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UNITS OF MEASURE

Measures of mass or weight

rrig Milligrams

LR Micrograms {1,000 pg = 1 mg)

Measures of concentration

mg/m? Milligrams of chemical per cubic meter of air

pe/m? Micrograms of chemical per cubic meter of air (1,000 pg/m3= 1 mg/m?)
ppm & ppmy Farts per miliion by volume

pphk & ppbv Parts per billion by volume {1,000 ppb =1 ppm)

SCIENTIFIC NOTATION

Scientific notation is a method of presenting numbers. it is particularly useful for numbers that

are very small or very large, Some examples are shown below.

Number

Scientific Notation

100

1x10? 1E+02

10

1x10* 1E+01

0.1

1x10* 1E-01

.01

1x107 1E-02

0.001

1x10? 1E-03

0.0001

110 1E-04

0.00001

1x10° 1E-05
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EXECUTIVE SUMMARY

In May 2015, the Pennsylvania Department of Environmental Protection (PADEP) renewed the
solid waste disposal permit for Waste Management of Pepnsylvania’s (WMPA} Tullytown
Resource Recovery Facility (TRRF) Landfili, The permit requiraed that a plan of study be
prepared and implemented “to evaluate air emissions related to landfill gas, working face odors
and odor control chemicals emanating from the landfill and travelling to the Florence-Roebling
areas on the prevailing winds.” PADEP also requested that the study include collection of actual
air monitoring data and an analysis of odor threshold and health risk levels.

This report presents the results of the study required by PADEP. It was conducted in
accordance with a study plan approved by PADEP, and relied on methodologies developed by
regulatory and public health agencies.

Three investigations were conducted to address the permit condition: an air modeling study to
evaluate potential landfill gas and working face emissions; an air monitoring program both on-
site and in the Florence-Roebling area; and an evaluation of odor control products used at the
landfill. These investigations assess the potential for public health risks and odors in the
Florence-Roebling area.

The air modeling study evaluated the potentiai for public health risks and odors in the Florence-
Roebling area. It was performed using a U.S. Environmental Protection Agency-approved
{USEPA) madel that calculated air concentrations of 47 compounds commaoanly present in
landfill gas and working face gas emissions. This is what the study concluded:

» Adverse health effects are not expected in Florence-Roebling. Based on the landfill
conditions addressed in the study, the emissions data collected at TRRF and the dilution
and dispersion of ermissions as they move away from a source, the calculated
concentrations in Florence-Roebiing were more than 100 times below regulatory and
health-based criteria relied on by PADEP and USEPA for protection of public health.

= Odors are not expected to be detected in Florence-Roebling by a person of typical
sensitivity. However, transient odors could be detected at times depending on landfill
and weather conditions and on the odor sensitivity of an individual in the community.

The modeled odor assessment results should not automatically be expected to correspond to
odor surveys. Differences in results from different odor investigation methods can occur for
many reasons, especially if the investigations are not carefully matched to the same time
period. For example, this study relied on a quantitative, scientifically-based method which
calculated air concentrations for compounds that may be present in landfill gas and working
face gas. In contrast, odor surveys rely on subjective perceptions of odor and provide
qualitative results. Perceptions of odor are known to be extramely variable because they are
affected by numerous biological and psychological factors, such as genetics, age, medical
conditions, pre-existing attitudes and personal beliefs.

A three-month air monitoring program, from July to October 2015, was conducted in Florence-
Roebling to investigate potential air impacts from the fandfill. The air monitoring program
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measured concentrations of hydrogen sulfide, a common landfili gas compound, at nine
locations in Florence-Roebling and at several locations very close to the landfill surface,

» All of the 555 hydrogen sulfide concentrations measured in Flarence-Roebling were well
below levels considered to be protective of public health by USEPA and PADEP. An
analysis of the Florence-Roebling data relative to wind direction did not show a
consistent pattern of hydrogen sulfide concentrations that indicated a clear landfill-
refated impact.

+  On the landfill site, all of the more than 200 hydrogen sulfide concentrations measured
within a few inches of the landfill surface were substantially below occupational
standards and criteria developed for protection of workers and below the Pennsylvania
ambient air quality standard. One value at the surface of the landfill was barely above
the most restrictive public health protection level set by California. When considering
the dilution and dispersion that occurs during movement of air away from the landfill,
no atverse health effects to the public are expected.

The potential for public health risks and odors in Florence-Roebling associated with odor
contral product use at the landfilf also was evaluated. In accordance with the PADEP-approved
study plan, the assessment focused on odor control products used at the landfill from June
2014 to September 2015. This evaluation concluded that:

+  Adverse health effects would not have been expected in Florence-Roebling as a result of
potential air emissions of odor control products. This conclusion was based on
evaluation of the ingredients in the odor controt products, available health effects
criteria for these ingredients, the dilution of odor control products with air or water
before use, the locations of use, and the dilution and dispersion that occurs as air travels
away from an emissions source.

» Fragrances associated with odor control products used at TRRF could have heen
detected at times in the Florence-Roebling area, depending on the location of use,
weather conditions at the time of use and the odor sensitivity of an individual in the
community. These detections are likely to be related to the presence of fragrances in
odor control products used at landfills, including lemon, lime, crange and pine oils,

Based on the landfilt conditions addressed, and air and emissions data collected at TRRF and at
nine locations in Florence-Roebling, this study concludes that no adverse public health effects
are expected in Florence-Roabling as a result of landfill gas and working face gas emissions, and
odor control product use. The study also found that an individual in Florence-Raebling with
typical odor sensitivity is not likely to detect fandfill gas and working face gas odors. Fragrances
associated with past odor controf product use at the landfill may have been detected at times
depending on landfill and weather conditions and on the odor sensitivity of an individual in the

commuity.

Based on the results of the air modeling study and the monitoring program, additional air
maonitoring in Florence-Roehling is not recommended.

i



TULLYTOWN RESQURCE RECOVERY FACILITY LANDFLL:
INVESTIGATION OF PUBLIC HEALTH AND ODOR ISSUES IN THE FLORENCE-ROEBLING AREA

L0  INTRODUCTION

A solid waste disposal renewal permit was issued to Waste Management of Pennsylvania, Inc.
(WMPA) by Pennsylvania Department of Environmental Protection {PADEP) for the Tullytown
Resource Recovery Fadcility (TRRE) Landfill on May 21, 2015. Condition 45(B) of that permit
states:

(B} Ay soom as practicable. but i no case later than 90 days after the issnamee date of this perndr, the
Pernuties shall submit a plan of studv to evaluate sy emissions related to landSili gas, working
face odors and odor control chepneals smanating from the landfill and traveling to the Florenca.
Roebling areas on the prevailing winds. The plan of study shall clude provisions te
characterize bandfill enussion parameters and chemical constitvents of patential conearn and to
colleet actual monitoring data. both at the landfill and m rthe strpotinding conunmitiss. The
plan shall be deseloped to snable the Permittee to provide an analysis of the odor threshold and
health sk levels of the parameters and chenneal constituents of potential concern wdentified by
the study. Upon approval of the plan of study by DEP, the Permittee shall conduet the study and
subpst a final report containing wonitoring data collectad and analvsis of the data in accordance
with the schedule approved thersin. Monttoring data and analysts shall be wiade part of the
TRRF Landfill's operating record fud the evaluation report shall be subputted fo the DEP,
Elorence Townshup. and also pasarally made avalable to the public.

This document presents the study that was conducted for permit condition 45(B) in accordance
with a PADEP-approved plan. A draft plan of study was submitted to PADEP on August 19,
2015 and resubmitted on October 28, 2015 (CPF/EIL 2015) in response to PADEP comments.
PADEP approved the revised study plan on November 13, 2015 with a few additional
suggestions which have been addressed in this report (Wentzel 2015, see Appendix A}. Unless
otherwise noted, all of the methods used in this study followed the PADEP-approved study
plan.

Three related investigations were conducted to address permit condition 45{B}, as shown in
Figure 1: an air modeling study to evaluate potential landfill gas and working face emissions; an
air monitoring program both on site and in the Florence-Roebling area; and an evaluation of
odor control products used at the landfill. Each investigation relied on methodologies
developed by reguiatory and public health agencies. Collectively, these investigations allow for
an assessment of the potential for public health risks and odors in the Florence-Roebling area.

To conduct this study, WMPA engaged a team of three independent environmental consulting
firms - CPF Associates, Inc., Environmental Information Logistics, LLC (EIL) and SCS Engineers.
CPF is a Maryland-based scientific research and consulting firm that specializes in
environmental impact and public health studies of the management of solid and hazardous
waste. Ms. Foster, a Principal with CPF, was the Principal investigator for this project. FIL is an
environmental consulting, engineering, and information management firm with specialized
expertise in landfill gas management, enginearing and air dispersion modeling, Michael



Niemann, Landfill Gas Program Technical Director at ElL, was responsible for the modeling of
landfilt gas emissions and the air dispersion modeling. SCS Engineers provides professional
services in the fields of chemical risk management, air quality, odor science, atmospheric
modeling/transport and atmospheric tracer science. from 5C5 Tracer, Mr. Thomas Rappolt,
Program Director and Vice President, was responsibie for the working face gas sampling
program and assistance in the evaluation of potential odor impacts. Biographies for these
investigators are provided in Appendix B

Figure 1
Investigations Conducted to Address Permit Requirement 45{B)

Air Modeling Air Monitaring Odor Control Products
Study (Section 3) Study {Section 4) Evaluation (Section 5)

Assessment of Potential for
Public Health Risks and Odors

2.0 BACKGROUND INFORMATION
21 Landfill Description

The TRRF Landfill is located in the Barough of Tullytown and Falls Township, Bucks County,
Pennsylvania. Since 1988, the facility has been owned and permitted as a municipal solid waste
{MSW) disposal facility by WMPA. The facility is located just north of the Delaware River, with
the New lersey towns of Florence and Roebling to the south across the river and Tullytown and
Levittown to the west and northwest (see Figure 2).

The total area of the TRRF Landfill is approximately 412 acres, of which 307 acres have been
permitted by PADEP for waste disposal operations. Disposa! operations have progressed from
the original fandfill to the Southern Expansion area, the Western Expansion area, the Eastern
Expansion area, and most recently the Valley Fill Expansion area. Except as noted below, most
of the 307 acres is no longer used for waste dispasal and is coverad with intermediate soil cover,
a clay cap, a temporary geomembrane cover or a final geomembrane cover (see Figure 3).

On May 21, 2015, PADEP renewed the TRRF Landfill solid waste management permit for a
period not to exceed two years. Disposal operations permitted during the remaining two years
must be limited to the Valley Fill Expansion, which was permitted for use in 2013, and the
previously permitted Eastern Expansion areas, The permit also includes closure and post-
closure activities necessary for the remaining portions of the TRRF Landfill. Condition 45(8} in
this permit is the subject of this report.



Figure 2
Tullytown Landfill and Vicinity
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2.2 Landfili Gas and Odors

Landfill gas is generated at all municipal salid waste (MSW) landfills as a natural by-product of
the biological decomposition (biodegradation) of organic materials that have been disposed.
The amount of landfill gas generated depends on many factors including the type and amount
of waste present in the landfill, the age of the waste, and environmental characteristics inside
the landfill {e.g., oxygen content, moisture cantent, pH, and temperature, to name a few).
Some compounds found in landfitl gas can be odorous. For example, one common compound
associated with odors in landfill gas is hydrogen sulfide which has a rotten egg smedl,

Many methods are used to controt and limit emissions of landfill gas and odors from MSW
landfitls throughout the US and worldwide. At TRRF, landfill gas is collected and controlled
through an extensive gas collection and control system (GCCS) that currently cansists of more
than 375 vertical gas extraction wells and more than 4,000 feet of interconnected horizontal
underground perforated pipes. The bulk of the collected gas is transported via buried pipeline
to the nearby Exelon Power Fairless Hills Steam Generating Station. The Exelon power plant
produces some of its energy by combusting the landfill gas in their boilers at high temperature,
This not only reduces reliance on fossil fuels, but also converts compounds presant in the
tandfill gas into toxicologically inert materials such as carbon dioxide and water vapor. {Exelon
. also owns and operates the nearby Pennsbury Power Plant that utilizes two turbines for the
destruction of landfill gas and creation of renewable electricity.) TRRF has two enclosed flares
which are used as backup (typically less than 500 hours per year) to combust landfill gas in the
event the Exelon power plant is off line, Lastly, TRRF utilizes a landfill gas fueled reciprocating
engine to consume the remaining collected gas to provide electrical power for on-site vsage
further off-setting fossil fuel consumption.

Additional methods used to control landfill gas and reduce odors at TRRF are outlined in the
facility’s Nuisance Minimization and Controt Plan, prepared for and approved by PADEP in
accordance with regulatory and permitting requirements, These methods include; limiting the
size of the working face where newly disposed waste is placed; installing cover materials over
waste disposal areas; not accepting odorous waste streams such as biosolids; using odor
control products near waste disposal areas; and installing additional interim landfill gas
collection wells and horizontal collection pipes. TRRF revised its Nuisance Minimization and
Control Pian aver the past year, adding enhanced control measures to further reduce odors
that may be a result of the landfill. These measures include using additional cover at the
working face, sealing the surface of newly placed waste with a roller at the end of each day,
accelerating installation of additional interim landfill gas collection wells and piping systems and
using additional odor control product misting and direct application systems at the working
face.

The instaliation of gas piping systems and gas collection wells, in addition to those components
required to maintain gas collection in accordance with the LS, Environmental Protection
Agency’'s {USEPA's) New Source Performance Standard (NSPS), is done to minimize and prevent
odors. These canstruction activities may, howevar, termporarily expose underground areas
where landfill gas had previously been well controlled. in these instances, there may be a
potential for limited short-term emissions of odors and/or landfill gas from a small area of
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activity, until the work is completed, even though the new installations will ultimately provide
enhanced cdor control. During new well and pipe installation activities, TRRF uses targeted
odor control systerns to minimize temporary potential odor impacts and also generally requires
contractors to use vacuum systems applied to drilling equipment.

The landfill implements routine surveillance and compliance programs to evaluate the
performance of the gas collection and control system and the integrity of the landfilf cover.
This includes monthly monitoring of each gas extraction well and guarterly monitoring of the
landfill surface for methane in accordance with Faderat regulations. The facility also conducts
tunting {well adjustments) of the gas system, as needed, by trained landfill gas technicians; daily
monitoring of the on-site landfill gas fueled reciprocating engine power generator; and
monitoring of odor control systems and back-up enclosed flares when they are operating. The
gas collection and control system is very effective, as demonstrated by the quanterly methane
surface scans. Using USEPA’s greenhouse gas reporting rule methodology {USEPA 2015a), the
overall site-wide collection efficiency was calculated to be 88% (WM 2015) based on the
fandfill's 2014 configuration. In reality, the collection efficiency is expected to be higher than
B8% because more landfill areas now have final cover. Landfill gas boiler power plants similar
to the Exelon Fairless Hills power plant and landfill gas flares are at least 98% efficient in
destraying non-methane organic compounds present in landfill gas (USEPA 2008).

Odor surveys are alse conducted on 3 daily basis by trained landfill staff and, at times, jointly
with PADEP. Landfill staff conduct odor surveys on weekdays, weekends, and after hours in
Florence Township, New lersey. Information from these surveys is communicated to the site so
that operations and odor-control activities can be maodified if needed.

3.0 AIR MODELING STUDY

The air modeling study was conducted to evaluate potential public health risks and the
potential for odors to a hypothetical Individual in the Florence-Roebling area. The hypothatical
individual was assumed to be exposed to emissions transported through the air from TRRE
(from landfill gas and working face sources) towards the Florence-Roebling area. This
evaluation does not reflect actual individual exposures or risks to residents, Rather, the
modeling study, consistent with standard practice, was biased toward health protectiveness
and thus is expectad to overestimate potential ambient air concentrations and exposures by
using compounded conservative assumptions.

The study approach relied on standard methods and guidance from the USEPA and PADEP in
addition to applicable scientific research (e.g., USEPA 2009, PADEP 2013, Bogner et al. 2014}
Model predicted downwind armbiant air concentrations in the Florence-Roebling area that
might result from potential TRRE emissions were calcuated using a USEPA-approved air
dispersion model called AERMQD. Inputs to the air dispersion model included potential
emissions related to landfill gas and the working face. Potential [andfill gas source emissions
were calculated using an extensively validated landfill gas emissions model called CALMIM

_ {California Landfill Methane Inventory Model) {(Bogner et al. 2014}, Potential working face
ernissions were characterized based on a targeted sampling program conducted at the working



face of the fandfill on December 2, 2015. Available site-specific input parameters were used in
the modeling where possible. !

The modeling study approach is outlined in Figure 4. This approach involved five main steps,
each of which is described in the following sections.

Figure 4
Flow Chart of Alr Modeling Study

Selection of chemical compounds
for detailed evaluation (Section 3.1)

L

Calculation of potential emissions
into air from the landfill (Section 3.2)

J Compilation of health and
Calculation of potential air odor information for selected
concentrations in Florence- chemicals (Section 3.4)

Roebling (Section 3.3} /

Comparison of the calculated air concentrations
to the health and odor information (Section 3.5)

3.1 Selection of Chemicals for Detailed Evaluation

The first step of the modeling study was to select chemicals for detailed evaluation. This was
accamplished by evaluating raw tandfill gas data collected from inside the TRRF Landfill and
chemical composition data collected from the working face as part of this study.

3.1.1 lLondfill Gas

Typical landfill gas is composed of about 40-60% methane, 40-60% carbon dioxide, 2-5%
nitrogen, 0.1-2% oxygen and small amounts of non-methane organic compounds (NMOCs).
Generally, the NMOCs, which include many of the compounds evaluated in this study, make up
less than one percent (1%) of the volurne of landfill gas. in addition, non-organic compounds
such as hydrogen sulfide and other reduced sulfur compounds? are typically present at levels
well below 0.01% in fandfill gas (ATSDR 2001, Williams 2002, USEPA 2008).

Y An air dispersion model uses mathematical equations to predict the transport of emissions through the
atmasphere. These models replicate atmospheric conditions, such a3 wind speed and direction, air temperature
and mixing height, to estimate concentrations of compounds in air as they travel away from an ernission source,
The AERMOD model {AMS/EPA Regulatory Model) is considered applicable by the USEPA for this type of study. It
was developed based on extensive scientific research and validated based on real-world measurernents,

! Reduced sulfur compounds are a elass of related compounds that include sulfides (8.2, hydrogen sulfide, carbon
disulfide and dimethy! sulfide) and mercaptans {e.g., methyl mercaptan, isobutyl mercaptan and propy!
rercaptan).
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As noted above, the gas collection system at TRRF is highly effactive at removing most of the
landfill gas which is then transported via pipeline to the Exelon Fairless Hills Steam Generating
Station and the site's landfill gas fueled engine power generator. Somae landfill gas may,
however, escape this system and enter the air from the surface of the landfill instead of being
collected. These surface releases through covered landfill areas are the landfill gas emissions
that are the focus of this modeling study {along with working face emissions).

