-ground pipe rehabilitation, only 3 of 85 trenchless pipe rehabilitation standards relate
directly to CIPP methods and materials (3). ASTM standards for CIPP
rehabilitation (10–12) do not separate surface water conveyance guidelines from those for sewer lines. They also do not address measures
to ensure containment of the resin that saturates the lining material.
Although ASTM standards (10, 11) contain a caveat that it is the
user’s responsibility to determine the applicability of regulatory limitations before use of the resin, the standards direct users to dispose of
the curing water or condensed steam (effluent) by allowing it to drain
from a hole made in the downstream end of the pipe. Again, ASTM
standards for CIPP procedures specify that the ﬂow be bypassed or
diverted before CIPP installation (10, 11).
A culvert pipe liner guide (22) published by the FHWA lists
existing speciﬁcations for pipe repair technologies and provides a
decision analysis tool designed to help users choose an appropriate
pipe repair method on the basis of various factors. The guide lists some
speciﬁc environmental limitations of CIPP rehabilitation, including
(a) possible thermal pollution from the discharge of the curing water,
(b) potential toxicity of styrene-based resins before completion of the
curing process, and (c) possible hazards to an environmentally sensitive area. The decision analysis tool addresses such concerns for CIPP
technology by assigning it the highest ranking for environmental risk
(on a scale of 1 to 5). Neither the guide nor the decision analysis tool,
however, provides guidelines or additional speciﬁcations (beyond the
referenced ASTM standards) to mitigate environmental risks.
The EPA does not have published standards for allowable levels
of styrene for receiving streams; however, the discharge of pollutants
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(which includes chemical wastes) to waters of the United States
is regulated (23). The discharge of steam condensate or spent cure
water into waters of the United States would require a permit under
the National Pollution Discharge Elimination System (NPDES) or
state equivalent (23, 24). The permit conditions may require pretreatment and monitoring before any discharge. State environmental
regulatory agencies also typically have additional statutory or regulatory authority or both to prevent or regulate the discharge of pollutants
to state receiving waters, including groundwater (25). Although state
or federal agencies could use published water quality standards, such
as the relevant MCL, or published aquatic toxicity criteria to determine acceptable styrene levels, it is unclear what, if any, environmental regulation would govern the leaching of styrene from a ﬁnished
CIPP product.

ACTIONS BY VDOT IN RESPONSE TO
PRELIMINARY RESEARCH FINDINGS
VDOT took several actions upon receiving the preliminary research
ﬁndings of this study:
1. VDOT’s chief engineer immediately placed a stop work order
on all styrene-based CIPP repair projects contracted by VDOT (26).
VDOT subsequently elected to allow CIPP installations on sanitary
sewer projects (under certain conditions) while continuing to review
the use of styrene-based CIPP repair (27).
2. A VDOT task group led by VDOT’s Environmental Division
was formed to evaluate further the use of steam- and water-CIPP
repair projects containing styrene. Task group participants included
members of VDOT’s Scheduling and Contract, Administrative Services, Materials, and Asset Management Divisions, as well as scientists from the Virginia Transportation Research Council (VTRC).
Information gained from this evaluation was to be used to provide
VDOT with recommendations for further action related to the use
of styrene-based CIPP technology.
3. The task group conducted the evaluation, which included
(a) acquiring the services of an independent environmental consultant
to provide third-party veriﬁcation of the preliminary study ﬁndings and
to test additional CIPP sites, (b) meeting with the Virginia Department
of Environmental Quality for support and guidance, and (c) holding
two series of interviews with CIPP industry representatives.
4. The task group issued its evaluation report to the Office of the
Commonwealth Transportation Commissioner in November 2007.
The report provided recommendations about the modiﬁcation of
VDOT’s CIPP contracting speciﬁcations, project management considerations, and conditions for reinstatement of styrene-based rehabilitation (28). The recommendations were primarily designed to
prevent the unintentional release of styrene-based resin during
installation and the leaching of styrene from the ﬁnished product.
5. The Office of the Commonwealth Transportation Commissioner charged VDOT’s Scheduling and Contract Division with
developing an action plan to implement the recommendations outlined in the task group report. In April 2008, these recommendations
were implemented and are incorporated in a VDOT memorandum
that includes revised CIPP speciﬁcations (29). These speciﬁcations
include the following measures:
– A requirement that a VDOT project inspector (who has
undergone a CIPP training program) provide oversight of CIPP
installations for the duration of each installation;
– The acquisition of discharge-related permits, including air,
water, and wastewater treatment;
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– Requirements for compliance with ASTM and other applicable standards;
– A requirement that all CIPP installations be performed “in
the dry” (i.e., no water contained or conveyed in the pipe during
installation);
– A requirement that the contractor submit preconstruction
installation and cure speciﬁcations;
– Additional lining materials and measures to ensure the containment of resin and styrene;
– Procedures for monitoring the curing of the CIPP lining
material;
– Thorough rinsing of the ﬁnished product;
– Proper disposal of cure water, cure condensate, and rinsate;
and
– Requirements for water and soil testing before and after
installation.
Statewide VDOT CIPP installations using the new procedures
and speciﬁcations (29) were reinstated in June 2008. These actions
are part of VDOT’s ongoing effort to prevent the risks associated
with styrene-based CIPP technology and, in doing so, to ensure due
diligence by VDOT for the protection of the public health and safety
as well as the environment.

CONCLUSIONS
• The use of styrene-based CIPP technologies may result in
detectable levels of styrene at and near the work site of the CIPP
installation. In this study, styrene was detected in water samples collected from the pipe outlet during or after installation at ﬁve of the
seven CIPP installations monitored in this study. Styrene concentrations in water samples ranged from <0.005 mg/L to 77 mg/L and
were generally highest in samples collected during and shortly after
installation. The maximum time styrene was detected at any site was
88 days following CIPP installation.
• Although further research is needed to discern the contribution
from each potential source of styrene, the ﬁndings suggest that the elevated styrene levels could have resulted from one or a combination of
the following: (a) installation practices that did not capture condensate containing styrene, (b) uncured resin that escaped from the liner
during installation, (c) insufficient curing of the resin, and (d) some
degree of permeability in the lining material. These factors appear to
pose a risk of negative impacts from the use of styrene-based CIPP
technologies.
• Under the observed conditions, styrene concentrations could
result in violations of state or federal environmental standards or both.
Although the EPA does not have published standards for allowable
levels of styrene for receiving streams, the discharge of pollutants
to waters of the United States is regulated under the NPDES permit
program.
• Research on the ecological and species effects of chronic styrene
exposure in natural conditions would be useful so as to foster an
understanding of the potential impacts. These studies should also look
at the factors that would create conditions leading to algal blooms.
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Disclaimer
This document presents a state-of-the-art guideline for the use and handling of styrene based resins in the CIPP
pipeline rehabilitation industry. Following these guidelines does not guarantee that environmental damage, property damage, personal injury, or other damage or injury will not occur at, on, or near a CIPP installation site.
CIPP projects and the associated risks vary tremendously and must be evaluated on a case-by-case basis. Some
project circumstances may pose environmental risks completely unassociated with styrene. In addition, downstream sewers and receiving waters are variable, not only from place to place but also from time to time, and the
discharge of cure water and condensates must be thoroughly evaluated for each installation. This document is not
intended as a substitute for professional advice pertaining to the use and handling of styrene based resins, and it is
recommended that a professional be consulted for such purposes. NASSCO makes no warranty of any kind whatsoever, whether express or implied, with respect to the guidelines set forth in this document. NASSCO disclaims
any and all liability, including but not limited to property damage, personal injury, or any other manner of damage
or injury arising out of the use of this document or the use and handling of styrene based resins in the CIPP pipeline rehabilitation industry.
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EXECUTIVE SUMMARY
Styrenated resin systems as they are currently used today in cured in place pipe (CIPP) rehabilitation systems produce a safe and environmentally sound solution to the challenges of the need for restoring the nation’s failing infrastructure. While current thought by U.S. academics assessing the overall use of styrene is leaning toward the
conclusion that one might “reasonably anticipate styrene to be carcinogenic”, a similar study carried out by the
ECETOC (European Centre for Econtoxicology and Toxicology of Chemicals) concluded that “the carcinogenic
potential of styrene, if one exists at all, is rated so low that occupational or environmental exposure to styrene is
unlikely to present any carcinogenic hazard to man.” Further, the current U.S. study background information
states that there is no clear connection for styrene as a carcinogen until you add in the exposure to butadiene
and/or benzene; both of which don’t exist in the resin systems used by CIPP installers. The risk associated with
styrene’s use in CIPP is minimal and well within the Clean Water Acts’ original intent of keeping the environment as free as is practical of chemical pollutants. CIPP installation sites managed with good housekeeping will
present little opportunity for human health risks and/or environmental risks.
Although styrene occurs naturally in many foods such as cinnamon, coffee, and strawberries, styrene derived
from petroleum and natural gas by-products have raised many questions about whether its usage in polyester and
vinyl ester resin systems commonly used in CIPP to rehabilitate piping systems has the potential to adversely affect human health and/or the environment. While the CIPP process is a potential source of styrene, studies done to
date have concluded that these type resin systems do not appear to be a significant source of styrene or any of the
other volatile organic compounds (VOCs) that are typically of concern in occupational or air quality studies.
In a study undertaken by the Toronto Works and Emergency Services in 2001, AirZOne, Inc. conducted an investigation of the airborne concentrations of styrene and 24 other VOCs in eight randomly selected residences during
the rehabilitation of sewers with CIPP installation. The study also measured ambient air quality, emissions from
manholes and occupational exposure from these compounds. Air sampling was executed in three phases, before,
during, and after the CIPP’s installation. Styrene levels were elevated significantly during the CIPP installation in
just two homes where the homes’ traps were engineered to be dry in order to simulate a worst case scenario; the
levels, although elevated, proved not to be a health concern. Levels measured in these eight homes were 0.1 to
0.2ppm. Styrene emissions from manholes during the CIPP process ranged from 0.16ppm to 3.2ppm. Personal
exposure of the installation personnel in the breathing zone ranged from 0.08 to 0.5ppm. Styrene in the breathing
zone was well below the industry’s voluntary occupational limit of 50ppm for the installation personnel.
Independent, peer reviewed scientific journals have published numerous studies on the fate of styrene and its
natural occurrence in the environment. “Biodegradation of Styrene in Samples of Natural Environments” by Min
Hong Fu and Martin Alexander of Cornell University, concluded that styrene will be rapidly destroyed by biodegradation in most environments having oxygen; although the rates may be slow at low concentrations in lake waters and in environments at low pH. “Desorption and Biodegradation of Sorbed Styrene in Soil and Aquifer Solids” by Min Hong Fu, Hilary Mayton, and Martin Alexander of Cornell University, concluded that being broken
down by microbes is a major fate mechanism by which styrene is destroyed in soils. The “Ecotoxicity Hazard
Assessment of Styrene” by J.R. Cushman concluded that styrene was shown to be moderately toxic to fathead
minnows, daphnids, and amphipods. It was further shown to be highly toxic to green algae, and slightly toxic to
earthworms. There was no indication of a concern for chronic toxicity based on these studies. Styrene’s potential
impact on aquatic and soil environments, it was concluded, is significantly mitigated by the rapid rate at which it
evaporates and biodegrades in the environment. And finally, Martin Alexander, in his “The Environmental Fate of
Styrene”, concluded that transport of styrene in nature is “very limited” because of its volatility from soils and
surface waters, its rapid destruction in air, and its biodegradation in soils and surface and ground waters.
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Because the styrene odor can be detected at such low concentrations (0.4 to 0.75ppm, depending on one’s ability
to detect odors), styrene’s odor can be considered a nuisance to those not used to working around it. Some people
are offended by this odor and are fearful of it; even though the concentrations they smell present no harm to them.
To minimize odor problems during the installation of CIPP, residents should be advised to ensure that their sewer
traps are in a proper state of repair. In cases of damaged, dry, or non-existent traps, the areas or rooms where floor
drains or access to traps are located should be ventilated, if possible, by leaving doors or windows open to the
outside during the CIPP installation process.
The CIPP installation contractor should practice good housekeeping and protect the project site such that any accidental resin spillage can be cleaned up and properly disposed of by the contractor. Given the nature of these
resin systems to resist movement once placed in the tube’s fiber matrix only very small quantities should be anticipated; excepting in the case of over-the-hole saturation installations.
The impact of styrene concentrations in the process water when discharged directly into a sewer collection system
is insignificant. An eight inch pipeline 650 linear feet in length will discharge approximately 1700 gallons of water to the receiving sewer. At a typical concentration of 20ppm, the resultant discharge would be less than 0.3
pounds of styrene. A 48-inch pipeline 650 linear feet in length will discharge approximately 61,300 gallons of
water to the collection system; which, again, amounts to approximately 10.2 pounds of styrene at a concentration
level of 20ppm. With the assimilative capabilities of the downstream flows, no harm is thus anticipated to the
wastewater treatment works and/or the POTW’s discharge requirements.
Based upon the above given discharge quantities of typical CIPP installations, a CIPP installation contractor discharging these same quantities of process water to a ditch or other waterway is expected to meet the requirements
of the EPA’s small quantity generator exemption. In fact, due to the nomadic nature of the installer’s discharges, a
case could be made that the discharges fall under the category of non-point source contributions. However, the
installation contractor is still advised to consider the negative impacts of the temperature of the water at discharge
if the receiving drainage conveyance contains aquatic organisms that can be harmed by the possible sudden drop
in available oxygen due to the large temperature difference between the process water and the receiving water
body’s temperature.
Any time an environmental release of a hazardous substance exceeds its reportable quantity as defined in 40 CFR
Part 302, the contractor shall report this release immediately to the National Response Center (NRC). The reportable quantity for styrene per 40 CFR § 302.4 is 1000 pounds (or 2500 pounds of resin). Quantities below this
amount are to be handled by the contractor in an expeditious manner; but do not require reporting.
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INTRODUCTION
Styrene is the ideal monomer used for cross-linking polyester and vinyl ester resins. Although alternative monomers have been extensively investigated, none of those monomers have matched the overall performance of styrene. Over the last 30 years the increasing awareness of the need to limit the effects of styrene exposure have lead
the polyester resin processing industry to pursue strategies to reduce exposure in the manufacturing and processing plant environment. Most, if not close to all, of the studies undertaken to date have centered on these producers
and users environments which are dramatically different than the work environment of the CIPP installation contractor. Given the desire to address the rehabilitation industry’s need for standards in the proper safe use and handling of styrenated resins for CIPP, NASSCO created a styrene task force to review the technical information
available from these studies and current CIPP installation practices to produce this CIPP specific guideline. In
addition to this guideline, NASSCO has prepared an Inspector Training Course to properly equip the owner and
the project engineer with the necessary knowledge to ensure that a proper installation is achieved which will
minimize the potential for release of styrene to the environment.
Polyester and vinyl ester resin systems have been used for more than 35 years in CIPP. During this timeframe
there have been no noted serious consequences to their usage in CIPP. However, as no definitive document for
these resin systems as used in this specific application existed, the unknown has given rise to speculation as to
their safety with respect to the work force involved, the general public when the odors enter the structures connected to the piping under rehabilitation, and to the greater downstream environment from where the work is taking place.
Styrene is a common chemical compound found where we live and work. Indoor sources of styrene emissions
include off-gassing of building materials and consumer products and tobacco smoke. Styrene is emitted from
glued carpet, floor waxes and polishes, paints, adhesives, putty, etc.; and infiltration of gasoline-related VOCs
from attached garages is well documented.
Styrene, with its low vapor pressure, is expected to exist solely as a vapor in the ambient atmosphere (Hazardous
Substances Data Bank 2008). In its vapor phase it is expected to react rapidly with hydroxyl radicals and with
ozone. Half-lives based on these reactions have been estimated to range from 0.5 to 17.0 hours (Luderer et al.
2005). Atmospheric washout (the removal from the atmosphere of gases and sometimes particles by their solution
in or attachment to raindrops as they fall) is not expected to be an important process because of these rapid reaction rates and styrene’s relatively high Henry’s law constant (the extent to which a gas dissolves into a liquid is
proportional to its vapor pressure). Outdoor air monitoring by the EPA for 259 monitoring sites involving some
8,072 observations in 2007 showed that the mean concentrations for these sites ranged from 0.028 to 5.74 ppb.
The primary sources of styrene in outdoor air include emissions from industrial processes involving styrene and
its polymers and copolymers, vehicle emissions, and other combustion processes.
Volatilization and biodegradation are expected to be the major fate and transformation processes in water. Again,
based on its Henry’s law constant, styrene is expected to volatilize rapidly from environmental waters; the extent
of volatilization depends on the water depth and turbulence with low volatilization occurring in stagnant, deep
water. The estimated volatilization half-life of styrene in a river three feet deep with a current of three feet per
second and wind velocity of 9.5 feet per second is roughly three hours. Half-lives have been estimated from one
hour for a shallow body of water to 13 days in a lake. Some biological oxygen demand studies have shown styrene to be biodegradable. Cohen et al. 2002 found that styrene generally does not persist in water because of it
biodegradability and volatility.
MATERIAL FACTS
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Styrene Monomer
Property

