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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:

e 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.

e 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 yesto #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



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.



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




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




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.

e 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.

e 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




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.




Idaho
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? | 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. | 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.



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.

2.

4.

Use of CIPP? Yes.

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

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 | know of no place where this
kind of waste can be treated). As a result, contractors are opting to use non-styrene products, and |
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.

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.

0

=

N

Use of CIPP? Yes—not used very often.

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:


http://www.dot.state.oh.us/Divisions/ConstructionMgt/Specification%20Files/834_04162010%20for%202010.pdf

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.

QOregon

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

1.

2.

Use of CIPP? Yes.

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.qov/ODOT/HWY/SPECS/Pages/2008 special provisions.aspx#Part 00400;
http://www.oregon.qgov/ODOT/HWY/SPECS/Pages/standard specifications.aspx

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.

Response to problems? N/A.

Staff contact information: Paul Wirfs, (503) 986-3526, paul.r.wirfs@odot.state.or.us; Ken Cannon,
Aguatic Biology Program Coordinator, Geo-Environmental Section, (503) 986-3518,
ken.h.cannon@odot.state.or.us; William Fletcher, Water Resources Program Coordinator, Geo-
Environmental 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.

Specifications and guidance? See Appendix I.

Water quality and regulatory problems? None.

Response to problems? N/A.

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/cdmemo-
0811.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:

e 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 DOTSs 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 technigues. Contact Jay
Christianson at (360) 750-7269 for more information.

3. Water quality and regulatory problems? Yes. WSDOT had problems on both 1-405 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 1-405). 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 |-
405 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.
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APPENDIX B

A Technical Review of VTIRC’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 (VTIRC 08-R16) of which the
purpose and scope was stated as “to evaluate the potential for impacts on water
guality 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 confimed to be not
bioaccumulative.
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In VIRC 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.” VIRC 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 Kkill 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 | could find for CIPP.

There were seven CIPP installation sites monitored for VTIRC 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
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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 distiled 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.

Search

Site # Upstream At Outlet Post Curing, Conc. in ppm/Days after
installation
(Condensate)
1 N.R. 29 4.9/1 3.1/8 .009/32
2 N.R. 31 1.2/1 44/6 22/24 1.4/50
3 N.R. 77 2.2/5 <0.005/23
4 N.R. N.R. 0.006/37 0.71/71 <0.005/88
5 N.R. N.R. <0.005/15 | <0.005/30
6 N.R. N.R. 43/15 0.14/44 <0.005/56
7 N.R. N.R. <0.0058/16 | <0.005/31

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.1lppm. Additionally, we were provided with reference levels of styrene
concentration for the water flea (48-hour Eso) and rainbow trout (96-hour LCso). 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
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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
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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
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Sanitary Sewers
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Discharge water once styrene concentration is confirmed to be
at or below 25ppm; or

Transport process water to nearest wastewater treatment
facility

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.

b.

C.

d.

Detain condensate in a lined holding pond until it cools to
ambient

Discharge water once styrene concentration is confirmed to be
less than 25ppm; or

Retrieve condensate by pumping it into the steam generation
truck’s reservoir; or

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.
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APPENDIX C

Environmental Implications of Cured-in-Place
Pipe Rehabilitation Technology

Bridget M. Donaldson

Cured-in-place pipe (CI PP) technology iscommonly used for pipereha-
bilitation, and transportation agenciesareincreasingly usingit torepair
damaged pipeculverts. In typical CIPP applications, alining tube satu-
rated with a styrene-based thermosetting resin isinstalled into thedam-
aged pipe. Subseguent curing with a heat sourceresultsin a pipewithin
a pipe. In this study, seven styrene-based, steam-cured CIPP installa-
tionsin surface water and storm water conveyancesin 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 siteswere higher than the Environmental Protection Agency’s maxi-
mum contaminant level for drinking water of 0.1 mg/L. These concentra-
tionswer edetected at these sitesfor aminimum of 5 daysto 71 days after
installation. Certain measurementswer e also found to exceed the concen-
tration required tokill 50% of several freshwater aquaticindicator species.
The findings suggest that the elevated styrene levels could have resulted
from one or a combination of the following: (a) installation practicesthat
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
responsetothepreiminary findingsof thisstudy, the Virginia Department
of Transportation suspended the use of styrene CIPP for conveying sur-
face or storm water while the department further evaluated CIPP repair
and subsequently developed new requirementsfor theseinstallations.