The landfill gas compaosition at TRRF was determined from four landfill gas sampling efforts
conducted from 2011 to 2014. Raw {andfili gas samples are collected annually from the
fandfill's main gas collection header pipe and analyzed for more than 50 volatile organic
compounds using USEPA Method TO-15 and for seven sulfur compounds using USEPA Method
15/16. The landfill gas testing is conducted in accardance with 25 Pa, Code 273.293(b) and
guidance developed through consultation with PADEP. Every compound detected at least once
in the 2011-2014 landfill gas data was selected for detailed analysis, resulting in a lst of 35
compounds. The compounds detected in TRRF landfill gas are consistent with those commonly
reported in MSW landfills around the globe. These compounds result from the waste
decomposition process, Table 1 presents the landfill gas data for the detected compounds in
the 2011-2014 sampling programs.?

3.1.2 Whorking Face Gas

At the working face of a municipal solid waste landfill, newly disposed waste is spread and
compacted prior to placement of daily cover. The composition of gases at the working face
may differ from that in landfill gas, because the waste has not substantially biodegraded unlike
older areas of a landfill, At TRRF, the size of the working face is limited at all times to minimize
the potential for odors, windblown waste and the area exposed to possible precipitation. The
total working face area at TRRF at any given time is generally no more than roughly 200 feet by
250 feat in size (1.1 acres). As soon as possible (as early as 9:00 AM in some cases), cover
placement commences to minimize the open area such that by the end of every day, the
working face is coverad with at least six inches of compacted daily cover material (e.g., soil).
The site is currently supplementing the six inches with additional soil as well as recycled asphalt
material and smooth drum rolling the surface to seal it as much as possible.

in order to address potential odars and emissions frorm the working face, and in response to
input from PADEP, a targeted sampling program was conducted at TRRF and performed by 5(S
Engineers to characterize the working face gas composition. This program was carried out on
December 2, 2015 in accordance with the PADEP-approved study plan. Working face gas
samples were collected from a static non-vented flux chamber {i.e., an isolation chamber)

3 Landfill gas concentrations in Table 1 and elsewhere in this report are presented in units of parts per billion {ppb)
and micrograms per cubic meter of air {pg/m?). Concentrations of chemicals in air are often expressed as the
volume of chemical per volumse of air with typical units of parts per billion by valume {ppbv) or parts per million by
volume {ppmv), with 1 ppmv = 1,000 ppbv. In this report, these units are expressed simply as ppm or ppb. Air
concentrations can also be expressed in terrns of mass (L.e., weight) of chemical per volume of air with units of
micrograms (pg) or milligrams {mg) of chemical per cubic meter {m?), with 1 mg/m? = 1,000 pg/m* The two
systems of reporting concentration are not directly interchangeable. Concentrations can be converted from one
system into the other by taking into account maolecular weight, temperature and pressure,
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which was placed over recently spread and compacted waste prior to application of daily cover.
The static flux chamber isofated gas at the surface of the working face from the ambient air,
and altowed for direct measurement of concentrations in the working face gas (Eklund 1992).
The flux chamber was placed at a location on the working face where the highest odors were
noted at the time the sampling team was on site, taking into account worker safety concerns
and the representativeness of the newly placed and compacted waste mixture. In this way, the
sampling program was biased towards detection of constituents most likely to be associated
with odors. The flux chamber monitoring program is described further in Appendix C.

The collected samples were analyzed for a range of compounds within several general chemical
groups that are considered likely to be present in working face gas. The selection of these
compound groups was informed by work previously performed hy 5C5 Engineers at other
fandfills and findings In studies of working face gas composition conducted outside of the
United 5tates (e.g., Li et al. 2015). For each chemical group, two samples were collected and
shipped to a certified independent laboratory for analysis. Standard air sampling methods
consistent with USEPA guidelines and incorporating quality assurance procedures were
employed {e.g., evaluation of method blanks and laboratory control samples). The chemical
groups evaluated, and the sampling and analysis methods for each, are listed in Table 2,

Every compound detected in the working face gas samples was carried forward for evaluation.
This resulted in a list of 18 compounds, six of which were already selected based on the landfill
gas data. The laboratory reports with the sampling results are provided in Appendix C. Table 3
presents the working face gas sampling results for each detected compound.

3.2 Calculation of Potential Emission Rates

The next step of the study involved the calculation of emission rates for all covered areas of the
landfill and for the working face. The CALMIM model was used to calculate emission rates from
areas of the landfill with different cover types {e.g., final, intermediate and daily cover).
Emission rates from the working face were calculated based on results from the targeted
sampling program described above. Each of these emission rate calculation methods is
described below.

3.2.1 Potentiol Emission Rates for Covered Landfill Areas

3.2.1.1 Introduction

Landfill gas models, such as CALMIM, have been developed and used extensively in the US and
waorldwide to predict landfill gas generation and emission rates {USEPA 2005a, Kamalan et al.
2011, Spokas et al. 2011). While these models are based on methane, an odorless non-toxic
compound found in fandfilf gas, they are also often used o address other compounds including
those evaluated in this study. Landfill gas modeling may be performed for regulatory purposes
such as to determine when a landfill gas collection and control system needs to be installed or
to estimate methane ernissions for greenhouse gas reporting. Models may also be used for
non-regulatory purposes such as to estimate landfill gas emissions for a public health study,



evaluate the feasibility of a landfill gas energy project or determine system design requirements
for a gas collection system.

CALMIM is a validated mathematical model that predicts potential methane emissions through
covered landfill areas. itis a more refined mode! than others that have historically baen used
to estimate landfill gas emissions such as USEPA’s LANDGEM model {e.g., it can incorporate
site-specific soil properties and fandfill characteristics) and it is being increasingly relied upon to
provide more accurate methane emission estimates from MSW landfills {5pokas et al. 2011,
Bogner et al. 2014). An overview of the CALMIM modeling is provided below and additional
infarmation is prasented in Appendix D.

3.2.1.2 CALMIM Modeling

The CALMIM model has been develaped to take into account three principal controtling factors
influencing tandfill methane emissions based on extensive research into this issuve: 1) gas
extraction rates, 2) cover soil gas transport rates based on cover material physical properties
and thickness, and 3) methane oxidation associated with methanotrophs* and seasonal soil
microclimates. Published CALMIM validation research indicates that it pradicts emissions
within the same order of magnitude as field measurements (Bogner et al. 2014).

Since landfiils are operated over multiple years with various cover systems installed depending
on the stage of construction, emissions can vary over time due to ongoing cover system
installation progressian — from active fill area to final cover. For this study, potential emissions
were calculated using CALMIM for five diffarant cover types: 1} final certified geomemhrane
cover; 2) final certified clay cover; 3) intermediate soil cover; 4) temporary geomembrane
cover; and 5) the active daily cover area. Potential emisslons associated with temporary
situations, such as installation of gas piping systems and gas collection wells, were not modeled
because the locations, durations and configurations of these types of activities are highly
variable.

Figure 3 shows the distribution of cover types that were present st TRRF in June 2015 and
which were modeled in this study. Since June 2015, some additional areas have been capped
with finat certified geomembrane cover and temporary geomembrane cover, thereby reducing
the landfill area with intermediate soil cover. By modeling the June 2015 cover configuration,
calculated potential emissions from TRRF are expected to be overestimated because the area
covered with intermediate soif cover has been reduced.

Site-specific input parameters were used in CALMIM where available. Cover sirstems at TRRF,
with thicknesses as prescribed by PADEP, were defined and input to CALMIM. Each cover area
shown in Figure 3 was modeled uniguely, with the cover type assumed to be present across the
entire area, Site-specific methane concentrations measured directly below several of the cover
types were also used as inputs {see below for more information). Other than these site-specific
input parameters, CALMIM was run using the default inputs embedded in the model (Bogner et

4 Methanotrophs are microbes that are able to metabolize and hreak down methane as their anly source of carbon
and energy.
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al. 2014}, Additional details about the input parameters ta CALMIM are provided in Appendix
.

3.2.1.3 Site-Specific Below Cover Methane Concentrations for CALMIM Moadeling

As noted above, site-specific methane concentrations measured below several different cover
types at TRRF were used as inputs to the CALMIM madel. This information was used to refine
the lower boundary condition in the model {i.e., CALMIM's default below cover methane
concentration was replaced with site-specific data). Specifically, below cover methane
measurements at TRRF were collected and used to establish the lower boundary condition of
the CALMIM model for the daily cover, intermediate cover and temporary geomembrane cover
areas. The default CALMIM lower boundary conditions were used for the final certified
gaomembrane cover and the final certified clay cover to avoid disturbing these capped and
closed areas.

Below cover methane measurements were obtained from a bar punch survey conducted on
November 17, 18 and 23, 2015, For this survey, which is described in Appendix D, a sampling
grid with approximately 200 foot spacing was overlain on a map of the landfill surface, Using
this grid as a guide, and taking into account site conditions, samples were collected from each
cover area type. The total number of samples consisted of 16 collected from below the daily
cover in the active area, 57 collected from below the cover in intermediate cover areas and 25
collected around the perimeter of the temporary geomembrane area as near to the edge of the
membrane as possible without compromising the integrity of the capping system. In order to
obtain a methane measurement, a metal rod was extended to the base of the capping system
from which a sample was analyzed for methane by an instrument called g Toxic Vapor Analyzer
{TVA). Once the sample was collected, the hale was fitled with sail.

The bar punch results were used to calculate below cover methane concentrations for input to
CALMIM. For the active daily cover area and the intermediate cover area, the input parameter
was based on the 95" percent upper confidence limit (95% UCL) of the mean concentration of
the bar punch measurements.* To be consistent with the PADEP-approved study plan and
PADER methods {e.g., PADEP 2013), one-half of the detection limit was input for non-detect
sample results.® The 95% UCL concentrations were calculated using U$EPA's ProlCL5 software
which was developed to perform statistical analyses of environmental data (USEPA 2013 a,b).
The resulting below cover 95% UCL methane concentrations were 1,156 parts per million (ppm;
0.12%) and 1,876 ppm (0.19%), respectively, for the active daily cover area and the
intermediate cover area. For the temporary geamembrane area, since samples were collected
from the edges of this area rather than directly below the cover, the highest methane result
among the perimeter sampling data was used to define the helow cover boundary condition
(2,396 ppm; 0.24%). For cover types that could not be sampled at TRRF, the default values in
CALMIM for below cover methane concentrations were used (38.5% for final geomembrane
cover and final clay cover).

® Tha 95 percent upper confidence limit (UCL) of a mean is a conservstive estimate of the average (or mean)
concentration. It is defined as a value that, when talculated repeatedly for randomly drawn subsets of site data,
equals or exceeds the true mean 95 percent of the time.

% The TVA detection limit for methane was 1 part per millian.
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3.2.1.4 CALMIM Mode! Qutput

The CALMIM model calculated methane emissions, both with and without oxidation, in units of
grams per square meter per day (g/m?-day). These data were converted to grams per square
meter per second (g/m?-sec) for use in the subsequent dispersion modeling with AERMOD,

Table 4 presents the CALMIM calculated methane emission rates by cover area and for the
entire landfill. The percentage acreage for each cover type was used to establish a source-wide
emission rate for the entire landfill to input in AERMOD's area source computational unit. The
CALMIM results are expected to reflect typical long-term emissions associaied with the June

2015 site layout.
3.2.2 Potential Emission Rotes for the Working Foce Area

Emission rates for compounds in working face gas were calculated based on the maximum
measured concentrations in working face gas, as described above in Section 3.1.2, and the
vartical velocity or gas diffusion rate at the working face. The vertical gas velocity was
calculated to be 6.4 x 10°° m/sec based on typical compaction rates of MSW at a landfill working
face and the amount of air-filled spaces in the MSW.7 Table 5 presents the calculated potential
emission rates for the working face. Additional information describing the working face gas

velocity is provided in Appendix C.
3.3 Calculation of Potential Ambient Air Concentrations

Concentrations in ambient air were calculated based on the emission rates for covered fandfill
areas {based on the CALMIM model) and the working face (based on sampling at TRRF), the
chemical concentrations in landfill gas and in working face gas, and the AERMOD air dispersion
model. For covered areas of the landfill, the AERMOD model calcutated methane ambient air
concentrations, which were then converted to chemical-specific concentrations by taking into
account the concentrations in raw landfill gas of each detected compound relative to methane,
For the working face, the AERMOD mode! calculated ambient air concentrations for each
evaluated working face compound based on its potential emission rate.

3.3.1 AERMOD Madeling

The air dispersion analysis was conducted using USEPA AERMOD Version 14134 (released
2014).2 AERMOD is an appropriate model for investigation of landfills because it can model
potential emissions from area sources (such as an area of a landfill), it was designed to
incorporate detailed hourly meteorological information and calculate concentrations close to
emission sources (within 50 km), and it can simulate the effects of air flowing over or around

T The October 2015 study plan proposed to use the maximurm measured vertical velocity from unpublished
laboratory experiments conducted by 5CS Engingers (SCS 2014}, The maximum measured velocity from these
experiments is an upper bound value that is not applicable to real-world operations, and would not be sustainable
since there Is not enough air velume in deposited solid waste to generate such a gas velocity.

®AERMOD Version 14134 was the version available when the PADEP permit, which Included the requirement to
conduct 8 study, was tssuead,
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hills, among other capabilities. The model was used to calculate short-term (1-hour average)
and long-term (annual average) concentrations at receptor locations acrass the Flarence-
Roebling area.

An overview of the AERMOD modeling is presented below, and additiona! information is
provided in Appendix £. For purposes of this study, a 50 meter spaced Cartesian receptor grid ?
was placed in the Florence-Roebling area extending from the Delaware River to 1-276 to the
south and US-130 to the southeast. This produced a grid of 3,164 receptor points at which air
concentrations were calculated. A five year record of 43,824 hours of pre-processed
metecrological data (fanuary 1, 2010 to December 31, 2014) was used for the AERMOD
modeling. Surface weather data were obtained from the Philadelphia Airport meteorological
station and upper air data were obtained from the National Weather Service Sterling, VA
station. Based on guidance for determining the urban/rural characterization of a source in
USEPA’s Guideting on Air Quality Models (USEPA 2005h), the area was characterized as urban
for the AERMOD madeling.

The landfill source areas, based on the different cover types, were input into AERMOD. The
covered area sources closely approximated the June 2015 landfill layout shown in Figure 3 with
the exception of the final geomembrane cover which was split into three sections to allow
AERMOD to process the data in a timely manner. The working face area was assumed to be
200 feet by 250 feet consistent with typical landfill operations and was placed centrally within
the daily cover area. As noted earlier, because of their varying locations, configurations and
durations, temporary situations such as the installation of gas piping systems and gas collection
wells were not modeled.

The time periods of patential emissions were also input into AERMOD. Emissions from covered
landfill areas were assumed to occur 24 hours per day, every day. Emissions from the working
face were conservatively assumed to occur from 5 AM-8 PM, Monday through Saturday,
assuming operations from 5 AM-6 PM plus an added two hours at the end of each day to
accornmodate placement of compacted daily cover over the working face area. This timeframe
for potential emissions from the working face is expected to overestimate potential air impacts
because operating hours an Saturdays were reduced to 7 AM-2 PM in May 2015 and, in the
future, the closing time will be further reduced to 1 PM,

The air dispersion modeling took into account terrain elevations in the TRRF vicinity and the
elevation of the potential emission sources on site. The terrain data were obtained from the
U.5. Geological Survey (USGS) National Geospatial Program 3D Elevation Program. The
elevation input into AERMOD for each modeled potential emission source area was 115 feet
ahove mean sea level (M5L). This elevation was selected as a conservative approximate
midpoint between the base of the landfill and the landfill apex at approximately 230 feet MSL.
Wind blowing over the landfill creates updrafts carrying emissions from lower sections of the
landfil to upper areas. Since the vast majority of the landfill at lower elevations is capped final,

* A Carteslan receptor grid is a rectangalar area in which receptors are identified by their x {sast-west) and ¥
(north-south) coordinates. 1n this study, the grid had a uniform 50-meter grid spacing (i.e., modeled receptor
focations were 50 meters apart from one ancther).
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the quantity of emissions from these areas would be smaller relative to other areas. Emissions
from the landfill upper elevations would have a higher buoyancy and lessen downwind
concentrations. Therefore, 2 midpoint elevation was selected as being a representative source
height.

3.3.2 Model Qutput

A methane emission rate of 0.001 g/m2-sec was input into AERMOD for each covered landfill
area. For the working face area, a unit emission rate of 0.001 g/m?-sec was also input to
AERMOD. The mode! output at each receptor was thus calculated in units of pg/m* per 0,001
g/m*-sec,

3.3.3  Caleulation of Chemical-Specific Ambient Air Concentrations

Two types of ambient air concentrations were calculated to evaluate the potential for odors
and public health risks: short-term 1-hour average concentrations in order to assess the
potential for acute short-term health risks and odors and long-term annual average air
concentrations in order to assess the potential for chronic long-term health risks,

3.3.3.1 Covered Landfill Areqs

The chemical-specific ambiant alr concentrations associated with potential emissions from
covearad landfill areas were calculated by post-processing the AERMOD output and relating it to
the fractional percentage of each selectad compound relative to methane. The AERMOD
modeling results based on CALMIM methane emissions with oxidation were used to calculate
air concentrations for volatile organic compaunds (VOCs). The CALMIM results for methane
emissions without oxidation were used to calculate air concentrations for sulfur compounds.

The genearal post-processing calculation is shown below:

Cac # Camethane * Ciig/methane;

where
Cac = Chemical-specific concentration in ambient air (pg/m?)
Camethane = Methane concentration in ambient air from AERMQD modeling (pg/m?)
Ciig = Concentration of chemical in raw landfill gas (pg/m?)
methanei; =  Arithmetic average methane concentration in raw landfill gas (pg/m?)
and
CAmethans = [ CB(0.0Di)methaue / 0.001 ] * ERmethane
where
Capoonmernane ®  Methane ambiant air concentration, 1-hour average or annual
average, for 3 0.001 g/m? sec ernission rate (ug/m?® per 0.001 g/m*-sec)
ERmethane =  Methane emission rate (g/m?-sec)
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A simple ratio approach (i.e., Cyp/methane, as described above), based solely on the ratio of
compounds in raw landfill gas to methane in fandfill gas is considered likely to overestimate air
concentrations for volatile organic compounds {Saguing et al. 2014).