Value

Auto-ignition Temperature (in air)

914�F

Boiling Point:

14.7 psi
1.9 psi
0.6 psi

293�F
180�F
130�F

Color

Colorless

Corrosivity
Density (in air):

Non-corrosive to metals except copper and alloys of copper
32�F
68�F
122�F

7.71 lbs/US Gallon
7.55 lbs/US Gallon
7.33 lbs/US Gallon

Solubility: Styrene in Water
32�F
104�F
176�F

0.018 gms/100 gmsH20
0.040 gms/100 gmsH20
0.062 gms/100 gmsH20

Solubility: Water in Styrene
32�F
104�F
176�F

0.020 gms/100 gms styrene
0.100 gms/100 gms styrene
0.180 gms/100 gms styrene

Vol. Shrinkage upon Polymerization, typ.

17%

RECEIVING AND STORING CIPP RESINS AND INITIATION CHEMICALS
Resins should be received and stored in controlled conditions. Today’s state of the art facilities for tube saturation
(wet out) consist of temperature controlled storage tanks mounted outside in a spill prevention area with interconnecting piping to the static mixing (and resin system disbursement) unit inside the saturation shop. This minimizes
the typical styrene concentration in the work area to less than 0.5ppm, well below the industry’s voluntary standard of 50ppm (for an 8-hour work period). The remainder of the facilities in use varies from working with resin
stored in totes to resin stored in drums; and catalyzed by combining the initiators, typically Perkadox and
Trigonox, with the resin directly in the drums or in a vat (batch mixing) using a mixing blade. These latter methodologies can, without proper ventilation create styrene concentrations around 2-3ppm in the work area. A well
ventilated work area is recommended if mixing is to be done in this fashion.
Based on studies to date, worker exposure to concentrations between 20 and 50ppm have been shown to produce
no negative health effects. At concentrations above 50ppm, reversible effects on the central nervous system have
been observed. With increasing exposure levels, e.g. levels of 200ppm, a distinct irritation of mucous membranes
can result. Such effects are reversible and similar in character to exposure to solvents without adequate ventilation
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or after excessive intake of alcohol. According to a study carried out by the ECETOC (European Centre for Econtoxicology and Toxicology of Chemicals), the carcinogenic potential of styrene, if one exists at all, is rated so low
that occupational or environmental exposure to styrene is unlikely to present any carcinogenic hazard to man.
Drums and Totes
Drums and totes of resin should not be allowed to stand in the sun for more than a few hours. As soon as possible
after being received, drums and totes should be moved to a cool, shaded area. In hot weather they can be cooled
with a water spray. It is advisable that inventories utilizing these two storage methods be kept to a minimum during summer months and that the resin be stored no longer than is necessary. Having the resin manufacturer acknowledge your usage rates and tailoring any additional inhibitor needs to compensate for the storage environment is strongly recommended.
Inhibitors are customarily added to resin systems to prevent polymer formation and oxidative degradation during
shipment and storage. Inhibitors prevent polymerization in two ways; (1) they can react with and deactivate the
free radicals in a growing polymer chain and (2) they can act as an antioxidant and prevent polymerization by reacting with oxidation products in the styrene monomer. Sufficient oxygen must be present for this inhibition to be
realized. In the absence of oxygen, polymerization will take place as if no inhibitor were present. The rate of the
inhibitor’s depletion is dependent on the set of environmental conditions seen in the storage environment. Heat,
water, and air can greatly accelerate the depletion of the inhibitor; with heat being the most influential. The table
below illustrates the effects of temperature and oxygen levels on the storage time of styrenated resin systems.
Temperature
60�F
85�F
110�F

12ppm Inhibitor
Saturated w/ Air
Less than 3ppm O2
6 months
10 to 15 days
3 months
4 to 5 days
8 to 12 days
Less than 24 hours

50ppm Inhibitor
Saturated w/ Air
1 year
6 months
Less than 30 days

The safe storage and use of resins in non-bulk packaging is described in the National Fire Protection Association’s (NFPA) code 30, chapter 4. Although each state can enforce other fire codes, such as the UFC and BOCA,
the NFPA codes serve as a good initial planning document. It is strongly recommended that contractors engaged
in their own saturating their tubes consult this book if they intend to store resins in non-bulk packaging.
Bulk Storage Tanks
In designing bulk storage facilities, certain basic factors must be considered. Resins containing the styrene monomer can be stored for relatively long periods of time if simple, but carefully prescribed conditions are met. In
addition to the usual precautions taken with flammable liquids against fire and explosion hazards, precautions
must also be taken against conditions that would promote the formation of polymer and oxidation products. To
accomplish this, the design and construction of a satisfactory bulk storage system for styrenated resin systems
requires careful consideration to eliminate excessive temperatures and to prevent contamination of the resin from
infrequently used lines and other equipment.
Vertical storage tanks are commonly used for large volume storage. Horizontal storage tanks are equally satisfactory for resin storage; but are used for smaller volumes such as are typical of CIPP saturation facilities. The inlet
and outlet piping is normally located near the bottom. To facilitate mixing where external refrigeration or heating
are employed, it is recommended that either the inlet or outlet line operate through a floating swing-pipe adjusted
so that the resin is always either withdrawn or discharged a few inches below the surface. Warm resin is with-
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drawn from the top, circulated through the chiller, and discharged to the bottom of the tank; cooling the tank from
the bottom up.
A self-supporting-type dome roof is recommended for vertical storage tanks. This type of construction simplifies
the installation of tank linings and permits the rapid drainage of uninhibited condensed vapors back into the liquid
resin, thus reducing the polymer and stalactite problem. Roof and sidewall openings above the normal liquid levels in the tank should be of large diameter and the number kept to as few as practical. Large diameter openings are
easily lined and can also be used for dual service features.
Insulation and temperature control equipment are key elements of a well done bulk storage system. The resin
should be kept around 65�F (between 60�F and 75�F is acceptable) to facilitate the saturation process and allow
for proper maintenance of the calibration of the resin mixing system.
The working capacity of the storage tanks should be, within reason, based upon the installer’s resin usage. A general rule of thumb is that a bulk tank system should be of a size to allow for the turning of the resin inventory
every 45 days. Given that a full truckload shipment is approximately 4,500 gallons, a typical system would have a
minimum storage volume of 5,500 to 6,000 gallons to ensure that the system does not completely empty prior to
receiving another resin shipment.
Requirements of diking, tank spacing, and other features of safety are detailed in guidelines set by the National
Fire protection Association (see NFPA 30, Chapter 2). These, as well as local building codes and governmental
regulations, should be consulted since some requirements vary with the size and configuration of the installation.
Organic Peroxides
All peroxides are heat sensitive to some degree and require a controlled temperature for storage. Storage temperatures should be kept at, or below, 59�F for longer shelf life and stability. Prolonged storage at temperatures
greater than 68�F is not recommended. Perkadox 16 will degrade if stored at elevated temperatures leading to
gassing and potential container rupture which can result in a fire and/or explosion. Prolonged storage of Trigonox
above 80�F is not recommended. All storage should be done in the peroxides’ original containers away from
flammables and all sources of heat, sparks, or flames; out of direct sunlight; and away from cobalt naphthenate,
other promoters, accelerators, oxidizing or reducing agents, and strong acids or bases.

HANDLING CIPP RESINS AND INITIATION CHEMICALS
Styrene based polyester resins are sensitive to contact with both heavy metals and red metals. Interaction with
these metals is not predictable as in some cases they will inhibit the cure; and in others they will accelerate it.
Common metals to avoid are; copper, brass, beryllium, chromium, lead and galvanized metal. The recommended
metals or plastics to be used for storage and piping are carbon steel, stainless steel, aluminum, polyethylene, polypropylene, and Teflon. Resin transfer hoses must be chemically resistant and approved for use with styrene.
TRANSPORTATION OF RESIN-SATURATED TUBES
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Per previous correspondence with the Federal Highway Transportation Agency, the resin-saturated tube is considered an acceptable “container” for shipment to the project site from the saturation shop. Currently, each tube is to
be identified on its end with a class 9 placard and a description of its contents as shown in the figure to the right. If any
one tube being transported in the truck exceeds 1000
pounds of styrene (approximately 2500 pounds of resin),
then the truck itself must be placarded with the class 9
placard bearing the UN 3077 designation.
The transporting truck should be equipped with provisions
to keep the saturated tubes out of direct sunlight and at or
below 40�F. The floor should be insulated well enough to
keep any heat from the roadway generating heat in the
stored liners.
Depending upon the number of tubes being shipped and/or
the residence time in the truck, styrene concentration levels
in the air space of the storage box can reach approximately
90ppm. While this level can be irritating to the eyes, it will
not produce any harm to the workers (NIOSH allowable
concentration for work areas is 215ppm STEL, or short
term exposure limit) and dissipates quite rapidly once the
doors are opened.
CIPP INSTALLATION PRACTICES
All CIPP resin systems require that good housekeeping be practiced by the installation team on the project site.
Provisions must be made by the contractor in advance for containing any accidental spillage of the resin on the
work area. Further, if more than 2500 pounds of resin (1000 pounds of styrene) is spilled, the spill must be reported to the appropriate local pollution control authorities. Spills less than this “reportable quantity” are to be
handled in a responsible manner by the contractor. Absorption with an inert material and placing in an appropriate
waste disposal container is the industry standard for handling small spills on the ground. Some absorbing agents,
such as untreated clays and micas, will cause an exothermic reaction which might ignite the styrene monomer. For
this reason, absorbing agents should always be tested for their effect on the polymerization of the monomer before
they are used on larger spills. Claymax®, a loose “vermiculite-like” material has been found to be an effective
absorbent. Oil dry, kitty litter and sand will also work well. If the spill occurs on a hard surface, the area should be
scrubbed with soap and water after the bulk of the spill has been cleaned up by the absorbent material. If the spill
gets into a waterway, the spill must be contained using a floating dike similar to those used for oil spills. The resin
can then be picked up by vacuuming the resin into a vacuum truck and subsequently placed in an appropriate
waste disposal container.
Water inversions require that consideration be given to the temperature of the process water and any styrene content it may have after the CIPP installation has been completed. Depending on the volume of water used in the
processing and the receiving environment (sanitary sewer, drainage ditch, waterway, etc), the water may require
transportation and/or treatment prior to its final disposition. As stated in the introduction of this guideline, styrene
readily dissipates through volatilization and degradation. In order to ensure that the cured liner remains tight fitting and dimensionally stable with the release of the cure water, the standard in the industry is to require that the
cool down be continued until the temperature of the liner (and the surrounding ground) is no more than 100�F.
During the cool down process a small hole is made in the downstream end to release hot water as cold water is
introduced at the boiler truck to facilitate this effort. Process water once the liner temperature reads 100�F will
probably have a temperature around 90�F or less which has been observed to have a styrene concentration in the
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range of 20 to 25ppm. The releasing of the process water directly to the sewer is not a problem due to the benefits
of dilution in the downstream wastewater.
Process water released directly to a surface water course such as a drainage ditch or waterway must consider the
allowable styrene concentration with respect to the receiving environment and the possible oxygen depleting capabilities of the process water’s elevated temperature. Based upon the exhaustive literature review of the quick
volatilization of the styrene and its potential to result in any long-term harm to plant and animal life, discharges of
process water having the normal concentration levels of styrene and temperature at cool-down directly to a dry
waterway should pose no harm. Further, while the common practice of many CIPP installers is to transport the
process water to the nearest wastewater treatment facility, releases of process waters to ditches and/or waterways
containing water and/or aquatic life containing no more than a concentration of 25ppm styrene and a temperature
approximately equal to that of the receiving waterway should not create any environmental harm (see note below). For projects requiring large quantities of process water to be directly discharged to the environment, it is
recommended that an engineering analysis be undertaken to determine the assimilative capacity of the receiving
stream with respect to the temperatures and styrene concentrations anticipated.
Note: A typical 24-inch diameter culvert 100 linear feet in length will require around 2400 gallons of water to process. If released at
25ppm, the amount of styrene anticipated in its release is approximately 0.45 pounds.

