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GLOSSARY

Acute Exposure Guideline Levels Acute exposure guideline levels represent threshold
exposure limits for airborne hazardous substances.

AERMOD EPA preferred atmospheric steady-state dispersion
modeling system for modeling pollutant dispersion up
to 50 kilometers from stationary sources.

Fourier Transform-Infrared Spectroscopy A technique in analytical chemistry for identifying
materials in a sample using infrared radiation.

Gas Chromatography A technique in analytical chemistry for separating and
analyzing gas compounds in a sample by passing a
sample through a medium that separates the sample
into components. The components travel at different
speeds and a detector senses and records them.

Immediately Dangerous to Life or Health  IDLH (Immediately Dangerous to Life or Health) is the
level set by NIOSH as immediately dangerous to life or
health at which a susceptible person may become
disoriented, unable to breath and unable to escape.

Mass Spectrometer A technique in analytical chemistry where a sample is
broken into components through ionization and then
separated using an electric or magnetic field so that
they can be identified.

Permissible Exposure Limit Exposure limit set by OSHA for an employee to a
chemical substances or other hazards. Usually PELs are
based on an eight-hour time weighted average, but can
also be based on short-term exposure limits.

Permissible Exposure Limit Ceiling PEL (C) is defined as the permitted concentration ceiling
regardless of duration.

Short-Term Exposure Limit The acceptable average exposure limit set over a short
period of time, usually 15 minutes as long as the time-
weighted average is not exceeded.

Time Weighted Average An average values of exposure to a chemical, typically
over the course of an 8-hour work shift.

Volatile Organic Compound Organic chemicals that have a high vapor pressure at
room temperature and are emitted from certain solids
or liquids.



EXECUTIVE SUMMARY

INTRODUCTION

The report serves as a final report as required under the scope of the
Phase 2 project sponsored by National Association of Sewer Service
Companies (NASSCO) entitled “CIPP Emissions Testing”. The scope of the
project aims to measure air emissions from steam-cured, cured-in-place
pipe (CIPP) installations; and determine potential impacts on workers and
the surrounding community.

RESEARCH OBJECTIVES

The primary project objectives of this project were to (1) measure and
quantify worker/public exposure; and (2) evaluate potential health risks
to workers and the public to CIPP emissions.

RESEARCH APPROACH

The research approach for the most part followed the scope of work
outlined in Phase 1 of the project. The Phase 2 team made adjustments
as necessary to the data collection and analysis. Many of the adjustments were due to unforeseen issues
with equipment, sampling, site conditions and personnel. The following tasks were to be completed within
the scope of the project.

Figure 1: Example Site

(1) Directly measure worker/public exposure to emissions for locations onsite or immediately off site
for several CIPP installation sites that represent a range of scenarios typical of CIPP installations.

(2) Model the dispersion of emissions to estimate compound concentrations for a large set of
scenarios to include multiple locations and weather conditions.

(3) Evaluate potential health risks to workers and the community based on appropriate health-based
action levels using both directly measured and modeled data.

RESULTS

Based on the data collected and the modeling completed in this study, styrene was the only
compound of interest found at concentrations that had the potential to pose health risks. It was also
determined that two primary locations on CIPP sites have the potential to pose health risk to workers
and/or the public. The first is the liner truck immediately after opening and the second includes areas
immediately adjacent to emission point sources (within 10 feet). It is recommended that suitable PPE with
active air monitoring be worn at the time of the initial opening of the liner transport truck door by those
entering the truck. It is likely that the air quality will improve once the door is open, but active air
monitoring for VOCs is recommended to ensure a safe work environment in the transport truck or any
storage unit. It is also recommended that a conservative perimeter of 15-ft be implemented around
exhaust manholes and emission stacks during curing. This perimeter could be entered for short amounts
of time not exceeding 5 minutes. If this area must be entered for longer than 5 minutes, suitable PPE
should be used. The emissions stacks should be of vertical configuration at a minimum height of six feet
to enhance the dispersion of emissions and lessen the likelihood of workers entering the perimeter from
having to cross into emission plumes. The data in this study does not suggest additional PPE for the
workers around steam cured CIPP emissions sites beyond the recommendations above and what is
already standard practice. Standard practice typically includes eye and ear protection, gloves, steel toe
boots, safety vests and hard hats.



RECOMMENDATIONS FOR FUTURE STUDIES

While this study represents an extensive collection of data beyond what previous studies have
accomplished, there is still the potential for further data collection efforts. Future studies that focus on
task-oriented worker exposure to emissions would be helpful in identifying certain tasks within the typical
8-hour shift window that could pose potential health risks. This could be accomplished through comparing
health risk guidelines to measurements calculated by placing sorbent tubes on a worker at the beginning
of a task and collecting those sorbent tubes at the end of the task, thereby targeting specific installation
tasks at shorter time-weighted average exposures. Additional study is also needed to understand the
dispersion of styrene from the liner truck after opening. Additional measurements taken at the liner
transport truck over a 5-minute period after opening the cargo door would be useful in making any final
definitive conclusions related to PPE or dissipation time. Also, factors such as the size and number of liners
on the truck as well the duration each liner is on the truck could be evaluated. Capturing rogue emission
concentrations was not part of the scope of this project, so work should be done to try and capture
concentrations from rogue sources to evaluate health risks associated with these emissions.
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CHAPTER 1: INTRODUCTION
1.1. BACKGROUND

Cured-in-place pipe (CIPP) was first used commercially in 1971. This in-situ rehabilitation technique
involves installing a resin-impregnated liner on the interior walls of sanitary sewer, storm sewer and
drinking water pipes. The liner is then cured with steam, water, or ultra-violet light. The application of
CIPP, which has seen significant growth world-wide in the last 30 years, accounts for approximately fifty
percent of all pipe rehabilitation (Sterling et al., 2010).

As CIPP installation has become more common, health officials, utilities and industry representatives
have recognized the need to know more about the air-borne chemical emissions created during the CIPP
installation process, most specifically in the exhaust produced for steam-cured liners, which is the cure
method focused on in this study. Water and UV-light cure CIPP was not evaluated in this study. With
growing concern for understanding health risks posed by CIPP emissions (Ra et al., 2019; Sendesi et al,
2017; Ajdari, 2016), the National Association of Sewer Service Companies (NASSCO) sponsored a two-
phase project to help quantify these risks.

The first phase was completed in the spring of 2018 by a team of researchers led by the Center for
Underground Infrastructure Research and Education (CUIRE) at the University of Texas at Arlington. Phase
1 of the project first focused on reviewing CIPP emission study literature and found that of the 21 papers
reviewed, previous studies have “defective methodologies” that do not adequately evaluate CIPP
emissions (Najafi et al., 2018). The CUIRE team then developed a more robust scope of work to address
the limitations of published literature for capturing and analyzing CIPP emissions data (Najafi et al., 2018).
Phase 2 of the project includes the effort carried out to complete this scope of work developed in Phase
1. Phase 2 of the project was awarded to a team of researchers at the Trenchless Technology Center (TTC)
located at Louisiana Tech University. The Phase 2 team also partnered with experts at the U.S. Army
Engineer Research and Development Center (ERDC) to carry out this important comprehensive,
independent study.

1.2. OBIJECTIVES

The Phase 2 project aims to (1) evaluate air emissions from steam-cured, cured-in-place pipe (CIPP)
installations; and (2) determine potential impacts on workers and the surrounding community.

The following are the primary project objectives of this project:

1. Directly measure worker/public exposure to emissions for locations onsite or immediately off
site for several CIPP installation sites that represent a range of scenarios typical of CIPP
installations (Chapter 3).

2. Model the dispersion of emissions to estimate compound concentrations for a large set of
scenarios to including multiple locations and weather conditions (Chapter 4).

3. Evaluate potential health risks to workers and the community based on appropriate health-
based action levels using both directly measured and modeled data (Chapter 5).

1.3. PROIJECT TEAM

The project team consisted of researchers associated with Louisiana Tech University, the Trenchless
Technology Center (TTC), and the U.S. Army Engineer Research and Development Center (ERDC).