The landfill gas concentrations (i.e., Cit) used to calculate chemical-specific air concentrations
differed depending on the averaging time of the AERMQD modeling result. Shart-term 1-hour
avarage air concentrations were calculated using the maximum landfill gas concentration for
each selected compound. Apnual average air concentrations were, where possible, calculated
using the 95% UCL average of the landfill gas concentrations using USEPA's ProUCL5 software
{USEPA 2013 a,b}. USEPA notes that, because of the uncertainty associated with estimating the
true concentration based on a set of data, the 95% UCL of the average should be used when
evaluating chronic long-term risks. The UCL is intended to account for uncertainties due to
limited sampling data and provide reasonable confidence that the true average will not be
underestimated (USEPA 1992a). Calculation of a 95% UCL using ProlUCLS is challenging for
small datasets, such as in this case where no more than four samples were available. Although
alternative approaches for very small data sets have been proposed {ITRC 2012), for
consistency with the PADEP-approved study plan the following data evaluation method was
used to calculate landfill gas concentrations for the prediction of annual average air
concentrations: USEPA's ProUCLS was used to calculate a 95% UCHL where possible;: in cases
where a compound was not detected in a landfill gas sample, the concentration of that sample
was evaluated at one-half of the detection limit; if one-half of the detection limit for a
compound in a given sample was higher than the maximum detected concentration for that
compound, the sample was not included in the ProlCL5 analysis; and maximum detected
concentrations were selected for use if ProUCLS could not caleulate a 95% UCL or if the 95%
UCL was higher than the maximurn detected concentration. Following this method, PralUCLS
was able to recommend 95% UCLs for 10 of the 35 selected landfill gas compounds. For the
other landfill gas compounds, the maximum detected concentration was used to calculate
anhual average air concentrations. Table 1 ists the 95% UCL concentrations that were
calculated using ProlJCL5.

3.3.3.2 Working Face Areq

The chemical-specific ambient air concentrations associated with potential emissions from the
working face were calculated by multiplying the AERMOD output (in units of pg/m® per 0.001
g/m*-sec) by the emission rates calculated from the working face gas sampling program (in
units of g/m?-sec), as shown below:

Cac = Caunitized * ERC / 0.001
where

Cac = Chemical-specific concentration in ambient air {pg/m?}

Cauntizes = Unitized AERMOD output coneentration, 1-hour average or annual
average, for a 1 g/m?-sec emission rate (pug/m? per 0.001 g/m*-sec)

ER. = Chemical emission rate from the working face {g/m?-sec) {see Table 5)
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3.3.4 Calculation of Five-Minute Avergge Air Concentrations

The potential for odars was evaluated by comparison to not only 1-hour average ambient air
concentrations, but also S-minute average concentrations because odors may be noticeable on
a shorter time scale than one hour. The original study plan did not include this avaluation, but
it was added to more fully address the potential for odors and to be consistent with New Jersey
Department of Environmental Protection guidance (NIDEP 2009).

The conversion to a 5-minute average concentration was performed according to the following
formula:

i
Ca, = Caj (E)l
ts
where

Cas = S-Minute average chemical-specific concentration in ambient air (ug/m?)
Cay = 1-hour average chemical-specific concentration in ambient air {ug/m?)
p = Power exponent
ty = 60 minutes (minutes in 1 hour)
£ = 5 minutes

The power exponent was obtained from a study conducted by Best et al. {2000) which
recommends a value of 0.13 for an area source (such as & landfill} over a several minute to
several hour time regime. The net scaling factor (l.e. {60/5)% 1) was calculated to be 1.4

3.4  Compilation of Health-Based Comparison Values (CVs) and Odor Thresholds

3.4.1 Henlth-Based Comparison Values

The potential for public health risks was evaluated by comparing health-based comparison
vatues (CVs} for the inhalation pathway of exposure to the modeled air concentrations. CVs
represent concentrations of compounds in air that are considered to be protective of public
health. They are developed by regulatory agencies and public health scientists based on
scientific information about the toxicity of chemical substances. When these valyas are
derived, safety factors are generally incorporated to ensure that they are protective of human
health.

if a compound’s air concentration is lower than its CV, adverse effects are not expected to
occur. If a compound’s air concentration exceeds its CV, this does not mean that adverse
effects will occur among exposed populations because of the conservative assumptions
included in both the derivation of the CV and the calculation of air concentrations, Rather it
indicates a need for further investigation to help determine whether or not its level in air
presents a public heafth concern.

The sections below summarize the two types of CVs, chronic and acute, that were compiled for
this study. Appendix F provides additional information about the CVs and the sourees from

which they were ohtained.
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3.4.1.1 Chronic CVs

The potential for long-term chironic health risks resulting from long-term exposures over several
years or more can be evaluated using chronic CVs. The chronic CVs in this study were obtained
from USEPA’s Regional Screening Level (R5L} table which provides health-protective residential
air concentrations, referred to as RSLs, for potential long-term inhalation exposure to chemical
compounds in air.'® RSLs are developed by USEPA specifically to perform preliminary screening
of chemical concentrations at a site. The hierarchy of data sources used by USEPA Is consistent
with BADEP's recommmended hierarchy (PADEP 2013},

USEPA campiles RSLs for two different types of health effects that can potentially be caused by
chronic long-term exposure to chemical compounds -- non-cancer hazards and cancer risks.
Non-cancer hazards represent the potential for developing health effacts other than cancer.
Cancer risks represent the probability that an individual could contract cancer under a set of
assumed conditions of chemical exposure, over and above the existing background for
developing cancer. The consideration of both types of health effects follows standard USEPA
methods for evaluating potential public health risks.

The chronic RSLs compiled for the evaluated compounds are provided in Table 6. The non-
cancer RSLs were based on conservative air concentrations set at a level 10 times lower than
the typical PADEP and USEPA benchrnark used for non-cancer hazards, The cancer risk-based
RSLs were also based on a conservative benchmark corresponding to an excess lifetime cancer
risk of 1E-06 (one in one million). An excess lifetime cancer risk of 1£-06 represents a chance of
ane in one million that an individuat would develop cancer over a lifetime under the assumed
conditions of exposure, above the existing background for developing cancer.'! The 1E-06
cancer risk level is 100 times more conservative {i.e., health protective) than the benchmark risk
level of 1E-04 (one in 10,000) generally relied upon by PADEP (PADEP 2013). If RSL air
concentrations were available for both non-cancer health effects and cancer risks, the lowest
one was used in this study.

3.4.1.2 Acute CVs

The potential for short-term acute inhalation health risks was evaluated using acute CVs,
Regulatory agencies and public health scientists develop acute CVs based on animal and human
studies that have investigated the health effects that could potentially oceur as a result of short
inhalation exposures to chemical substances in air.  As with chronic CVs, these values generally
incorporate safety factors to ensure that they are protective of human health. The acuta CVs
used in this study wera derived for potential short-term, 1-hour exposures to chemical
concentrations in air.

W USEPA's Risk-Based Screening levels are available at hittp:/fwww.epa.gov/reg3hwmd/risk/human/rb-
concentration_table/Generic_Tables/.

n the U5, roughly one of every two men and one of every three women will contract cancer over a lifetime.
These statistics would translate to probabilities of 0.50 for men and 0.33 for women over a lifetime.
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Following the PADEP-approved study plan, several sources were consulted to identify acute CVs
{see Appendix F for additional information). These included: acute Reference Exposure Levels
{(RELs} set by the California Environmental Protection Agency (CALEPA}; Acute Exposure
Guideline Levels {AEGLs) set by USEPA's National Advisory Committee for the Development of
Acute Exposura Guideline Lavels for Hazardous Substances; Emergency Response Planning
Guidelines (ERPGS) set by the American Industrial Hyglene Association; and Temporary
Emergency Exposure Limits {TEELs) set by the Department of Energy’s Office of Emergency
Management, The acute CVs generally reflect concentrations in alr at or below which adverse
short-term health effects are not anticipated to occur. Table 7 provides the acute CVs usedin

this study.

3.4.2 Odor Thresholds

The potential for odors to be detected by a hypothetical individual in the Florence-Roebting
area was also evaluated, This was accomplished by comparing the calculated short-term air

concentrations in Florence-Roebling to odor thresholds.

2.4.2.1 Perception of Odors

Odors are pervasive in modern |ife and it is not unusual for odors to elicit complaints (Schiffman
and Williams 2005). In order to understand the scientific basis of odor perception and why a
potential source, such as a landfill, may result in objectionable odors among some people but
not among others, it is necessary to introduce the physiological and psychological basis of odor
perception and to define some basic terms in odor science . An odor is a sensation that results
when olfactory receptors in the nose are stimulated by a particular substance in air. The
substance is often known as an odorant. Olfaction is the sense of smell and the term odor
parception is used to describe the ability to become aware of an odor.

Perceptions of odor are known to be extremely variable because they are affected by numerous
biological and subjective psychological factors. Scientific studies have clearly documented that
biological factors such as personal genetics, age, medical conditions and medications can affect
a person’s ability to detect odars. Equally important are subjective factors including pre-
existing attitudes, beliefs, personal historical experiences, media reports about odors, social
media interactions and whether a patential source of ndors, such as a landfill, is visible
{Greenberg et al. 2013, Herz et al. 2004, Chen and Dalton 2005, Nordin et al. 2013, Larsson et
al. 2000}

Physiologically, odors are caused by a complex series of steps each of which can vary
substantially from person to person. in general, these steps involve the Interaction of odorants
{chemical substances) with odor receptors in the nose which send signals through the olfactory
nerve to the brain. The signals in the brain are then interpreted to represent a perception of
odors. This transformation of an odorant in air into a perceived odor can be further broken
down into smaller steps: 1) whether the odorant is available to be inhaled; 2) whether the
odorant can reach odor receptors in the nose {odor receptors are located in an area about the
size of a postage stamp in the back of the nasal passages); 3) whether the genetic makeup of
odor receptors allows the odorant to bind to a receptor; 4) whether the odorant reaches the
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odor receptor as the original chemical compound or whether it is metabolized into a different
compound; 5) whether the individual is capable of detecting that odor; and 6) whether the
individual perceives other attributes of the odor (e.g., pleasant or unpleasant). The perception
of odor is not just affected by olfactory nerve signals, but also by signals sent to the brain
~ through the trigeminal nerve {which may convey perceptions of irritation or pungency} and the
optic nerve (which may process visual signals) (Brand 2008). These steps for odor perception
can vary and change depending on a person’s age, health status, use of medications, gender,
occupation, and alcohol and smoking behaviors {Greenberg et al. 2013).

In addition to the physiology of odor perception, there are major psychological factors that
affect the brain’s interpretation of odor signals. A person's perception of odor, and its
pieasantness or unpleasantness, is influenced by leaming, remembering and emaotional
associations, and it can change over time {Herz et al. 2004, Dalton et al. 1997). For example,
Dalton et al. {1997) report the results of a significant experiment that evaluated the impact of
cognitive bias on odor perception. In this experiment, a large group of people was divided into
several subgroups that were given information about the nature of an odorant to which they
would be exposed. One of the subgroups was given positive information that they were to be
exposed to a natural substance that was used in aromatherapy and thought to have positive
impacts on mood and health. Another subgroup was told that they were to be exposed to an
industrial solvent that purportedly caused health and cognitive problems following long-term
exposure. A third group was simply told that they were to be exposed to standard odorants
used in research. The groups were then all exposed to acetone, an odorant cornmonly found in
consumer products (and in landfill gas). Subjects who were given a positive characterization of
the exposure reported significantly less odor and irritation than subjects given a negative or
neutral bias. Similarly, a study by Nordin et al. (2013} compared odor perceptions among
groups of people who were exposed to the same chemical (n-butanol) but were told it was
either health-enhancing or hazardous. Among the people who were told the chemical was
hazardous, the perceived odor was more unpleasant, The ramifications of these experiments
are that people who receive information about an odor will experience it differently than
people who receive different information. This type of effect can also occur in response to
information available from communications media or other individuals.

The familiarity of an odor also results in differences in odor perception. Studies investigating
this issue have found positive relationships between familiarity with an odor and perception of
its intensity and its pleasantness or unpleasantness (hedonic tone). For example, in a study of
people with different ethnicities {Japanese, Mexican and German nationals), Distel et al. (199%9)
found that perceptions of odor intensity and hedonic tane were correlated with the familiarity
of the odorant. The perception of odor can even change by season, as observed in a study that
showed perceptions of cinnamon odors to be mere famitiar and more pleasant during the
Christmas season than during the surnmer (Seo et al. 2009). One significant ramification of this
research is that people who have been exposed to odors for long periods of time may pereeive
them to be more intense than people who were only recently exposed to an odor.
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2.4.2.2 Compilation of Qdor Threshalds

This study focused on the odor detection threshold which is the lowest concentration of an
odorant at which a person can detect the presence of an edor, Because of the large variability
in oder perception among people, odor threshold concentrations can vary by ardars of
magnitude. This means that one person may be able to detect an odor at 1 pug/m? while
another may not he able to perceive the same odorant until the concentration is more than

1,000 pg/md.

There are a number of other measurement terms related to odor perception besides the odor
detection threshold that were not used in this study. These include: the odor recognition
threshold {the concentration at which an individual actually recognizes the odorant); odor
intensity {the perceived strength of an ador); odor character (the quality that distinguishes one
odor from another using descriptors such as tar, leather, ammonia, fruity, musty, etc.); and
hedonic tone {a subjective judgment of the pleasantness or unpleasantness of an odor),

Scientific studies are conducted to provide reliable measurements of odor detection thresholds
and other odor terms. In experimental studies used to identify odor thresholds, odor panelists
are presented with varying levels of chemical concentrations in a laboratory setting. Each
panelist indicates when odors are detectable. The threshold is then identified from the
combined panelist respanses, far example based on the concentration at which 50% of the
panelists were able to detect an odor. It should be noted that the level at which a population
detects an odor is not necessarily the concentration at which people are motivated to complain
or find the odor offensive. That usually occurs at higher odor concentrations.

For this study, odor detection thresholds were compiled for each selected compound from
readily available experimental studies and secondary sources (USEPA 1992b, Amoore and
Hautala 1983, Ruth 1986, Nagata 2004 and 3M 2013). Since there is no single odor threshold
that can be applied to a population, and odor thresholds can vary over several orders of
magnitude, potential odor impacts were evaluated by comparison to the geometric mean odor
threshold concentrations. The USEPA has concluded that the geometric mean odor threshold
concentration is the best estimate of the odor threshold (USEPA 1992b).*2 This study approach
focuses on a person of typical, or average, odor sensitivity and the ability to detect an odor.
Table 8 presents the odor threshold data for the evaluated compounds.

3.4.2.3 Assessment of Odors Using Chemical-Specific Odor Thresholds

To evaluate whether an odor may be detected, the concentration of a chemical in air ¢an be
divided by its odor detection threshold, producing a ratio:

CRe=Cac /0T

where

12 The geametric mean is a type of average concentration calculated for data that tends to be very skewed (i.e,,
data which is lognormally distributed and spans orders of magnitude, such as odor thresholds and environmental

concentrations).
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CR¢ = Ratio of concentration to odor threshold (unitless)
Cac = Chemical-specific concentration in ambient air (pg/m?)
OT. = Chemical-specific odor threshold {ug/m3)

A ratio greater than one indicates that detectable odors from that compound may occur,
although not necessarily at a high enough level to motivate someone to complain.

To address the fact that chemicals are present in the enviranment as mixtures, the chemical-
specific ratios are also added together (SCRc). The sum of chemical-specific ratios for a mixture
can help predict the potential for detectable odars, and indicate which compounds are most
tikely to be associated with odors. This sum does not, however, reflect actual odor impacts.
This is because odors associated with a mixture of compounds can differ from those estimated
in experimental studies of individual compounds. The assumption of additivity may not reflect
how chemicals interact in the environment when producing an odor, such as when one
compound in a rixture can mask or reduce the odors associated with other compounds
(Greenberg et al, 2013, Kim 2011). In addition, the summed ratio does not address other odor
measurement terms such as odor character.

in the field of odor science, odors are typically assessed in units of dilution to threshold volume
(D/T). The D/T ratio describes the number of dilutions of odor-free air needed to bring an
odorous sample to its odor detection threshold, For example, an air concentration equal to its
ador threshold has an odor concentration of 1 D/T. A concentration that is ten times higher
than the odor threshold has an odor concentration of 10 D/T, indicating that the odorous
sampte would need to be diluted by 10 volumes of odor-free air to reach the odor threshold.

The chemical-specific ratios of concentration to odor threshold (CR, and 3CR.} provide an
approximation of D/T odor concentrations. Accordingly, in this study, these ratios are
presented in units of D/T. The reader should keep in mind, however, that these D/T results are
not actual odor concentrations in the Florence-Roebling area. Rather, they are chemical-
specific calculations based on the conditions addressed in the modeling study. if the results of
a modeling assessment such as this indicate a strong potential for odors, a follow-up evaluation
should be conducted using direct odor measurements, such as odor emissions from the source
in question (rather than chemical-specific emissions) and considering other ador information
{such as odor character).

3.5  Comparison of Potential Ambient Air Concentrations to CVs and Qdor Thresholds

The final step in the air modeling study was to compare the AERMOD modeling results to the
chronic and acute CVs, and 1o the odor thresholds. Chronic CVs were compared to the modeled
annual average air concentrations, Acute (Vs were compared to the modeled 1-hour average
air concentrations. Odor thresholds were compared to both the modeled 1-hour average
concentrations as well as shorter-term 5-minute average concentrations.

initially, the comparison of modeled ambient air concentrations to CVs and odor thresholds
relied only on maximum air concantration resuits, The maximum concentrations were
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calculated by adding together the maximum impact point results for potential emissions from
covered landfill areas and the working face which were predicted to occur at two different
locations (out of the 3,164 locations that were modeled). Far example, the 1-hour average
maximum irmpact locations were about 0.3 miles apart. Although it is not possible for
maximurn exposure to occur simultaneously at two different locations, these results were
conservatively added together for the initial camparisan to CVs and ador thresholds.

The chronic CVs were compared to the highest annual average concentrations predicted from
among the 3,164 receptor grid locations modeled in the Florence-Roebling area based on the 5-
year record of meteorological data input to the AERMOD model. The short-term CVs were
compared to the single maximum 1-hour avarage concentration predicted frorm among the
43,824 1-hour average concentrations calculated at each of the 3,164 modeled receptor grid
jocations across the Florence-Roebling area.? The odor thresholds were compared to the
single maximum 1-hour average concentration and maximum 5-minute average concentration
predicted from among the same 43,224 1-hour average concentrations calculated at each
modeled receptor grid location. The concentrations at all other locations in the area were
lower than these maximum values.