Air inversion of the resin-saturated tube and curing the liner by the introduction of steam into the pressurized air
flow greatly reduces the amount of styrene that will potentially be released into the environment. This is because
the very quick cross-linking of the resin effectively binds up the styrene to a much higher degree using this
method for curing. Most of the styrene released in this method of curing will be in the vapor form and requires
little or no action on the contractor’s part so long as the discharge point is maintained 6-inches above ground. The
condensate generated in the pipeline being processed should be minimized by maximizing the flow of air for the
site-specific conditions. The small volume of condensate produced during processing should be detained in a
temporary impoundment if the quantity is expected to be discharged to a ditch or waterway containing water
and/or aquatic life. Measurements made to date have shown that the condensate will probably have a concentration of around 30ppm. Depending upon the assimilative capacity of the receiving waterway, the condensate may
be released once it has cooled to near ambient temperature (which will also result in a drop in the styrene concentration due to volatilization); or it can be retrieved into the steam generation system’s water storage tank for later
use in the production of steam during curing of the next CIPP.
It is imperative that the processing of the liner, whichever method of curing is used, is properly completed. Properly cured liners release little or no styrene to the environment. Thermocouples placed strategically in the linerhost pipe interface are a must. A written curing schedule developed for a CIPP system acknowledging the conditions present in the curing environment and the resin system proposed will lead to a proper cure and a long CIPP
life; and no environmental impact.
SUMMARY
Proper curing and handling of CIPP systems should be done using the following guidelines:
Water Curing
Sanitary Sewers
1. Cure resin system per written curing schedule
2. Release process water to the sewer after per industry standards during/after cool-down.
Storm Sewers and Culverts
1. Cure resin systems per written curing schedule
2. Based upon receiving waterway’s assimilate capabilities
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a. Discharge water once at ambient air temperature
b. Discharge water once styrene concentration is confirmed to be at or below 25ppm; or
c. Transport process water to nearest wastewater treatment facility

Steam Curing
Sanitary Sewers
1. Cure resin system per written curing schedule
2. Release condensate water directly to receiving sewer while processing
Storm Sewers and Culverts
1. Cure resin system per written curing schedule
2. Based upon receiving waterway’s assimilative capabilities
a. Detain condensate in a lined holding pond until it cools to ambient
b. Discharge water once styrene concentration is confirmed to be less than 25ppm; or
c. Retrieve condensate by pumping it into the steam generation truck’s reservoir; or
d. Transport condensate to nearest wastewater treatment facility.

Any residual styrene concentrations from a properly cured resin system that are taken into the runoff water from
storm events will typically be short-lived, in the range of less than 1.0ppm and therefore pose no significant environmental threat.
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ABSTRACT
Cured-in-place (CIPP) rehabilitation is a commonly used technology for pipe repair, and
transportation agencies are using CIPP technology to repair damaged pipe culverts. In typical
CIPP applications, a lining tube saturated with a thermosetting resin is installed into the damaged
pipe and cured with a heat source to form a pipe-within-a-pipe. This study focused on CIPP
installations that use forced steam through the lining tube both to press the liner to the inside
dimensions of the host pipe and to harden the resin-impregnated liner material. Of the
thermosetting resins used in CIPP applications, styrene-based resins are the most common. This
research focused on styrene-based CIPP products.
To evaluate the potential for impacts on water quality from the steam-cured CIPP
process, seven CIPP installations in surface water and stormwater conveyances were identified
and observed over the course of a 1-year study in Virginia. Water samples were collected from
each project site and analyzed for styrene. The results were then evaluated for compliance with
established regulatory standards and published aquatic toxicity criteria.
Water samples collected from pipe outlets at five of the seven CIPP installations showed
detectable levels of styrene. Styrene concentrations were generally highest in water samples
collected during and shortly following installation. The maximum duration that styrene was
detected at any site was 88 days following the CIPP installation. Although the sites in this study
were not directly linked to sources of drinking water, styrene levels at five sites were higher than
the U.S. Environmental Protection Agency’s maximum contaminant level for drinking water of
0.1 mg/L. Styrene was detected at five sites for a minimum of 5 days to at least 71 days after
installation and was detected at these sites up to 40 m downstream. Certain measurements were
also found to exceed the values for EC50 (the concentration required to have a defined effect on
50 percent of a study population) or LC50 (i.e., the concentration required to kill 50 percent of a
study population) for several freshwater aquatic indicator species.
The findings suggest that the elevated styrene levels could have resulted from one or a
combination of the following: (1) installation practices that did not capture condensate
containing styrene, (2) uncured resin that escaped from the liner during installation, (3)
insufficient curing of the resin, and (4) some degree of permeability in the lining material.
A summary of the actions taken by the Virginia Department of Transportation (VDOT) in
response to the preliminary findings of this study is also provided in this report. VDOT
suspended the use of styrene-CIPP for pipes that convey surface or stormwater while further
evaluating CIPP repair and subsequently developing new requirements for these installations.
The new measures include substantial modifications to VDOT’s CIPP specifications; an
inspector training program; increased project oversight; and water and soil testing prior to and
after CIPP installation. Reinstatement of statewide VDOT CIPP installations using the new
procedures and specifications is planned for May 2008.
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INTRODUCTION
Because many pipes and culverts were placed more than 20 years ago, repair or
replacement of damaged or worn pipes is becoming a large maintenance concern in the United
States. Cured-in-place pipe (CIPP) rehabilitation is one of several “trenchless” pipe repair
technologies that allow users to repair existing underground pipes in place rather than using the
conventional method of unearthing and replacing sections of damaged pipe. Trenchless
technologies were first developed about 25 years ago and were used primarily in western Europe
until about 15 years ago, when departments of transportation and construction outfits in North
America began to use them.1 In the mid-1990s when the city of Houston, Texas, undertook a
major overhaul of its sewer system, contractors used trenchless methods for 87 percent of the
repairs, involving millions of feet of pipe line. Of the many trenchless methods available,
contractors used CIPP technology significantly more than any other in situ pipe rehabilitation
method.2 CIPP repair dominates the underground pipe rehabilitation industry, 3 and both underand above-ground CIPP rehabilitation is common worldwide. The CIPP business was pioneered
by Insituform Technologies, Inc., which now performs projects for industries and municipalities
in 40 countries and for transportation agencies in 36 U.S. states.4
In typical CIPP applications, a lining tube is saturated with a thermosetting resin,
installed into the existing pipeline, and cured into a pipe-within-a-pipe. Generally, curing is
conducted by forcing heated water or steam through the pipe, which presses and hardens the
resin-impregnated lining tube against the inside of the host pipe. The CIPP liners are fabricated
from materials that, when cured, are able to withstand internal exposure to and the corrosive
effects of normal wastewater or stormwater; gases containing hydrogen sulfide, carbon
monoxide, carbon dioxide, methane, and dilute sulfuric acid; and soil bacteria.
Despite its widespread and frequent use, little has been investigated regarding the
environmental impact of CIPP technology on surface water or aquatic habitat. Although
literature on the mechanisms involved in CIPP rehabilitation is readily available, studies have not
been published regarding the potential environmental impacts if effluent is leaked or discharged

downstream or if chemicals leach from the cured pipe after the installation is completed. Of
particular concern are the potential effects of styrene, which is commonly used as a main
component of the resin that saturates the lining tube. Styrene is classified by the U.S.
Environmental Protection Agency (EPA) as a mutagen and is thus potentially carcinogenic.5 In
certain concentrations, styrene is toxic to aquatic species.6-9
The Virginia Department of Transportation (VDOT) uses CIPP repair technology for
many of its pipes that convey streams or stormwater beneath or along roads. VDOT uses CIPP
rehabilitation more than any other pipe repair method and issues contracts to several companies
to perform this work (S.L. Hite, personal communication).

PURPOSE AND SCOPE
The purpose of this study was to evaluate the potential for impacts on water quality from
use of the steam-cured CIPP process. Of the thermosetting resins used in CIPP applications,
styrene-based resins are the most common. Thus, this research focused on styrene-based CIPP
products.
To gather information on the methods used in VDOT’s CIPP installations and to analyze
the impacts that the process might have on water quality, seven steam-cured CIPP installations in
Virginia were identified and observed over the course of a 1-year study. Water samples were
collected from each project site and analyzed for styrene. The results were then evaluated for
compliance with established regulatory standards and published aquatic toxicity criteria.

METHODS
To achieve the purpose of this study, two tasks were carried out:
1. literature review and information gathering
2. field monitoring of seven steam-cured CIPP installations in Virginia.
Literature Review and Information Gathering
The literature was reviewed for (1) the methods and materials used in CIPP rehabilitation
and (2) the impacts of styrene on aquatic organisms. Online databases searched included
Aqualine, Biological Sciences, Environmental Sciences and Pollution Management, Toxline,
Agricola, Science Direct, and WorldCat, among others. Information was also gathered from the
American Society of Testing and Materials’ (ASTM) standards for CIPP rehabilitation,
regulatory programs administered by the Virginia Department of Environmental Quality, and
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other applicable organizations involved with water quality standards. Information on the hazards
and regulations for styrene was obtained from the EPA’s website.5,10
Field Monitoring
Seven CIPP installations were identified within the Piedmont and Blue Ridge
Physiographic Provinces of Virginia, and water samples were collected over the course of this 1year study (see Table 1). The installations were conducted by three primary companies that
perform CIPP rehabilitation in Virginia. All project sites were surface water conveyances where
the pipe inlet and outlet were exposed with the exception of Site 4, which was an entirely
subsurface stormwater conveyance. None of these sites directly links to a source of drinking
water.

Site
1

Table 1. Project Descriptions for Seven CIPP Installations in Virginia
Pipe Size
Route
Diameter Length
County
No.
Conveyance Description
(in)
(ft)
Spotsylvania 1316
36
71
Conveys an unnamed tributary drainage to
Massaponax Creek. Drains into concrete-lined ditch.
Continual flow.

2

Prince
Edward

15

18

60

Conveys an unnamed tributary drainage to Briery
Creek. Drains into earthen ditch. Intermittent flow.

3

Prince
Edward

628

30

100

Conveys an unnamed tributary drainage to Dickenson
branch of Briery Creek. Drains into stream bed.
Continual flow.

4

Albemarle

1722

24

121

Conveys stormwater entirely below ground. Drains
into stormwater pond. Intermittent flow.

5

Nottoway

460

15

112

Conveys an unnamed tributary drainage to Lazaretto
Creek. Drains into stream bed. Continual flow.

6

Nottoway

460
(Business)

18

64

Conveys an unnamed tributary drainage to Jacks
Branch. Drains into stream bed. Intermittent flow.

7

Nottoway

613

30

60

Conveys an unnamed tributary drainage to Deep
Creek. Drains into stream bed. Continual flow.

Field Observations
Project sites were observed during CIPP installations and at various periods after the
installations were complete. Because the CIPP installations observed continued up to 30
consecutive hours and because of the distance between the project sites, the authors could not be
present to collect samples at consistent intervals during and after all installations. Observations
of incidents that could potentially result in adverse impacts to water quality were documented.
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Water Samples
A control sample was collected from the water within 1 m of the pipe outlet at Sites 1, 3,
and 4 immediately prior to CIPP installations. At sites that were not monitored until the
installation was underway (Site 2) or until 15 to 16 days after installation (Sites 5-7), a control
sample was collected after installation at least 10 m upstream from the pipe inlet. Water samples
were collected at various intervals during installation at Sites 1, 2, and 3 and at various intervals
after installation at all seven sites. During each sampling period, a sample was taken from the
water within 1 m of the pipe outlet. During some sampling periods at five of the six surface
water sites (Sites 1, 2, 3, 5, and 7), samples were also taken from the water 5 to 40 m
downstream. At Sites 2 and 3, a sample was taken from the stream water within 1 m of the outlet
during steam condensate release. Water samples were collected at all sites for a maximum of 30
to 116 days, depending on the site, after CIPP installation until the styrene concentration at the
site was below the reporting limit (0.005 mg/L) of the primary laboratory (Microbac) used in this
study.
The subsurface stormwater pipe at Site 4 conveyed water only during rain events.
Because it was difficult to time sample collections with rain events, a rain event was simulated
for each sampling period by pouring 1 gal of distilled water into the inlet of the repaired section
of pipe and capturing the water as it flowed out of the outlet of the pipe section.
All samples were collected into 40-ml volatile organic analysis (VOA) vials with HCl
preservative. The samples were packed on ice and sent to the laboratory via an overnight courier
service. All samples were analyzed for styrene in accordance with the EPA’s SW-846 Method
8260B11 by Microbac Laboratories in Baltimore, Maryland. Samples collected at the last one to
two sampling periods from Sites 1, 4, 5, 6, and 7 were also sent to Air, Water, and Soil
Laboratories, Inc., in Richmond, Virginia. These samples were also packed on ice and sent to
the laboratory via an overnight courier service. Sample analyses were “blind” in that locations
and project descriptions were not disclosed to either laboratory.