Dr. Elizabeth Matthews, Assistant Professor, Louisiana Tech University — Civil Engineering, Pl

Dr. Shaurav Alam, Associate Director of Research, Trenchless Technology Center, Co-PI
Dr. John Matthews, Director, Trenchless Technology Center, Co-PI
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Dr. Sven Eklund, Associate Professor, Louisiana Tech University — Chemistry, Co-PI
Dr. Anthony Bednar and Charles Laber, Research Chemists, U.S. Army Corps of Engineers ERDC

1.4. FINAL REPORT FORMAT

This report serves at the final report for Phase 2 of the project. The report includes six chapters and
two appendices. Following Chapter 1 (Introduction), Chapter 2 (Research Approach) is a description of the
overall project methodology. Chapter 3 (Field Measured Results) describes the general site
measurements, field measured styrene emissions, degree of cure and condensate test results. Chapter 4
(Dispersion Model Analysis) describes the dispersion modeling results and presents a comparison
between model results and field measurements. Chapter 5 (Analysis of Health Risks) provides an analysis
of health risks based on site hazard locations (e.g. liner truck, emission stack). Chapter 6
(Recommendations) gives recommendations for best practice based on the analysis and suggests areas
for future study. Appendix A includes the laboratory reports for emission concentration and condensate
testing. Appendix B includes modeling preprocessor input files for the dispersion model and the primary
input and output files for AERMOD.
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CHAPTER 2: RESEARCH APPROACH

2.1. MEASURING WORKER/PUBLIC EXPOSURE TO CIPP INSTALLATION
EMISSIONS

Nineteen chemical compounds are found both in CIPP emissions and on the US Environmental
Protection Agency’s (EPA) TO-15 list. TO-15 identifies a list of toxic organic compounds and describes
procedures for measuring those airborne compounds. TO-15 compounds potentially found in the
emissions of steam cured CIPP installations include: Acetone, Benzene, 1,3-Butadiene, Carbon Disulfide,
Carbon Tetrachloride, Chloroform, Cyclohexane, 1,4-Dioxane, Ethyl Acetate, Ethylbenzene, Hexane,
Isopropanol, Methyl Ethyl Ketone, Styrene, Toluene, 1,2,4-Trimethylbenzene, 1,3,5-Trimethylbenzene,
M,P-Xylene and O-Xylene (Najafi et al., 2018). These chemical compounds are common in manufacturing
settings and have been subject to extensive study and scrutiny. These chemicals were targeted for analysis
when measuring public exposure to CIPP installation emissions. The analytical methodology for identifying
these compounds was gas chromatography/mass spectrometry (GC/MS), which was either carried out in
real-time onsite with portable equipment or through the laboratory analysis of samples collected on site.
The emission results data is provided in Chapter 3.

SITE SELECTION

The project team targeted six total sites for data collection, however to meet data collection goals
additional sites were added. Overall, data was collected from a total of nine sites. The sites spanned across
three cities: Shreveport, LA; Saint Louis, MO; and Aurora, CO. The cities were selected primarily to capture
jobsites in varies climates; however other limiting factors were considered (e.g. availability of jobsites,
project characteristics and site characteristics). Climate and geographic elevation play a significant role in
the dispersion of air emissions; therefore, it was important to try to capture sites with a range of climates
and elevations so that study results could be compared across sites.

The City of Shreveport is located in the northwest part of the state of Louisiana (pop. 200,000 approx.)
and is the third largest city in Louisiana. The city is currently under EPA consent decree to repair the city’s
sewer network because of multiple sanitary sewer overflows (SSOs). The city is extensively using steam-
cured CIPP to make repairs to its small to medium diameter mains (mostly from 6-in to 15-in diameters)
throughout the city in an effort to reduce inflow and infiltration and ultimately reduce incidences of SSOs.
For this reason, multiple potential jobsites were available for data collection. The city was also
conveniently located near all project team members. The climate in Shreveport is typically humid and wet
and the city is located at a lower elevation (approximately 150 to 250 feet above sea level). The city of St.
Louis, MO is located in the eastern part of the state of Missouri (pop. 309,000 approx.). St. Louis which is
at a slightly higher elevation than Shreveport (approximately 380 to 615 feet above sea level), is also a
humid climate with cooler winters than Shreveport. Aurora is located near Denver in Colorado (pop.
325,000 approx.). Of the three cities Aurora has the highest elevation (approximately 5,400 feet above
sea level) and driest climate. Other than trying to capture a variety of climates, St. Louis and Aurora were
selected since active steam-cured large and medium diameter projects were ongoing in these cities.

In addition to climate and elevation, ranges of project characteristics were also important to capture.
A range of pipe diameters (small, medium, large), with approximately the same length were targeted. At
least three sites were selected representing a range of pipe lengths (short, medium and long), with the
same diameter pipe. Site selection also aimed to capture different development characteristics (e.g.
residential, commercial/public or mixed development), with at least two sites located near publically
accessible or vacant buildings accessible for measurement of emission within structures. All of these
factors were used to select sites to better understand the potential contribution of each factor in the
measured emissions. Table 1 outlines the targeted project site characteristic selection criteria.
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Table 1: Site Selection Criteria

. . Small Medium Large
Pipe Diameter (Same Length) (8-inch to 10-inch) (12-inch to 24-inch) Larger than 24-inch
Pipe Length (Same Diameter) Short Medium Long
Surrounding Built Environment Residential Commercial/Public Mixed-use

Table 2 outlines the sites selected and the specific criteria categories within which they fall. More specific
site and job characteristics are also provided in Chapter 3.

Table 2: Site Specific Descriptions

Criteria
Site City Address Date Diameter Pipe Environment
Length

] Milam St. 12/11/18 6-inch 315-feet Residential
2 Delaware St. 12/11/18 10-inch 147-feet Residential
3 Shrezzp ort, Dilg League Dr./Jewella Ave. | 12/12/18 8-inch 608-feet Residential
3a Samford Ave. 08/21/19 6-inch 275-feet Residential
3b Texas Ave. 08/22/19 6-inch 270-feet Mixed

4 Affton Athletic Fields 02/26/19 8-inch 500-feet Residential
4a St AL;OW'S’ Squire Meadows Drive 02/26/19 8-inch 270-feet Residential
5 Highland Park Dr. 02/27/19 24-inch 535-feet Commercial
6 | Aurora, CO | North Airport Rd. 05/14/19 36-inch 348-feet Rural

EQUIPMENT AND SAMPLING TECHNIQUES USED TO COLLECT EMISSION DATA

Various pieces of equipment were utilized to collect data from the selected sites (see Figure 2). The
equipment was selected based on the types of data that needed to be collected, the limitations of
equipment and expected conditions on site. The following sections describe in general the equipment
used, however it should be noted that due the varying site conditions and circumstances the utilization of
the equipment varied. All samples were collected according to proper procedures by professional
chemists from ERDC.

Emission data from site was collect using a combination of field portable equipment and laboratory
sampling. A portable HAPSITE GC/MS unit was used to collect emission concentrations in a number of
locations. This equipment was selected for this purpose because it could provide real-time data at any
location onsite. Also, considering the number of proposed measurements, the field portable equipment
was the most feasible option. Due to the possibility of damage to the equipment sampling moist air and
the potential for saturating the equipment detector, this equipment was not used to sample directly from
the emission’s stacks. The equipment was primarily used to sample the surrounding areas around the site.
Initially multiple issues arose with the equipment (e.g. loss of battery life, failure of equipment to auto-
tune and failure of rental company to include battery charger) which significantly hampered the use of
the equipment on the sites in Shreveport (Sites 1-3). These issues were later corrected at the other sites
in St. Louis and Aurora (Sites 4, 4a, 5 and 6), and the equipment was utilized as originally planned for
collecting emissions measures in the surrounding area. At the initial sites in Shreveport, the team utilized
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additional laboratory sampling to collect some of the data that was proposed to be collected using the
HAPSITE unit. Additional sites were also added (Sites 3a and 3b) to collect additional data from areas
surrounding the stacks using the Hapsite unit.

Laboratory sampling included both canisters and sorbent tubes. Canisters were primarily used to
collect (1) baseline air samples prior to liner installation, 2) liner truck samples and 3) steam plum exit
samples at Sites 1 & 2. However, additional canister samples were taken for Site 3 after the HAPSITE unit
stopped functioning. At least one canister sample at Sites 1, 2, 3, 4, 5, and 6 was taken as close to
maximum temperature during curing as possible to try and target maximum exotherm, which is when
maximum emissions are thought to occur. Personnel sampling using sorbent tubes was also used, with
two sorbent tubes attached to workers per site and at least one sorbent tube blank also carried to site
but not worn. All personnel sampling was carried out, however one worker lost one sorbent tube at Site
2 and Site 6. Additional sorbent tubes were also used on Site 3 to collect air samples in the vicinity of the
exit plume (measurements originally meant to be collected with the HAPSITE unit).

At sites 4 and 5, canisters were primarily used to collect 1) liner truck samples and (2) samples from
the steam plume exit. Personnel sampling using sorbent tubes was also carried out, with two sorbent
tubes attached to two workers per site and one sorbent tube blank taken to each site but not worn. On
the second site, two sorbent tubes were set up (one downwind of inlet & one upwind of outlet) with
sampling pumps to be used as comparisons to tubes worn by workers. On Site 4a, the Hapsite was used
to collect emissions measurements from the surrounding area. Site 4a was adjacent to Site 4 and due its
convenience the team decided to use the opportunity to collect additional Hapsite data.

At Site 6, canisters were primarily used to collect 1) liner truck air samples, 2) samples from the steam
plume exits and 3) a sample from inside the manhole. Sorbent tubes was also used, with multiple sorbent
tubes attached to workers and at various locations on the site. Duplicate sorbent tubes and two duplicate
canisters were also collected. The primary reason for using duplicates was to run the analysis through two
laboratories so that results could be compared.

2.2. OTHER SAMPLING AND DATA COLLECTED

In addition to measuring air emissions on each site, other sample and data collection activities were
carried out. These activities included degree of cure sample analysis of cured liner samples, steam plume
characterization measurements, and site-specific weather data. Degree of cure and condensate sample
results are provided in Chapter 3. Steam plume characteristic and weather data are provided in Chapters
3 and 4. It should be noted that there were various rogue emissions at most sites from either the exit
manhole or end of the curing liner. These points were not part of the original data collection plan, so very
limited sampling of these emissions was carried out.