The comparisons of concentrations to CVs or odor thresholds indicate whether emissions from
TRRF may potentially result in public health risks or detectable odors, respectively. If the
modeled maximum concentrations do not exceed the CVs or odor thresholds, this indicates
that potential landfill gas and working face emissions from the facility are not expected to result
in adverse public health effects or to be detectable under the conditions evaluated,
respectively. If, on the other hand, a maximum concentration exceeds a CV or ador threshold,
this does not mean there is a health risk or odor of concern because of the conservative
assumptions incorporated into this assessment. Rather, it means that further examination is
neaded to more fully evaluate the potential for public health risks or odors,

3.5.1 Potentia! Chronic Inholation Health Risks

The potential for chronic health risks was evaluated by calculating the ratio of each compound’s
maximum annual average modeled concentration to its chronic CV, with ratios tess than 1
indicating that adverse effacts are not expected to ogcur,

The results of the chronic health risk evaluation showed that adverse health effects due to
potential landfill gas and working face emissions are not expected in Florence-Roebling, As
shown in Table 9, every ratio of air concentration to health-based CV was well below 1.

Since inhalation exposure could occur to a mixture of compounds, the sumn of the ratios was
also calculated separately for those compounds that may have non-cancer health effects and
thase that are potential carcinogens. Even these summed ratios were well below one
indicating that adverse chronic health effects are not expected. The total ratio for non-cancer
health effects across all evaluated compounds was 0.05. This means that the total ratio for all

2 A total of 43,824 hourty concentrations were calculated at each receptor grid point because 5 years of hourly
meteorological data was input to ALRMOD for the modeling.
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the evaluated compounds combined in this study, regardiess of the type of health effect, was
more than 100 times lower than the benchmark used by PADEP to evaluate non-cancer hazards
(PADEP 2013}. The total ratio for all potential carcinogens was 0.001. This means that the total
eancer risk for alt evaluated compounds was 1,000 times less than one in one million {1£-06),
since the CVs for potential carcinogens were based on a one in one million excess lifetime
cancer risk. This cancer risk result is thousands of times lower than the risk benchrmark
considered to be acceptable by PADEP (PADEP 2013).

3.5.2 Potential Acute Inholation Health Risks

The potential for acute health risks was evaluated by calculating the ratio of each compound’s
maximum 1-hour average concentration to its acute CV, with ratios less than 1 indicating that
adverse effects are not expected to occur.

The results of the acute health risk evaluation showed that adverse acute inhalation health
effects due to potential landfill gas and working face emissions are not expected in Florence-
Roehling, Table 10 shows that every ratio of air concentration to the acute CV was well below
1. Additionally, the sum of the ratios across all evaluated compounds was 0.01. This result is
100 times lower than the levels at which potential acute inhalation health effects might be of
concern.

353 Potential Qdor Impacts

The potential for odors was evaluated by calculating ratios in units of D/T for each compound
and summed across all compounds, with D/T values less than 1 indicating that detectable odors
are not expected. The D/T ratios were based on the modeled 1-hour and 5-minute average
concentrations and the geometric mean odor thresholds., As mentioned above, the D/T results
do not reflect actual odor concentrations because potential chemical-specific emissions, rather
than odor emissions, were modeled,

3531 OdorAssessment Results

The results of the odor assessment, presented in Table 11, showed that odors are not expected
to be detected by a person of average odor sensitivity. All of the chemical-specific
concentration to geometric mean odor threshold ratios were less than 1 D/T by at least five
times. When summed across all compounds, the total ratio was 0.3-0.4 D/T (based on
maximum 1-hour average and maxirmum S5-minute average concentrations, respactively). The
dominant contributors were reduced sutfur compounds, accounting for about 80% of the total
DJT. For a highly odor sensitive person, transient odors might rarely be detected depending on
tandfilt and weather conditions. For example, under worst-case meteorological conditions and
maximum measured landfill gas concentrations, the maximum D/T ratio predicted at any
tocation summed across all compounds for a five-year period is expected to be below 10 D/T;
this concentration is lower than background odor levels in the Florence-Roebling area as
described below. It should be kept in mind that this odor assessment was based on a constant
iandfill operating scenario reflecting the June 2015 landfill layout and December 2015 working
face gas data and thus it did not address potential emissions and odors associated with
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tempoarary and variable situations, such as installation of gas piping systems and gas collection
wells.

The modeled D/T results may be put into some context by comparison to a few odor
measurements which are available from the Elorence-Roebling area. In May and june 2015,
5CS collectad six samples of ambient air at several locations when the wind was blowing both
towards and away from the landfill. The samples were sent to an independent odor science
laboratory to measure /T and odor character {OSE 2016). Unlike the modeling study, these
samples reflact total odor concentrations due to all local and regional sources in the area,
rather than just the incremental impact from potential TRRF emissions. When the sampling
locations were upwind of the landfill {i.e., winds were blowing from Florence-Roebling towards
the tandfill), the D/T was 15-16. When the sampling locations were downwind of the landfill,
the D/T was 11-12. The odor character of the samples was slightly different. These data
highlight the fact that there are background odors in Florence-Roebling, and that B/T may be
higher when the area is upwind, rather than downwind, of the landfill,

3.5.3.2 Evoluation of Odor Investigation Methods

A variety of methods are available to investigate potentiat odors in the environment, providing
different types of information with varying levels of complexity. These methods include air
dispersion modeling of potential chemical emissions {conducted for this study), air dispersion
modeling of potential odor emissions, odor complaint information, detailed odor diaries,
periodic odor surveys (conducted at TRRF and in Florence-Roebling), measurement of chamical
concentrations in air {conducted for hydrogen sulfide in this study), and measurement of odor
concentrations in air.

Some ador investigation methods are objective and quantitative, such as air dispersion
modeling and air monitoring. Thase mathods rely on sclentifically developed and validated
mathematical models and detafled weather data, or sampling and analysis methods, approved
by USEPA or other authorities. Other methods are subjective and gualitative, such as odor
surveys, odor complaint data, and odor diaries, because they rely on a person’s perception of
odor without reference to an objective standard. As described earlier, perceptions of odor are
known to be extremely variable because they are affected by numerous biological and
psychological factors, such as personal genetics, age, medical conditions, pre-existing attitudes,
personal beliefs and even social media influences {Greenberg et al, 2013, Herz et al. 2004, Chen
and Daiton 2005, Nordin et al. 2013). This variability in odor perception results in odor
threshold concentrations that can vary substantially across Individuals. Results from odor
surveys and diaries can also differ depending on whether the individual has been trained and
qualified as a professional odor surveyor, Assessment of odors in the environment is further
complicated depending on whether potential emission rates and emission source locations are
constant or changing over time, and whether other odor sources are present locally or
regionally. The existence of an odor background that is characteristic of the area, independent
of the source in gquestion, adds more complexity. This background concentration of odors can
add to the perception of source-specific odors, tn areas where the odor background
concentration is similar to that associated with a specific source, which may be the case in

24



Florence (OSE 2018), what populations may perceive is a change in odor character that could be
judged as offensive and not a change in concentration.

The odor assessment results calculated in this study should not automatically be expected to
correspond to odor surveys. Diffarences in results from different odar investigation methods
can occur for many reasons. Odor assessment results calcutated using quantitative, objective
methods, such as detailed alr dispersion modeling, are unlikely to closely correspond to
observations from gualitative, subjective odor investigation methods, such as periodic odor
surveys, especially if they are not carafully matched to the same time period. As explained
ahove, the significant differences in odor investigation methaods, the unique and varying
characteristics of potential emission sources, and the presence of other local or regional odor
sources, all help explain this lack of correspondence. it is not surprising, then, that qualitative
odor survey information from Florence-Roebling collected periodically in 2022-2014 and
analyzed by SCS5 (2015) did not closely correlate with the quantitative modeling results for
chemicals calculated in this report. Besides the fact that the odor surveys monitored odors
whereas the modeling study evaluated chemical-specific information, other reasons for
differences could stem from the assumed conditions addressed in this air modeling study. The
landfill layout incorporated in the AERMOD modeling was based on the site’s June 2015
configuration and the emission rates from the working face were based on measurements
collected in December 2015, The modeled emission rates from covered landfill areas were
based on 2011-2014 landfill gas data and are expected to reflect typical long-term operations.
Temporary situations that could potentially result in different, short-term emissions were not
modeled. For example, as mentioned earlier, the installation of gas piping systems and gas
collection wells may temporarily expose underground areas containing landfill gas. There is a
possibility that these activities could produce short-term emissions and potentiat odors
depending on the extent and location of the work and weather conditions. During new wel}
and pipe installation activities, however, TRRF uses odor control systems which minimize the
potential for odor impacts. Once the work is completed, the new installations will ultimately
result in enhanced odor control.

4.0 AR MONITORING 5TUDY

Condition 45({8) in the permit specifies that “actual monitoring data” be collected “both at the
landfill and in the surrounding communities”. This section summarizes the results of actual
ambient air monitoring conducted in the Florence-Roebling area and at the landfill from July 17
- October 20, 2015 and discusses the possibility of future monitoring based on the results of the
air modeling analysis.

4.1 tndicator Compound Selection

The initial step for the ambient air sampling program was to identify an indicator compound
present in landfill gas that could be readily monitored for in ambient air. The indicator
compound was identified based on an evaluation of raw landfill gas composition data relative
to health-based criteria and odor threshalds. For this type of landfill study, the indicator should
be able to meet all four of the following conditions: 1) consistently be detected in raw landfill
gas, 2) be most likely to be of public health concern compared to other detected compounds in
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landfill gas, 3) have a relatively low odor threshold compared to other compounds detected in
raw landfill gas, and 4) have a reliable method available to monitor for low concentrations of
the specific compound in ambient air. The landfill gas samples collected from 2011 through
2014 were examined to support selection of an indicator compound (see Table 1}. For each of
the 35 compounds that were detected at least once in the 2011-2014 data, human health
criteria and odor threshold information (see Tables 6 through 8) were avaluated relative to the
concentrations measured in the raw landfill gas samples. Based on this evaluation, hydrogen
sulfide was identified as the most appropriate indicator compound for ambient air monitoring.
This selaction is consistent with findings at many other landfills where hydrogen sulfide is
present at relativaly highar concentrations in raw fandfill gas compared to other compounds
and may be a source of odor issues and public health concern (e.g., FDOH/ATSDR 2015).
Additionally, hydrogen sulfide can be readily measured using a sensitive and accurate hand-
held monitor called the Jerome 631-X Hydrogen Sulfide Analyzer (Arizona instrurnent 2014).
The lerome meter has a very low detection limit of 3 parts per billion {ppb)!* and, bacause of its
ease of use and sensitivity, it is often relied on to investigate potential emissions of hydrogen
sulfide at landfills and its possible presence in ambient air (FOOH/ATSDR 2015).

4.2  Ambient Air Monitoring Program

The air monitoring program was conducted from July 17 - October 20, 2015 with air samples
tested for hydrogen sulfide in both the Florence-Roebling area and very close to the landfill
surface. Sampling was conducted daily from July 17 through September 4, 2015, Beginning
September &, sampling was conducted every other day, on weekdays, alternating betweena
Monday/ Wednesday/Friday and Tuesday/Thursday schedule,

Hydrogen sulfide was measured at the on-site and off-site locations using the Jerome 631-X
Hydrogen Sulfide Analyzer (see Appendix G}. On-site samples were collected close to the
landfill surface (within 4-8 inches) from three different cover type areas - the working
face/active area, intermediate cover areas and final geomembrane cover areas (see Figure 3).
Samples in the intermediate and final cover areas were usually cotlected in locations that were
not expected to be influenced by active landfill gas capping or construction activities. in
addition, samples were collected in the Florence-Roebling cornmunity, once or twice per day, at
nine locations which are shown on Figure 5. These are the same locations visited for odor
surveys that have been regularly conducted by WMPA since 2012 and which continue to be
conducted almost every weekday. Community sampling was conducted mostly in the mornings
when atmospheric conditions tend to be more stable, with samples collected hetween waist
and chest height {i.e., representative of breathing zone for humans).

The Jerome meter monitoring was conducted by WMPA personnel trained to use the
instrument and was performed in general accordance with the procedures specified in the
manufacturer's operation manual {see Appendix G). During each monitoring event, the
hydrogen sulfide readings from the Jerome meter, weather information and, as necessary,
other observations, were documented. For example, wind and weather conditions prior to

¥ Far hydrogen sulfide, 3 ppb = 4.2 pg/m®,
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sampling were noted based on meteorological data from the landfill's on-site weather station
and weather stations in Florence.

Figure &
Monitoring Locations in Florence-Roebling
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Legend

Station Reebling | Main- [ Roebling | E. Front- | Florence | Florence | Florence | River Edge
Rd Elementary | Tenth Park Oak Sr. HS Yacht Elementary Park
{site 1) {site 2) (site 3) | {site 4} (site B) {site 6) {site 7) {site 8} (site 9)

4.2.1 Sampling Results in Flarence-Roebling

A surmmary of the Jerome meter data collected in Florence-Roebling is shown in Table 12, Over
the course of this air monitoring program, a total of 555 measurements for hydrogen sulfide
were collected. Each of these measurements was categorized into one of the following groups
based on concurrent wind conditions during each sampling event: 1) upwind, 2) downwind, 3)
occasionally downwind, 4) neither upwind nor downwind, or 5) not applicable (e.g., calm
conditions). Concurrent wind conditions were determined from the on-site landfill
meteorological station which records wind direction, wind speed and a variety of additional
weather parameters every five minutes. A sample was designated as upwind or downwind
when most or all concurrent wind direction readings placed the sample location upwind or
downwind of the landfill, respectively. A sample was designated as occasionally downwind
when at least one, but not most concurrent wind direction readings placed the sample location
downwind of the landfill. A sample was classified as neither upwind nor downwind when the
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wind directions were “crosswind” of the landfill, i.e., winds were blowing roughly paraile! to the
landfill relative to the sample location. The not applicable designation was assigned when
winds were calm or light and variable. The nhumber of measurements in each group was 265 for
upwind, 90 for downwind, 92 for occasionatly downwind, 72 for neither upwind nor downwind,
and 36 for not applicable,

Overall, hydrogen sulfide was not detected in most samples regardless of whether the sampling
location was upwind, downwind or occasionally downwind of the tandfill. In addition, the range
of concentrations was essentially the same for the upwind, downwind or occasionally
downwing samples. The range of concentrations was from <3-7 ppb for upwind samples, <3-6
ppb for downwind samples, and <3-6 ppb for occasionally downwind samples, Additionally, at
some locations (sites 1 through 5), concentrations were detected more frequently when
Florence-Roebling was upwind of TRRF (i.e., winds were blowing from Florence-Roebling
towards the landfill). Hydrogen sulfide was not detected in any samples when the sampling
location was neither upwind nor downwing, or unciassifiable due to light and variable winds. All
of the measuremeants in Florence-Roebling were well below short-term hydrogen sulfide
concentrations developed by regulatory and public health agencies to be protective of public
haalth. Short-term health criteria developed by USEPA are 750 ppb {10-minute average), 600
ppb (30-minute average) and 510 ppb (1-hour average}. The CALEPA 1-hour average reference
exposure level is 30 ppb. PADEP’s 1-hour average ambient air quality standard for hydrogen
sulfide is 100 pph. These health-based concentrations relate to averaging times ranging from
10 minutes to one hour, whereas the hydrogen sulfide concentrations measured by the Jerome
631-X instrument are 30-second measuraments. AH of the measurad hydrogen sulfide
concentrations were below the USEPA, CALEPA and PADEP health-based concentrations. There
is.also an added margin of safety for protection of public health because the measurements
reflect 30-second averaging times, and they would be even lower if averaged over the longer
time pariods associated with the health-based criteria (e.g., one hour).

4.2.2 Sampling Results On 5ite

More than 200 samples of hydrogen sulfide were collected within a few inches of the landfill
surface. The results of this sampling showed that hydrogen sulfide was detected fairly
frequently within a few Inches of the surface of the active/working face area {detected in 41 of
52 samples) and the intermediate cover areas (detected in 54 of 102 samples). Hydrogen
sulfide was detected less frequently in the final cover area (detected in 16 of 52 samples). The
range of concentrations was from <3-21 ppb in the active/working face area, with the highest
concentrations occurring directly atop fresh waste, from <3-33 ppb in the intermediate cover
areas, with the highest concentration measured near active capping waork, and from <3-10 ppb
In the final cover area.

All of the on-site hydrogen sulfide concantrations measured within just a few inchas of the
landfill surface were substantially below accupational standards and criteria that have been
developed for protection of workers.'®> The Qccupational Safety and Health Administration
{OSHA} enforceable workplace standards for hydrogen sulfide include a ceiling limit of 20,000

1% Congentrations in the breathing zone (e.g., at roughly 5-6 feet) would be lower than levels measured within a
few inchas of the landfil} surface.
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ppb (15-minute average) and a not-to-exceed peak limit of 50,000 ppb. Guidelines for
protection of workers have also been set at 130,000 ppb {10-minute ceiling) by the National
Institute for Occupational Safety and Health (NIOSH) and at 5,000 ppb (15-minute average) and
1,000 ppb (8-hour average) by the American Conference of Governmental Industrial Hygienists
{ACGIH). Even the highest concentrations measurad on site were more than 150 ~ 1,500 tirnes
tower than short-term occupational standards and guidelines. Moreover, alt of the on-site
concentrations weare halow heaith-based levels developed for protection of public heakth
except for one value (at 33 ppb) that was barely above the most restrictive level developed by
CALEPA (30 ppb).

4.2.3 Sampling Summary

The air sampling results show no consistent and discernable pattern of hydrogen suifide
concentrations in the Florence-Roehling area relative to wind direction that indicates & clear
landfill-related impact. The concentrations in Florence-Roebling were similar regardless of
whether the wind was blowing towards or from TRRE. Additionally, short-term hydrogen
sulfide concentrations measurad in air just above the landfill surface would be reduced
significantly due to dispersion, oxidation, and ditution during transport from the landfill surface
to the Florence-Roebling area {e.g., on the order of at least 100 to 1,000 or more times). This
means, for example, that a concentration of 30 ppb measurad in air within a few inches of the
landfil! surface would be reduced to less than 0.3 ppb by the time it reached the Florence-
Roebling area (i.e., the incremental concentration due spacifically to TRRF would not he
detectable}. This conclusion is supported by the air modeling results described earlier in this
report. The maximum 1-hour average hydrogen sulfide concentration predicted in the
Florence-Roebling area, which occurrad only by combining the maximum concentration
measured in TRRF landfill gas simultanecusly with worst-case meteorological conditions, was
0.26 ppb (0.36 pg/m?) and the maximum 5-minute average was 0.33 ppb (0.46 pug/m?). These
incremental concentrations reflect only potential emissions from TRRF {i.a., they do not include
other possible emission sources in the area) and are well below both the measured ambient
concentrations and the Jerome meter detection limit of 3 ppb.