RESULTS
Literature Review and Information Gathering
Procedures and Materials for CIPP Installations
Typical CIPP operations begin with the project setup, which includes measures to prevent
water flow through the damaged host pipe. ASTM standards for CIPP procedures specify that
bypassing or diverting the flow should be done by pumping the flow to a downstream point.12,13
Rocks and debris are then removed from the pipe. The next phase of the operation is liner
insertion. The resin-saturated liner, which has been transported from the factory via a
refrigerated truck, is inserted into the host pipe. Depending on the company, the liner is either
pulled or inverted through the host pipe. Inversion is accomplished by forcing air into one end of
the liner, causing the liner to turn inside-out as it travels the length of the host pipe. The liner is
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expanded to conform to the inner dimensions of the host pipe and is subsequently cured to form
a pipe-within-a-pipe. Typical curing is achieved by circulating heated water or steam through the
pipe to polymerize the resin material. The curing process takes up to several hours, depending
on the size of the pipe. The curing process and subsequent cool-down period generate spent
process water or steam condensate. ASTM standards12,13 specify that during the cool-down
period, hot water or steam effluent should be drained through a small hole in the downstream end
of the pipe and replaced with the introduction of cool water. Following the cool-down period,
the closed ends of the cured liner are cut open, and generally a video camera is inserted into the
pipe for a final inspection. A more detailed explanation of CIPP procedures is provided in
ASTM F1743-96(2003),12 ASTM F1216-07b,13 and ASTM D5813-04.14 These standards
contain a caveat that “it is the responsibility of the user to establish appropriate safety and health
practices and determine applicability of regulatory limitations prior to use.”12-14
The pipe lining material used in CIPP operations is composed of absorbent non-woven
felt fabric that is pre-saturated (at the manufacturing facility) with a thermosetting resin.
Typically, the liner tube has a membrane coating to protect and contain the resin; the membrane
is generally a flexible thermoplastic, such as polyethylene or polyurethane.3 This coating is
normally only on the inner surface of the finished product. This allows the resin to migrate into
any voids in the host pipe such as joints or cracks prior to curing. Three types of resins are
typically used in CIPP applications: unsaturated polyester resins, vinyl ester resins, and epoxies.3
Unsaturated polyester resin and vinyl ester resins are the most common and contain styrene;
epoxies do not.
The styrene content of polyester and vinyl ester resins is generally on the order of 30 to
50 percent (by weight). A Material Safety Data Sheet (MSDS) obtained from one vendor shows
the styrene content of the resin to be 44 percent (by weight), with the remaining components
composed of unspecified polymers (50% to 54%) and colloidal silica (1% to 5%).15
A CIPP installation process relatively new in the United States uses ultraviolet light to
cure the resin in seconds rather than curing with steam or hot water. In this process, the resin is
encapsulated within an impermeable fiberglass liner, presumably precluding resin extrusions or
leaching of styrene after project completion.16 This product and installation method have not
been used for VDOT conveyances and were, therefore, not the product and method analyzed and
described in this research.
Standards and Toxicity Studies on Styrene Concentrations in Water
The EPA drinking water standard lists the maximum contaminant level (MCL) for
styrene as 0.1 mg/L (0.1 parts per million [ppm]).5 The EPA does not have established
regulatory standards for ecological toxicity specifically for styrene concentrations in water. In
Canada, however, a section of the British Columbia Environmental Management Act sets limits
for toxins in discharged effluent.17 Under the act’s Municipal Sewerage Regulation (which
includes regulations for surface water), effluent must not be discharged unless any toxins in the
effluent are below the lethal limit for rainbow trout (Oncorhynchus mykiss) as determined by
Environment Canada’s 96-hr LC50 bioassay test method (i.e., the concentration required to kill
50% of the test population after 96 hours of exposure to that concentration) for this species.18
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Numerous acute toxicity studies have documented the impacts of styrene on aquatic
organisms.6-9 Table 2 provides a summary of published values for acute styrene toxicity studies
for several aquatic indicator species that are found in freshwater habitats throughout the United
States. Indicator species are sensitive to pollutants, and their disappearance from a body of water
can be indicative of contamination.
The literature reveals that spills of uncured resin from CIPP installations can cause large
fish kills. Three to four gallons of uncured resin were released during a CIPP installation (the
location of which was not disclosed in the report) on a stormwater drain.19 The residual uncured
resins were carried to a creek, resulting in the death of more than 5,500 fish of various species.
Water samples indicated a 100 ppm (100 mg/L) concentration of styrene in the downstream
manhole at the project site.19 Except in the immediate vicinity of a spill, typical environmental
exposures of styrene are not deemed to cause deleterious effects on natural communities of
organisms.20 Styrene volatilizes rapidly and has not been shown to bioaccumulate in organisms
to any measurable extent.20 Rates of volatilization are dependent on many factors, including
styrene concentration, water temperature, and oxygen availability. Styrene compounds degrade
more rapidly once microorganisms adapt to their presence.20,21 Bogacka et al. found that the
styrene (and other aromatic hydrocarbons) introduced to river water in concentrations up to 37
mg/L was reduced by 99 percent after 20 days.21 Fu and Alexander found that 50 percent of 2 to
10 mg/L was lost by volatilization in 1 to 3 hours in lake water samples.22
Styrene has a high degree of adsorption onto soils, and although styrene will mineralize
to carbon dioxide under aerobic conditions,22 some is readily desorbed from soil and can enter
groundwaters. It is not expected to be transported considerable distances through soil, however,
because of its high biodegradability.22
Table 2. Styrene Toxicities for Various Freshwater Indicator Species
LC50 or EC50a
NOECb
(mg/L)
(mg/L)
Reference
Aquatic Species
Water flea (Daphnia magna)
48-hr EC50: 4.7
1.9
6
0.81
7
48-hr EC50: 1.3
4.1
6
Amphipod (Hyalella azteca)
96-hr LC50: 9.5
2.6
7
Fathead minnow (Pimephales promelas)
96-hr LC50: 5.2
4
8
96-hr LC50: 10
NA
9
Rainbow trout (Oncorhynchus mykiss)
96-hr LC50: 2.5
Freshwater green algae (Selenastrum
96-hr EC50: 0.72
0.063
6
capricornutum)
0.53
7
72-hr EC50: 2.3
a
Lethal concentration (LC50) and effective concentration (EC50), or the concentration required to kill (LC50)
or have a defined effect on (EC50) 50% of the test population after a given number of hours of exposure in
that concentration.
b
No Observable Effect Concentration or the highest limit at which no mortalities or abnormalities were
observed.

6

Field Monitoring
Field Observations and Water Sampling Results
Field Observations
Table 3 lists observations during and following CIPP operations at Sites 1 through 4.
The authors observed effluent from the steam condensate being discharged downstream
by workers at Sites 2 and 3. At Sites 1, 3, and 4, the authors observed uncured resin residue
waste immediately outside the pipe outlet or inlet. A sample of the uncured resin left in the
stream bed at Site 1 (collected 1 day after installation) had a styrene concentration of 580 mg/L.
At Sites 1, 2, and 3, algal blooms were apparent within 6 to 8 days after installation
(Figure 3; A. Mills, personal communication); algae were not visible at any of these sites when
visited before the CIPP installation and were not present upstream of the installation. (The other
three surface water sites in this study were not monitored until 15 and 16 days after installation;
algal blooms were not visible at these sites.) Algae appeared most dense at the pipe outlet
(occurring up to 8 in below the water surface), and the density decreased further downstream; the
algae were present in clusters up to 50 m downstream from the repaired pipe section. Although
the density of algal blooms appeared to decrease over time, blooms were observed 50 to 55 days
after installation. Blooms were no longer visible 78 to 88 days after installation.
Table 3. Environmental Observations for Four CIPP Installations for Surface Water Conveyances
Stream Flow
Curing Effluent (Steam Condensate)
Site Management
Method Disposal Method
Post-project Conditions
1
Temporary dam
Steam
Not observed (authors not
Extruded resin in stream (Figure 1A);
present at this stage of
algal blooms present at pipe outlet (0
installation)
to 10 m downstream, Figure 1A);
residue present at pipe outlet (present
at each sampling period up to study’s
end)
2
None necessary (dry
Steam
Discharged by workers in
Algal blooms present at pipe outlet (0
pipe at time of
stream (see associated water
to 5 m downstream); residue present at
installation)
sample results in Table 5 and
pipe outlet (present at each sampling
Figure 4)
period up to study’s end, Figure 2)
3
Temporary dam
Steam
Discharged by workers in
Extruded resin in stream (Figure 1B);
stream (see associated water
algal blooms present at pipe outlet (0
sample results in Table 6 and
to 50 m downstream, Figure 3);
Figure 4)
residue present at pipe outlet (present
at each sampling period up to study’s
end)
4
None necessary (dry
Steam
Not observed (authors not
Extruded resin just outside of pipe
pipe at time of
present at this stage of
inlet (present at each sampling period
installation)
installation)
up to study’s end)
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Figure 1. A: Uncured resin waste (gray substance adjacent to outlet and along rocks on right side of image)
at Site 1, 1 week after installation; algal blooms (brown cloudy substance in water) also visible. B: Uncured
resin waste (white substance adjacent to pipe liner and in water) extruded during installation, just before
pipe end was cut.

Figure 2. Residue on water surface in pipe at Site 2 between stormwater events, 24 days after installation.
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Figure 3. Algal blooms at Site 3, photographed 24 days after installation. Algal blooms appeared within 6 to
8 days after installation at Sites 1, 2, and 3 and were present up to 8 in below water surface near pipe outlet
and up to 50 m downstream.

Water Sampling Results
Styrene concentrations in all control samples were below the reporting limit (0.005 mg/L)
of the primary laboratory used in this study. Samples were collected until styrene concentrations
were below the reporting limit at all sites. Samples collected at the pipe outlet often contained
residue that was visible on the water surface after installation (Figure 2).
Sampling results from each of the seven sites after CIPP project initiation are provided in
Tables 4 through 10 (all samples were analyzed by Microbac Laboratories unless otherwise
noted). Although none of the monitored conveyances links directly to a drinking water supply,
samples with styrene concentrations above the MCL for drinking water are noted in Tables 4
through 10 for comparative purposes; samples with concentrations above the EC50 or LC50
values for two common aquatic species listed in Table 2 are also noted.
Figure 4 provides styrene concentrations at all sites as compared with EC50 or LC50
values for two species (as detailed in Table 2). Samples for three sites were taken during
installation, and samples for all sites were taken at various intervals after installation. No
compounds other than styrene were detected in the laboratory analyses.
The results indicate that styrene concentrations were generally highest in water samples
collected during installation, although comparable levels were detected at some sites several days
after installation. The highest concentration (77 mg/L) was recorded at Site 3 at the outlet while
steam condensate was discharged during the installation process.
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Table 4. Site 1: Styrene Concentrations in Water Samples Collected During and After Installation (36-inchdiameter surface water conveyance, low to medium continual flow, Spotsylvania County)
Styrene Concentration (mg/L)a
<1 m
5m
10 m
20 m
Time
Downstream Downstream Downstream Downstream
During 30 min into
24b,c,d
Project liner insertion
1 hr into liner 29b,c,d
insertion
After
1 day
4.9b,c,d
4.3b,c
b,c
Project 8 days
3.1
2.0b
0.18b
32 days
0.009
0.0058
0.0085
56 days
0.0052
<0.005
88 days
0.0068
<0.005
116 days
<0.005
<0.005e
a
Empty cells represent locations at which no samples were taken for that sampling period.
b
Above maximum contaminant level for drinking water (0.1 mg/L).
c
Above 96-hr LC50 for rainbow trout (2.5).
d
Above 48-hr EC50 for water flea (4.7).
e
Analyzed by Air, Water, and Soil Laboratories, Inc.

Table 5. Site 2: Styrene Concentrations in Water Samples Collected During and After Installation (18-inchdiameter surface water conveyance, low intermittent flow, Prince Edward County)
Styrene Concentration (mg/L)a
5m
10 m
20 m
Time
Outlet
Downstream Downstream
Downstream
0.0072
During 90 min into
0.46b,c
Project steaming
20b,c,d
Condensate
31b,c,d
release
After
1 day
1.2b
Project 6 days
44b,c,d
24 days
22b,c,d
0.80b
0.14b
0.037
b
50 days
1.4
79 days
<0.005
a
Empty cells represent locations at which no samples were taken for that sampling period.
b
Above maximum contaminant level for drinking water (0.1 mg/L).
c
Above 96-hr LC50 for rainbow trout (2.5).
d
Above 48-hr EC50 for water flea (4.7).
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Table 6. Site 3: Styrene Concentrations in Water Samples Collected During and After Installation (30-inchdiameter surface water conveyance, medium to heavy continual flow, Prince Edward County)
Styrene Concentration (mg/L)a
5m
10 m
20 m
40 m
Time
Outlet
Downstream
Downstream
Downstream
Downstream
54b,c,d
5.7b,c,d
77b,c,d
During Condensate
Project release
5 days
2.2b
0.27b
0.52b
0.20b
23 days
<0.005
<0.0050
49 days
0.0058
<0.005
78 days
<0.005
a
Empty cells represent locations at which no samples were taken for that sampling period.
b
Above maximum contaminant level for drinking water (0.1 mg/L).
c
Above 96-hr LC50 for rainbow trout (2.5).
d
Above 48-hr EC50 for water flea (4.7).
After
Project

Table 7. Site 4: Styrene Concentrations in Water Samples Collected After Installation (24-inch-diameter
subsurface stormwater conveyance, low intermittent flow, Albemarle County)
Styrene Concentration (mg/L)
Time
<1 m Downstream
After
37 days
0.0059
Project 71 days
0.71a
88 days
<0.005
<0.005b
a
Above maximum contaminant level for drinking water (0.1 mg/L).
b
Analyzed by Air, Water, and Soil Laboratories, Inc.
Table 8. Site 5: Styrene Concentrations in Water Samples Collected After Installation (15-inch-diameter
surface water conveyance, low to heavy continual flow, Nottoway County)
Styrene Concentration (mg/L)
Time
Outlet
10 m Downstream
After
15 days
< 0.005
Project 30 days
<0.005a
< 0.005
a
< 0.005
a
Analyzed by Air, Water, and Soil Laboratories, Inc.
Table 9. Site 6: Styrene Concentrations in Water Samples Collected After Installation (18-inch-diameter
surface water conveyance, low intermittent flow, Nottoway County)
Styrene Concentration (mg/L)
Time
<1 m Downstream
After
15 days
43a,b,c
Project 44 days
0.140a
0.132a,d
56 days
< 0.005
< 0.005d
a
Above maximum contaminant level for drinking water (0.1 mg/L).
b
Above 96-hr LC50 for rainbow trout (2.5).
c
Above 48-hr EC50 for water flea (4.7).
d
Analyzed by Air, Water, and Soil Laboratories, Inc.
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Table 10. Site 7: Styrene Concentrations in Water Samples Collected After Installation (30-inch-diameter
surface water conveyance, medium to heavy continual flow, Nottoway County)
Styrene Concentration (mg/L)
Time
Outlet
10 m Downstream
After
16 days
< 0.0058
Project 31 days
< 0.005a
< 0.005
a
< 0.005
a
Analyzed by Air, Water, and Soil Laboratories, Inc.

Figure 4. Styrene concentrations in water samples collected at pipe outlet during installation and at sampling
periods up to 116 days after installation. Horizontal lines indicate the maximum contaminant level (MCL) of
drinking water (0.1 mg/L), the EC50 or LC50 styrene concentrations for two aquatic species (as detailed in
Table 2), and the laboratory reporting limit (0.005 mg/L). For styrene concentrations below the laboratory
reporting limit, the data points shown merely indicate that sampling occurred and that the results were below
the limit of 0.005 mg/L; they do not indicate the true concentration value.

Styrene concentrations and the duration of its detectable presence were highly variable
among sites. Samples from some sites did not show a consistent decrease in concentration,
particularly at sites with low or intermittent water flow. Although none of the sites was directly
linked to a source of drinking water, styrene concentrations exceeding the MCL for drinking
water were measured at five of the seven study sites. The concentrations at Sites 1, 2, 3, and 6
exceeded the MCL for drinking water (0.1 mg/L) at sampling periods of 5 to 50 days after
installation, and at Site 4, the concentration exceeded the MCL 71 days after installation during a
period of very low flow. The maximum styrene concentrations at four sites (Sites 1, 2, 3, and 6)
exceeded published EC50 or LC50 values (Table 2) for various aquatic species. At Site 2, the
concentration exceeded these values for the water flea and the rainbow trout at the sampling
period of 24 days.
12