DEGREE OF CURE SAMPLING

Degree of cure samples were collected by the CIPP contractor from the field at each site and provided
to the TTC for testing. Samples were stored in coolers with ice for transport from the site to the laboratory.
Samples were kept in cold storage until testing. Fourier Transform-Infrared Spectroscopy (FTIR) testing
was carried out to determine if there was any residual styrene in the cured samples. Results are presented
in Section 3.3.

CONDENSATE SAMPLING

Condensate samples were collected from the exhaust points at Sites 3, 4, 4a, 5 and 6 for GC/MS
analysis at the lab. Condensate was collected from exhaust stack pipe when condensate was observed
dripping or streaming from pipe. In some cases there was not enough condensate dripping from the stack
for collecting multiple samples. While the original plan was to collect samples from inside the pipe liner
in the manhole, it was expected that the potential for cross-contamination between condensate and
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sewer water might cause errors in the analysis results. At Site 3, 5 and 6 the team was able to collect
multiple condensate vials. The condensate was stored in vials with acid preservative. Only in one case was
a sample not preserved immediately after collection, however the sample was preserved on site prior to
transport. Samples were shipped to the lab immediately after data collection efforts were completed. The
laboratory used GC/MS to identify all VOCs in the sample. The standard operating procedures carried out
by the lab for sample analysis were taken from USEPA SW-846, which outlines techniques for the chemical
analysis of water and wastewater including GC/MS for analysis of VOCs (method 8260). For more
information see Appendix A.

STEAM PLUME CHARACTERISTICS AND WEATHER DATA

Flow velocity and temperature of the steam plume from the curing liner were measured using a TSI
VelociCALC anemometer and Venier temperature probe. Standard distance measuring tools (e.g. tapes,
calipers, etc.) were used to measure the diameters and heights of the release points for the steam plume
and curing liner. A mobile weather station (Davis Vantage Pro2) was used to collect wind speed, wind
direction, temperature, relative humidity, atmospheric pressure, and solar radiation at each site.

Yantage pROZ

(M (®

Figure 2: Equipment — Hapsite Unit (a, b), Davis Vantage Pro2 Weather Station (c, d), velocity measurement
and canister sample collection from stack at Site 6 (e), air sampling canister (f), duplicate canisters used to
sample air inside truck at Site 6 (g), sorbent tube on fixed stake (h), sorbent tube on worker (i)
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2.3. MODELING DISPERSION OF EMISSIONS

Dispersion modeling was utilized to estimate styrene concentrations for each of the six primary sites
(Sites 1, 2, 3, 4, 5 and 6) using the AERMOD modeling system. The primary reason for modeling emissions
was to evaluate the emissions concentrations for possible “worst case scenarios” over a range of weather
conditions to determine best practice recommendations. AERMOD is the EPA-preferred regulatory
software model for modeling steady-state Gaussian air dispersion for distances less than 50 kilometers
from a stationary source (typically a stack). The model uses meteorological data, terrain data and building
data to determine plume behavior and calculates concentrations for pollutants of interest. The interaction
of plume with buildings can also cause downwash effects, where pollution can be directed down toward
the ground surface rather than up into the atmosphere. For the modeling effort, the following parameters
and criteria were utilized:

e Annual hourly meteorological data from the nearest stations
e Measurements from source plume

e Source plum location

e Measurements of building environment

e Receptor grid and digital terrain data

e 1-hour averaging time

METEOROLOGICAL AND LAND SURFACE DATA

Meteorological data was processed in the AERMET preprocessor using hourly surface meteorological
data and upper air sounding data from the nearest station to each site. Typically, these stations are located
at airports. For all the sites, the hourly surface meteorological and upper air sounding data for the year
2018 was extracted from National Oceanic and Atmospheric Administration (NOAA) online data sources
(NOAA, 2020; ESRL, 2020) and used for the model. Automatic Surface Observing Systems (ASOS) 1-minute
wind data was also utilized and processed in AERMINUTE before being used as input to AERMET.
AERMINUTE calculates the hourly averaged wind speed from the ASOS data. ASOS data was extracted
from NOAA online datasets (NOAA, 2020). Land surface characteristics are also required to run AERMET.
Surface data includes National Land Cover Data obtained through the National Land Cover Database on
the United States Geological Survey (USGS) website (USGS, 2020). This data is processed through the
AERSURFACE preprocessor before running AERMET. Information about specific data stations utilized and
data inputs and outputs from these preprocessors can be found in Appendix B.

SOURCE PLUME MEASUREMENTS AND STACK LOCATION

To run the AERMOD dispersion model certain source plume characteristics were measured on each
site that was modeled. With the exception of Site 6, the main source of emissions modeled came from a
single stationary stack. Site 6 had three stacks, however only the main stack was modeled since the team
was limited by the number of sampling canisters available. Also, the stack modeled for Site 6 was the only
stack that produced emissions throughout the curing process. The parameters needed to model each site
included the stack plume velocity (meters/sec), stack height (meters), stack diameter (meters), stack
temperature (Kelvin) and emission rate for the pollutant of interest (grams/sec). Velocity, stack height,
stack diameter and temperature were measured directly with instruments in the field as described in
Section 2.1.

The pollutant of interest for modeling was determined to be styrene based on the data collected.
While other compounds could have been modeled, only styrene demonstrated measured concentrations
in the field that had the potential to pose a health hazard. It was decided based on these measurements
that the modeling effort would focus only on styrene. The styrene emission rate was extrapolated from
the GC/MS results for canisters collected directly at the steam plume. Concentration results for styrene
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given in the laboratory analysis results were converted from parts-per-million to grams-per-cubic-meter
using the ideal gas law at standard conditions:

_ Concentration (PPM) *101.32 *+ 104.15

Concentraion (i) =
m3 8.3144 % 273.15 * 1000

where, 101.32 is the standard pressure (kPa)

273.15 is the standard temperature K

104.15 is the molecular weight of styrene %

3+Pa

m
Kxmol

8.3144 is the gas constant

The emission rate was then calculated using the following formula:
. AN . 9 T 2
Emission Rate 3= Concentration —3) (3 (Dstaci)? ) * Vstack

Where, D40k is the stack diameter in meters

Vstack is the stack velocity in meters/sec

While the calculated emission rate was used to initially run the model, the emission rate was adjusted so
that the model simulation better matched the field results. The model was calibrated to match the field
data for weather conditions similar to those during the field visits. Calibration focused on correlating the
model to field emission data farther from the stack rather than emissions close to the stack. The field data
collected close to the stack was more likely to include rogue emissions. Calibrating the stack emission
model to this data would most likely result in an overly conservative model. Once the model was
calibrated, the model was run across all hourly meteorological data in 2018. Future studies should
incorporate rogue emissions into any modelling effort to better simulate emissions close to the stack.

The stack x- and y-coordinates were determined based on Universal Transverse Mercator system.
The stack x- and y-coordinates were either measured in the field using the GPS receivers on a cellular
phone or through estimating the location based on GIS or Google Earth imagery. The stack elevation (z-
coordinate) was determined based on Lidar data available through online sources (e.g. LSU Atlas, Missouri
Spatial Data Information Service) (LSU, 2020; Mizzou, 2020) and/or Google Earth.

BUILDING ENVIRONMENT MEASUREMENTS

To model the building environment, building corner x, y coordinates were derived from Google Earth.
The elevation of each building was derived from the same LIDAR sources mentioned in the previous
section. The building height for each story was estimated base on Google Street View imagery. For
residential structures, the sloped roofs were ignored since there wasn’t a way to model these in AERMOD.
These data were collected and compiled for a number of buildings on each site, with the exception of Sites
4 and 6, which had no buildings near the stack location. These data were used within the input files for
the BPIPPRM preprocessor to determine which buildings had downwash effects. Of all the sites where
buildings were modeled only one site indicated downwash effects from a nearby building (Site 5 in St.
Louis).
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RECEPTOR GRID AND DIGITAL TERRAIN DATA

The receptor grid is a defined set of analysis points at which AERMOD calculates the pollution
concentration based on all the input data provided to the model. For the receptor grid at each site, the
receptor points were set as polar grid with 36 total points (10-degree intervals) at each of the defined
distances (2, 3, 4, 6, 8, 15, 20 and 45 meters). The origin or center of the polar grid was set as the main
stack location for each site. The distances were selected based on the distances of the surrounding area
field measurements and when converted to feet represent a range from about 6.5 to 150 feet.

The digital terrain data represents the elevation data for the site and is run in the AERMAP
preprocessor to determine the receptor elevations and hill heights. Digital terrain data was taken from
the National Elevation Data set, which is located through USGS.

AVERAGING TIMES

An averaging period of 1-hour was required in the scope of work. The averaging period defines the
time over which the concentrations are averaged. The 1-hour highest average concentrations represent
the highest concentration output for the model. The modeled concentrations for the 1-hour highest
average concentrations were compared to field measurements (see Chapter 4).