After October 20, the sampling program was discontinued because the results showed that
hydrogen sulfide levels in the community were well below health-based levels of concern, the
detected concentrations directly above the landfill surface were at levels that would be unlikely
to produce detectable levels in Florence-Roebling, and there was no consistent and discernable
landfill-related impact on the measured concentrations in Florence-Roebling.

4.3 Future Amhient Monitoring

The availahie hydrogen sulfide sampling data suggest that potential incremental air impacts
specifically associated with TRRF in the Florence-Roebling area are very difficult to detect using
even advanced techniques. Due to the effects of dilution, dispersion and chemical reactions in
alr, potentizl air concentrations of emitted compounds measured just above the tandfill
surface, whether from covered landfilt areas or from the working face, will generally be reduced
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by at least 100 to 1,000 or more times during transport from the landfill to surrounding areas.'¢
Additionally, there are many facilities {e.g., wastewater treatment plants) and other activities
(e.g., agriculture, vehicle emissions) that contribute to existing background levels of compounds
and odors in air in the Flaorence-Roebling vicinity. Since ambient air monitoring measures the
concentrations of compounds resulting from all local and regional emission sources combined,
the ability to isolate the incremental impact of any one source, such as TRRF, can be almost
impossible and extremely costly,

To determine whether additional ambient air monitoring may be warranted, potential air
concentrations in Florence-Roebling associated specifically with TRRF emissions {i.e., calculated
using the AERMOD model) versus the chronic and acute CVs and odor thresholds were
considered, None of the evaluated compounds was predicted to be present in air in the
Florence-Roebling area at levels above the CVs or the geometric mean odor thresholds.

The air dispersion modeling results were also avaluated relative to the detection limits
achlevable by standard monitoring methods. The compounds that dominated the study results,
aven though none exceeded health-based cormparison values or geometric mean odor
threshold levels, were reduced sulfur compounds (e.g., hydrogen sulfide, methyl mercaptan).
The achievable detection limits for the sulfur compounds using standard methads range from 3
ppb (using a Jlerome meter) to roughly 11 ppb (see lab report for sulfur compounds in Appendix
C}. These detection limits are higher than the maximum short-term modeled air concentrations
in Florence-Roebling, indicating that the ambient air concentrations of reduced sulfur
compounds attributed to potential TRRF emissions would not be detectable using standard
analytical methods.

Additional targeted ambient air monitoring arournd TRRF is, therefore, not recommended.
None of the evaluated compounds was predicted to be present in Florence-Roebling at levels
above the CVs and geometric mean odor thresholds. The incremental sulfur compound air
concentrations were predicted to be at levels that would not be detectable using standard
monitoring and analytical methods. Additionally, potential emissions from the tandfill will
continue to decrease over time as the facility prepares for closure.

5.0 QDOR CONTROL PRODUCTS
51 Introduction

Condition 45(B) in PADEP's May 21, 2015 permit includes a requirement to evaluate air
emissions related to “odor control chemicals emanating from the landfill and traveling to the
Florance-Roebling areas.” This condition was addressed by compiling and evaluating available
information regarding the use of odor contral products at the landfill and the potential for
these products to be associated with off-site odors or health effects.

¥ potential ambient alr concentrations in Florence-Roebling associated with TRRF landfilf gas emissions are
expected to be more than 100,000 to 1,000,000 times lower than raw landfill gas concentrations measured inside

the landfiil,
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QOdor control products are commonly used across the US and wortdwide not only at MSW
landfills but also at other types of facilities that can have odor issues. These products can
cambine and react with odorant molecules to reduce odors, Fragrances that may be present in
a product can also help "mask” an unpleasant odor with a more pleasant odor. Most odor
controt products have an intrinsic odor, for example, because they contain fragrant essential
oils which are typically extracts from naturally occurring plant material. Some examples of
essential oils include lemon, lime, orange, eucalyptus, lemon grass, lavender and citronelia.

There are hundreds of odor control products available from commercial suppliers in the US.
The US Occupational Health and Safety Administration's Hazard Communication Standard
requires that information about each product be communicated in Safety Data Sheets {SD5s),
previously referred to as Material Safety Data Sheets (MSDSs), The SDS includes information
such as the physical and chemical properties of the product, and protective measures and
safety precautions for handling, storage and transportation. 1t also includes information about
health and environmental hazards, and how to respond effectively to potential exposure
situations. In most cases, the detailed composition of a product is not listed on the 5D5
because it is a praprietary trade secrat. The SD5 forms are typically prepared by the
manufacturer or importer of a product, or by technical consulting firms specializing in this work.

5.2 Gdor Control Products

tn accordance with the PADEP-approved study plan, this investigation focused on odor controt
praoducts used at the landfill from June 2014 to September 2015, 3 time frame which
encompasses the petiod in the summer and fall of 2014 when a number of odor complaints
were reported and the site received and responded to a notice of violation fram PADEP
regarding odors. The receipt of biosolids at the tandfill during the summer and fali of 2014 was
determined to be the major contributor to odors observed in the Florence-Roebling area. In
October 2014, the landfill implemented numerous measures to mitigate odors, These included
significantly reducing the amount of biosolids accepted at the facility, reducing the overall
amount of waste accepted, instaliing additional fandfill gas extraction wells and capping
systems, installing additional odor control devices including misting lines and vapor units, and
otherwise reviewing and modifying odor controls usad on site. In February 2015, the landfiil
placed a moratoriuem on the receipt of biosolids altogether and committed to no lenger
accepting biosolids for the remaining operational life of the landfill, Capping of additional
landfill areas has occurred and will continue through the landfill's closure in 2017,

521 Odor Controf Products Used ot the Landfill

As at other MSW landfills across North America, odor control products have been used at TRRF
in various locations and at varying times in order to mitigate and prevent potential odor issues
in surrounding areas. Factors that are taken into account when deciding on whether to use an
odor control product include weather conditions, edor conditions on site, types of wastes
received, and reports of odors in surrounding areas.

The odor control products used at the landfill between June 2014 and September 2015 were
provided by two companies, BioTriad and Air Care. These products, which are listed in Table
13, are all commercially available and have been used at landfills in the US. In general, these
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products can be divided into categories based on how they were used -- in misting lines, in
vapor linas or individual vapor units, and for direct use on the working face. Products used in
misting lines are water-based and suitabie for above-freezing temperatures. They are diluted
with water by at least 1,000 times and often by much more {e.g., 1,000 parts water fo 1 part
product is a 1000:1 dilution ratio}. The misting lines are set at roughly 10 feet high and the
diluted product is released via nozzles which are placed at intervals along the length of the line.
Misting lines at TRRF have been used along the far northeast edge of the site, around the daily
cover and intermediate cover areas and along the top of the ridge at the southern part of the
site (see Figure 3). Products used in the vapor lines and vapor units are diluted with very large
amounts of air and are suitable for below-freezing temperatures. Vapor lines are set at about 3
feet high and the diluted product is released from holes placed at intervals along the line. At
TRRF, vapor lines have been used at the eastern edge of the daily cover area and at the far
northeast edge of the site. Vapor units release product that has been diluted into air from
nozzles set onto poles about 10 feet high. At TRRF, eight vapor units with two poles each have
been used along the ridge at the southern part of the site. Direct use products are diluted with
water and applied directly to the working face. As mentioned earlier, edor control products
may be used in targeted misting or direct use applications during well and pipe installation
activities, During the Juna 2014 to September 2015 period, the odor control products were
used at varying times and locations (i.e., from none to no more than three products at a time).

5.2.2 Evaluation of Odor Control Products

For each odor control product used, 505 forms were obtained along with additional
information provided by the vendor about the product. The 5DS forms identify components in
the product that are included in federal or state lists, such as the USEPA’s Toxic Substances
Contraol Act (TSCA)} list of chemical compounds manufactured or processed in the United States,
and lists of potentially toxic or harmful compounds identified in USEPA’s Emergency Planning
and Community Right-to-Know Act (EPCRA), the Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA) and the Clean Air Act {USEPA 2015b, 2016). The TSCA
list includes more than 67,000 substances, many of which are naturally occurring essential vils
widely used in household and personal care products such as temon, lime, grapefruit, pine and
eucalyptus oils {USEPA 2016). In addition to the 5DS forms, BioTriad’s products were
independently evaluated by Dell Tech Laboratories which confirmed that their products used at
TRRF did not contain any components listed on nine regulatory lists.

In accordance with the PADER-approved study plan, identified components in the 5DS forms
waere fualitatively evaluated for their potential to result in odors or health concerns in

17 palf Tech confirmed that rone of the components in BioTriad's odor control products were on the following lists:
1) tist of Hazardous Air Poliutants from Section 112 of the Clean Air Act Amendrments of 1990; 2) List of Priority
Pollutants of the National Perrnit Discharge Elimination System (NPDES) Permit Regulations (40 CFR 122} from the
EPA Office of Water; 3) Resource Consarvation and Recovery Act materials List {includes F, K, P, U and B listings); 4}
Uist of Extrermely Hazardous Substances from Section 302 of the Superfund Amendments and Reauthorization Act
of 1986 (SARA); 5) List of Toxic Chemicals from Section 313 of SARA; 6) List of Hazardous Substances from the
Comprehensive Enviranmental Response, Compensation, and Liability Act of 1980 {CERCLA); 7) List of Qzong
Depleting Substances from Section 602 of the Clean Air Act; 8) List of Hazardous Substances under part 116 of the
Federal Water Pallution Control Act {FWRCA}; and 9) No camponent at a level subject to disclosure on the
Hazardous Substance Ust of the Pennsylvania Right-To-Know List.
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Florence-Roebling as a result of air emissions. Many of the identified components are used as
fragrances, not only in odor control products but also in hundreds of household and personal
care progucts. Examples include fermon, lime, lemongrass, pine, orange and eucalyptus oils,
Due to the presence of fragrances in the products used at TRRF, odors associated with the odor
contrel products could have been detected at times in the Florence-Roebling area depending
on the location of use and weather conditions at the time of use.

The potential for public health risks resulting from air emissions of odor control products was
evaluated by examining many different factors that collectively affect potential air
concentrations that might occur in Florence-Roebling and the likelihood of health risks. For
example, available health effects criteria for listed components on the SDS forms were
identifiad from many different data sources.'® In addition, the concentrations in the products
along with the amount of dilution of the odor control products with water or air before being
released were considered. Difution with water or air greatly reduces the concentrations of all
components that may be present in an odor canirol product. The types and locations of use at
TRRF were also considered, as these can affect the extent to which air emissions of odor control
products may be transported to off-site locations, Additionally, the potential for dilution and
dispersion between the landfill and the Florence-Roebling area was considered. The
concentrations of odor contro! product components in ambient air at TRRE will be reduced
during transport, by at least 100 to 1,000 or more times before reaching the Florence-Roehling
area. Based on consideration of these factors, it was determined that adverse public health
effects in Florence-Roebling would not be expected to occur as a result of odor control product
air emissions at TRRE.

6.0 SUNMMARY
6.1 Introduction

This study was conducted to address a requirement in a solid waste disposal renewal permit
issued on May 21, 2015 to WMPA by PADEP for the Tullytown Resource Recovery Facility
(TRRF} Landfill. Specifically, permit condition 45(B) required that a plan of study be prepared
and implemented (after PADEP approval) “to evaluate air amissions related to landfill gas,
working face odors and odor control chemicals emanating from the landfill and travelling to the
Florence-Roebling areas on the prevailing winds.” PADEP alsa requested that the study include
collection of actual air monitoring data and an analysis of odor threshold and health risk levels,

This study was performed in accordance with 3 PADEP-approved plan. A draft plan of study
was submitted to PADEP on August 19, 2015 and resubrnitted on October 29, 2015 in response

" nformation sources constited for heaith effects criteria included USEPA's Risk-Based Screening Levels {R5Ls),
USEPA’s Acute Exposure Guideline Levels {AEGLs), the Armerican Industrial Hygiene Association's Emergency
Response Planning Guidelines (ERPGS), Temporary Emergency Exposure Limits {(TEELs) developed by the DOE
Office of Emergency Management, CALEPA Refarence Exposure Levels [RELS), risk assessments of household
cleaning products by Human and Environmental Risk Assessment (HERA 2005, 2008), and screening-level
inhalation toxicologicai thresholds of concern (TTCs) developed to assist in health risk gvaluation of flavoring
substances in cosmetics and consumer products {EU 2012, Costigan and Meredith 2015).
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to PADEP comments. PADEP approved the revised study plan on Novemnber 13, 2015 with a
few additional suggestions which were addressed in this report.

Three related investigations were conducted to address permit condition 45(B): an air
modeling study to evaluate potential landfill gas and working face emissions; an air monitoring
program both on site and in the Florence-Roebling area; and an evaluation of odor control
products used at the landfill. Each investigation relied on methodologies developed by
regulatory and public health agencies. Collectively, these investigations allow for an
assessment of the potential for public health risks and odors associated with TRRF in Florence-

Roehling.

Three independent environmental consulting firms were engaged by WMPA to conduct this
study: CPF Associates, Inc., Environmental Information Logistics, LLC (EiL) and 5CS Engineers,
This multidisciplinary tearn of scientists has decades of experience investigating and evaluating
potantial impacts associated with waste managemaent issues,

6.2  Air Modeling Study

The air modeling study evaluated the potential for public health risks and odorsto a
hypothetical individual in the Florence-Roebding area. The hypothetical individual was assumed
to be exposed to emissions transported through the air from TRRF {from landfill gas and
working face sources) towards the Florence-Roebling area. The modeling was performed using
a USEPA-approved scientifically developed and validated mathematical model with five years of
detailed weather data. The modeling was based on the fandfill's June 2015 layout, landfifl gas
measurements from 2011-2014 and working face gas measurements collected in December
2015. Atotal of 47 chemical compounds detected in landfill gas and working face gas were
assessed,

This evaluation does not reflect actual individual exposures or risks to residents. Rather, the
modeling study was biased toward health protectiveness and thus is expected to overestimate
potential ambient air concentrations, adors and potential risks by using conservative
assumptions,

6.2.1 Health Risk Assessment

The potential for chronic tong-term public health risks was evaluated for both non-cancer
health effects and cancer risk. Acute short-term health risks associated with short-term
inhalation expasures ware also addressed. These assessments relied on the mathematically
modelad chemical concantrations In alr and health-based air concentrations cansidered to be

protective of public health by LSEPA and PADEP.

The resuits of the chronic health risk evaluation showed that no adverse health effects due to
potential tandfill gas and working face emissions are expected in Florence-Roebling, The
modeled ambiant air concantrations were more than 100 times below reguiatory criteria used
by PADEP and USEPA for protection of public health.
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The results of the acute health risk evaluation showed that adverse short-term inhalation
health effects due to potential landfill gas and working face emissions are not expected in
Flarence-Roebling. The modeled short-term ambient air concentrations were 100 or more
times lower than short-term health-protective levels identified by regulatory and public health
agencies.

6.2.2 Odor Assessment

The potential for odors to be detected by a hypothetical individual in the Florence-Roebling
area was also evaluated. This assessment relied on the mathematically modeled chemical
concentrations in air and chemicalspecific ador thresholds,

The evaluation showed that odors are not expected to he detected by a person of typical odor
sensitivity under the conditions modeled in this study. However, transient adors could be
detected at times by a highly sensitive individual depending on landfill and weather conditions.

The results of this assessment, which relied on guantitative, scientifically-based methods,
should not be expected to closely correspond to observations from qualitative, subjective odor
investigation methods, such as periodic odor surveys, especially if the studies are not carefully
matched to the same time period. Differences in resuits from the many methods that can be
used to investigate potential odors in the environment are likely to occur, particularly when
based on odor surveys which rely on subjective perceptions of odor and provide qualitative
results, Perceptions of odor are known to be extremely variable because they are affected by
numerous biclogicat and psychelogical factors, such as personal genetics, age, medical
conditions, pre-existing attitudes and personal beliafs.

6.3  Air Monitoring Program

An air monitoring program was conducted in Florence-Roebling and at the landfill from July 17 -
October 20, 2015. Air samples were tested for hydrogen sulfide at nine locations in Florence-
Roebling and at several locations very close to the landfill surface, Hydrogen sulfide was
selacted as a rapresentative landfill indicator compound because of its presence in landfill gas,
its low odor thresholds and health effects criteria, and because it has a reliable and
straightforward method for monitoring low concentrations in air.

A total of 555 air measurements for hydrogen suifide were collectad in Florence-Roebling and
all were well below levels considered to be protective of public health by USEPA and PADEP,
There was no consistent and discernable pattern of hydrogen sulfide concentrations in the
Florence-Roebling area relative to wind direction that indicates a clear landfill-related impact.
Hydrogen sulfide was not detected in most samples regardless of whether the sampling
location was upwind, downwind or occasionally downwind of the landfill. The concentrations
in Florence-Roabling were also similar regardless of whether the wind was blowing towards or
from TRRF.

More than 200 samples of hydrogen sulfide were collectad on site, in the air very close to the
landfill surface, and all ware substantially below occupational standards and criterla that have
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been developed for protection of workers. All of the on-site concentrations were also below
health-based levels developed for protection of public health except for one measurement
which was barely above the most restrictive public health-protection level developed by
CALEPA. Concentrations rmeasured in the air within a few inches of the fandfill surface would
be reduced by at least 100 to more than 1,000 tirmas during transport to the Florence-Roebling
area because of the effects of dispersion, oxidation, and dilution. As a result, hydrogen sulfide
due specifically to TRRF would not be expected to be measurable.

Additional targeted ambient air monitoring around TRRF is not recommended for several
raasons. None of the evaluated compounds was predicted to be present in Florence-Roebling
at levels above the CVs and geometric mean odor thrasholds. The incremental sulfur
compound air concentrations ware pradicted to be at levels that would not be detectable using
standard monitoring and analytical methods. Additionally, potential emissions from the landfill
will continue to decrease over time as the facility prepares for closure.

6.4 Odor Control Products

The potential for public health risks and odors in Florence-Roebling from air emissions related
to odor control product use at the landfill was also qualitatively evaluated. In accordance with
the PAREP-approved study plan, this evaluation focused on odor control products used at the

landfill from June 2014 to September 2015.

QOdor controt products are commonly used across the US and worldwide not only at MSW
landfills but also at other types of facilities that can have odor issues. At TRRF, thesa products
have been used in various locations and at varying times in order to mitigate and prevent
potential odor issues in surrounding areas. Factors that are taken into account when deciding
on whether to use an odor controf product include weather conditions, odor conditions on site,
types of wastes raceived, and reports of odors in surrounding areas.