Because many pipes and culverts were placed more than 20 years
ago, repair or replacement of damaged or worn pipesis becoming a
large maintenance concern in the United States. Cured-in-place pipe
(CIPP) rehabilitation is one of several “trenchless’ piperepair tech-
nologies 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 methodsfor 87% of therepairs, involving millions of feet
of pipeline. Of the many trenchless methods available, contractors
used CI PP 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
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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 agenciesin 36 U.S. states (4).

Despiteitswidespread and frequent use, little has been investigated
about the environmental impact of CIPP technology on surface water
or aquatic habitat. Although literature on the mechanismsinvolvedin
CIPP rehabilitation is readily available, studies have not been pub-
lished 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
arethepotential effects of styrene, whichiscommonly used asamain
component of the resin that saturates the lining tube. Styreneisclas-
sified by the U.S. Environmental Protection Agency (EPA) asamuta-
gen andisthus potentially carcinogenic (5). In certain concentrations,
styreneistoxic to aquatic species (6-9).

The Virginia Department of Transportation (VDOT) uses CIPP
repair technology for many of its pipesthat convey streamsor 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 thiswork (S. L. Hite, unpublished data).

BACKGROUND
Procedures and Materials for CIPP Installations

Typica CIPP operations begin with the project setup, which includes
measuresto 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 adownstream 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 viaarefrigerated truck,
isinserted into the host pipe. Depending on the company, the liner
iseither pulled or inverted through the host pipe. Inversionisaccom-
plished 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 apipewithin apipe. Typical curingis
achieved by circulating heated water or steam through the pipe to
polymerizetheresin material. The curing processtakes up to several

hours, depending on the size of the pipe. It and the subsequent cool -
down period generate spent processwater or steam condensate. ASTM

standards (10, 11) specify that, during the cool-down period, hot
water or steam effluent should be drained through asmall holeinthe
downstream end of the pipe and cool water should beintroduced asa
replacement. Following the cool-down period, the closed ends of the
cured liner are cut open, and generally avideo cameraisinserted into
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the pipe for afinal inspection. A more detailed explanation of CIPP
proceduresisprovidedin ASTM F1743-96 (10), ASTM F1216-07b
(11), and ASTM D5813-04 (12). These three standards contain a
caveat that “it isthe 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 operationsis composed of
absorbent nonwoven felt fabric that is presaturated (at the manu-
facturing facility) with a thermosetting resin. Typically, the liner
tube has a membrane coating to protect and contain the resin; the
membrane is generally aflexible thermoplastic, such as polyethyl-
ene 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 asjoints or cracks, in the host pipe
before curing. Threetypesof resinsaretypically used in CIPP appli-
cations: 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 resinsis generally
on the order of 30% to 50% (by weight). A materia safety data sheet
obtained from one vendor shows the styrene content of theresin to be
44% (by weight), with the remaining components made of unspecified
polymers (50% to 54%) and colloida 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 styreneas0.1 mg/L (0.1 ppm) (5). The EPA doesnot
have established regulatory standards for ecological toxicity specifi-
caly for styrene concentrations in water. In Canada, however, a sec-
tion of the British Columbia Environmental Management Act sets
limits for toxinsin discharged effluent (14). Under the act’s munici-
pal sewage regulation (which includes regulationsfor surface water),
effluent must not be discharged unless any toxinsin the effluent are
below the lethal limit for rainbow trout (Oncor hynchus mykiss) as
determined by Environment Canada’s 96-h lethal concentration
(LCsy) bioassay test method (i.e., the concentration required to kill
50% of thetest population after 96 h of exposureto that concentration)
for this species (15).