2.4. EVALUATION OF POTENTIAL HEALTH RISKS TO WORKERS AND
COMMUNITY

Human exposure limit guidelines for the TO-15 chemicals have been published by the United States
Environmental Protection Agency (EPA), the Center for Disease Control (CDC), American Industrial
Hygiene Association (AIHA), Occupational Safety and Health Administration (OSHA) and the National
Institute for Occupational Safety and Health (NIOSH). The guidelines provide exposure boundaries for
several scenarios and play a vital role in the analysis of the data collected in this study. It is important to
remember that while NIOSH and EPA exposure guidelines are recommendations based on most recent
medical research, OSHA exposure guidelines are regulatory and should be enforced. In some instances,
the NIOSH, EPA and OSHA guidelines differ. The OSHA limit is enforceable, but, in some cases, the NIOSH
and EPA guidelines may offer more stringent recommendations for best practices. OSHA recommends
that more stringent guidelines are used if they exist since many of the OSHA limits have not been updated
since they were originally established (OSHA, 2019).

OSHA and NIOSH use common shorthand to describe exposure limits for different cases. The
shorthand PEL stands for permissible exposure limit. A PEL-TWA refers to a limit set for the average
exposure of an individual over a certain time, usually an 8 hour period. PEL-STEL stands for short-term
exposure limit. STEL is a limit set for exposure over a short period. A STEL is defined as a TWA over a short
time period, typically 15 minutes. A PEL-C defines a ceiling limit, the exposure level that may not be
exceeded for any length of time, except for very short time periods (5 minutes or less) and only up to an
acceptable peak limit (NIOSH, 2019). It is indeed possible for a PEL-TWA exposure measurement to fall
within the safe bounds of published guidelines for an 8 hour period, while the peak short-term exposure
events would reveal exposure levels that exceed the PEL-STEL or PEL-C guidelines.

Styrene, one of the TO-15 chemicals most commonly used in CIPP liner resins, is found in CIPP
emissions at concentrations much higher than the other compounds and is, therefore, of particular
interest as an air-borne toxin. Styrene, CsHs, has an odor threshold that according to some literature can
vary from 0.16 — 0.64 ppm (EPA, 2008; Amoore & Hautala, 1983). Other sources present even lower
concentrations for odor thresholds (e.g. WHO, 2000). These odor threshold concentrations indicate that
the presence of a styrene odor is not, necessarily, indicative of dangerous styrene levels. Styrene produces
a noticeable smell at levels far below the most cautious and conservative regulatory exposure limits. While
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all TO-15 chemicals are being quantified in this study, the chemicals selected for the evaluation of
potential health risks to workers and community are those found at concentration levels high enough to
pose a health risks.

Evaluation of potential health risks to workers and community for this study were based on published
regulatory guidelines from the Environmental Protection Agency (EPA), the National Institute for
Occupational Safety and Health (NIOSH) and the Occupational Safety and Health Administration (OSHA).
As an example, the summary of regulatory guidelines for styrene are provided in the following description
and are summarized in Table 3.

AEGL (Acute Exposure Guideline Levels), as published by the EPA for Acute Exposure Guideline Levels
for Hazardous substances, represent threshold exposure limits for the general public at the following
three levels (EPA, 2008). AEGL exposure limits are listed below:

AEGL-1 is the airborne concentration of a substance above which it is predicted that the general
population, including susceptible individuals, could experience notable discomfort, irritation or
certain asymptomatic, non-sensory effects. However, the effects are not disabling and are
transient and reversible upon cessation of exposure.

o Styrene Exposure Limit: 20 ppm (for any duration)
AEGL — 2 is the airborne concentration of a substance above which it is predicted that the
general population, including susceptible individuals, could experience irreversible or other
serious, long-lasting adverse health effects or an impaired ability to escape.

o Styrene Exposure Limit: 230 ppm for exposure less than 10 minutes

o Styrene Exposure Limit: 160 ppm for exposures from 10 to 30 minutes

o Styrene Exposure Limit: 130 ppm for exposures greater than 30 minutes
AEGL-3 is the airborne concentration of a substance above which it is predicted that the general
population, including susceptible individuals, could experience life-threatening health effects or
death.

o Styrene Exposure Limit: 1900 ppm for exposures less than 30 minutes

o Styrene Exposure Limit: 1100 ppm for exposures from 30 minutes to 1 hour

o Styrene Exposure Limit: 340 ppm for exposures greater than 1 hour

In addition to AEGL guideline, NIOSH and OSHA also set upper limits on styrene exposure. A

summary of these guidelines taken from (NIOSH, 2019) and (OSHA, 2019) and are as follows:

IDLH, NIOSH (Immediately Dangerous to Life or Health is the level set by NIOSH as immediately
dangerous to life or health at which a susceptible person may become disoriented, unable to
breath and unable to escape. NIOSH estimates this number based on an exposure duration of 30
minutes or less, however workers should escape immediately when exposed to this
concentration.

o Styrene Exposure Limit: 700 ppm
STEL, NIOSH (Short-term Exposure Limits) is defined as a 15-minute TWA exposure which should
not be exceeded at any time during an 8 hour workday.

o Styrene Exposure Limit: 100 ppm
REL-TWA, NIOSH (Recommended Exposure Limit — Time Weighted Average) is defined a 10-hr
TWA exposure.

o 50 ppm
PEL-TWA, OSHA (Permissible Exposure Limits — Time Weighted Average) calculates an acceptable
time weighted average exposure for any exposure duration of 8 hours.

o Styrene Exposure Limit: 100 ppm
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e Acceptable Peak, OSHA (Occupational Health and Safety Administration, Permissible Exposure
Limits) is the acceptable peak calculated for a single exposure event with a duration of 5 minutes
or less in any 3 hours within an 8-hour shift.

o Styrene Exposure Limit: 600 ppm
e PEL-C, OSHA (Occupational Health and Safety Administration, Permissible Exposure Limits) is
defined as the permitted concentration ceiling regardless of duration and must not be exceeded
during and 8-hr shift, except for exposures as defined by the acceptable peak (see above) . This
number corresponds to OSHA Construction PEL-C guidelines.
o Styrene Exposure Limit: 200 ppm

Table 3: Exposure Guidelines for Styrene

Exposure Duration

Guideline

5 min 10 min 30 min 1 hour 4 hours 8 hours
AEGL-1 (EPA, 2008) 20 ppm 20 ppm 20 ppm 20 ppm 20 ppm
AEGL-2 (EPA, 2008) 230 ppm 160 ppm 130 ppm 130 ppm 130 ppm
AEGL-3 (EPA, 2008) 1900 ppm 1900 ppm 1100 ppm 340 ppm 340 ppm
IDLH (NIOSH, 2019) 700 ppm*
REL- TWA (NIOSH, 2019) 5[(1)0'0;’:?
STEL-TWA (NIOSH, 2019) ?‘1);) :ﬁg
PEL-C (OSHA, 2019) 200 ppm 200 ppm 200 ppm 200 ppm 200 ppm 200 ppm
PEL-TWA (OSHA, 2019) 100 ppm

Acceptable Peak (OSHA, 2019) 600 ppm

* NIOSH estimates this number based on an exposure duration of 30 minutes, however workers should escape immediately when expose to this
concentration (NIOSH, 2019)

Short-term exposure to styrene can result in mucus membrane and eye irritation as well as
gastrointestinal irritation. Long-term exposure to styrene can result in central nervous system [CNS]
problems such as headaches, fatigue, muscle weakness, depression, hearing loss, peripheral neuropathy
(damage to nerves outside of the brain and spinal cord). Exposure to very high concentrations can lead to
death [HHS, 2010; EPA, 2008]. The National Toxicology Program (NTP) under the U.S. Department of
Health and Human Services has also declared styrene to be a “reasonably anticipated human carcinogen”
(NTP, 2011).
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CHAPTER 3: FIELD MEASURED RESULTS
3.1. GENERAL SITE MEASUREMENTS AND OBSERVATIONS

The following sections provide general site measurements, observations and descriptions of the nine total
sites that were visited. Five of the sites (Sites 1-3, 3a and 3b) were in Shreveport, LA; three were in St.
Louis, M); and one was in Aurora, CO. For all the sites, descriptions include general location information
and CIPP installation project details. Only descriptions of the primary sites (Sites 1-6) include stack and
weather measurements and job safety observations. Standard safety practices include eye and ear
protection, steel toe boots, safety vests and hard hats.

3.11 Site 1

Site Address: 2801 Milam St., Shreveport, LA

Date of Site Visit: December 11, 2018

Description: Intersection of Milam Street and Missouri Avenue, Shreveport, Louisiana

Development Type: Residential

Land Use Category: Suburban Area, grassy

Google Earti
©2018) |

Figure 3: Site 1 Map

CIPP INSTALLATION DETAILS

Pipe Details
Length of Pipe Run: 315 feet

Pipe Diameter: 6 inches
Host Pipe Type: Vitrified Clay
Number of Laterals: 3

Installation Process Information
Steam Generator/Boiler Size: 4.2
million BTU

Steam Temperature (Inlet): 245 Deg. F  Figure 4: Site 1 Stack Setup
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Emission Details

Stack Configuration: Horizontal

Stack Height Above Ground: 20.51 inches
Stack Diameter: 2.15 inches

Rogue Emissions: From Manhole

WEATHER DETAILS

Temperature

Outside Temp Before Installation: 53 Deg. F.
Outside Temp After Installation: 60 Deg. F.
Average Temp: 57 Deg. F.