DISCUSSION
At certain times after CIPP installation, styrene concentrations exceeded the MCL for
drinking water at five of the seven study sites and exceeded the EC50 or LC50 values of the water
flea6 and the rainbow trout9 (common indicator species) at four of the monitored project sites. As
compared with samples collected from sites with continual water flow, samples from sites with
intermittent flow contained relatively higher styrene concentrations for a greater length of time
after CIPP installation. This suggests that flow volume and regularity are important factors in
diluting styrene concentrations.
At the two sites where styrene was not detected, the initial sample was not collected until
15 and 16 days, respectively, after installation; therefore, it cannot be known whether these
installations had any effect on water quality or whether styrene, if indeed present, had decreased
to concentrations below detection. At sites where styrene was detected, styrene was above the
laboratory reporting limit (0.005 mg/L) at sampling periods 44 to 88 days after installation.
Styrene concentrations reached as high as two orders of magnitude greater than the MCL
for drinking water. Concentrations exceeded the MCL for drinking water for at least 5 days after
installation at five sites and for at least 44 to 71 days at three of these sites. Concentrations
above the MCL were detected up to 40 m downstream. Although the sites in this study do not
directly link to a drinking water supply, roadway conveyances often convey water upon which a
variety of aquatic species depend. The sample results from five of seven sites exceeded one or
more aquatic toxicity criterion (EC50 or LC50 values, Table 2) for styrene, and concentrations
exceeding these values were detected as far as 10 m downstream. Styrene concentrations at one
site exceeded the EC50 value for the water flea and the LC50 value for the rainbow trout at the
sampling period of 24 days following installation.
One apparent ecological change during this study was the emergence of algal blooms,
which appeared at three surface water sites within 6 to 8 days after CIPP installation and
remained at these sites for at least 50 to 55 days post-installation. Algal blooms are often
indicative of poor water quality (commonly from nitrogen or phosphorus pollution) and can have
adverse ecological impacts.23 The fact that algae blooms were not seen at project sites before
CIPP installation could be seen to suggest that some aspect of the CIPP process could be a
contributing factor for the blooms, but the specific cause (whether hot effluent discharge, styrene
leaching, factors unrelated to the installations, etc.) is unknown.
As typical CIPP resins contain between 30 and 50 percent styrene, even a relatively small
amount of uncured resin could potentially result in water samples with detectable styrene
concentrations at the project site or downstream. Any resin that might be unintentionally
released during installation would not have been subject to the same curing conditions as the
resin contained within the liner. A sample of the uncured resin waste in the stream bed at Site 1
collected 1 day after installation had a styrene concentration of 580 mg/L. Styrene was detected
at sites even where resin waste was either not released or had washed downstream; styrene was
also detected at sites long after observed discharges of steam condensate had been flushed
downstream. These observations, coupled with the length of time styrene was detected after
installation, suggest that these installation practices (i.e., uncured extruded resin and discharge of
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the steam condensate effluent) were not solely accountable for the styrene concentrations in
water. These findings suggest that the resin-saturated liner was not completely cured during the
installation process and continued to leach styrene, perhaps through or around the inner
membrane liner.
Although the scope of this study did not lend itself to definitive determination of the
specific contribution of styrene from each aspect of the CIPP process, the styrene concentrations
identified in the laboratory tests of water samples may have resulted from one or a combination
of the following: (1) installation practices that did not capture condensate containing styrene, (2)
uncured resin that escaped from the liner during installation, (3) insufficient curing of the resin,
and (4) some degree of permeability of the lining material.
Standards and Regulations
Although CIPP technology dominates the underground pipe rehabilitation industry and is
a common method for above-ground pipe rehabilitation, only 3 of 85 trenchless pipe
rehabilitation standards pertain directly to CIPP methods and materials.3 ASTM standards for
CIPP rehabilitation12,-14 do not separate surface water conveyance guidelines from those for
sewer lines. They also do not address measures to ensure containment of the resin that saturates
the lining material. Although ASTM standards12,13 contain a caveat that it is the user’s
responsibility to determine the applicability of regulatory limitations prior to use, the standards
direct users to dispose of the curing water or condensed steam (effluent) by allowing it to drain
from a hole made in the downstream end of the pipe. It is also important to note again that
ASTM standards for CIPP procedures specify that the flow be bypassed or diverted before CIPP
installation12,13
The FHWA culvert pipe liner guide24 lists existing specifications for pipe repair
technologies and provides a decision analysis tool designed to help users choose an appropriate
pipe repair method based on various factors. The guide lists some specific environmental
limitations of CIPP rehabilitation, including (1) possible thermal pollution from the discharge of
the curing water, (2) potential toxicity of styrene-based resins prior to completion of the curing
process, and (3) possible hazards to an environmentally sensitive area. The decision analysis
tool addresses such concerns for CIPP technology by assigning it the highest ranking for
environmental risk (on a scale of 1 to 5). Neither the guide nor the decision analysis tool,
however, provides guidelines or additional specifications (beyond the referenced ASTM
standards) to mitigate environmental risks.
The EPA does not have published standards for allowable levels of styrene for receiving
streams; however, the discharge of pollutants (which includes chemical wastes) to waters of the
United States is regulated.25 The discharge of steam condensate or spent cure water into waters
of the United States would require a permit under the National Pollution Discharge Elimination
System (NPDES) or state equivalent.25,26 The permit conditions may require pre-treatment and
monitoring prior to any discharge. State environmental regulatory agencies also typically have
additional statutory and/or regulatory authority to prevent or regulate the discharge of pollutants
to state receiving waters, including groundwater.27 Although the state and/or federal agencies
could use published water quality standards such as the relevant MCL or published aquatic
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toxicity criteria to determine acceptable styrene levels, it is unclear what, if any, environmental
regulation would govern the leaching of styrene from a finished CIPP product.
ACTIONS TAKEN BY THE VIRGINIA DEPARTMENT OF TRANSPORTATION
IN RESPONSE TO PRELIMINARY RESEARCH FINDINGS
The authors provided VDOT with the preliminary research findings of this study along
with three recommendations:
1. VDOT should suspend styrene-based CIPP and undertake additional study of its
installation and use to gain a better understanding of the technology and its potential
impacts.
2. VDOT should evaluate their contract specifications to ensure that CIPP contractors
are specifically required to prevent the escape or leaching of process residuals and to
capture and properly dispose of residuals including cure water, cure steam
condensate, and escaped resin.
3. If styrene-based CIPP is reinstated, VDOT should also ensure that proper oversight
is provided to ensure compliance with any revisions to the specifications.
VDOT took several actions upon receiving the preliminary findings:
1. VDOT’s Chief Engineer immediately placed a stop work order on all styrene-based
CIPP repair projects contracted by VDOT.28 VDOT subsequently elected to allow CIPP
installations on sanitary sewer projects (under certain conditions) while continuing to review the
use of styrene-based CIPP repair.29
2. A VDOT task group led by VDOT’s Environmental Division was formed to evaluate
further the use of steam- and water-CIPP repair projects containing styrene. Task group
participants included members of VDOT’s Scheduling & Contract, Administrative Services,
Materials, and Asset Management Divisions, as well as scientists from the Virginia
Transportation Research Council (VTRC). Information gained from this evaluation was to be
used to provide VDOT with recommendations for further action regarding the use of styrenebased CIPP technology.
3. The task group conducted the evaluation, which included acquiring the services of an
independent environmental consultant to provide third party verification of the preliminary study
findings and to test additional CIPP sites, meeting with the Virginia Department of
Environmental Quality for support and guidance, and holding two series of interviews with CIPP
industry representatives.
4. The task group issued their evaluation report to the Office of the Commonwealth
Transportation Commissioner in November 2007. The report30 provided recommendations
regarding the modification of VDOT’s CIPP contracting specifications, project management
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considerations, and conditions for reinstatement of styrene-based rehabilitation. The
recommendations were primarily designed to prevent the unintentional release of styrene-based
resin during installation and the leaching of styrene from the finished product.
5. The Office of the Commonwealth Transportation Commissioner charged VDOT’s
Scheduling & Contract Division with developing an action plan to implement the
recommendations outlined in the task group report. In April 2008, these recommendations were
implemented and are incorporated in a VDOT memorandum that includes revised CIPP
specifications.31 These specifications include the following measures:
•

a requirement that a VDOT project inspector (who has undergone a CIPP training
program) provide oversight of CIPP installations for the duration of each
installation.

•

the acquisition of discharge-related permits, including air, water, and wastewater
treatment

•

ASTM and other applicable standard compliance requirements

•

a requirement that all CIPP installations be performed in the dry (i.e. no water is
contained or conveyed in the pipe during installation)

•

a requirement that the contractor submit preconstruction installation and cure
specifications

•

additional lining materials and measures to ensure the containment of resin and
styrene

•

procedures for monitoring the curing of the CIPP lining material

•

thorough rinsing of the finished product

•

proper disposal of cure water, cure condensate, and rinseate

•

requirements for water and soil testing prior to and after installation.

Reinstatement of statewide VDOT CIPP installations using the new procedures and
specifications31 is planned for May 2008. These actions are part of VDOT’s ongoing effort to
prevent the risks associated with styrene-based CIPP technology and, in doing so, to ensure due
diligence by VDOT for the protection of the public health and safety as well as the environment.
CONCLUSIONS
•

The use of styrene-based CIPP technologies may result in detectable levels of styrene at and
near the work site of the CIPP installation. In this study, styrene was detected in water
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samples collected from the pipe outlet during or after installation at five of the seven CIPP
installations monitored in this study. Styrene concentrations in water samples ranged from
<0.005 mg/L to 77 mg/L and were generally highest in samples collected during and shortly
after installation. The maximum time styrene was detected at any site was 88 days following
CIPP installation.
•

Although further research is needed to discern the contribution from each potential source of
styrene, the findings suggest that the elevated styrene levels could have resulted from one or
a combination of the following: (1) installation practices that did not capture condensate
containing styrene, (2) uncured resin that escaped from the liner during installation, (3)
insufficient curing of the resin, and (4) some degree of permeability in the lining material.
These factors appear to pose a risk of negative impacts from the use of styrene-based CIPP
technologies.

•

Under the observed conditions, styrene concentrations could result in violations of state
and/or federal environmental standards. Although the EPA does not have published
standards for allowable levels of styrene for receiving streams, the discharge of pollutants to
waters of the United States is regulated under the NPDES permit program.

•

Research on the ecological and species effects of chronic styrene exposure in natural
conditions would be useful in order to foster an understanding the potential impacts. These
studies should also look at the factors that would create conditions leading to algal blooms.

RECOMMENDATIONS
Given the planned reinstatement of CIPP installations by VDOT in May 2008 under the
new specifications, the following recommendations are offered:
1. Once CIPP installations are reinstated, VTRC should evaluate them to determine
whether styrene leaches from the “cured” pipe under conditions that ensure strict
control of process residuals.
2. VTRC should assess the environmental effects, if any, of other trenchless pipe repair
technologies frequently used by VDOT.
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APPENDIX F.1
X

INDIANA DEPARTMENT OF TRANSPORTATION
Driving Indiana’s Economic Growth
Design Memorandum No. 12-02
Technical Advisory
February 16, 2012

TO:

All Design, Operations, and District Personnel, and Consultants

FROM:

/s/ Crystal M. Weaver
Crystal M. Weaver
Manager, Office of Hydraulics
Bridge Design, Inspection, Hydraulics, and Technical Support Division

SUBJECT:

Pipe Lining

ADDS:

Indiana Design Manual Section 31-4.05(06)

EFFECTIVE:

Immediately

A. Introduction
Pipe lining is a technique for rehabilitating a culvert in poor condition where replacement is
difficult. Pipe lining can be used for a circular or deformed culvert. The common types of pipe
lining used for a circular culvert are solid-wall high-density polyethylene (HDPE) pipe, profilewall HDPE pipe, profile-wall polyvinyl-chloride (PVC) or a cured-in-place (CIPP) system. The
types used for a deformed culvert are oval-shaped solid-wall HDPE pipe or CIPP. See INDOT
Standard Specifications Section 725 for more information. Pipe-lining considerations include
the following.
1.

The structure barrel should be relatively straight, not significantly damaged, and basically
intact.

2.

The backfill around the structure should be free from large voids.

3.

There should be sufficient room to work from at least one end of the existing structure.

4.

The structure is in a location where a road closure is impractical.

B. Design Criteria
1.

A structure may not increase backwater over existing conditions, unless the increase is
contained within the right of way and the outlet velocity is less than 13 ft/s.

2.

Riprap scour protection should be used as described in Indiana Design Manual Section
31-3.04(03).

3.

An HY-8 hydraulic analysis of each proposed pipe liner should be completed.

4.

The smooth-interior hydraulic design will be based on a minimum Manning’s n value of
0.012.

5.

The largest possible liner should be used though a smaller liner can be hydraulically
adequate.

6.

Because of cost, a CIPP liner should be considered only if other liner choices cannot be
applied. A CIPP liner should be used only in an existing structure with an equivalent
diameter of 96 in. or less.

7.

A CIPP liner will reduce the existing structure size as follows.
a.
b.
c.
d.

8.

For an equivalent diameter of 24 in., the diameter is reduced by 1 in.
For an equivalent diameter of 27 in. through 48 in., the diameter is reduced by 2
in.
For an equivalent diameter of 54 in. through 72 in., the diameter is reduced by 3
in.
For an equivalent diameter of 78 in. through 96 in., the diameter is reduced by 4
in.

Deviation from the design criteria described above will require a design exception subject
to Office of Hydraulics approval.

CMW:alu

[P:\Structural Services\Design Memos\Signed\2012\1202-ta.doc]

APPENDIX F.2
Contract No. R-32058-A
6. All stream restoration measures shall be installed and all
banks graded in accordance with the plans. All grading shall be
stabilized at the end of each day using mulched seeding or
seeding with erosion control mat.
7. After an area is completed and stabilized, the clean water
dike shall be removed. After the first sediment flush, a new
clean water dike shall be established upstream from the old
sediment dike. Finally, upon establishment of a new sediment dike
below the old one, the old sediment dike shall be removed.
8. A pump-around shall be installed on any tributary or storm
drain outfall which contributes base flow to the work area. This
shall be accomplished by locating a sandbag dike at the
downstream end of the tributary or storm drain outfall and
pumping the stream flow around the work area. This water shall
discharge onto the same velocity dissipater used for the main
stem pump-around.
9. If a tributary is to be restored, construction shall take
place on the tributary before work on the main stem reaches the
tributary confluence. Construction in the tributary, including
pump-around measures, shall follow the same sequence as for the
main stem. When construction on the tributary is completed, work
on the main stem shall resume. Water from the tributary shall
continue to be pumped around the work area in the main stem.
The cost of dewatering the stream channel, pumps, perpetuating
existing median drainage, velocity dissipators, and other
incidentals will not be paid for separately, but the cost thereof
shall be included in the cost of the pipe liner.
SEEDING OF DISTURBED AREAS
An undistributed quantity of 2000 sys., Mulched Seeding, R is provided
for seeding that may be required at disturbed areas within the rightof-way during the Slip Lining Process. At all other locations outside
the right-of-way, Mulched Seeding, R shall be placed to reseed areas
disturbed by the Slip Lining Process at no additional cost.
For additional information see Section 725.
CURED-IN-PLACE PIPE LINERS
Description
This work shall consist of the fabrication, installation, and
curing of a cured-in-place pipe, CIPP, liner into existing circular or
deformed pipe structures in accordance with 105.03.
Materials
The CIPP liner shall be in accordance with ASTM D 5813, Type III
and shall be UV and abrasion resistant. The liners shall be designed
in accordance with ASTM D 1216 for a fully deteriorated condition.
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Construction Requirements
RIGHT-OF-ENTRY AREAS.
If the right-of-way does not provide
sufficient room for performance of the work, rights-of-entry from all
appropriate adjacent property owners shall be obtained prior to
beginning work in accordance with 107.14.
A temporary fence shall be
installed as required to prevent encroachment of the public or
livestock into the work area.
Upon completion of the work, disturbed
areas on private property shall be restored in accordance with 107.14.
TRAFFIC MAINTENANCE.
Maintenance
accordance with 104.04 and 801.

of

traffic

shall

be

in

MAINTENANCE OF DRAINAGE. Drainage shall be maintained during the
installation and curing operations in a manner that does not damage
adjacent property.
PRE-INSTALLATION REQUIREMENTS.
Before beginning the liner
installation operation, three copies of design calculations shall be
submitted to the Engineer. The design calculations shall be sealed by
a professional engineer and shall certify:
(a)
(b)
(c)

the proposed liner thickness was determined in
accordance with ASTM F 1216,
the required curing pressure, and
the proposed waterway opening is in accordance with
the plans.