This evaluation relied on information describing the components present in each product, and
the methods and locations of odar control product application at the landfill. During the time
period of focus, these products were used at the site in misting lines, in vapor lines or individual
vapor units, and for direct use on the working face.

Many of the identified components are used as fragrances, not only in odor control products
but also in hundreds of household and personal care products. Examples include lemon, time,
lemongrass, pine, orange and eucalyptus oils. Due to the presence of fragrances in the
products used at TRRF, odors associated with the odor control products could have been
detected at times in the Florence-Roebling area depending on the location of use and weather
conditions at the time of use.

The potential for public health risks resulting from air emissions of odor control products was
evaluated by examining rmany different factors that collectively affect potential air
concentrations that might occur in Florence-Roebling and the likelihood of health risks. These
factors included the amounts of components in the odor control products, available health
effects criteria for these components, the dilution of ador controt products with air or water
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before use, the locations of use, and the ditution and dispersion that occurs as air travels away
from an emissions source, Based on consideration of these factors, adverse public health
effects would not have been expected to occur in Florence-Roebling as a result of odor control
product use.

6.5 Conclusions

Based on the landfill conditions addressed, and air and emissions data collected at TRRF and at
nine locations in Florence-Roebling, this study concludes that no adverse public health effects
are expected In Florence-Roebling as a result of landfill gas and working face gas emissions, and
odor control product use. The study also found that an individual in Florence-Roebling with
typical odor sensitivity is not likely to detect landfill gas and working face gas odors. Fragrances
associated with past odor control product use at the landfill may have been detected at times
depending on landfill and weather conditions and on the odor sensitivity of an individual in the
community.

Based on the results of the air modeling study and the monitoring program, additional air
manitoring in Floreance-Roebling is not recommended.
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LI-Diehlrocibine LEhylianne dickin nide . zg.3 SLAG < I EYY 1 - &0 1% [T T.49E 02 NE 7
1.2A- Trimatiylzaniana 35-R1E 110.20 Lbon 20 w60 1,500 L0 LW 8,500 5.RSE4DE NA
L Dlipwroethina Tihyhene dichiatidn 13- 0ok 2 an LRk am ERY < 4oa 3T J§:3 130K w04 FEL L33E+0
LAL-Trimethylbargins  IMaitylod WR 78 1300 R a0 50 75 .10 AR A4 340 IABE03 NA
LA Cwhlurabhrtonr p-Dickicrobangsng 10¢-4E-T 147 % [-37s) ) A T + A1 BEL 153 A.0%8 43 1 RAGDY ERITHEY
s-ethyitolare J;;;'m"':;'lxﬁ"’“'""“"" 2868 | 100 1im S P a0 110 75 L GEEs0e a5 o, Faen
e L‘::'“m:_‘&;‘"‘" el ety Tog1a1 e 14 240 1am Lage Lo 1im P L3 2080403
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CRlgratrngene 108y 111.5% + 170 R 170 = 400 o hC ENEITald KT HA
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Tl g apran Ethanethici 75.08-1 62.14 - ELb] &7 * an,000 740 7005 §.BHEDS 1 han HA
Ethylbonzora W) 647 5800 2100 A5G0 T £ 500 4,900 7030 LASEAA H
Cityl piatne Acotic otor 141761 LR - A 2407 e BESEROY N HA
Froun 113 E4C 113) m“f‘”'”f"ﬂ'ﬂf‘:‘::‘:::;”-“' 1l 19738 v i .80 <10 510 si e 1RIRH0 L3R40 5376403
Frenn 17 {CFC12) Bletduradituoramathane .- 189 %0 <5 3 am am FE01 TA2E404 1348005 N
Haptano Pl 143-82.0 106,21 - 1,700 - 10 nNC 4 9EH7T HE MR
Hesyng n-tlaxang 11[344-3 LA - 5 530 WL 203403 NC NA
JHydragen cullidn T7A3-06.4 3403 - aA}000 A0 120,000 IO 7400 LRIEHS LIS fam
4ntnaTyl thereptan 413.44.0 ra.Ia 250 1,500 ME LUSEsT4 KL A
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Cracantrstians by Vess of Sampting (ppt) Aveiegr  [Haechnum /gl Artregr A upp::-::nl'kl-nn
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Fropaond, 2 i Byl Mceal 7018 wad - .70} - - &, ¥4 HE 1.RRM HC HA
Mopyl irezcaptin I wapamethia) sy mw.ie i 2aiy v - ke Hy T HIL Lid Ha
styrone 105-22.5 104,18 T o <10 « ot a5 00 209003 = S2E0r Larde
Tercahileatutan 135756 ErEH - 1.3 - - HE Ko 1EIEH] 11 HA
fotuzne ety behre I k- wlad pHine) AR 95047 pixein) 1d.oag R K33 B IAECA A BIEHH Ha
T T T3.0t8 13234 41 130 « 17 W agy 145 w5 FEE LI e
\irw] Gharign Criarmethsng 144 a0 1 4 sa i am A2 415 m 1.100e03 70eda0z nn
Sylanes iemdd, e 153“}&‘? 1617 R L A5 EER L] H R ARk A ] 43T+ L
Kglaran mired, map 1330707 10s.1F 10,000 4,760 ey jAstia) 8.0 T A BUE 313668 na
yianmn mued, o [LETS 104,17 3,000 1000 1,000 1300 R 2,804 L e o BEE nA
Gty Gampau s
Motano , pL] I l ik i A A5 | 75t 1 Bt ! At ] AAT+RA fpunrage methang anceniratiang
Heton

NI andiill go1 campins wars catinctnd fenm the cormman keadar pEe.
RREA LI ER LI REDVI SR

+ = Compounz wa nob doleetsd 1a the vample; the lukud vafuw b tha reported deloction fini.

€85 08 Cherica! AlTiare Semlee Numper
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A NOLIWIIIE A S35 ICL S wT b MleutaTend. See vapte {2}

NC & fiat cnlzuland Onby 5an wnmpte it  stwioted caiva and, If cther sampn rasulin warn avaiate, 31l the uiFar sampien hicd detaetion ey # 172 tuasirun detrcton Lancaolestion.
il Pk e B0 Ly vl i o,

/M« B raprams pan cubile atar al i

(u} Wighitt dptheted cangenteation Irom four AnAws) IANGAT Fat thuiirg fragrama {701 through 2015)
{5} dvirogs ot ropartnd cancontrabions fram faur annval o gaa Lesting pragrares (2011 throcgh 2014, In aceardarca with the PADER- apzroval study phn, won-delwted UdnContiations wete ovdilited 36 okt bl of fhit 13m0ie

ropartifg (TIE S e URTALT FUbulls wattd ADT IAcithed 4 CBILE T e Ave rage 5 Dt W G CAg ek PTG it s hIENET Thad ENE H3uimym HUTECEIN CoREEnIEATION.

{e) Mo compount wor atwybed for ir 2012 brcavie the landfi hid Tu Adcwpt & Subitintial armount of Hutting 53y Beds which was et Typizal o the lindfld,
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Table 2
Sampling and Analysis Methods for Working Face Gas

Compounds Method

sulfur compounds ASTM Method D5504

Ammaonia NIOSH Method 6015

Terpenes NIOSH Method 1552
Volatile organic compounds USEPA TO-15

Alcohols USEPA TO-15 (THCS) {a)

{a) TICs are tentatively identified compounds which can be detected by an analytical method
even though the method was not specifically targeted for these compounds.

Table 3
Working Fate Gas Sampling Results
(Only detected compounds are listed) (a)

Sample #2-12-2-2015 | Sample #3-12-2-2015
Analysis Method and Compound Concentration
pa/m? pph pg/m’ ppb

D5504

Carbony! Sulfide 160 64 290 120
Methyl Mercaptan § 59 30 65 33
Dimethy| Sulfide 240 95 260 100
_Carbon Disulfide 120 35 130 a1
Dimethyl Disulfide 150 40 150 38
TG-15

Ethanol 100,000 54,000 67,000 36,000
Trichlorofluoromethane {CFC 11) 3,000 540 3,000 540
Ethyl Acetate 860,000 240,000 600,000 170,000
Toluene 3,000 810 2,500 650
n-Butyl Acetate 4,400 930 | 2,200 460
Tetrachloroethene {(PERC) 2,500 380 ND ND
T0-15 Tentatively Identified Campounds {TICs)

Propane 18,000 16,000

lsobutane 41,000 38,000

n-Butane 39,000 | 34,000
2-Methyibutane 23,000 22,000

n-Pentane 16,000 14,000

n-Propyl acetate 14,000 9,300

Terpenes (NIOSH Method 1552) ‘

d-limonene 3900 5300

(3) See Appendix C for additional infermation about the working face sampling program and its results,
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Tahle 4
CALMIM Modeled Potential Fugitive Methane Emission Rates

Potential Fugitive Methane
Emission Rate
(g/m2-5) Acres
Without With
Oxidation Oxidation

Cover Area

Geomembrane Final Cover Area 1
Geomembrane Final Cover Area 2 1.26E-07 2.566-10 21677
Geomembrane Final Cover Area 3
Clay Final Cover Area 1

Clay Finai Cover Area 2
Intermediate Cover Area 19
Intermediate Cover Area 2 ) 6.26E-06 6.16E-06 47.47
intermediate Cover Area 3

Temparary Geomembrang Cover Area 19

e 1.61E-04 7.09E-07 17.98

. o
Temporary Geomembrane Cover Area 2% 599810 0 14.52
Daily Cover Area ™ 1.77E-05 161505 225
Total for entire landfill © 1.13E-05 2.09E-Q6 31924

See Appendix D for additional information about the CALMIM modeling.

{a) Site-specific below cover methane concentrations were used for these areas in the CALMIM model.

{b) Oxidation of methane in cover materials can yield results, under certain circumstances, less than Zero,
The moede! inchudes a zere emission boundary condition that imits emissions to anly positive values.

¢} The emission rate across the entire landfill s a weighted average (weighted by the acreage of each
landfiti cover area type). '
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Tabla g

Potential Emission Rates from tha Working Face

Working Face Gas Concentration (a,b) Maximum Potential
Compound Name Synonyms CAS# Sample 1 Sample 2 Concentration | Emission Rate
{ug/m?) {epb} | {ug/m’) | (ppb} {ug/m’) {g/m’-sec) {c)
Z-Methyl butane isopeEntane 78-78-4 23,400 7,794 22,000 7,455 23,000 1.5E-06
Butane n-butang 1064978 39,000 16,407 34,000 14303 | 39,000 2.5E-08
Butyl acetate, n- Bubyl ester acetic acld 123-86-4 4,400 930 2,200 460 L ha00 2.8E-07
Carbon disulfide 7%.15.0 110 35 130 41 130 8.3£-09
Carbonyl suifide carbon oxysulflide 463.58-1 160 64 290 120 280 1.9E-08
Dimethyl disufide | mathyl disulfide 624-92-0 150 40 150 38 150 9.6E-09
Dimnethyl sulfide methyl sulfide 75-18-2 240 95 ‘ 260 106 260 1.7E-08
Exhanal athyl aleohal 64-17-5 100,000 54,000 67,000 36,000 100,000  BAE-DE
£thyl acetate Acelic ester 141-78-6 860,000 240,000 EQD,DDQ 174,000 560000 5.5E-05 .
tricklorofluoromethane,
Freon 11 (CFC 11} fluorotrichlorarmethane 75-69-4 3,000 540 3,600 544 3,000 1.8E.07
tsobutane 2:methyl-propana 75-28-5 41,000 17,248 38,000 15;935 41,000 2.6E-06
- 138-26-3 / ‘ )
timonene d-limongne £g89.77.C 21,730 3,900 29,530 5,300 29,530 1.9E-06
Methyl mercaptan | methanethiol 74-93-1 50 30 65 33 65 4,28.09
Pentane n-pentane 109-66-0 16,000 542 14,000 4,724 16,000 1006
tetrachloroethytens,
Perchloroethylene tetrach[gigethene 127-18-4 2,500 380 < 2,100 <310 2,500 1.6E-07
Propane I . 73-08-5 13,000 9,980 16,000 3,871 18,000 1.2E-06
, n-propyl acetate, propyl . .
P | tat -60- 3,3 ) " UL
. ropyl acetate ester acetic acid 100-60-4 14,000 3,352 5,300 2,226 14,000 9.08.07
Tolugng methyl benzene 108-88-3 3,000 816G 2,500 650 3,000 1.5E-07

(a) Dats were collected on December 7, 20015 by $C5 Engineors,
{b} Canversian; between ug/m32 and pph were not aneded for thosa compounds with datz already reported in both sets of units In the leboratory reports (ie., reduced sulfur
compounds, valatile rganic compownds). For the other compounds, conversions weare as follows: ug/m3 = ppb ™ MW / 24.45, and ppb = ug/in3 ™ 24.45 / MW,
{c) Fotantial amission rate (2/mZ-sec) » working face gas concentration {Lg/m3) * verical velocity of gas st the working face (m/fsee) ¥ g/ L1046 ug, where working face gas

coneentratians ware hased on the maximum values from sampling conducted at TRRF on Decemmber 2, 2015 end verticsl gas velocity was determined Lo be 6.4 x 10-5 m/tet based on

typizal compaction rates of munichpal solld waste ak a landfil working fece and the tesulting gaseous voiume flow that results (See Appendix C).
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Chronic Long-Term Health-Based Comparison Values {CVs)

Table &

Landfill Gas Compounds

Chronic Long-Term Residential
Risk-Based Air Screening Level [a)

Compound Name Synonyms CAS # (gr;qn‘z” ug/m?® ppmi{b) | CorNE (¢}
1,1-Dichfproethane Ethylideng dichloride 75-34-3 WBS.QG 1.8 0.00044 C
‘1,2,4—Trl;:nwethyibe:;mzfene 95-63-6 120.2 0.73 0.00015 NE
1,2-Dichloraethane Ethytene dichloride 107-06-2 98.96 0.11 0.000027 C
1,3,5-Trimethylbenzene | mesitylene 108-67-8 120.2 -

2-Methyt butane isopentane 78.78-4 72,15 s - -
a-Ethyltoluene ;:E;E::;i}umei?y'bwe”e' 622-96-8 | 120.2 - -
4-Methyl-2-pentanone :zgg;c:ayliaeigi}oenﬁ:ﬁ?é%hw 108-10-1 10046 310 0.076 NG
Acetune 2-propanone 67-64-1 58.08 3200 13 NC
Benzene 71-43-2 78.11 0.36 0.00011 C
Bromomethane Methyl bromide 74-83-9 94,94 .52 0.00013 NC
Butane n-butane 106-97-8 58,312 -- - -
Butyl acetate, n- butyl ester acettc acid 123-86-4 116.16 - . B
Carbon disulfide 75-15-0 76.143 73 0.023 NC
Carbonyl sulfide carbon oxysulfide 463.58-1 60.076 10 0.0041 NC
Chiorobenzene 108-90-7 112.56 2.2 0.0011 NC
cis-1,2-Richlorpethene | Acetylene dichloride 156-59-2 96.94 6.0 0.0015 NC {d)
g:ﬁmg:gg:x::: “ 14 14 4-bichiorobenzene p-106-46-7 | 147 0.26 | 0.000043 ¢
Dichloromethane Methylene chioride 75-019-2 £4.93 63 0.018 NC (@)
Dimethyl disulfide methyl disulfide 624.92-0 94.19 -
Dimethy! sulfide Methy! sulfide 75-18-3 62.13 e e -
Ethanol ethyi alcohal 64-17-5 46,07 - - -
Ethyl acetate Acetic ester 141-78-6 88.1 7.3 0.0020 NC
Ethyl mercaptan Ethanethiol 75-08-1 62.14 - -- =
Ethytbenzene 100-41-4 10617 11 0.00025 C
Freon 11 (CFC 11) Ef&iﬁt’é‘?::}‘;g:gmz::ggg 75-69-4 | 137.37 - - -
Freon 113 (CFC 113) 1,1,2-trichiorotrifluoroethane 16-13-1 187.38 3100 0.40 NC
Freon 12 (CFC 12} dichloredifluoromethana 75-71-8 120.91 10 0.0020 NC
Heptana, n- 142:82-5 100,21 ww -- ]
Hexaneg, n- 110-54-3 86.18 73 0.021 NC
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Chronic Long-Term Health-Based Comparison Values (CVs)

Table 6

Landfill Gas Compounds

Chronic Long-Term Resldential
Risk-Based Air Screening Level (a)

Compound Name Synonyms CAS # (gl;nﬁ\:‘:nl) ug/m® | ppm{b) | CorNC(c)
Hydrogen sulfide 7783-06-4 34.082 0.21 0.00015 NG
tsohutane Z-Methyl propane 15-28-5 58.12 wn - -
Isabutyl mercaptan §13-44-0 90.18 - - -
Limonene - d-limanene 138-86-3 136.24 - - -
Methyt ethyt ketone 2-hutanone 78-93-3 72.11 520 0.18 NC
Methyt mercaptan methanethiol 74-43-1 48.11 - .
Pentane, n- 109-66-0 72.15 100 0.034 NC
Perchloroethylene I:;::gmrf:tt':‘gl‘?e 127-184 | 165.83 4.2 0.0006 NC ()
Fropane 74-98-6 441
Propanot, 2- lsopropyl alcohol 67-63-0 60.1 21 (.0085 NC
Propyl acetate 2;2;;";’;?;““'9‘ propyl ester | 409 604 102.13 . - -
Propyl mercaptan, n- 107-03-9 76.16 s )
Styrene 100-42-5 104.15 100 .023 NC
Tetrabydrofuran 1CJ‘3$99 72,11 210 0.071 NC
Tolugne kl!'\/l@thy‘imgg;:zene 108-88-2 92.14 520 0.14 NC
Trichlomethylene Trichloroethene 79-01-6 131.39 0.21 0.000039 NE
M\;finyi Chloride chloroethens 75-01-4 62.5 0.17 0.000067 C
Xylenes mixed, m+o+p 1330-20-7 106.17 10 0.002 NC
Xylenes mixed, m+p 106.17 10 0.002 NG
Xylenes mixed, o 106.17 10 0.002 NC

-~ = Not available,

{a) Chronic RSLs were based on USEPA Risk-Based Screening Levels, Novembar 2015 version

{http://semspub.epa.gov/work/03/2220587.pdf). Non-cancer R5Ls were based on a benchmark hazard guotient {HQ) of 0.1, which
is 10 times lower (i.e., more heaith-protective) than the criterion typically relied on by PADEP and in heatth risk assessmeants, The
cancer-based R5Ls were based on a benchmark excess lifetime cancer risk of one in one millior {1 1n 1,000,000 or 1E-6), which Is
100 times mare conservative (L., health protective) than the §in 10,000 {18-4) risk leved generally relied upon by PADEP when
assessing health risks from chemical compounds in amibrent air (PADER 2013), If RSL air concentrations were available for bath
non-canger and cancet health effects, the lowest one was selected,
{B) ppm = ug/m3 * 24.45 /(1,000 * MW)
{) € = Risk-based love! based on an excess [ifatime cancer risk of one in one million {1E-06). NC = Risk-based level far non-cancer
health effects based on a concantration 10 tirmes lower than PADEP’s benchmark level {i.e., a hazard quottent (MQ) of 0.1).