Wind Speed & Direction:
Wind Speed Range: 0 — 8 mph
Average Wind Speed: 3 mph
Wind Direction: Primarily South
S (67% of Readings)
SW (22% of Readings)

Other Data:

Average Humidity: 40.5%
Atmospheric Pressure: 30.31 in
Precipitation Y/N: N

Solar Radiation: 419 W/m?

Figure 5: Site 1 Emissions Observed

Plume Temp Site 1

Temp (Deg. F)
3

Plume Air Sample Taken

0 2 4 6 8 10 12 14 16 18
Cure Time (Min.)

Figure 6: Site 1 Stack Emissions Temperature Profile
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JOB SAFETY OBSERVATIONS

At site 1, general safety measures were for the most part carried out, however there were some
deficiencies in safety measures concerned with personal protective equipment, confined space entry
and the construction process. The following deficiencies were noted:

e Safety glasses were not worn by all workers at all times

e No hearing protection was worn

e No atmosphere monitoring was done prior to or during entry in manholes

e Forced-air ventilation was not used during confined entry

e Channeling device (stack) for emissions plume was less than 6 feet above ground level and was
blown horizontally instead of vertically

e No temporary protective buffers between work zone and general public (e.g. cones, fencing)
were used
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3.1.2 Site 2

Site Address: 412 Delaware St. Shreveport, LA

Date of Site Visit: December 11, 2018

Description: Near Intersection of Delaware Street & Gilbert Drive

Development Type: Residential

Land Use Category: Suburban Area, grassy

= pStacks
—
_,_____‘0
Outlet
e
= S

Google Earth

18 Google

Figure 7: Site 2 Map

CIPP INSTALLATION DETAILS

Pipe Details
Length of Pipe Run: 147 feet

Pipe Diameter: 10 inches
Host Pipe Type: Vitrified Clay
Number of Laterals: None

Figure 8: Site 2 Emissions Observed
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Installation Process Information

Steam Generator/Boiler Size: 4.2 million
BTU

Steam Temperature (Inlet): 245 Deg. F

Emission Details

Stack Configuration: Horizontal

Stack Height Above Ground: 20.51 inches
(1.7 feet)

Stack Diameter: 1.78 inches

Rogue Emissions: From Manhole

WEATHER DETAILS

Temperature

Plume Temp Site 2

w
g}b 150 Plume Air
2 130 Sample
g— Taken
€ 110
2

90

70

50

0 2 4 6 8 10 12 14

Cure Time (Min)

Figure 9: Site 2 Stack Emissions Temperature Profile

Outside Temp Before Installation: 68 Deg. F.

Outside Temp After Installation: 54 Deg. F.

Average Temp: 57 Deg. F.

Wind Speed & Direction:

Wind Speed Range: 0 — 2 mph
Average Wind Speed: 0.5 mph

Wind Direction: Primarily No Direction

No Direction (Omph) (37% of Readings)

S (15% of Readings)
SSW (10% of Readings)
W (10% of Readings)

Other Data:

Average Humidity: 43.5%
Atmospheric Pressure: 30.32 in
Precipitation Y/N: N

Solar Radiation: 42.7 W/m?
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JOB SAFETY OBSERVATIONS

At site 2, general safety measures were for the most part carried out, however there were some
deficiencies in safety measures concerned with personal protective equipment, confined space entry
and the construction process. The following deficiencies were noted:

o Safety glasses were not worn by all workers at all times

e No hearing protection was worn

e No guardrails or barricade used around open manhole entrances

e No atmosphere monitoring was done prior to or during entry in manholes

e Forced-air ventilation was not used during confined entry

e Channeling device (stack) for emissions plume was less than 6 feet above ground level and was
blown horizontally instead of vertically

e Workers walked within 5 feet of emissions plume during curing for extended periods of time

e Workers sat directly downstream of plume during curing
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3.13 Site 3

Site Address: 3734 Dilg League Dr., Shreveport, LA
Date of Site Visit: December 12, 2018

Description: Dilg League Drive near Jewella Avenue
Development Type: Residential

Land Use Category: Suburban Area, grassy

E\Tg LeaguerDr

Sl@ck

Figure 10: Site 3 Map

CIPP INSTALLATION DETAILS

Pipe Details
Length of Pipe Run: 608 feet

Pipe Diameter: 8 inches
Host Pipe Type: Vitrified Clay
Number of Laterals: 15

Installation Process Information
Steam Generator/Boiler Size: 80 HP
Steam Temperature (Inlet): 240 Deg. F

Figure 11: Site 3 Stack Setup
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Emission Details

Stack Configuration: Vertical

Stack Height Above Ground: 70 inches (5.83
feet)

Stack Diameter: 2.19 inches

Rogue Emissions: From Manhole and Liner
Seam at End (Considerable emissions)

WEATHER DETAILS

Temperature
Outside Temp Before Installation: 60 Deg. F.

Outside Temp After Installation: 60 Deg. F.
Average Temp: 59 Deg. F

Wind Speed & Direction:
Wind Speed Range: 3 — 11 mph
Average Wind Speed: 6.5 mph
Wind Direction: Primarily South
S (85% of Readings)
SSE (12% of Readings)

Other Data:

Average Humidity: 68%
Atmospheric Pressure: 30.1 in
Precipitation Y/N: N

Solar Radiation: 89 W/m?

JOB SAFETY OBSERVATIONS

Rogue
Emissions®

"
3%

Figure 12: Site 3 Emissions Observed

Plume Temp Site 3

Plume Air
Sample Taken

0 10 20 30 40 50 60 70 80 90 100

Cure Time (min)

Figure 13: Site 3 Stack Emissions Temperature Profile

At site 3, most safety measures were carried out. There was only one deficiency in safety
measures with the construction process. The following deficiency was noted:

e Channeling device (stack) for emissions plume was less than 6 feet above ground level
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3.14 Site 3A

Site Address: 3015 Samford Ave., Shreveport, LA

Date of Site Visit: August 21, 2019

Description: Intersection of Samford Avenue & Glen Oak Place, Shreveport, Louisiana
Development Type: Residential

Land Use Category: Suburban Area, grassy

CIPP INSTALLATION DETAILS

Pipe Details
Length of Pipe Run: 275 feet

Pipe Diameter: 6 inches
Host Pipe Type: Vitrified Clay
Number of Laterals: 3

Installation Process Information
Steam Generator/Boiler Size: 4.2 million BTU
Steam Temperature (Inlet): 245 Deg. F

Emission Details
Stack Configuration: Horizontal
Rogue Emissions: From Manhole
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3.15 Site 3B

Site Address: 2491 Texas Ave., Shreveport, LA

Date of Site Visit: August 22, 2019

Description: Intersection of Texas Ave. & Mansfield Rd., Shreveport, Louisiana
Development Type: Mixed Commercial and Residential

Land Use Category: Suburban Area, grassy

CIPP INSTALLATION DETAILS

Pipe Details

Length of Pipe Run: 270 feet
Pipe Diameter: 6 inches
Host Pipe Type: PVC
Number of Laterals: 9

Installation Process Information
Steam Generator/Boiler Size: 4.2 million BTU
Steam Temperature (Inlet): 245 Deg. F

Emission Details
Stack Configuration: Horizontal
Rogue Emissions: From Manhole
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3.1.6 Site 4

Site Address: 10080 Squire Meadows Dr., St. Louis, MO
Date of Site Visit: February 26, 2019

Description: Neighborhood Adjacent to Affton Athletic Field

Development Type: Residential

Land Use Category: Suburban Area, grassy

Figure 14: Site 4 Map

CIPP INSTALLATION DETAILS

Pipe Details
Length of Pipe Run: 500 feet

Pipe Diameter: 8 inches
Host Pipe Type: Vitrified Clay
Number of Laterals: 2

Installation Process Information
Steam Generator/Boiler Size: 150 HP
Steam Temperature (Inlet): 210 Deg. F.

Emission Details*

Stack Configuration: Vertical

Stack Height above Ground: 90 in. (7.5 ft.)

Stack Diameter: 2.28 inches

Rogue Emissions: From Manhole and End of Liner

Figure 15: Site 4 Stack Setup
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WEATHER DETAILS

Temperature
Outside Temp Before Installation: 41 Deg. F.

Outside Temp After Installation: 52 Deg. F.
Average Temp: 47 Deg. F.

Wind Speed & Direction:

Wind Speed Range: 0 —9 mph

Average Wind Speed: 2 mph

Wind Direction: Variable
E (20% of Readings)
ENE (9% of Readings)
ESE (16% of Readings)
NE (10% of Readings)
S (9% of Readings)
SE (9% of Readings)
SSW (9 % of Readings)

Other Data:

Average Humidity: 48.7%
Atmospheric Pressure: 30.59 in
Precipitation Y/N: N Figure 16: Site 4 Emissions Observed

Solar Radiation: 489 W/m?

* Temperature profile was collected on stack emissions, however temperature probe placement and
movement of stack end by workers was such that temperature data was not consistently in the main
stream.