Prior to installing the CIPP liner, a video inspection of
the structure shall be performed. This inspection is to identify
cavities in the structure that need to be repaired, identify
connecting structures that shall be perpetuated, etc. The video
shall become the property of the Department. Cavities adjacent to
the existing structure and existing jagged edges or other
deformities that impact the liner operation or function shall be
repaired in accordance with the manufacturer’s recommended
procedures.
All foreign material shall be removed from the
existing structure in accordance with the ASTM specifications for
the installation method and disposed of in accordance with
203.10.
INSTALLATION REQUIREMENTS. The CIPP liner shall be installed by
the inversion method or the pulled-in-place method.
Inversion
installation of the CIPP liner shall be in accordance with ASTM F
1216. Pulled-in-place installation of the CIPP liner shall be in
accordance with ASTM F 1743.
The cured CIPP liner shall be
inspected and video taped for workmanship.
Defects in
workmanship as defined in ASTM D 5813 section 6.2 shall be
repaired or the CIPP liner shall be replaced so it meets the
requirements of these specifications.
The repaired or replaced
CIPP liner shall be re-video taped. The video tape shall become
the property of the Department.
The installed CIPP liner shall
be tested for delamination in accordance with the appropriate
ASTM specification.
The cured CIPP liner shall be cut within 2
in. of the ends of the existing structure. Where beveled inlets
are required, the details shown in the plans shall be followed.
Existing connections, including underdrains or another pipe
structure, to the structure to be lined shall be perpetuated
through the liner.
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The liner shall be permanently marked with a stainless
steel label with a minimum thickness of 0.080 in. located above
the structure low water elevation and within 6 in. of the
structure end.
The information shown on the label shall be at
least 1/2 in. tall and include the month and year of
installation,
the
liner
source,
and
the
ASTM
material
specifications.
QC/QA PROCEDURE:
(a)
For
each
existing
structure
lined,
a
type
A
certification in accordance with 916 and a test report
in accordance with ASTM D 5813, section 7.3 shall be
submitted.
(b)
An independent laboratory shall test field-cured
samples from each CIPP liner installation.
Appropriate
documentation for the independent laboratory shall be
provided prior to installation of the CIPP liner.
Testing results shall be provided to the Engineer within
7 days of receipt.
(c)
At each structure to be lined, two flat plate
samples shall be field cured and submitted for testing.
The samples shall be taken directly from the wet out
tube, clamped between flat plates and cured in the
downstream end of the tube.
As an alternative, two
restrained end samples may be used for liners installed
in pipes between 8 and 18 in. in diameter, or
equivalent.
The field-cured samples shall be submitted
to the laboratory within 3 days of the completion of the
installation.
(d)
The
field-cured
samples
shall
be
conditioned,
prepared, and tested in accordance with ASTM D 5813.
The wall thickness and flexural tests need only be
performed on the structural portion of the CIPP liner
only.
WARRANTY.
The Contractor shall warrant, for a period of five
years, all defects which will adversely affect the integrity or
strength of the liner.
The Contractor shall repair or replace, at
Contractor’s expense, such defects in a manner mutually agreed upon by
the Department and the Contractor.
Method of Measurement
CIPP liners will be measured by the linear foot, complete in
place.
An allowance of 5 ft per existing structure or pipe will be
made for the perpetuation of an existing structure or pipe through the
liner.
Basis of Payment
The accepted quantities of pipe liner, cured-in-place, will be
paid for at the contract unit price per linear foot for the pay item
area of the existing structure in which the liner is installed,
complete in place.
The installed liner shall provide an opening area
equal or greater than the proposed opening area shown in the plans.
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Perpetuating the direct connection of an existing structure or pipe
through the liner will be paid for by means of an allowance of 5 ft of
pipe liner, cured-in-place for each such connection.
Payment will be made under.
Pay Item
Pay Unit Symbol
Pipe Liner, Cured-In-Place, ________ in............ LFT
dia
Pipe Liner, Cured-In-Place, ________ sft........... LFT
area
The cost of repairing jagged edge or deformities to existing
pipe, filling cavities around the existing pipe with flowable backfill
or grout, acquisition and restoration of required right-of-entry areas,
erection, maintenance, and removal of temporary fence, removal and
reattachment of end sections for access, removing foreign material from
the existing pipe, maintaining existing water flow, maintaining
traffic, perpetuation of connections to the structure to be lined,
warranties and all other incidentals shall be included in the cost of
the pay items in this section.
There will be no payment for the installation or removal of any
liner that cannot be successfully installed due to the condition of the
existing pipe.
If the existing pipe or other objects not designated for removal
are damaged while performing this work, it shall be considered
unauthorized work and repaired or replaced in accordance with 105.11.
DOCUMENTATION OF DRAINAGE STRUCTURES
The Contractor shall verify existing pipe dimensions before ordering
material.
The Contractor shall provide digital photographic documentation of each
opening of the drainage structures showing before and after conditions
of the slip lining procedure. Cost shall be included in the “Pipe
Liner,…..” pay items.
LINER PLACEMENT
Liners shall be placed so that the flow line is maintained as close as
possible to original elevation. The liner will be blocked down (forced
to stay on the bottom of the existing pipe) in order to minimize any
increase in the flow line.
To keep the grade of the liner and help
push the liner in the existing pipe, a rail system can be used in the
installation.
A rail system will help minimize the point loading on
the liner if the bottom of the existing culvert is deteriorated.
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APPENDIX G.1

APPENDIX G.2

APPENDIX G.3

APPENDIX H.1
Jim,
Attached are the sample results for a water sample collected by ODOT on July 13, 2005 from
water from the pipe lining and existing pipe at 3:30 pm. The analysis detected 174 parts per
million Styrene.
Please share the report with the responsible party.
I have reviewed the analytical results form samples collected by NRC and they detected 9.05
parts per million Styrene from a liquid sample that was collected from the pipe discharge to the
river. In addition gasoline, diesel, and heavy oil hydrocarbons were detected in the water
sample and diesel/heavy oil was detected in the solid sample.
I do not have the details of where these samples were collected from.
I have contacted DEQ and informed them of the sample results for NRC and ODOT. They will
contact NRC to discuss the results.
I recommend the following:
ODOT receive a complete final copy of the spill report submitted to DEQ detailing the site
cleanup response,
ODOT receive a copy of all communication between the responsible party and DEQ,
ODOT receive a plan for additional work required by DEQ to determine full site clean up,
ODOT receive a final determination from DEQ that all cleanup work has been performed to
their satisfaction.
I believe that additional sampling should be performed to determine if Styrene and
hydrocarbons are still discharging to the river and if soils have been impacted by the spill.
Thanks Jim Orr

APPENDIX H.2

Seattle
Spokane
Portland
Bend
Anchorage

11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8244
425.420.9200 fax 425.420.9210
East 11115 Montgomery, Suite B, Spokane, WA 99206-4776
509.924.9200 fax 509.924.9290
9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
503.906.9200 fax 503.906.9210
20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
541.383.9310 fax 541.382.7588
2000 W International Airport Road, Suite A-10, Anchorage, AK 99502-1119
907.563.9200 fax 907.563.9210

July 19, 2005
Jim Orr
ODOT - Region 1 HazMat
123 NW Flanders
Portland, OR 97209
RE: St. Johns
Enclosed are the results of analyses for samples received by the laboratory on 07/14/05 17:35.
The following list is a summary of the NCA Work Orders contained in this report.
If you have any questions concerning this report, please feel free to contact me.

Work
P5G0569

Project
St. Johns

ProjectNumber
N/A

Thank You,
The results in this report apply to the samples analyzed in accordance with the chain
of custody document. This analytical report must be reproduced in its entirety.

Sarah Rockwell For Lisa Domenighini, Project Manager

North Creek Analytical, Inc.
Environmental Laboratory Network

Seattle
Spokane
Portland
Bend
Anchorage

ODOT - Region 1 HazMat

Project Name:

123 NW Flanders
Portland, OR 97209

Project Number:
Project Manager:

11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8244
phone: (425) 420.9200 fax: (425) 420.9210
East 11115 Montgomery, Suite B, Spokane, WA 99206-4776
phone: (509) 924.9200 fax: (509) 924.9290
9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
phone: (503) 906.9200 fax: (503) 906.9210
20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
phone: (541) 383.9310 fax: 541.382.7588
2000 W International Airport Road, Suite A-10, Anchorage, AK 99502-1119
phone: (907) 563.9200 fax: (907) 563.9210

St. Johns
Report Created:

N/A
Jim Orr

07/19/05 16:33

ANALYTICAL REPORT FOR SAMPLES
Sample ID

Laboratory ID

Pipe 1

P5G0569-01

North Creek Analytical - Portland

Sarah Rockwell For Lisa Domenighini, Project Manager

Matrix

Water

Date Sampled

07/13/05 15:30

Date Received

07/14/05 17:35

The results in this report apply to the samples analyzed in accordance with the chain
of custody document. This analytical report must be reproduced in its entirety.

North Creek Analytical, Inc.
Environmental Laboratory Network

Page 1 of 7

Seattle
Spokane
Portland
Bend
Anchorage

ODOT - Region 1 HazMat

Project Name:

123 NW Flanders
Portland, OR 97209

Project Number:
Project Manager:

11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8244
phone: (425) 420.9200 fax: (425) 420.9210
East 11115 Montgomery, Suite B, Spokane, WA 99206-4776
phone: (509) 924.9200 fax: (509) 924.9290
9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
phone: (503) 906.9200 fax: (503) 906.9210
20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
phone: (541) 383.9310 fax: 541.382.7588
2000 W International Airport Road, Suite A-10, Anchorage, AK 99502-1119
phone: (907) 563.9200 fax: (907) 563.9210

St. Johns
Report Created:

N/A
Jim Orr

07/19/05 16:33

Volatile Organic Compounds per EPA Method 8260B
North Creek Analytical - Portland
Analyte

P5G0569-01RE2

Method

Water

Acetone
Benzene
Bromobenzene
Bromochloromethane
Bromodichloromethane
Bromoform
Bromomethane
2-Butanone
n-Butylbenzene
sec-Butylbenzene
tert-Butylbenzene
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
2-Chlorotoluene
4-Chlorotoluene
1,2-Dibromo-3-chloropropane
Dibromochloromethane
1,2-Dibromoethane
Dibromomethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
cis-1,2-Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichloropropane
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichloropropene
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene
Hexachlorobutadiene
2-Hexanone
Isopropylbenzene

Pipe 1

Result

MDL*

MRL

Units

Dil

Batch

Prepared

Analyzed

Notes

Sampled: 07/13/05 15:30

EPA 8260B

ND

-----

50000

ug/l

2000x

5070730

07/19/05

07/19/05 14:22

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

10000

"

"

"

"

"

"

ND

-----

20000

"

"

"

"

"

"

ND

-----

10000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

20000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

10000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

10000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

10000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

8000

"

"

"

"

"

"

ND

-----

20000

"

"

"

"

"

"

ND

-----

4000

"

"

"

"

"

North Creek Analytical - Portland

Sarah Rockwell For Lisa Domenighini, Project Manager

The results in this report apply to the samples analyzed in accordance with the chain
of custody document. This analytical report must be reproduced in its entirety.

North Creek Analytical, Inc.
Environmental Laboratory Network

Page 2 of 7

Seattle
Spokane
Portland
Bend
Anchorage

ODOT - Region 1 HazMat

Project Name:

123 NW Flanders
Portland, OR 97209

Project Number:
Project Manager:

11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8244
phone: (425) 420.9200 fax: (425) 420.9210
East 11115 Montgomery, Suite B, Spokane, WA 99206-4776
phone: (509) 924.9200 fax: (509) 924.9290
9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
phone: (503) 906.9200 fax: (503) 906.9210
20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
phone: (541) 383.9310 fax: 541.382.7588
2000 W International Airport Road, Suite A-10, Anchorage, AK 99502-1119
phone: (907) 563.9200 fax: (907) 563.9210

St. Johns
Report Created:

N/A
Jim Orr

07/19/05 16:33

Volatile Organic Compounds per EPA Method 8260B
North Creek Analytical - Portland
Analyte

Method

P5G0569-01RE2

Water

p-Isopropyltoluene
4-Methyl-2-pentanone
Methyl tert-butyl ether
Methylene chloride
Naphthalene
n-Propylbenzene
Styrene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
Vinyl chloride
o-Xylene
m,p-Xylene
Surrogate(s):

Pipe 1

Result

MDL*

MRL

Units

Dil

Batch

Prepared

Analyzed

Notes

Sampled: 07/13/05 15:30

EPA 8260B

ND

-----

4000

ug/l

2000x

5070730

07/19/05

07/19/05 14:22

"

ND

-----

10000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

10000

"

"

"

"

"

"

ND

-----

4000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

-----

2000

"

"

"

"

"

"

174000

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

2000

"

"

"

"

"

"

ND

-----

4000

"

"

"

"

"

4-BFB
1,2-DCA-d4
Dibromofluoromethane
Toluene-d8

North Creek Analytical - Portland

Sarah Rockwell For Lisa Domenighini, Project Manager

Recovery: 103%
89.0%
91.0%
92.0%

Limits: 75 - 120 %
77 - 129 %
80 - 121 %
80 - 120 %

1x
"
"
"

"
"
"
"

The results in this report apply to the samples analyzed in accordance with the chain
of custody document. This analytical report must be reproduced in its entirety.