{d) The RSL for cis-1,2-dichloroethene was obtained from the International Toxicity Estimates for Risk (ITER) database because
values were not available in USEPA's R5L table. Source: RIVM Provisional tolerable air concentration
(https://iter.ctc.com/fpublicURL/pub_view list.ctm?ern=156%20%9%202).
(e} Screening level based on non-cancer haalth effect at a non-cancer hazard guotient level of 0.1 (HQ=0.1). Atan HO=1.0,

hawgver, the screening level would be based on cancer risk,
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Table 7

Acute Short-Term Health-Based Comparison Values {CV5)

Acute 1-MHour Average inhaiation Slected Acute 1-!-[uur

Reference Concentrations (a) Average Inhafation

{andfill Gas Compounds fteference Concentration
CALEPA REL | EPA AEGL-1 | AEGL-1 | Protective Action 2
{ug/m?) {ug/m?) status Criteria (ug/m?) ug/m ppm (b)

1,1-Dichlorcethane - - - 1,200,000 (TEEL-1) | 1,200,000 300
1,2,4-Trimethylbanzene - 690,000 final NA 690,000 140
I:I;’E;'Inéhlomethane -- - = 200,000 (ERPG-1) 200,000 54
1,3,5-Trimethylbenzens - 690,000 final NA 696,000 140
2-Vigthyl butane 8,800,000 (TEEL-1) [ 8,800,060 3,800
B-Ethyltoluens - - -- 15,000 (TEEL-1) 15,000 31
1#-Methyl-2-pentancne - m 310,000 (YEEL-1} 310,000 76
Acetone 475,000 intertm NA 475,000 200
Benzene 27 170,000 interim NA 27 0.0085
Bromomethane 3,900 T fihal NA 3,900 3.0
Butane 13,000,000 finai NA 13,000,000 5,500
Butyl acetate, n- - - - -‘24,000 (ERPG-1} 24,000 -
Carbon disulfide 6,200 42,000 final NA 6,200 2.0
Carbonyt sulfide 37,000 {TEEL-1) 37,000 15
Chiorobenzene 47,000 final NA 47,000 10
cis-1,2-Dichloroethens o 554,000 final NA 554,000 140
g:z::g;ggz;;zgg L4 - ~ - 180,000 {TEEL-3) [ 180,000 30
fichioromethane 14,000 710,000 interim NA 14,000 4.0
Dimethyl disulfide 39 (ERPG-1) 39 0.01
Dirmethyl sulfide -- -- - 1,300 (ERPG-1) 1360 0.51
Ethano! 3,400:000 {ERPG-1) | 3,400,000 1,800
Ethyl acetate - - - 4,300,000 (TEEL-1) | 4,300,000 1,200
Ethyl marcaptan - 2,500 final | NA 2,500 1.0
Fthylbenzene - 144,000 interim MNA 144,000 33
Freomn 11 7R0,000 (TEEL-1) 760,000 1460
Freon 113 (CFC 113} -- -- -- 9,600,000 (TEEL-1} | 9,600,000 1,300
Freon 12 (CFC 12) - -- -- 15,000,000 (TEEL-1) | 15,000,000 3,030
Heptane, n» - - - ‘IML.';.W:BB{J,OOO (TEEL-1) | 2,000,000 490 N




Table 7

Acute Short-Term Health-Based Comparison Values {CVs)

Acute 1-Hour Average Inhalation Selected Acute 1-I'-Iour

Reference Concentrations (a) Average Inhalation

Landfill Gas Compounds Reference Concentration
CALEPA REL ! EPA AEGL-1 | AEGL-1 ¢ Protective Action 3
{ug/m*) (ug/m?) status Criteria {ug/m?) ug/rm ppm (k)

Hexane, n- un s 910,000 (TEEL-1) 910,000 260
;I—ydrogen sulfide 42 710 final NA 42 0.03
fsobutane 13,000,000 (TEEL-1) | 13,000,000 5,500
fsebutyl mercaptan - - - - - --
Limonene ) 24,000 (TEEL-1} 84,000 15
IMethyI ethyl ketone | - 1 3,000 586,000 final NA 13,000 4.4
ﬂMethyl r;;t:captan - e final 9.8 (ERPG-1) 9.8 0.0050
;‘entane 8,800,000 (TE EL—l) 8.860,000 3,000
;ﬂerchluroethyiene 20,000 240,000 interim NA 20,000 2.9
Propane 9,900,000 finat NA 9,900,000 5500
Propanol, 2- 3,200 -- -- NA 3200 13 )
Propyl acetate 1,000,000 (TEEE-1) | 1,000,000 240
Propy! mercaptan, n- an - 150 (TEEL-1) 150 0.050
Styrene 21,000 85,000 interim NA 21,000 4.9
Fetrabydrofuran - .- - 290,060 (ERPG-1) 250,000 48
Toluene 37,000 250,000 final NA 37,000 9.8
Frichloroethylene - 700,000 interim NA 700,000 130
\Vinyl Chloride 180,000 650,000 final NA 180,000 70
Kylenes mixed, m+o+p 22,000 560,000 final NA 22,000 5.1
E;(;:wnes mixed, m+p 22,000 560,000 final NA 22,000 Bl
%(ylanes mixed, o 22,000 560,000 final NA WEE,OOO 5.1

--= Not available, NA = Not applicabls.
{a} Acute RELs were based on the lowest of avaifable values (a5 of 10/10/15) from CALEPA RELs and USEPA AEGL-1 values
{http://oehha.ca.gov/air/alirels.html and hitp://www2.epa.gov/sites/production/files/2015-
07/documents/compiled_aegl update09jun2015.pdf). If neither of these were available, criteria were based on ERPG.],

values, if avallable, or DOE TEEL-1 vatues (http://www.atlintl.com/DOE/teels/teal/Revision 28A_Tablad.pdf).

{b) ppm = ugfm3 * 24.45 /(1,000 * MW)
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Table 8
Odar Threshold Values

Landfilf Gas Compounds

Qdor Threshold Information

Geometric

CompoundName | Synonyms eometrctesn | sundsrd | o010
(uaitlessit) | VAUes

1,1-Dichioreethane Ethylidene dichloride 689,900 1.5 3
1,2,4-Trimethylbenzensg -- u-
1,2-Dichloroethane Ethylene dichlaride 110,600 4.3 7
1,3,5-Trimethylbenzene | mesitylena 5,640 2.8 2
2-Methyi butang Isopentane 18,500 10 Z
A-Ethyltoluene ;:EE:‘;:;;UME?:Y%E”IE“E‘ - - -
4-Methyl-2-pentanone ::gg:{:{y Liiziﬂeﬂf&ﬂ%%hvi 3,350 14 6
Acetong 2-propanons 76,200 6.6 5
Benzene 46,300 53 7
Bromomethane Methy! bromide 565,700 _ 16 2
Butane n-bitane 206,000 28 5
Butyl acetate, n- butyl ester acetic acid 2,000 35 h
Carbon disulfide 520 12 5
Carbonyl sulfide carban nxys;lfidm 190 1.5 2
Chiorabenzene 7,050 B.7 5
Cis~1,2-Dichlarosthens Acetylene dichloride 36,800 80 E
g:zﬂigﬁggszgﬁ "4 | 1 a-pichiorobenzene 5,170 20 5
Dichloromethane Methylene chloride 843,700 2.0 4
Rimethyl disulfide methyl disulfide 6.7 59 3
D:methy?;uiwfldmﬁ WWWWW ] tethyl sulfide 9.3 3.5 4
Ethanol ethyl alcohol 10,600 101 5
Ethyl acetate Acetic ester 4,150 42 5
Ethyl marcaptan Ethanethiol .79 32 5
Ethylbenzene 14,100 13 5
e I Froric il B ;
Freon 113 (CFC 113) :r'itllflarotrifluuroethana 821,300 3.1 4
Freon 12 {CFC 12) dichlorodifluoromethane an -
Heptana, n- 111,700 12 5
Hexane, n- o 57,300 8.5 3
Hydrogen sulfide 2.5 4.6 5
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Table 8
Odor Threshold Values

Landfilt Gas Compotnds

Ddor Threshold information

Geometric Number af
Compound Name Synonyms Gem‘:;;:l; ‘(\:‘;an g:i?:j;i Od:;; Lh;:?;uld
{unitless}ib)

sobutang 2-methy! propane - -
tsobutyl mercaptan 0.46 13 3
Limonene d-limonene 720 5.7 2
Methy! ethyt ketone 2-butanone 2,270 11 7
Methy! mercapta methanethiol 1.2 18 5
Pentane n-pentane. 57,900 19 5
Perchioroethylene ::tt::f:lt’:s:::;’;i”e 75,700 5.5 6
Fropane 7,560,000 3.9 5
Propanal, 2- Isopropyl atcohol 21,800 1w 4
Propyl acetate Z;féfgz;ie:it:' propyl 2,720 10 5
Prapyl mercaptan, n- 0.85 53 3
Styrene 2,250 s | A
Tetrahydrofuran 17,140 4.8 4
Toluene Methy! benzene 5,030 7.5 7
Trichloroethyleng Trichloroethene 54,230 16 6
Vinyt Chloride chloroethene 7,665,000 NA 1
Xylenes mixed, m+o+p 3,640 11 7
Kylenes mixed, m+p 3,040 11 7
Kylenes mixed, o 4,080 10 6

= = Not avallable.

MA = Not applicable since only ane value was provided in the referenced sources,

{a) The geometric mean (GM) is a type of average concentralion calculated for data that tends to be very skewed {i.e,,
data which is lognormally distributed and spans orders of magnitude, such as odor thresholds and environmental

concentrations),

{b) The ganmetric standard deviation {G5D) describes the dispersion of data around the geometric mean (GM) for a
Ingnormal distribtion (ie., the degree to which the data are spread out or vary around an average value). The GSD s
& dimensiontess factor, unlike the GM, G30s close to zero Indicate that the data are tightly clustered around the mean
while farger GSDs indicate more spread in the data, To determine the value that lies “n” G5Ds from the GM, the
geometric standard deviation Is raised to the n' power and either multiplied by, or divided into, the geometric mean
{i.e., (GM)*(GSDI" ar (GM)/(GSDIM.
{c} Odor threshalds were compited from the following sources: USEPA (1992), Amoare and Hautala {15832), Ruth
{1986), Nagata (2004} and 3M (2013).
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Table 9

Chronic Risk Assessment Results:
Evaluation of Potential for Chranic Health Risks in the Horence-Roebilng Area

bt s | o

Compound Name Synonyms Flarence-Roebling (ng/m') Con::;/r::;ons Corne) | o ration
fa) Chronic CV)

1,1-Dichioroethane Ethylidene dichioride 1.33E-06 1.8 C 7.4E-07
128 Timetylvenaene | 5.238-05 073 NC 7.2E-D5
1,2-Dichloreathane Ethylene dichlartde 1.31E-05 0.11 C 1.2E-04
1,3,5-Trimethylbenzens rnasitylang L.71E-05 -
2-tMethyt butane ]Ea;?:s-ntane 4, ) 2E-03 - T - . - .
a-Ethyhotuene ;:E;;:'];ml?:wb“"”““‘ '''''' 317605 - - -
A-Methyl-2-pentarniong ::;gﬂ:?ﬂ:ii?:&?&it}hw i 6.62E-0% 310 NE 2.1E-07
Acgtong -propangngs 9.60E-04 3,200 N 31.06-07
Benzene 2. 72E-04 036 C 7.66-04
 Bromomethane Methyl bromide 4.93€-06 0.52 NC 9,56-06
Hutane :-hutane 6.996-03 -
Butyl acetate, n- buty} ester acetic acid 7.88E-04 - - - o
Carbon disulfide | R 3.82E-05 73 NC 5.26-07
Carbony! sulfide carbon axysulfide 5.20;:-05 14 NC 5.2E-06
Chiorobenzene 2.95E-06 5.2 NC 5.7E-D7
cls-1,2-Dichanl.'oethene Acetyl_Ema dichlaridge 2.706-06 6.0 g MI\:‘I__CW 1.6E-06
g:g::g:z::zizgi -1 1,4-Dichlarobenzene 3.3%6.05 0.6 C L34
Dichloyemethans Methytene chloride 2.28£-05 63 NC 3.6E-07
Cimethyl disutfide methyl disulfide 2.69E-05 - - -
Dimethyl sulfide Methyl sulfice 5.25E-04 - -
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Table 9

Chronic Risk Assessmant Rasults:
Evaluation of Potential for Chronic Health Risks in the Florence-Roebling Area

tandfil Gas Compounds Chronic Health-Based Comparkson Ratip of M?dele.d
______ Maximum Values (CVs) Concentrations to
Annuatl Average Madeled Basls Chronic CVs
Concenyrathtng in Concentrations as {Annual Average
Lompound Name Synonyms Florence-Roebling {ug/m®) {uefm" {Carne) Concentration /
2} Chronic CV)
Ethangl tthyl alcohal 1.798-02 - -
Etiyt acerate Acetic ester 1.548.01 7.3 N 2.1E-02
Ethyl mercaptan Ethanethicl 9,12£-0% - -
Ethrylbenzens 1.84€-04 1.1 C 1.7E.04
Frean 11 :ric!'lmr'nﬂu?mmmhanﬂ, CFC 5. 980 _ }
11, fluorotrcchloromgmane
1,1,2-trichlorotrifluoroethane,
Freon 113 (CFC 113) 1,1,2-trichloro-1,2,2- 417805 3,100 N 1.0E-08
trifluproethane
Freon 12 (CFC 12) dighlgradiflynromethane 1.26E-05 10 NC 1.3€.06
Heptang, n- 4_63E-05 - -
Rexane, r- 1.96E-(5 73 MC 2.7E-07
Rydrogen sulfide 525603 0.21 NeE 2882
Isobutans 2-methyl propane 7.35E-03 Bl o
lsobuty! marcaptan S.44E-04 -
Limoneng d-limonene 5.29E-(3 - -
Mathy! athwl ketone 2-butanone 6.045-04 520 NC 1.2€-06
Methyl mercaptan methanethial 3,07E-04 - -
Pentane n-pantang 2.87E-03 100 NC 2.8E405
Tetrachloroathylene .
srehioruethylene petrachiorbethens ) 4.65E-04 4.2 NC 1.1E-04
Propang 3.23E-03 - -
fropanal, 2- Isopropyi alcohal 1.53E.C4 n N 7.4E-06
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Table &

Chronic Risk Assessment Results:
Evaluation of Potential for Chronic Health Risks in the Florence-Roebling Ares

Chronkg Heafth-Based Comparison Ratlo of Modeled

Landflil Gas & d

an =8 Lompounds MrRimuse Valuat {CVs} Concentrations to

Annuai Average Modeled Busi Chronic LV
Compound Name P Concentrations in Concentrations i nars:(’_‘) {Annual Average
P Yoy Fiorence-Roehling (ng/m?) {pg/m*} 8] Concentration /
# Chranic CV)
Propyl acetate rpropyl acetate, propyi ester 2516:03 -
n i aceticacid e -
Propyl mercaptan, n- 3.96E-05 - - -
Styrene 1.78E-05 100 NC 1.8E-07
Yetrahydsofuran 3.61E-08 1) NC 1.76-07
Tolugne Methyt beniene 897504 520 NC 1.76-06
Tricktoroethylene Trithloroethens 5.21E.06A 021 NC 2.56-05
Vinyl Chioride chioroethene 6.64E-Ca 0.17 C 3.9€-05
Rylenes mixed, m+o+p & O1E-O4 10 NC 4.0E-05
Xylenes tixed, m+p 10BE-4 19 WEC 3.1E-D5
Xylenes mived, o 229603 10 NC §.3E-06
Tatal for Nop-Cancer Health Effects (b} (.05
0.021

Total for Excess Lifetime Cancer Risk [b)

{a) € = Risk-tpsed level based on an excess fifetime caneer gk of one in ane millien (1E-06).
NC = Risk-based ieved for non-cancer health effects based on a hezard quotient (HQ) of 0.1,
(b} The sum of ratios for compounds with non-cancer health effects and for potential carcinopens includes ali compounds which have CVs for these endpiints (i,

narscantac CVs dnd cancer riskobased OV, respectively).