JOB SAFETY OBSERVATIONS

At site 4, no safety measure deficiencies were observed.
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3.1.7 Site 4A

Site Address: 10080 Squire Meadows Dr., St. Louis, MO
Date of Site Visit: February 26, 2019

Description: Neighborhood Adjacent to Affton Athletic Field
Development Type: Residential

Land Use Category: Suburban Area, grassy

CIPP INSTALLATION DETAILS

Pipe Details
Length of Pipe Run: 270 feet

Pipe Diameter: 8 inches
Host Pipe Type: Vitrified Clay Pipe

Installation Process Information
Steam Generator/Boiler Size: 150 HP
Steam Temperature (Inlet): 210 Deg. F.
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3.1.8 Site 5

Site Address: 5467 Highland Park Dr.

Date of Site Visit: February 27, 2019

Description: Commercial Area Adjacent to St. Louis Community College-Forest Park Campus

Development Type: Commercial

Land Use Category: Urban

Figure 17: Site 5 Map

CIPP INSTALLATION DETAILS

Pipe Details
Length of Pipe Run: 535 feet

Pipe Diameter: 24 inches
Host Pipe Type: Reinforced Concrete Pipe
Number of Laterals: 1

Installation Process Information
Steam Generator/Boiler Size: 150 HP
Steam Temperature (Inlet): 210 Deg. F. Figure 18: Site 5 Stack Setup
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Emission Details

Stack Configuration: Vertical

Stack Height above Ground: 80 in. (6.7 ft.)
Stack Diameter: 1.81 inches

Rogue Emissions: From Manhole

WEATHER DETAILS

Temperature
Outside Temp Before Installation: 42 Deg. F.

Outside Temp After Installation: 37 Deg. F.
Average Temp: 39 Deg. F.

= 5 I
2 % Rogue.__
i Emission
-~ 4

Wind Speed & Direction: L

Wind Speed Range: 0 — 8 mph

Average Wind Speed: 3.8 mph

Wind Direction: Primarily N/NNE
NNE (33% of Readings)
N (22% of Readings)
NW (17% of Readings)
WNW (14% of Readings)
NNW (12% of Readings)

Figure 19: Site 5 Emissions Observed

Other Data:

Average Humidity: 67.5%
Atmospheric Pressure: 30.2 in
Precipitation Y/N: N

Solar Radiation: 149 W/m?

JOB SAFETY OBSERVATIONS

At site 5, no safety measure deficiencies were observed.
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3.1.9 Site 6

Site Address: North Airport Rd, Aurora, CO*

Date of Site Visit: May 14, 2019

Description: Rural Field, Latitude (39.748600), Longitude (-104.798146)
Development Type: Rural

Land Use Category: Agricultural Land

* Unlike previous sites, three stacks were used at the site in Aurora

Figure 20: Site 6 Map

CIPP INSTALLATION DETAILS

Pipe Details
Length of Pipe Run: 348 feet

Pipe Diameter: 36 inches
Host Pipe Type: Reinforced Concrete Pipe
Number of Laterals: None
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Installation Process Information
Steam Generator/Boiler Size: 150 HP
Steam Temperature (Inlet): 210 Deg. F.

Emission Details

Stack Configuration: Three Vertical Stacks
Stack 1 Height Above Ground: 70.5 in (5.9 ft.)
Stack 2 Height Above Ground: 75.9 in (6.3 ft.)
Stack 3 Height Above Ground: 50.8 in (4.2 ft.)
Stack 1 Diameter: 2.1 in

Stack 2 Diameter: 2.1 in

Stack 3 Diameter: 1.9 in

Rogue Emissions: From Manhole

Stack 1

Erfiission
from
Stack 3

Rogue
Emission

Figure 21: Site 6 Emissions Observed
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WEATHER DETAILS

Temperature

Outside Temp Before of Installation: 65 Deg. F.

Outside Temp After Installation: 72 Deg. F.
Average Temp: 75.8 Deg. F.

Wind Speed & Direction:
Wind Speed Range: 0 — 22 mph
Average Wind Speed: 4.9 mph
Wind Direction: Variable
E (10% of Readings)
ENE (12% of Readings)
NE (18% of Readings)
NNE (7% of Readings)
S (9% of Readings)
W (7% of Readings)
WSW (9% of Readings)

Other Data:

Average Humidity: 48.7%
Atmospheric Pressure: 29.69 in
Precipitation Y/N: N

Solar Radiation: 524.5 W/m?

JOB SAFETY OBSERVATIONS

Figure 22: Site 6 Stack Setup

At site 6, most safety measures were carried out. There was only one deficiency in safety measures
with the construction process. The following deficiency was noted:

Channeling device (stack) for emissions plume was less than 6 feet above ground level (for two of the

stacks).
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3.2. CIPP FIELD MEASURED STYRENE EMISSIONS

The following tables present the styrene emission concentration results for all sites for the sorbent
tubes, canisters and Hapsite unit. GC/MS emissions results for the remaining TO-15 compounds for the
sorbent tubes and canisters can be found in the laboratory reports in Appendix A. This section only focuses
on reporting styrene emissions since the laboratory results indicate of all the compounds detected,
styrene was the only VOC with high enough concentrations to pose a potential health hazard (meet or
exceed EPA, NIOSH and OSHA guidelines as outlined in Section 2.4). Below Table 4 outlines all the blank
results for the sorbent tubes, canisters and Hapsite measurements. Tables 5 and 6 show the results for
the liner truck and liner preparation, respectively. Tables 7 and 8 reports the stack plume and termination
manhole emissions concentrations, respectively. Tables 9 and 10 outline the results for areas around the
termination manhole. Table 11 summarizes the worker sampling results. Table 12 reports measurements
taken inside and near buildings. See Appendix A.

Table 4: Blank Results (Styrene Only)

Sorbent Tubes Blanks? Canister Blanks* Hapsite Blanks*
Site # Sampling Time Concentration Concentration Concentration
(Hours)? (PPM) (PPM) (PPM)
Site 1 0.0133
e 4.9 0.00770 0
Shreveport 0.0097
i 0.0295
Site 2 3.4 0.0238 0
Shreveport 0.0680
Site 3 0.0103
Shreveport
Site 2b
0
Shreveport
Site 4
res 6.9 0.0331
St. Louis
Site 5
e 7.8 0.0187
St. Louis
i <0.01223
Site 6 8.8 <0.00167 0
Aurora <0.00123

1 Blanks kept in vehicle typically parked more than 100 feet from termination manhole.

2 Sampling time varied with each site due to the total length of lining install. For shorter installations, sorbent tubes were removed
unless workers were moving to other nearby install locations. Tubes were removed prior to the 8 hour mark when trying to
prevent loss of sample or cross contamination with other environments off site.

3 Two samples collected and analyzed at different labs to compare results.

4 Samples/measurements taken before curing typically upwind.

Values denoted with an “E” are estimated values as denoted in the laboratory reports from the outside
laboratories where samples were analyzed. The "E" values represent numbers that are above the
calibration range, and so the error from the 'true' value is based on how far above that range and how
linear the calibration range is out to that estimated value. In other words, if the measured
concentration is say 10% above the high calibration standard, then the error in that estimated value is
likely to be quite small, say 10% or less. If the estimated value is orders of magnitude above the high
calibration standard, the estimated value could include significant error (e.g. +/-50%). Therefore,
estimated values closer to the calibration standard are more reliable.
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The blank measurements were at or near O ppm for all the samples and measurements. The liner
truck results show a range of concentrations with 4 of the 6 sites with concentrations between 95 ppm
and 176 ppm. The lower concentration for Site 1 could be the result of the liner truck being opened for
several minutes before sample was taken. Once the truck is open it would be expected dispersion of VOCs
would occur quickly. Hapsite measurements also indicate elevated concentrations of styrene at the liner
truck. While the Hapsite show relatively small concentrations, the sensitivity of the equipment does not
allow for the equipment to capture higher concentrations accurately since the detector can be saturated.

Table 5: Opening of Liner Truck Results (Styrene Only)

Site # Pipe Characteristics Canister Concentrations | Hapsite Concentrations
Diam. (in.) Length (ft.) (PPM) (PPM)
Site 1
e 6 315 2.31 €
Shreveport
Site 2
e 10 147 176
Shreveport
Site 3
e 8 608 116
Shreveport
Site 4
res 8 500 157E 34.13
St. Louis
Site 4
e a 8 270 16.8%4
St. Louis
Site 5
St. Louis 24 535 95.5E
Site 6 1,820 E2
36 348 ’ 29.33
Aurora 3162
1 Sample was collected several minutes after opening during feeding of liner, so some dispersion of VOCs took place.
2 Duplicate results from separate labs. Both samples were taken in same location at same time.
3 Equipment detector saturated. These values represent minimum concentrations.
4 This was the second opening of the same liner truck used on Site 4.
E Estimated; Target analyte is above the Upper Quantitation Limit, or estimated due to other issue(s) noted in narrative.

For the duplicate liner truck results on Site 6, the results do not agree. One concentration is just
over 300 ppm and the other is well over 1,000 ppm. These samples were taken at exactly the same time
and same location. While concentrations of samples can vary depending on the collection location and
time, the discrepancy between these duplicates could indicate error in the sample analysis or estimation
concentration in the laboratory. The 1,820 ppm is well over the lab’s highest calibration standard, and
therefore, could include nearly 50% error.