North Creek Analytical, Inc.
Environmental Laboratory Network
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Seattle
Spokane
Portland
Bend
Anchorage

ODOT - Region 1 HazMat

St. Johns

Project Name:

123 NW Flanders
Portland, OR 97209

11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8244
phone: (425) 420.9200 fax: (425) 420.9210
East 11115 Montgomery, Suite B, Spokane, WA 99206-4776
phone: (509) 924.9200 fax: (509) 924.9290
9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
phone: (503) 906.9200 fax: (503) 906.9210
20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
phone: (541) 383.9310 fax: 541.382.7588
2000 W International Airport Road, Suite A-10, Anchorage, AK 99502-1119
phone: (907) 563.9200 fax: (907) 563.9210

Project Number:
Project Manager:

Report Created:

N/A
Jim Orr

07/19/05 16:33

Volatile Organic Compounds per EPA Method 8260B - Laboratory Quality Control Results
North Creek Analytical - Portland
QC Batch: 5070730
Analyte

Water Preparation Method:
Method

Result

EPA 5030B

MDL*

MRL

Units

Dil

Source
Result

Blank (5070730-BLK1)

Spike % (Limits) % (Limits) Analyzed
RPD
Amt REC
Extracted: 07/19/05 07:59

ND

---

25.0

ug/l

1x

--

--

--

--

--

--

Benzene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Bromobenzene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Bromochloromethane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Bromodichloromethane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Bromoform

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Bromomethane

"

ND

---

5.00

"

"

--

--

--

--

--

--

"

2-Butanone

"

ND

---

10.0

"

"

--

--

--

--

--

--

"

n-Butylbenzene

"

ND

---

5.00

"

"

--

--

--

--

--

--

"

sec-Butylbenzene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

tert-Butylbenzene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Carbon disulfide

"

ND

---

10.0

"

"

--

--

--

--

--

--

"

Carbon tetrachloride

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Chlorobenzene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Chloroethane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Chloroform

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Chloromethane

"

ND

---

5.00

"

"

--

--

--

--

--

--

"

2-Chlorotoluene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

4-Chlorotoluene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,2-Dibromo-3-chloropropane

"

ND

---

5.00

"

"

--

--

--

--

--

--

"

Dibromochloromethane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,2-Dibromoethane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Dibromomethane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,2-Dichlorobenzene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,3-Dichlorobenzene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,4-Dichlorobenzene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Dichlorodifluoromethane

"

ND

---

5.00

"

"

--

--

--

--

--

--

"

1,1-Dichloroethane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,2-Dichloroethane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,1-Dichloroethene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

cis-1,2-Dichloroethene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

trans-1,2-Dichloroethene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,2-Dichloropropane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,3-Dichloropropane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

2,2-Dichloropropane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,1-Dichloropropene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

cis-1,3-Dichloropropene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

trans-1,3-Dichloropropene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Ethylbenzene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Hexachlorobutadiene

"

ND

---

4.00

"

"

--

--

--

--

--

--

"

2-Hexanone

"

ND

---

10.0

"

"

--

--

--

--

--

--

"

Acetone

Notes

EPA 8260B

North Creek Analytical - Portland

Sarah Rockwell For Lisa Domenighini, Project Manager

07/19/05 10:48

The results in this report apply to the samples analyzed in accordance with the chain
of custody document. This analytical report must be reproduced in its entirety.
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Seattle
Spokane
Portland
Bend
Anchorage

ODOT - Region 1 HazMat

St. Johns

Project Name:

123 NW Flanders
Portland, OR 97209

11720 North Creek Pkwy N, Suite 400, Bothell, WA 98011-8244
phone: (425) 420.9200 fax: (425) 420.9210
East 11115 Montgomery, Suite B, Spokane, WA 99206-4776
phone: (509) 924.9200 fax: (509) 924.9290
9405 SW Nimbus Avenue, Beaverton, OR 97008-7132
phone: (503) 906.9200 fax: (503) 906.9210
20332 Empire Avenue, Suite F-1, Bend, OR 97701-5711
phone: (541) 383.9310 fax: 541.382.7588
2000 W International Airport Road, Suite A-10, Anchorage, AK 99502-1119
phone: (907) 563.9200 fax: (907) 563.9210

Project Number:
Project Manager:

Report Created:

N/A
Jim Orr

07/19/05 16:33

Volatile Organic Compounds per EPA Method 8260B - Laboratory Quality Control Results
North Creek Analytical - Portland
QC Batch: 5070730
Analyte

Water Preparation Method:
Method

Result

EPA 5030B

MDL*

MRL

Units

Dil

Source
Result

Blank (5070730-BLK1)

Spike % (Limits) % (Limits) Analyzed
RPD
Amt REC
Extracted: 07/19/05 07:59

ND

---

2.00

ug/l

1x

--

--

--

--

--

--

p-Isopropyltoluene

"

ND

---

2.00

"

"

--

--

--

--

--

--

"

4-Methyl-2-pentanone

"

ND

---

5.00

"

"

--

--

--

--

--

--

"

Methyl tert-butyl ether

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Methylene chloride

"

ND

---

5.00

"

"

--

--

--

--

--

--

"

Naphthalene

"

ND

---

2.00

"

"

--

--

--

--

--

--

"

n-Propylbenzene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Styrene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,1,1,2-Tetrachloroethane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,1,2,2-Tetrachloroethane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Tetrachloroethene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Toluene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,2,3-Trichlorobenzene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,2,4-Trichlorobenzene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,1,1-Trichloroethane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,1,2-Trichloroethane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Trichloroethene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Trichlorofluoromethane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,2,3-Trichloropropane

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,2,4-Trimethylbenzene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

1,3,5-Trimethylbenzene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

Vinyl chloride

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

o-Xylene

"

ND

---

1.00

"

"

--

--

--

--

--

--

"

m,p-Xylene

"

ND

---

2.00

"

"

--

--

--

--

--

--

EPA 8260B

Isopropylbenzene

Surrogate(s):

Notes

07/19/05 10:48

"
07/19/05 10:48

100%

Limits: 75-120%

"

1,2-DCA-d4

90.0%

77-129%

"

"

Dibromofluoromethane

93.5%

80-121%

"

"

Toluene-d8

95.0%

80-120%

"

"

4-BFB

North Creek Analytical - Portland

Sarah Rockwell For Lisa Domenighini, Project Manager

Recovery:

The results in this report apply to the samples analyzed in accordance with the chain
of custody document. This analytical report must be reproduced in its entirety.
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Environmental Laboratory Network
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Spokane
Portland
Bend
Anchorage

ODOT - Region 1 HazMat

St. Johns
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Volatile Organic Compounds per EPA Method 8260B - Laboratory Quality Control Results
North Creek Analytical - Portland
QC Batch: 5070730
Analyte

Water Preparation Method:
Method

Result

EPA 5030B

MDL*

MRL

Units

Dil

Source
Result

LCS (5070730-BS1)

Spike % (Limits) % (Limits) Analyzed
RPD
Amt REC
Extracted: 07/19/05 07:59
07/19/05 08:35

20.8

---

1.00

ug/l

1x

--

20.0

104%

(80-120)

--

--

Chlorobenzene

"

20.8

---

1.00

"

"

--

"

104%

(80-124)

--

--

"

1,1-Dichloroethene

"

20.4

---

1.00

"

"

--

"

102%

(78-120)

--

--

"

Toluene

"

20.6

---

1.00

"

"

--

"

103%

(80-124)

--

--

"

Trichloroethene

"

19.9

---

1.00

"

"

--

"

99.5%

(80-132)

--

--

EPA 8260B

Benzene

Surrogate(s):

4-BFB

Recovery:

"
07/19/05 08:35

102%

Limits: 75-120%

"

1,2-DCA-d4

90.5%

77-129%

"

"

Dibromofluoromethane

93.5%

80-121%

"

"

Toluene-d8

94.0%

80-120%

"

"

Matrix Spike (5070730-MS1)

QC Source: P5G0419-01
EPA 8260B

Extracted: 07/19/05 07:59

20.4

---

1.00

ug/l

1x

ND

20.0

--

"

19.8

---

1.00

"

"

ND

"

99.0% (72.9-134)

--

--

"

1,1-Dichloroethene

"

19.6

---

1.00

"

"

ND

"

98.0% (79.3-127)

--

--

"

Toluene

"

20.0

---

1.00

"

"

ND

"

100% (79.7-131)

--

--

"

Trichloroethene

"

34.0

---

1.00

"

"

15.2

"

94.0% (68.4-130)

--

--

Surrogate(s):

4-BFB

Recovery:

102%

(80-124)

07/19/05 09:02

--

Chlorobenzene

Benzene

"
07/19/05 09:02

106%

Limits: 75-120%

"

1,2-DCA-d4

92.0%

77-129%

"

"

Dibromofluoromethane

96.0%

80-121%

"

"

Toluene-d8

98.0%

80-120%

"

"

Matrix Spike Dup (5070730-MSD1)

QC Source: P5G0419-01

EPA 8260B

Benzene

Extracted: 07/19/05 07:59

20.6

---

1.00

ug/l

1x

ND

20.0

103%

(80-124)

0.976% (25)

07/19/05 09:29

Chlorobenzene

"

19.9

---

1.00

"

"

ND

"

99.5% (72.9-134) 0.504% "

"

1,1-Dichloroethene

"

19.8

---

1.00

"

"

ND

"

99.0% (79.3-127)

1.02%

"

"

Toluene

"

20.4

---

1.00

"

"

ND

"

102% (79.7-131)

1.98%

"

"

Trichloroethene

"

34.0

---

1.00

"

"

15.2

"

94.0% (68.4-130)

0.00%

"

Surrogate(s):

Notes

4-BFB

"
07/19/05 09:29

106%

Limits: 75-120%

"

1,2-DCA-d4

91.5%

77-129%

"

"

Dibromofluoromethane

94.0%

80-121%

"

"

Toluene-d8

97.0%

80-120%

"

"
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Recovery:

The results in this report apply to the samples analyzed in accordance with the chain
of custody document. This analytical report must be reproduced in its entirety.
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St. Johns
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N/A
Jim Orr

07/19/05 16:33

Notes and Definitions
Report Specific Notes:
None

Laboratory Reporting Conventions:
DET
ND

-

Analyte DETECTED at or above the Reporting Limit. Qualitative Analyses only.
- Analyte NOT DETECTED at or above the reporting limit (MDL or MRL, as appropriate).

NR / NA - Not Reported / Not Available
dry

- Sample results reported on a dry weight basis. Reporting Limits are corrected for %Solids when %Solids are <50%.

wet

- Sample results and reporting limits reported on a wet weight basis (as received).

RPD

- Relative Percent Difference. (RPDs calculated using Results, not Percent Recoveries).

MRL

- METHOD REPORTING LIMIT. Reporting Level at, or above, the lowest level standard of the Calibration Table.

MDL*

-

Dil
Reporting
limits

METHOD DETECTION LIMIT. Reporting Level at, or above, the statistically derived limit based on 40CFR, Part 136, Appendix B.
*MDLs are listed on the report only if the data has been evaluated below the MRL. Results between the MDL and MRL are reported
as Estimated results.

- Dilutions are calculated based on deviations from the standard dilution performed for an analysis, and may not represent the dilution
found on the analytical raw data.

- Reporting limits (MDLs and MRLs) are adjusted based on variations in sample preparation amounts, analytical dilutions and
percent solids, where applicable.

North Creek Analytical - Portland

Sarah Rockwell For Lisa Domenighini, Project Manager

The results in this report apply to the samples analyzed in accordance with the chain
of custody document. This analytical report must be reproduced in its entirety.

North Creek Analytical, Inc.
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Item Number
9601-5000

Item Description
30" CURED-IN-PLACE PIPE

Header

ITEM 9601-5000 - 30" CURED-IN-PLACE PIPE

Provision Body

DESCRIPTION - This work is the reconstruction of existing pipes using cured in place resinimpregnated flexible tubes.
MATERIAL • Tube - ASTM F1216. Tube to be fabricated to size that will form to the internal
circumference and length of pipe culvert. Make allowance for circumferential
stretching during inversion.
If glass fiber reinforcement is used in the tube, provide layers of unreinforced,
resin absorbent material on the inside and outside of the tube to protect the
fibers from being exposed to the pipe flow or external water.
Plastic coat the outside layer of the tube before inversion with a translucent
flexible material that is compatible with the resin system used. Fully bond any
plastic coatings on the tube that will become the inside surface of the finished
cured-in-place pipe to the absorbent tube material.
No intermediate or encapsulated elastomeric layers are permitted. No
materials that are subject to delamination in the cured-in-place pipe are
permitted.
•

Resin - ASTM F1216, Section 5.2.

Dark or non-reflective nature wall colors of interior pipe surfaces of the curedin-place pipe that could inhibit proper closed circuit television inspection are not
permitted.
CONSTRUCTION Structural Requirements.
Design cured-in-place pipe in accordance with ASTM F1216 and as follows:
No bonding of cured-in-place pipe to the original pipe wall.
External Hydrostatic Design. Submit acceptable third party testing and verification of the
enhancement factor K for the manufacturer of the cured-in-place pipe product.
Provide a strong and uniform bond between all cured-in-place pipe layers. All layers, after
cure, to form one homogeneous structural pipe wall with no part of the tube left unsaturated
with resin.

Testing Requirements.
Chemical Resistance. Cured-in-place pipe must meet the chemical resistance guidelines of
ASTM F1216. Submit samples of tube and resin system for testing similar to that proposed for
actual construction. Samples with and without plastic coating must meet chemical testing
requirements.
Long-term Reduction in Physical Properties. Submit long-term creep data in accordance with
ASTM D2990 for the manufacturer of the cured-in-place pipe product. Duration of creep testing
to be a minimum of 10,000 hours.
Hydraulic Capacity. Submit calculations that support the cured-in-place pipe has at least 100%
of the full flow capacity of the original pipe before rehabilitation. Calculated capacities may be
derived using a commonly accepted roughness coefficient for the original pipe material. A
typical roughness coefficient of the cured-in-place pipe to be verified by third party test data.
Cured-in-place Pipe Field Samples. To verify past performance, submit a minimum of 15 test
results from previous field installations of the same resin system and tube materials as
proposed for the actual installation. These test results must verify that the cured-in-place pipe
physical properties have been achieved in previous field applications.
If glass fiber reinforcement is used, submit strain-corrosion testing in accordance with ASTM
D3681.
Installation.
Install cured-in-place pipes in accordance with the guidelines of ASTM F1216, and as follows:
Clean pipe of all debris prior to installation of cured-in-place process. Satisfactorily dispose of
removed material.
Resin Impregnation. Use a sufficient quantity of resin for tube impregnation to fill the volume of
air voids in the tube with additional allowances for polymerization shrinkage and the loss of
resin through cracks and irregularities in the original pipe wall. Use vacuum impregnation
process. Use a roller system to uniformly distribute the resin throughout the tube.
Do not insert absorbent layers of tube into the existing pipe without the layers being fully
vacuum impregnated with resin.
Limit tube installation forces or pressures so as not to stretch the tube longitudinally by more
than 5% of the original length.
Completely remove any bladders or tubes used to inflate the tube material against the original
pipe that were not fully bonded to the tube material prior to insertion into the original conduit
after cured-in-place pipe installation.
Dewater the existing pipe for any cured-in-place installation that does not use an inversion
method to expand the tube against the pipe wall. This involves the elimination of any incoming
water (infiltration of inflow) and the removal of standing water. Use flow diversion as necessary
for installation. Prepare and submit a flow diversion plan to the Engineer and Crawford County
Conservation District for approval. Do not begin lining operations without written approval of
flow diversion plan.
Inspection.
Provide one cured-in-place pipe sample for each pipe size installed from a section of the curedin-place pipe at the termination point that has been inverted through a like diameter pipe which
has been held in place by a suitable heat sink, such as sandbags.
Test cured-in-place pipe samples in accordance with ASTM F1216.
Test for leakage during cure while under a positive head. Visually inspect cured-in-place pipe
in accordance with ASTM F1216.
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PROJECT #
PIN #
SECTION 02617S

CURED-IN-PLACE PIPE (CIPP) LINER
Add Section 02617:
PART 1
1.1

1.2

1.3

1.4

GENERAL

SECTION INCLUDES
A.

Install CIPP liner into existing host pipes at the locations shown on the
plans in conformance with the details shown on the plans, and as
specified in this Special Provision.

B.

Prepare to install the liner by cleaning and inspecting existing host pipe.

RELATED SECTIONS
A.

Section 00820: Legal Relations and Responsibility to Public

B.

Section 01554: Traffic Control

REFERENCES
A.

AASHTO LRFD Bridge Design Specifications, Customary U.S. Units, 5th
Edition, with 2010 Interim Revisions

B.

ASTM F 1216: Standard Practice for Rehabilitation of Existing Pipelines
and Conduits by the Inversion and Curing of a Resin-Impregnated Tube

C.