Numerous acute toxicity studies have documented the impacts
of styrene on aquatic organisms (6-9). Table 1 providesasummary
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of published values for acute styrene toxicity studies for several
aquatic indicator speciesthat arefound in freshwater habitatsthrough-
out 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 werereleased during aCIPPinstallation (thelocation of which
was not disclosed in the report) on a storm water drain (16). The
residual uncured resinswere carried to acreek, resulting in the death
of more than 5,500 fish of various species. Water samplesindicated
a100 ppm (100 mg/L) concentration of styrene in the downstream
manhole at the project site (16). Except in theimmediate vicinity of
aspill, typical environmental exposures of styrene are not deemed to
cause deleterious effects on natural communities of organisms (17).
Styrenevolatilizesrapidly and has not been shown to bioaccumulate
in organismsto any measurable extent (17). Rates of volatilizationare
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 hydro-
carbons) 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 volatilizationin 1 to 3 hin 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), someisreadily 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 CI PP 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

TABLE 1 Styrene Toxicities for Various Freshwater Indicator Species

Aquatic Species LCs or ECsy® (Mg/L) NOEC® (mg/L) Reference
Water flea (Daphnia magna) 48-h ECyy: 4.7 19 (6)
48-h ECy: 1.3 0.81 7
Amphipod (Hyalella azteca) 96-h LCsy: 9.5 4.1 (6)
Fathead minnow (Pimephales 96-h LCs: 5.2 2.6 @)
promelas) 96-h LCsy: 10 4 (8)
Rainbow trout (Oncor hynchus mykiss) 96-h LCsy: 2.5 N/A 9)
Freshwater green algae (Selenastrum 96-h ECsy: 0.72 0.063 (6)
capricornutum) 72-h ECsy: 2.3 0.53 @)

3L ethal concentration (L Cs,) and effective concentration (ECs), or the concentration required to kill (L Csy)
or have a defined effect (ECs;) on 50% of the test population after a given number of hours of exposurein

that concentration.

®No observable effect concentration, or the highest limit at which no mortalities or abnormalities were

observed.
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sampleswere collected from each project siteand 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 per-
form CIPP rehabilitation in Virginia. All project sites were surface
water conveyances in which the pipeinlet 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 theinstallationswere compl ete. Because the CIPPinstal-
lations 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 installa-
tions. Observations of incidents that could potentially result in
adverse impactsto water quality were documented.

Water Samples

A control samplewas collected from thewater within 1 m of the pipe
outletat Sites 1, 3, and 4 immediately before CIPPinstallations. At
sites that were not monitored until the installation was under way
(Site2) or until 15 to 16 days after installation (Sites 5 to 7), acon-
trol sample was collected after installation at least 10 m upstream
from the pipe inlet. Water samples were collected at various inter-
valsduring 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 2 Project Descriptions for Seven CIPP Installations in Virginia
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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
30to 116 daysafter CIPPinstallation, until the styrene concentration
at the sitewas 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 collec-
tionswith rain events, arain event was simulated for each sampling
period by pouring 1 gal of distilled water into theinlet of therepaired
section of pipe and capturing the water asit flowed out of the outlet
of the pipe section.

All samples were collected into 40-ml volatile organic analysis
vials with HCI 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). Samplescollected at the last one to two sampling periodsfrom
Sites 1, 4, 5, 6, and 7 were al so sent to Air, Water, and Soil Labora-
tories, Inc., in Richmond, Virginia. These sampleswere also packed
on ice and sent to the laboratory via an overnight courier service.
Sample analyseswereblind in that locations and project descriptions
were not disclosed to either |aboratory.

RESULTS
Field Observations

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.

Pipe Size

Site County Route No. Diameter (in.) Length (ft) Project

1 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. Drainsinto
earthen ditch. Intermittent flow.

3 Prince Edward 628 30 100 Conveys an unnamed tributary drainage to Dickenson branch of Briery
Creek. Drainsinto stream bed. Continual flow.

4 Albemarle 1722 24 121 Conveys stormwater entirely below ground. Drainsinto stormwater pond.
Intermittent flow.

5 Nottoway 460 15 112 Conveys an unnamed tributary drainage to Lazaretto Creek. Drainsinto
stream bed. Continual flow.

6 Nottoway 460 (business) 18 64 Conveys an unnamed tributary drainage to Jacks Branch. Drainsinto
stream bed. Intermittent flow.