The liner preparation results (Table 6) also show a range of concentrations across all sites. Liner
preparation includes concentration measurements taken at the manhole before installation of liner,
during feeding of liner and immediately after inversion before curing begins. These measurements were
completed with the Hapsite. Four of the thirteen measurements indicate possible elevated concentrations
of styrene since the detector was saturated, but it is not known how high the actual concentrations were.
These four measurements were associated with feeding of the liner. The majority of the measurements
taken were at or close to 0 ppm, which was associated with activity before installation of liner, downwind
or crosswind measurements during feeding of liner or after liner installation. In one case, a downwind
measurement was elevated at a distance of 10 feet.
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Table 6: Liner Preparation Results (Styrene Only)

Hapsite
Site # Notes Concentrations
(PPM)
Before installation at termination manhole 0
Site 3g Before installation at entry manhole 0
Shreveport | Before installation 20 feet upwind of liner truck 0
Feeding of liner 10 feet downwind 18.31
Before installation at entry manhole 0
Site 3b . . -
Feeding of liner 10 feet crosswind 0.0546
Shreveport
Feeding of liner 10 feet downwind 2.06
Site 4 . .
St Louis Feeding of liner 2.90
Site 4 . .
e C{ Feeding of liner 0.0126
St. Louis
Site 5 Feeding of liner 25.51
St. Louis End of inversion/before curing at termination manhole 0.0271
Site 6 Feeding of liner (measurement 1) 7.011
Aurora Feeding of liner (measurement 2) 6.801
1 Equipment detector saturated. These values represent minimum concentrations.

The stack emission plume concentration results range between 0 ppm and 293 ppm. The
concentrations are shown in relation to pipe diameter and length and stack emission temperature. For all
sites, an attempt was made to capture emissions as close to maximum curing temperature. To show some
variation two samples were captured at Sites 5 and 6; one sample for the beginning of the curing process
(lower temperature) and one close to maximum temperature. These concentrations were primarily
collected to derive the emission rate parameter for the dispersion model at each of the six sites shown in
Table 7.

Table 7: Stack Emission Plume Results (During Curing, Styrene Only)

Site # Pipe Characteristics Concentration' | Temperature
Diam. (in.) | Length (ft.) (PPM) (°F)
Site 1 Shreveport 6 315 1.21E 170
Site 2 Shreveport 10 147 107 E 196
Site 3 Shreveport 8 608 0.0512 208
site 4 8 500 8.45E 155
St. Louis
Site 5 111E 50
St. Louis 24 235 293 E 177
i 254 E 78
site 6 36 345
Aurora <0.00157 248
1 Concentrations from canister samples
E Estimated; Target analyte is above the Upper Quantitation Limit, or estimated due to other issue(s)
noted in narrative.

The results shown in Table 8 for the termination manhole represent measurements or samples
taken close to the termination manhole before, during or after curing. Two canisters were also taken at
Site 6 inside the manhole during cutting and were analyzed at different laboratories. This sample was not
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part of the original plan, but the team used an extra canister at Site 6 to get an instantaneous
measurement from inside the manhole. The original plan only accounted for worker exposure inside the
manhole as part of a time-weighted average. With time-weight averages the peak exposures would be
difficult to determine without breaking up sampling according to specific tasks. Most of the
measurements taken near the manhole were captured with the Hapsite unit. For 50% of the
measurements (6 total) taken during the curing process, the equipment detector was saturated which
could indicate elevated styrene concentrations. The remaining 50% the measurements taken during
curing were between 0 and 5 ppm. Measurements taken before curing were between 0 and 2 ppm.
Canisters samples taken inside the manhole during cutting were 1.3 and 8.7 ppm, with the later result
being an estimate.

Table 8: Termination Manhole Results (Styrene)

Concentration
Site # Notes
(PPM)
Site 2 . .
Next to exhaust during curing 24.31
Shreveport
Before curing at termination manhole 0.334
Site 4 During curing at termination manhole 0.276
St. Louis End of cure at termination manhole 0.0578
Next to exhaust stack during curing 0.1872
Site 4a . N
. Beginning of cure at termination manhole 19.51
St. Louis
Before curing at termination manhole 1.71
During curing near termination manhole 25.31
Site 5 A A .
. During curing near termination manhole 23.9¢
St. Louis
During curing near termination manhole 0.547
During curing near termination manhole 3.40
Initial curing at termination manhole 0.0650
During curing at termination manhole 20.51
Site 6 During curing at termination manhole (immediately downwind) 8.891
Aurora During curing at termination manhole (immediately downwind) 4.06
During cutting in termination manhole 8.74 E23
During cutting in termination manhole (duplicate) 1.313
1 Equipment detector saturated. These values represent minimum concentrations.
2 Concentration from canister. Remaining measurements in table taken with Hapsite.
3 Two samples were collected and run in different labs to compare results.
E Estimated; Target analyte is above the Upper Quantitation Limit, or estimated due to other issue(s) noted in narrative.

A mixture of methodologies were used to capture surrounding area styrene concentrations. Table
9 outlines the instantaneous (i.e. canisters) and real-time sampling results (i.e. Hapsite) for areas
surrounding the termination manhole, while Table 10 shows the time-weighted averages from sorbent
tubes installed around the termination manhole. The measurement distances away from the manhole
range from 6 to 100 feet. For the instantaneous and real-time readings, 78% are less than 1 PPM and 85%
are less than 2 PPM. Only three readings were greater than 10 PPM, which represent three downwind
measurements ranging from 6 to 20 feet. These high values represent estimates or minimum values and
in the case of the Hapsite measurements it is possible these values could be higher.
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Table 9: Surrounding Area Hapsite and Canister Results (Styrene Only)

Styrene
Site # Notes
(PPM)
During curing 85 feet downwind of termination manhole 0.02231
Site 1 During curing crosswind 20 feet to west of termination manhole ol
Shreveport
During curing crosswind 20 feet to east of termination manhole 0.01031
Site 2 . . . N
During cooling 75 feet downwind of termination manhole 0!
Shreveport
Site 3 During curing 6 feet downwind from termination manhole 36.1 E2
Shreveport | puyring curing 60 feet downwind of terminations manhole 0.01562
During curing 10 feet downwind of termination manhole 18.113
During curing 100 feet downwind of termination manhole 0.01841
Site 3a During cure 100 feet crosswind of termination manhole ot
Shreveport
After curing 50 feet crosswind of termination manhole ot
After curing 100 feet downwind of termination manhole ot
During curing 20 feet downwind of termination manhole 18.013
Site 3b During curing 10 feet crosswind of termination manhole 0.02021
Shreveport | After curing 100 feet downwind of termination manhole 0!
After curingl10 feet crosswind of termination manhole 0.00510
Site 4
e . During curing 20 feet downwind of termination manhole 0.05621
St. Louis
End of cure 20 feet downwind of termination manhole 0.5951
SSitf 40. End of cure/cool down 100 feet downwind of termination manhole 0.01161
t. Louis
End of cure/cool down 100 feet downwind of termination manhole 0.008801
During curing 80 feet downwind of termination manhole 0.04131
Site 5 During curing at entry manhole 0.0115?
St. Louis During curing 22 feet downwind of termination manhole 1.221
During curing 50 feet downwind of termination manhole 0.3531
During curing 20 feet crosswind of termination manhole 1.941
During curing 20 feet downwind of termination manhole 6.2913
Site 6 Aurora | During curing 50 feet crosswind of termination manhole 0.0450?
During curing 50 feet downwind of termination manhole 0.1731
During curing 20 feet downwind of termination manhole 0.6381
1 Concentrations measured with Hapsite
2 Concentrations from canister sample
3 Equipment detector saturated. This value represents minimum concentration.
E Estimated; Target analyte is above the Upper Quantitation Limit, or estimated due to other issue(s) noted in narrative

For the sorbent tubes the results are averaged over the sampling time shown in Table 10. Sampling
times ranged from 7.8 to 10.5 hours. It should be noted the values in Table 10 are not directly comparable
to the values in Table 9, since they represent the average exposure over the sample time while the
concentrations in Table 9 represent a concentration for a single snapshot in time. The values in Table 9
give an idea of a person’s average exposure if they were standing at the sorbent tube location for the total
sampling time. All but one of the sorbent tube results have an average styrene concentration of less than
1 ppm. Only one result was greater than 1 ppm (< 2 ppm), which was a sorbent tube located 10 feet
downwind from the termination manhole at Site 3.
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Table 10: Surrounding Area Sorbent Tube Results (Styrene Only)