ASTM F 1743: Rehabilitation of Existing Pipelines and Conduits by
Pulled-in- Place Installation of Cured-in-Place Thermosetting Resin Sewer
Pipe

DEFINITIONS

Not Used

Cured-In-Place Pipe (CIPP) Liner
02617S – Page 1 of 8

1.5

SUBMITTALS
A.

Submit two copies of each submittal for review. Each copy will contain all
applicable drawings, calculations, and a written work plan.
1.
Identify in the work plan details of the proposed method of
construction, sequence of operations to be performed during
construction, a detailed schedule of construction, and a traffic
control plan.
2.
Sufficiently detail the drawings, calculations, and descriptions in
order to demonstrate to the Engineer whether the proposed
materials and procedures will meet the requirements of this
Section.
3.
Sign and seal the structural designs and other engineered
components by a registered Professional Engineer.

B.

Use a three-ring binder, divided into the sections listed below with the
identified information for the submittal format.
1.
Structural Data – Use the naming convention used on the plan
sheets for each host culvert being lined including:
a.
The specific pipe liner (by trade name).
b.
The nominal and true inside and outside pipe liner
diameters.
c.
The net wall area of the pipe liner in square inches of
material per lineal foot of pipe liner.
d.
The Manufacturer’s recommended maximum and minimum
fill height limits for the identified liner.
1)
Meet or exceed AASHTO HL-93 or interstate
alternate loading in accordance with current AASHTO LRFD
Bridge Design Specifications and interim specifications for
liner load capability.
e.
Host pipe is considered to be fully deteriorated and unable to
carry loads.
f.
Liner structure must be capable of supporting the maximum
fill height at the subject location.
g.
Maximum allowable ovaling is five percent.
2.
Traffic Control Plan – Comply with Section 01554. Include the
following plan for each host culvert being lined:
a.
Locations and dimensions of any temporary access roads
b.
Locations and dimensions of liner assembly and insertion
area “footprints”
c.
Distance of insertion footprint from the traveled way
d.
Proposed traffic control
e.
Amount of time the footprint will be exposed
f.
Shoring method if a pit or excavation is proposed

Cured-In-Place Pipe (CIPP) Liner
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3.

4.

5.

C.

PART 2
2.1

Installation Plan – Address the following:
a.
Method of liner installation (pulled-in-place or inversion
method).
b.
Clearly identify the method being used to guide and ease the
pipe liner into place if pulling will be done.
c.
Identify the Manufacturer’s recommended maximum pulling
force if pulling will be done.
d.
Specific resin to be used.
e.
Curing method such as water, hot air, steam, etc.
f.
Proposed length, access, and termination points for each
run.
Installation Limitations – Identify the following installation limits for
each host culvert being lined:
a.
Manufacturer’s recommended maximum, minimum, and
ideal installation temperatures
b.
Manufacturer’s recommended curing times including heat
sink effects and variations in post liner length
c.
Manufacturer’s safety data sheets for all materials used
including but not limited to sheets for the resin, catalyst,
cleaners, and repair agents
Manufacturer Certifications – Include the following:
a.
Pipe liner manufacturer’s certification that the liner materials
furnished will be compatible for the intended installation
method, service conditions, and host pipe material
b.
Copy of Manufacturer’s installation procedure guidelines
c.
Manufacturer’s recommended liner joint assembly
recommendations

Do not begin work until the submittals have been reviewed and accepted
by the Engineer.
1.
The Engineer will have five working days for review and approval.
2.
Provide new submittals upon receiving notification that the
submittals are insufficient.
a.
Allow an additional five working days for the Engineer’s
review and approval.
PRODUCTS

TUBE LINER LAYERS
A.

Use only CIPP liner products approved by the Engineer.
1.
Fabricate the liner layers to fit the host pipe tightly.

Cured-In-Place Pipe (CIPP) Liner
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2.2

B.

The liner may consist of one or more layers of woven or non-woven
material capable of carrying resin and withstanding installation forces,
pressures, and curing temperatures.

C.

The liner must be compatible with the resin system used and able to fit
irregularities in the host pipe.
1.
Stagger longitudinal and circumferential joints between layers so
they do not overlap.

D.

Provide a standard metal end section or other end treatment as directed
by the Engineer at all culvert inlets.

E.

Provide a 45 degree beveled inlet condition in all headwalls.
1.
Bevel will be 1 inch per diameter foot of culvert up to a maximum of
8 inches.

RESINS
A.

Resin actuated liners may be either a chemically resistant isophthalic
based polyester resin, a vinyl ester thermosetting resin and catalyst
system, or an epoxy resin and hardener.

B.

Compatible with the installation process.

C.

Able to cure in the presence or absence of water.

D.

May contain fillers for viscosity control, fire retardance, air release, or
extension of pot life.
1.
Thixotropic agents that do not interfere with visual inspection may
be added for viscosity control.

E.

Can contain pigments, dyes, or colors that do not interfere with visual
inspection of the resin-impregnated pipe liner.

PART 3
3.1

EXECUTION

ORDERING LINER
A.

Prior to ordering pipe liner:
1.
Clean and then inspect the existing host pipe designated for lining
using a colored TV inspection system when indicated in the plans.
a)
Record single frames of video images and live video as well
as inspection data onto a CD/DVD.
1)
The CD/DVD becomes the property of the
Department.
Cured-In-Place Pipe (CIPP) Liner
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b)
c)

2.

3.
4.
5.

3.2

3.3

Draw attention to all recognizable defects and imperfections.
Accurately note all pertinent details regarding access
locations along the length of the pipe.
d)
Record on video image the distance inside the existing host
pipe and the time and date of the inspection
e)
Store and link captured videos to the inspection data.
f)
Provide the ability for any captured video to be played back
from a CD/DVD by any user with a PC utilizing standard
viewers.
g)
Provide the ability for inspection files to be exported onto
other database file formats to interface with UDOT
programs.
Verify the specified pipe liner, in ambiguous cases, will fit by
passing a test mandrel with an external diameter the same or larger
than the proposed liner through the full length of the existing host
pipe.
Inform the Engineer of any existing pipe culvert sections that have
collapsed or are otherwise impassable.
The Department reserves the right to eliminate pipe lining from the
contract if the Engineer determines that an existing pipe culvert
cannot be lined.
Include documentation showing that the liner system meets
AASHTO LRFD structural requirements for the specified fill height
and a fully deteriorated host pipe condition.

INSTALLATION SPECIFICATIONS
A.

Install pipe liner according to manufacturer’s installation recommendations
and installation plan submittal unless specified in this Section.

B.

Meet minimum requirements for installation of the pipe liner using any
inversion process in compliance with ASTM F 1216 or a pulled-in-place
installation in compliance with ASTM F 1743.

INSERTION
A.

Minimize to the extent practical the disturbance of vegetation and to the
extent of any temporary excavations when lining host pipe.

B.

Sidecast excavated material onto upland areas, not in wetlands if
excavation of wetland areas is necessary.

C.

Perform all work within the limits of the Department right-of-way unless
otherwise approved by the Engineer.

Cured-In-Place Pipe (CIPP) Liner
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3.4

D.

Complete insertion of pipe liner, backfill, and compact any disturbed
channel areas before moving to next pipe liner location.
1.
Minimize the amount of time insertion excavation area is open and
exposed.

E.

Take all precautions necessary to prevent cave-ins.
1.
Comply with the sanitary, health, and safety requirements in
Section 00820.

F.

Sections of the inlet and outlet, ends of existing host pipe culvert, fence,
and other items not otherwise specified for removal in the plans may be
removed to provide room for construction of an insertion area.
1.
Replace and install new items of the same size, shape, and
materials as those that have been removed.
2.
Include payment for removal and replacement of items in the pipe
liner item, not as a separate pay item.

HOST PIPE CULVERTS
A.

Clean existing host pipe of all sediment and debris just prior to pipe liner
insertion.
1.
Remove all debris or other materials from the original pipe so that
the inserted liner will not be resting on or against nor be irregularly
supported by such materials.

B.

Use a cleaning method and tools that will not cause damage to the host
pipe.
1.
Repair damaged host pipe to accept the liner at no additional
expense to the Department.

C.

Control all sediment from cleaning to prevent it from being transported into
streams and wetlands.
1.
The Engineer may require pulling a test head through the pipe to
determine the sufficiency of the cleaning effort.

D.

Provide adequate flow control when necessary to complete the installation
process.
1.
Possible methods include but are not limited to dewatering and
temporary detours.

E.

The existing host pipe may have holes where undermining of the backfill
material has occurred due to piping, water exfiltration or infiltration.
1.
Fill any void space in the soil envelope around the existing host
pipe with polyurethane foam or low-density cementitious grout.

Cured-In-Place Pipe (CIPP) Liner
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3.5

3.6

PIPE LINER
A.

Unload and store liner components in a secure location.
1.
Maintain a 30 ft minimum distance from the traveled way.

B.

Lap or connect joints according to the manufacturer's recommendations.

C.

Insert the pipe liner according to submitted insertion plan and
manufacturer’s installation recommendations.

D.

Handle and insert the pipe liner in a manner that will not cause damage to
the pipe liner.
1.
Replace damaged or liner materials at no additional expense to the
Department.

E.

Allow the pipe liner to cool in the host pipe long enough to adjust to its
natural geometry.
1.
Strictly follow the manufacturer’s recommended relaxation period
required to hold the CIPP liner against the host pipe.

F.

Repair the failure of the liner system due to inadequately cleaned host
pipes at no cost to the Department.

G.

Cut pipe liner neatly and smoothly at each end of the host pipe to prevent
snagging and collection of debris.

H.

The finished pipe liner is to be continuous over the entire length of an
insertion run between two manholes or structures and be as free as
commercially practical from visual defects such as foreign inclusions, dry
spots, air bubbles, pinholes, dimples and delamination.
1.
The pipe liner is to be impervious and free of any leakage from the
pipe to the surrounding ground or from the ground to the inside of
the lined pipe.

RESIN IMPREGNATION
A.

Notify the Engineer at least two working days before starting impregnation.

B.

Strictly follow the manufacturer’s recommendations.

C.

Store impregnated liner in an area where the temperature is controlled
within range recommended by the manufacturer.

Cured-In-Place Pipe (CIPP) Liner
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3.7

3.8

RESTORE EXCAVATED AREA
A.

Restore excavated or disturbed area due to insertion pit excavation or
other disturbance to immediate area.

B.

Backfill and compact excavation material to match the shape of the
surrounding surface.

C.

Topsoil and seed disturbed area: Use original soils and plants in wetland
areas.

FINAL ACCEPTANCE
A.

Reinspect the rehabilitated pipe using a colored TV inspection system
when indicated in the plans.
1.
The CD/DVD becomes the property of the Department.

B.

Verify that all lateral and inlet connections have been restored.
END OF SECTION

Cured-In-Place Pipe (CIPP) Liner
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APPENDIX K

Company fined for Bellevue chemical spill
By JOHN STANG
SEATTLEPI.COM STAFF
The state has fined a Bellevue project $9,000 for chemical spills in the summer of 2009 and has issued a citation for
failure to report the first.
Washington's Department of Ecology fined Michel's Pipe Services of Salem, Ore., for spills in July 2009, during
work under Interstate 405 near Southeast Eighth Street in Bellevue, the agency announced Monday.
It also issued a warning letter to the Washington State Department of Transportation for not properly supervising the
situation.
On two July 2009 nights, the subcontractor used air pressure and steam to install a plastic lining in a 24-inch culvert
that carries Trail Creek beneath I-405, an Ecology Department news release said.
The creek's water flow was diverted during the operation. On July 15, an unexpected flow of groundwater interfered
with the process, and Michel's used an inflatable plug to block that flow, the state release said.
The plug failed. Some resin entered the creek and was not reported.
Odors from the creek led to a state investigation the next day. The Ecology Department found in the water mineral
oil and styrene, which is poisonous to crayfish and other crustaceans. Dead crayfish were found.
A similar plugging failure occurred the next night when the contractors tried to repeat the operation. This time, it
was reported to the state.
The Bellevue Parks Department closed trails around the spill to prevent people being exposed to toxic compounds.
Styrene odor remained in the area until at least July 24.
“The damage to the creek could have been minimized if workers had taken precautions to intercept any releases that
might occur. Given the toxicity of substances involved, this should have been standard practice," said David Byers,
who supervises the Ecology Department's spill-response team.
“We have completed projects of this type for over 20 years in Washington and across North America, and have
never had a similar release. Some unusual circumstances appear to have come together to cause this incident.
Regardless, we have put in place new procedures to ensure that this type of incident will be prevented," said
Michel's vice president David Stegman.
Michel's has 30 days to appeal to the Ecology Department or to the Washington State Pollution Control Hearings
Board. It plans to do so, the state news release said.
John Stang can be reached at 206-448-8030 or johnstang@seattlepi.com.
FOR IMMEDIATE RELEASE
July 17, 2009
Contacts:

Seema Javeri, WSDOT Project Engineer, 206.794.6220
Steve Peer, I-405 Communications, 425.301.2023

WSDOT and I-405 contractors report spill on South Bellevue project
BELLEVUE – The Washington State Department of Transportation is investigating an apparent discharge into Trail
Creek near Bellefields Nature Park in Bellevue earlier today. A subcontractor working for Atkinson Construction
working to widen I-405 in South Bellevue inadvertently allowed a small amount of water carrying lubricant and
curing compound to flow into the creek when equipment failed. The lubricant is mineral oil.

The Washington Department of Ecology was notified just after 8 a.m. Friday, July 17. WSDOT briefed investigators
with the Department of Ecology regarding WSDOT and the Atkinson Construction’s plan to manage the discharge.
“It is standard WSDOT practice to report potential environmental violations to the Department of Ecology,” said
Seema Javeri, WSDOT Project Engineer. “We will work closely with DOE to review our practices on this project.”
Just after 7 a.m., contractor crews were installing a liner in a 24-inch corrugated metal pipe that runs east to west
under I-405 just north of I-90. The liner extends the life of the old pipe and allows water to pass more efficiently
under I-405. The liner, tied on one end, became stuck and crews used water to get the liner moving. The knotted end
punctured and 100-200 gallons of water carrying two quarts of lubricant and curing compound surged out of the
pipe and over carefully placed sandbags.
A small amount of these fluids flowed into Trail Creek. Crews immediately dammed the creek. The creek will
remain dammed for several hours while the water is cleaned.
“We take these environmental violations very seriously,” said Denise Cieri, I-405 Deputy Project Director. “This is
not how we do business.”
These compounds are not harmful however, styrene, a quick-curing substance, smells like model airplane glue.
Because of the smell, WSDOT is closing the lake-to-lake trail in the area until midnight. The trail should open, as
usual, on Saturday, July 18.
For more information on this project:
www.wsdot.wa.gov/Projects/i405/112thAvetoSE8th/.
###
WSDOT keeps people, businesses and the economy moving by operating and improving the state's transportation
systems. To learn more about what we're doing, go towww.wsdot.wa.gov/news for pictures, videos, news and
blogs. Real time traffic information is available at www.wsdot.wa.gov/traffic or by dialing 5-1-1.