7 Nottoway 613 30 60 Conveys an unnamed tributary drainage to Deep Creek. Drainsinto

stream bed. Continual flow.
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TABLE 3 Environmental Observations for Four CIPP Installations for Surface Water Conveyances

Effluent (Steam Condensate)

Site Stream Flow Management Curing Method

Disposal Method

Postproject Conditions

1 Temporary dam Steam

2 None necessary (dry pipe at Steam
time of installation)

3 Temporary dam Steam

4 None necessary (dry pipe at Steam
time of installation)

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

Discharged by workersin stream
(see associated water sample
resultsin Figure 2)

Discharged by workersin stream
(see associated water sample
resultsin Figure 2)

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

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 down-
stream); 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 pipeinlet (present at
each sampling period up to study’s end).

At Sites1, 2, and 3, algal bloomswere apparent within 6to 8 days
after installation (A. L. Mills, unpublished data); algae werenot vis-
ible 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 daysafter installation; algal bloomswerenot 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 down-
stream; 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, bloomswere observed 50 to 55 days
after installation. Blooms were no longer visible 78 to 88 days after
installation.

@

Water Samples

Styrene concentrations in al 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 thereporting limit at all sites. Samples collected at the pipe out-
let often contained residue that was visible on the water surface after
installation.

Figure 2 provides styrene concentrations at all sites compared
withtheMCL of drinking water (0.1 mg/L) and with the median effec-
tive concentration (ECs) required to induce a 50% effect) or LCs,
valuesfor two aquatic species (asdetailed in Table 1), and the labora-
tory reporting limit (0.005 mg/L), with the horizontal linesindicating
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 concentra-
tion value. Samples for three sites were taken during installation,
and samplesfor all siteswere taken at various intervals after instal -
lation. No compounds other than styrene were detected in the |ab-
oratory analyses.

The results indicate that styrene concentrations were generally
highest in water samples collected during installation, athough
comparable levels were detected at some sites severa 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 concentrationsand the duration of styrene’ sdetectable pres-
ence 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 ingtallation, and at Site 4, the concentration exceeded the
MCL 71 days &fter installation during a period of very low flow. The
maximum styrene concentrations at four sites (Sites 1, 2, 3, and 6)
exceeded published ECs, or LCs, vaues (Table 1) for various aquatic
species. At Site 2, the concentration exceeded these values for the
water fleaand 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 ECy, or L Csy values of thewater flea(6) and therain-

bow trout (9) (common indicator species) at four of the monitored
project sites. Compared with samples collected from sites with con-
tinual water flow, samplesfrom siteswith intermittent flow contained
relatively higher styrene concentrations for a greater length of time
after CIPP installation. This observation suggests that flow volume
and regularity areimportant factorsin diluting styrene concentrations.

At the two siteswhere styrene was not detected, theinitial sample
was not collected until 15 and 16 days, respectively, after installation;
therefore, it cannot be known whether theseingtallations had any effect
on water quality or whether styrene, if indeed present, had decreased
to concentrationsbel ow detection. At siteswhere styrenewas 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 astwo 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 sitesand for at least 44 to 71 days at three of these sites. Con-
centrations 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
avariety of aguatic species depend. The sample results from five of
seven sites exceeded one or more aguatic toxicity criterion (ECs, or
LCy, values, Table2) for styrene, and concentrations exceeding these
valueswere detected asfar as 10 m downstream. Styrene concentra-
tions at one site exceeded the ECs, value for the water flea and the
L Cs, value for the rainbow trout for the sampling period of 24 days
following installation.

One apparent ecological change during this study was the emer-
gence 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 phos-
phorus 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, factorsunrelated
to theinstallations, etc.) is unknown.