. Downwind Upwind Crosswind
Sampling 20-25
Site # Time 10 feet 20 -25 feet | 10 feet 20-25 feet 10 feet feet 50 feet
(Hours) (PPM) (PPM) (PPM)
i 0.0100 0.00800
Site 3 10.5 1.68E
Shreveport 0.00400 0.0144
Site 5 81 0.00776 E? < 0.000003002
St. Louis ' 0.0407 E? 0.00001202
0.592 E? 0.05991 0.440113 0.54513 <0.01371
Site 6 78 0.0581 0.0130! 0.02313 0.15013 0.0220!
Aurora ’ 0.71651
0.2601
1 Two samples were collected and run in different labs to compare results
2 Two sorbent tubes were used to compare single and double diffusion cap configuration results.
3 Sample taken with respect to entry manhole. All other measurements with respect to termination manhole.
E  Estimated; Target analyte is above the Upper Quantitation Limit, or estimated due to other issue(s) noted in narrative
Table 11: Worker Results (Styrene Only)
Worker 1 Worker 2 Worker 3
Site # Sampling Time Concentration | Sampling Time Concentration | Sampling Time Concentration
(Hours)?* (PPM) (Hours) (PPM) (Hours) (PPM)
Site 1 4.9 437E 4.9 2.11E
Shreveport
Site 2
e 3.4 8.82E 3.4 *
Shreveport
Site 3 10.5 0.0268 10.5 0.201E
Shreveport
Site 4 2.66 E
St. Louis 6.9 242E 6.9 186 E
Site 5 16.3 E2 0.4932
. 8.8 7.8
St. Louis 16.9 E2 0.930?
Site 6 0.07373 0.429 1.45 E3
Aurora 8.9 1.603 8.9 * 8.87 0.04403
1 Sampling time varied with each site due to the total length of lining install. For shorter installs sorbent tubes were removed unless
workers were moving to other nearby install locations. Tubes were removed prior to the 8 hour mark when trying to prevent loss of
sample or cross contamination with other environments off site.
2 Two sorbent tubes were used to compare single and double diffusion cap configuration results
3 Two samples were collected and run in different labs to compare results.
E Estimated; Target analyte is above the Upper Quantitation Limit, or estimated due to other issue(s) noted in narrative
* Sample lost by worker in field

Similar to Table 10, the worker results (Table 11) represent time-weighted averages derived from
sorbent tubes worn by workers. The styrene concentrations are averaged over the sample time shown in
Table 11. Sampling times ranged from 3.4 to 10.5 hours. While the aim was to collect time-weighted
averages around 8 hours in some cases the lining process was shorter or longer. For shorter installs
sorbent tubes were removed unless workers could easily be followed to nearby locations. In two instances
sorbent tubes were lost in the field and could not be located. For the results in Table 11, 14 of 17 (82%)
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of samples collected and analyzed, show concentrations less than 5 PPM. Only two samples (collected
from a single worker at Site 5) were greater than 15 PPM.

Finally, Table 12 shows the interior building results for the samples taken with either a canister or
the Hapsite. The team’s goal was to capture samples before curing and after lateral opening inside nearby
buildings, however there was some difficulty gaining access to buildings at the sites. In some cases, there
were no buildings accessible or access that was available at the beginning of the process was not possible
after lateral opening because the building owner had left. On several sites cutting was delayed due to
mechanical malfunctioning of cutting robots, which made it difficult to capture post-opening samples. At
best, when samples that could not be collected post opening were collected post cure. Of all the samples
taken concentrations were considerably low (less than 1 PPM).

Table 12: Interior Building Results (Styrene Only)

Concentration
Site # Notes
(PPM)
Site 3 . . . _— . 2
Inside abandoned residential building after lateral opening 0.00420
Shreveport
Site 3a Before curing inside residential bathroom 0.0101!
Shreveport | After lateral opening on porch of residential building 0.00!
Site 3b Before curing inside commercial bathroom 0.00280*
ite
After curing inside of commercial bathroom 0.00?
Shreveport
After curing clean out drain ( dry trap) 0.00230?
Site 5
. Inside nearby building after cure 0.008801
St. Louis
1 Concentrations measured with Hapsite
2 Concentrations from canister sample

3.3. DEGREE OF CURE AND CONDENSATE ANALYSES

The results of the degree of cure testing, which used FTIR analysis, showed no detectable amount
of styrene monomer in any of the samples tested. Monomers are compounds that have the potential to
react with other molecules to form polymers (very large molecules). Styrene monomers that are still
remaining in the liner have not yet bonded and can volatilize (evaporate into a vapor) and disperse into
the air. Since no monomers were detected and typically there is 1-3% residual styrene monomer after a
complete cure (Herzog, 2007), this indicates that the remaining styrene monomer volatilized. Samples
were stored in coolers and kept in cold storage to minimize volatilization of any remaining styrene,
however volatilization of remaining monomer most likely occurred before the liner was collected in the
field and also during storage of these samples. Some time did pass between sample collection and
analysis, so it is possible most of the volatilization occurred during storage.

The results of the GC/MS analysis of the condensate are shown in Table 13. Of all the samples
collected, compounds detected included styrene and acetone. In one sample two additional compounds
were detected, carbon disulfide and 2-butanone (MEK). When comparing the first vial taken at every site
(Vial 1) to the average stack emission concentrations (Table 7), there appears to be a potential correlation
between the styrene concentrations in the condensate and stack emissions, however more data points
would need to be collected to confirm this relationship. For subsequent vials taken on some of the sites,
there does not appear to be a correlation to stack emission concentrations. It would be expected that
later condensate sample would exhibit lower concentrations of styrene, which is supported by the data
shown in Table 13 at Sites 3, 5 and 6 where multiple vials were successfully collected. Condensate analysis
laboratory reports can be found in Appendix A.
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Table 13: Condensate Analysis Results

Site 3 Vial 1 170,000 U U U
Vial 2 33,000 700 E U U
Shreveport | (.5 29,000 | 600E u u
Site 4. Vial 1 14,000 1,000 E U U
St. Louis
Site 4a. Vial 1 94,000 2,000 E U U
St. Louis
Site 5 Vial 1 3,900,000 | 4,000 E U U
St. Louis Vial 2 13,000 8,000 220 300 E
Site 6 Vial 1 100,000 2,400 U U
Aurora Vial 2 41,000 1,100 U U
E = Estimated value
U = Not detected
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CHAPTER 4: DISPERSION MODEL ANALYSIS

For the modeling styrene emissions, field measurements that were taken at each of the primary
sites. These parameters are required by the model to calculate emission concentrations around the stack
at defined distances. Table 14 outlines these measurements. The concentration (PPM) used to calculate
the estimated emission rate parameter, the calculated emission rate (g/s) and the adjust emission rate
(g/s) used to calibrate the model are shown Table 14. Of all the sites, Site 6 was the only site that had
three stacks. It should be noted that only the main stack was modeled at Site 6 since the team only had
enough canisters to collect from one stack. The main stack is where most of the emissions appeared to be
visibly emitted. Other sources of emissions on site (rogue and liner truck emissions) were not included in
the model due to the complexity of modeling these sources.

Table 14: AERMOD Model Parameters Measured in Field

Model Stack Parameters
Site # . . . Styrene Calculated Adjusted
V(?‘Loc':t)y Hi:)h t Dla(ril:-):ter Ti::;" Concentration | Emission Rate Emission
P (PPM) (g/sec) Rate (g/sec)
Site 1 55.59 1.71 2.36 170.6 1.21E 0.00033 0.01
Shreveport
Site 2
55.59 1.71 1.57 195.8 107 0.01886 0.01
Shreveport
Site 3
47.49 5.84 2.36 208.4 0.0500 0.00001 0.01
Shreveport
Site 4
. 68.181 7.51 2.36 154.5 8.45 0.00316 0.02
St. Louis
Site 5. 68.181  6.69 1.97 177.0 293 0.06881 0.05
St. Louis
Site 6 52.57 5.91 1.97 78.35 25.4 0.00621 0.18
Aurora
1 Anemometer’s upper threshold was exceeded. These values represent the upper limit maximum velocities measurable
by the equipment. It was noted that in previous study (Ajdari, 2016) a stack velocity of 78.29 mph was measured, so
these values could be slightly higher.

Figures 23-28 present the results of the model output from AERMOD shown in Google Earth. Each
figure shows a series of receptor points and lines that represent the modeled styrene concentrations in
parts-per-million at that location. Emissions were modeled at distances of 2, 3, 4, 6, 8, 15, 20 and 45
meters, which equate to distances of 6.6, 9.8, 13.1, 19.7, 26.2, 49.2, 65.6 and 147.6 feet, respectively. The
modeled values are associated with highest 1-hr results averaged across 1-year of meteorological data.
The highest 1-hr values represent the maximum values calculated over the smallest possible averaging
period in AERMOD. The figures also depict the field measured values from the surrounding area
measurements.

The correlation between field data and model data was better for Sites 1, 3 and 4 when compared
to Sites 2, 5 and 6. Sites 1, 3, and 4 were smaller diameter pipes which are more likely to be associated
with lower-concentration emissions. This might explain why it was easier to correlate the model to the
field data. Site 2 was difficult to correlate due to limited field data, so a similar emission rate to Site 1 was
used (Sites 1 and 2 had similar stack characteristics). For Site 5 and 6, it was difficult to correlate the model
results with both the higher-concentrations near the stack and lower-concentrations farther away. Since
these are much larger diameter pipes, its possible rogue emissions and some stack emissions (e.g. Site 6)
are contributing significantly to the higher concentrations near the stack. Since these emissions were not
included in the model, it might explain the underestimation of emissions near the stack. To better match
the model to all the field data, future models should account for the other forms of emissions around the
stack especially for larger diameter pipes.
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Figure 23: Site 1 Modeled Styrene Emissions with Field Data (Highest 1-hour Values Across 1-YR)
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