Astypical CIPPresinscontain between 30% and 50% styrene, even
arelatively 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 siteseven whereresin waste was either not released or had
washed downstream; styrene was aso detected at sites long after
observed discharges of steam condensate had been flushed down-
stream. These observations, coupled with the length of time styrene
was detected after installation, suggest that theseinstallation practices
(i.e., uncured extruded resin and discharge of the steam condensate
effluent) were not solely accountablefor the styrene concentrationsin
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 styrenefrom 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: (&) installation practices that did not
capture condensate containing styrene, (b) uncured resin that escaped
from theliner during installation, (c) insufficient curing of theresin,
and (d) some degree of permeability of the lining material.

Standards and Regulations

Although CI PP technology dominates the underground pipe rehabil -
itation industry and isacommon method for above-ground pipe reha-
bilitation, only 3 of 85 trenchless pipe rehabilitation standards relate
directly to CIPP methods and materias (3). ASTM standardsfor CIPP
rehabilitation (10-12) do not separate surface water conveyance guide-
lines 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 lim-
itations before use of theresin, the standards direct usersto dispose of
the curing water or condensed steam (effluent) by alowingit 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 CIPPingtallation (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
piperepair method on thebasisof variousfactors. Theguidelistssome
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 sensi-
tive area. The decision analysistool addresses such concernsfor CIPP
technology by assigning it the highest ranking for environmental risk
(onascaleof 1to5). Neither the guide nor the decision anaysistool,
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 styrenefor receiving streams, however, the discharge of pollutants
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(which includes chemical wastes) to waters of the United States
isregulated (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 pre-
treatment and monitoring before any discharge. State environmental
regulatory agencies aso typically have additional statutory or regula-
tory authority or both to prevent or regul ate the discharge of pollutants
to state receiving waters, including groundwater (25). Although state
or federal agencies could use published water quality standards, such
astherelevant MCL, or published aquatic toxicity criteriato deter-
mine acceptable styrenelevels, itisunclear what, if any, environmen-
tal regulation would govern the leaching of styrene from afinished
CIPP product.

ACTIONS BY VDOT IN RESPONSE TO
PRELIMINARY RESEARCH FINDINGS

VDOT took several actionsupon receiving the preliminary research
findings of this study:

1. VDOT'schief engineer immediately placed astop work order
on all styrene-based CIPPrepair projects contracted by VDOT (26).
VDOT subsequently elected to allow CIPP install ations 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 participantsincluded
members of VDOT' s Scheduling and Contract, Administrative Ser-
vices, Materials, and Asset Management Divisions, as well as sci-
entistsfrom 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 providethird-party verification of the preliminary study findingsand
totest additional CIPP sites, (b) meeting with the VirginiaDepartment
of Environmental Quality for support and guidance, and (c) holding
two series of interviews with CIPP industry representatives.

4. Thetask 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 con-
siderations, and conditions for reinstatement of styrene-based reha-
bilitation (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 Commis-
sioner charged VDOT's Scheduling and Contract Division with
developing an action plan to implement the recommendations out-
lined inthetask group report. In April 2008, these recommendations
were implemented and are incorporated in a VDOT memorandum
that includes revised CI PP 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 appli-
cable 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 con-
tainment 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 CI PP technology and, in doing so, to ensure due
diligenceby VDOT for the protection of the public health and safety
aswell asthe environment.

CONCLUSIONS

e 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 thisstudy, styrene was detected in water samples col-
lected from the pipe outlet during or after installation at five of the
seven CIPPinstallationsmonitored in this study. Styrene concentra-
tions 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 sitewas
88 days following CIPP installation.

e Although further research is needed to discern the contribution
from each potential source of styrene, thefindings suggest that the ele-
vated styrenelevels could have resulted from one or acombination of
the following: (a) installation practices that did not capture conden-
sate 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 thelining material. These factors appear to
pose arisk of negative impacts from the use of styrene-based CIPP
technologies.

e Under the observed conditions, styrene concentrations could
resultinviolationsof state or federal environmental standardsor 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 Statesis regulated under the NPDES permit
program.

e Research ontheecological and specieseffectsof chronic styrene
exposure in natural conditions would be useful so as to foster an
understanding of the potential impacts. These studies should also ook
at the factors that would creste conditions leading to algal blooms.
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