56




Table 10

Acute Risk Assessment Results:
Evaluation of Potential for Acute Health Risks in the Florence-Roebling Area

Landfill Gas Compounds Maximum 1-Hour Ratio of Madeled
~~~~~~~~~~~ w Average Modeled Acute Healtl]- Concentrations to
Concentrations in Based Cornparison Acute C\'s
Compound Name Synonyms Florence-Roebling \izhﬁi a()\'::; S)) g::::;;::;;&;
(ug/m?) * Actite CV)
1,1-Dichiproethane Ethylidene dichioride 5.69E-05% 1,200,000 4.7e-11
1,2, 4-Trimethylhenzene . 2,75%E-03 690,000 S.4E-09
1,2-Dichloroethane £thylene dichlaride 6.01E-04 200000 3.0E-09
1,3,5-Trirnethylbenzene | mesitylens 1.74E-03 690,000 2.5E-09
‘ij"'_\_/‘EthY' butane lsopentane 2,;7“5«1»00 8,800,000 3.2E07
4-Ethyhtoluene ;:Z:m;g;yef:wbe”me’ 4.34£-03 15,000 2.9€-07
4-Methyl-2-pentanone ::22L‘:\‘;‘;’;‘;ﬁfﬁ"ﬁﬂ?ﬁhv' 2.96€-03 310,000 9.66-09
Acetone 2-propanone 4,10£-02 475,000 B.6E-08
Benzeng 1.22802 27 4.5E-04
Bromomethane Methyl bromide 3.58E-04 3,900 9.2E08
Butane nbutane 4.70E+00 13,000,000 3.EEHD';'H “““““““““““““““““““
Butyl acetate, n- butyl ester acetic acid 5.31E-01 24,000 2.2E-05
Carbon disulfide 1.63£-02 8,200 2.6E-06
Carbonyl sulfide carbon oxysulfide 3.50£-02 37,000 9.56.07
Chlorobenzene 1.26E-04 47,000 2.7E-09
cis-1,2-Dichloroethene | Acetylene dichloride 4.14£-04 584,000 71.5E-10
g;gg:g:gggziz:z - 14 14-Dichlorobenzene 1.64E-03 120,000 9,1E-09
Diehlaremethane Methylene chloride 1.05&-03 14,000 7.5E-08
Dimethyl disulfide methyl disulfide 1.81E-02 39 4.6E-04
Dimethyl sulfide Methyl sulfide 5.51E-02 1,300 4.2E-03
Ethanol ethyl alcohol 1.21E+01 3,400,000 3.5E-06
Ethyl acetate Acetic ester 1.04E+02 4,300,000 2.4E-05
Ethyl mercaptan Ethanethiol 4,09E-03 2,500 1.6E-06
Ethylbenzene 1.01E-02 144,000 7.0E-08
Freon 11 (CFC 11) ;:ﬂt"; ‘I’:L”lg:gx:t:::z 3.626-01 760,000 4807
Freen 113 (CFC 113) :;;inarotrifluoroethane 1.57E-03 9,600,000 1.6E-10
Freon 12 (CFC 12) dichlorodiflusromethane 9.338-04 15,000,000 6.2£-11
Heptane, n- ) 1.98E-03 2,000,000 5.96-10
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Tahle 10

Acute Risk Assessment Results:
Evaluation of Potential for Acute Health Risks in the Florence-Roebling Area

Landfil Gas Compaunds Maximum 1-Hour Acute Health gszz::r?t?:::ii
gizaﬂg"i:t?:::ﬁ: Basad Comparlson Acute CVs
Cormnpound Narme Synonyms Florence-Roebiing \:: ;}Er: J}‘i‘:;) (é::::;t?:;;iﬁi
(ug/m) Acute CV)
Hexane, n- 8.350-04 510,000 9.28-10
Hydrogen sulfide 3.63E-M 42 8.76-03
Isobutane Z-methyl 4.94E+00 13,000,000 3.8E-07
propane .
isobutyl mercaptan 232802 -
Limonene d-limonana 3.56E+00 84,000 4.2E-05
Methy! ethyl ketone 2-butanone 4.74E-02 13,000 3.6E-06
Methyl mercaptan rrethanethiol 2 BAEA()2 10 2.6E-03
Pentane n-pentang 1.936+00 5,800,000 22E-07
Perchioroethylene Tetrachlocoethylene, 3,026-01 20,000 1.56-05
tatrachioroathene
Propane 2.17E+HQ0 9,900,000 22807
Propanol, 2- Isopropyl alcohot 6.61E-03 3,200 2.1E-06
Propyl acetate A-Propyl acetate, propyl 1.69E+00 1,000,000 1,75-06
ester acetlc acid
Propyl mercaptan, n- 1.6BE-03 150 1.1E-05
Styrene 8.38E-04 21,000 4.0E-08
Tetrahydrofuran 1.548-03 250,000 53600
Toluene Methyl benzene 3.83E-M 37,000 1.0E-05
Trichloroethylene Trichlorosthene 3.02E-04 700,000 4,3E-10
Vinyl Chloride chlorogthens 4.41E-04 180,000 25809
Xyletes mixed, m+o+p 2.28E-02 22,000 1.0E-06
Xylenes rmixed, m+p 1.74E-02 22,600 7.9E-07
Xylenes mixed, o 5.41£-03 22,000 2.5€-07
0,01

Total (Sum of acute ratios)
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Table 11
Odor Evaluation Results:
Evaluation of Potential for Odor Detection in the Florence-Roebling Area

Modeled Ambient Air
Concentrations In Florence- Geometric B/t Concentrations
Landfill Gas Compounds Roehling g/} Wean Odor
Maximum Maxirnum Threshold Maximum Maximum
1-Hour 5-Minute | (OT){pg/m?) 1-Hour 5-Minute
Average Average Concentration / OF | Concentration / OT
1,1-Dichloroethane 5.68E-05 7.97E-03 6.90E+(% H.2E-11 1.2E-10
1,2, 4-Trimethythenzene 3.75E-03 5.25E-03 -- " -
1, 2-Dichloroethane 6.01E-04 B8.42E-04 L11E+05 5.4E-09 7.6E-08
1,3,5mTrimethvlbenzeneM 1.74£-03 2.43E-03 5.64E+03 3.1E-07 £3E-07
2-Mathyt bu‘i‘:i;:\mr.; 2.77E4+00 3.88E+00 1.BSE+04 1.5E-04 2.1E-04
4-Ethyltoluene 4.34E-03 6.02E-03 “- -- --
4-Methyl-2-pentanone 296E03m 415&03 3358403 8.8E-07 1.2E-06
Acetone 4,10€-02 5.74E-02 7.62E+04 5.4E-07 7.5E-07
Benzene 1.22€.02 1.718-02 4 BIE+04 2.6E-07 37607
Bromomethane 2.508.04 5.02E-04 5.66E+05 6.3E-10 8.9E-11’:)
Butane 4,705+00 6,58E+00 2.06E+05 2.3E-05 3.2E-05
Butyl acetate, n- 5.31E-01 7.43E-01 2.008+03 2.7E-04 3.7E-04
Carbon disulfide 1.63E.02 2.28E-02 5.20E+02 3.3E-05 4.4E-0%
Carbonyl sulf'td"gw 3.506-02 4.908-02 1.80E402 1.BE-04 2.6E-04
Chiorobenzene 1.26E-04 1.76E-04 7.05E+03 1.8E-08 2.5E-08
cis-1,2-Dichloroethane 4.14E-04 5.80E-04 3.68E+0D4 1.1E-08 1.6E-08 o
g:g::g:gg:z;::z " LA 1.64E-03 2.306-03 5.17E+03 3.2E-07 4.4E-07
bichloromethane 1.05E-03 146603 8.44E+0% 1.2E-09 1.7E-09
Dirnathyl disulfide 1.81E-02 2.53E-02 6.70E+00 2.7E-03 3.8E-03
malumethvl Slrlfide 5.51E-02 7.71E-02 9.30E+00 5.9€-03 8.3E-03
Ethanol 1.21E+01 1L.69E+01 1.06E+04 1.1E-03 1.68-03
‘Ethyl acetate 1.048+02 1.45E402 4.196+03 25602 35602
Ethyl mercaptan 2.096-03 5.72E-03 7.90E-01 '5.26-03 7.26-03
Ethylbenzene 1.01E-02 142602 | 141E+04 726-07 1.06-06
Freon 11 3.62E-01 %.06E-01 9.576+04a 3.8E-08 5,3E-06
Freon 113 (CFC 113) 1.57E-03 2.40E-03 8.21E+05 1.9E-09 2.7E-09
Fraan 12 {CFC 12} 9.33E-04 1.31E-03 - wa -
Heptane, n- 1.98E-03 2.77E-03 T AE+0S 1.8E-08 2.5E-08
Hexane, n- 8.35E-04 1.17E-03 5.736+04 1.5E-08 2.0E-08
Hydrogen sulfids 3.63E-01 5.05E-01 245E+00 1.5E-01 2.1E-C1

55




Table 11
Odor Evaluation Results;
Evatuation of Potential for Odor Detection in the Florence-Roehling Area

Muodeled Ambient Air
Concentrations in Florence- Geometric D/T Conicentrations
Landfill Gas Compounds Roebling (pg/m’} Mean Odor
Maximum Maximum Threshold Maximum Maximurn
i-Hour 5-Minute | (OT) (ug/m’) 1-Hour 5-Minute
Average Average Concentration / OT | Concentration / OT
Isobutane 4.94E+00 6.92E+00 - - -
Isobutyl mercaptan 2.32E-02 3.25E-02 4,B0E-01 S.1E-02 7.1E-02
Limonene 3.56E+00 4.98E+00 7.20E402 4.8E-03 6.9E-03
Methyl ethyl ketone 4.74E-02 6.63E-.02 8.27E+03 5706 R.0E-06
Methyl mercaptan 2.54E-02 385602 1.23E+00 2.1E-02 2.9E-02
Pentane 1.93£+00 2.70E+00 2. 79E+04 2.0E-05 2.8E-05
Perchloroethylene 3.02E-01 4.23E-01 7.57e+04 4.0E-06 5.6E-06
Propane 2.17E+00 3.04E+00 7.56E+06 2.9E-07 4.0E-07
Propanal, 2- B.61E-03 9.26E-03 2198404 3.0E-Q7 4,2E-07
Propyl acetate 1.69E+00 2.36E+00 1726403 B.2E-04 8.76-04
Propyl mercaptan, n- 1.69E-03 2.37€-03 8.50E-01 2.0£-03 2.8E-03
Styrene B.38€-04 117603 2.25E+03 3‘;;2”:07 5.2E-07
Tetrabydrofuran 1.54£-03 2.16£-03 1.715+04 89,0E-08 1.36-07
Toluene 3.83E-01 5.36E-01 5.03E+03 7.6E-05 1.1E-04
Trichlorogthylens 2.02E-04 4.23E-04 5.42E+04 5.6E-08 7.BE-09
Viny! Chioride A4LE-04 6.186-04 7.67E+DG 5.8E.11 R.1E-11
Xylenes mixed, m+o+p 2.28E-02 3.208-02 3.04E+03 7.58-06 1.1E-05
Xylenes mixed, m+p 1.74€-02 2.44E-02 3.04E+403 5,7E-06 8.0€-06
Xylenas mixed, o 5.41E-03 7.57E-03 4,038+03 1.3E-06 1.9€-06
Total (sum of D/T 0.3 0.4

cencentrations)

-- = Not available,

D/T = Dilution-to-gdor threshold concentration

OT = Qdor threshotd
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Tahle 32
Hydroges Sulfide Air Sarmpling Results

Hydrogan Suifide Alr Sampling In Flavence-Raebling: buly AT - Dctober 70, 2015 {3}

" fen

Survey Rosults sz::li;n;d Ei‘::!l‘l&uw Mg::"v::’nrh "G::inl E r;;:lr;: 5]:,“ *lﬂrt:;z 5, FI:;:::& ;|F,;I:1 ::::w ﬂhr:: :::aa ot

(%itn 2 {ia &) [wite &) (uita 7} {sita B} [sleo )
Hesults When Stotion Wes Upwind of Londfil
Tatat Humber of Meawrements n 11 i 11 30 iz 28 24 5 6%
Percent Nan-Dutectid Conchitiatom (<3 pph) /5% FLL GEMN i s [ 1% 8% 62% [13:529
Percent Detacted Concentrations (2 ppb of groatar) 359 6% R 5% 30% 317 9% s 2% 254
Maxbiwn Dategtsd Condentratipn - 5 4 § ? [ ¥ i 5 7
Results When Stotina Wos Downwing of Landfii
Tntal Humber of Measurements [ 12 13 13 G B 16 L] * L]
Parcant Nure-Catectysl Concentrations (<3 pphi *1% ¥ 10% A% [ (508 Jalh A4% %% 3%
Perzent Detected Concentrations (3 ppb of graater) 17% [ 0% 2% 17% 38% 565 SE% 7% 8%
Muximum Detected Concentration k| <4 <3 ] k] ) 3 ] [ ]
Resetits What Sttt Wers Dove eionndly Sawe wind of Lomdfit
Total Mumber of Measurarants 13 11 16 10 13 12 12 7 a1 a2
Pargupt Non-Umiosted Capsentrations (<3 ppb) B HHS )% il kds) 3% 5% b1 S a1%
Parcent Dot ted Concantraticmd {3 ppk wr greadnr) 15% 0% 105 0% 3% 17% 5% 14% EOM 7%
Mazlinum Datactes Concentratian ] ] 2 4 & 3 5 1 4 ]
Ragufta Whan Statlon Wes Not Upwind or Dawnwind of Lardfi
Tatal Mumber of Measuremints 7 4 4 4 a g [ 15 15 71
iNumber of Hon-Oetected Cancentratians {<3 ppb) 100% 100% 100% 100% 10U 1007 100% 100% 160% Tadgs
Rajils Whan Siertion Was Mot Classified Due to Light aad veroble Winds
total Number of Measurements & L) 4 4 4 4 4 L 1 £l
Humber of hon-futested Concentrations (<3 pph) 108% 1090% 185 100 100 190% 0% 100% 1009 [t

[u} Concmntrations memured using hand-held ferome 3 1-K mater with datestion limit of £ pph and s J{l-sncand responae fime, Tho devgnation of the xampling stz relative ta the landffl {upwiod, downwind, octaso

towiwind nr naither) wan dutermined hased an conaurrent wind directivn datu reporied al the Tullyipwn (aodhlf megescelogicat vatian during wech cemimunity pamphng pericd. & sampie wis dmignaticl 35 dawowind off
Lipwingl whinh srodl o all esdeuttant wind diroction cesdiogy place e laestion downwind of upwlad ol the andbd, eapeetiviy. & sompla was designated oceasionslly dowmwind whion it st 2, bt oo mostwind divection

readings place the letation dowhwind.
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Table 13
Odor Control Products Used at TRRF
June 2014 - September 2015

Provider | Product Name Type of Use {a)
BiaTriad VaporDOX Misting lines
QOdaBond Misting lines
VaporXl-LF Vapar lines
ActiveCell-NF Direct use {on working face)
Air Care Neutralene 70305F Misting lines, vapor units, direct use (on working face)
Noxorb260 Misting lines and vapaor units
 Odar Cover 30205F Vapor units
Neutratene Winter Blend Vapor units
MNeutralene Winter Blend Plus | Vapor units

QOdor Cover 6040SF

Direct use {intermediate cover area in northeast part of
site, one-time test)
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APPENDIX A

PENNSYLVANIA DEPARTMENT OF ENVIRONMENTAL PROTECTION
STUDY PLAN APPROVAL



From: Wentzel, James [jwentzel@pa.gov]
Sent: Friday, November 13, 2015 4:55 PM
To: Brill, EH

Ce: Sutch, Barry: Hunt, Jessica

Subject: RE: TRRF Flan of Study

Please implement the revised plan of study dated October 29, 2015,

As discussed with Mr. Suteh on November 12, the study report should be targeted towards the general
public as the intended audience. I model results don't reflect observed sampling concentrations and/or
the well documented nuisance odor detections that have occurred, the report should also attempt to
reconcile these differences. Also, some terms could be further expolained, such as the reasons for and
the meanings of the odar threshold terms in Table 4 {geometric mean, geometric standard deviation,
number of ador threshold values),

Thank you,

From: Brilt, Eli {mailto:EBrill@wm.com)
Sent: Thursday, October 29, 2015 2:36 PM
To: Wentzel, James

Cc: Sutch, Barry; Hunt, Jessica

Subject: RE: TRRF Plan of Study

Dear Mr. Wentzel:

fnclosed please find a revised plan of study that takes into account the Department’s comments from
September 21. This revised plan of study also will be transmitted in hard copy by overnight mail to be
received in vour office tomorrow.

Sincerety,

Ed Brill

Senior Legal Counsel, EHS
Waste Management

1000 Brandywine Blvd, 3rd Floor
Newtown, PA 18940

215 269 2111 (office)

215 900 0457 (cell)

215 376 6915 (fax)



APPENDIX B

BIOGRAPHIES OF STUDY PARTICIPANTS



SARAH A. FOSTER
CPF ASS50CIATES, INC.
5404 Burling Road * Bethesda, MD 20814
301-657-2686 * sf@cpfassociates.com " www.cpfassociates.com

SUMMARY

Ms. Foster is 2 founding member of CPF Associates, Inc. She has over 25 years of consulting experience in
environmental health sciences, with expertise in developing strategies for and conducting exposure and
risk analyses related to environmental and public health issues. Her areas of focus include the
management and conduct of risk and exposure assessments for solid and hazardous waste management
technologies, contaminatad sites, and air toxics spurces; application of quantitative methods for assessing
environmental and public health impacts of air emission sources, waste sites, waste combustion facilities
and landfills; assessment of environmental, public health and odor impacts based on monitoring and
maodeling data; multiple chemical, multiple exposure pathway risk assessments addressing inhalation,
ingestion and dermal routes of exposure; and application of anvironmental fate and transport models.
She has managed and performed over 100 comprehensive risk assessment projects for waste sites,
combustion sources, industrial facilities, and consumer and commercial products, Additional practice
areas include review of current and emerging environmental, toxicological, public health and waste
management issues; evaluation of epidemiologic studies; historical state-of-knowledge research of
toxicologicat and environmental health sciences issues; and performance of probabilistic simulations, Ms.
Foster has provided review and comment on proposed regulations; performed peer reviews; and
participated in public and regulatory meetings. She is a member of several professional societies and has
authored or co-authored numerous publications or presentations in the environmental field,

EDUCATION

1985 Master of Science in Environmental Health Sciences
Harvard University School of Public Health, Cambridge, Massachusetts

1981 B.A. in Political Science (Environmental Law/Energy Policy)
Williams College, Williamstown, Massachusetts

PROEESSIONAL AFFILIATIONS

Air and Waste Management Association
Soclety for Risk Analysis
Solid Waste Association of North America

EMPLOYMENT HISTORY
1999 - Present CPF ASSOCIATES, INC., BETHESDA, MD.
Principal and Founding Pariner
1993 - 1999 THE WEINBERG GROUP INC., DC.
Serior Consultant/Managing Associate
1985 - 1993 CLEMENT ASSOCIATES/ICF CONSULTING, FAIRFAX, VA,
Project Manager
1984 - 1985 HARVARD UNIVERSITY SCHOOL OF PUBLIC HEALTH, BOSTON, MA.
Six Cities Study Dato Reviewer
1984 U.5. ENVIRONMENTAL PROTECTION AGENCY, RC,

Environmental Pratection Specialist
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MICHAEL NIEMANN
LFG PROGRAM TECHNICAL DMIRECTOR
ENVIRONMENTAL INFORMATION LOGISTICS, LLC

130 East Main Street SE
Caledonia, MI 49116
616-801-2501
www.eillle.com

Mr. Niemann has 30 years’ experience in the land{ill gas industry. Mr. Niemann is responsible for
conducting landfill gas generation modeling, production testing and gas collection system
performance assessments including environmental impacts of landfill gas on groundwater and the
surrounding soils. In addition, Mr. Niemann has experience in characterizing landfill gas with
respect to the volatile organic compound content and other trace components. He has extensive
experience in landfill gas collection and control system design for municipal solid waste landhlis
including landfill gas transmission pipeline design. He is also responsible for providing technical
assistance to operating landfill gas energy recovery facilities with respect to annual compliance
submittals for air guality, well-field management, gas chromatography and gas flow measurement.
Mr. Niemann has experience in evaluating energy recovery technologies with respeet to performance
on landfill gas. Mr. Niemann works closely with Clients concerning permitting of landfills and
landfill gas collection and control systems for compliance with US EPA Air Quality New Source
Performance Standards for landfills. Mr. Niemann also works with Clients on Prevention of
Significant Deterioration permits including air modeling, Air Quality Non-attainment New Source
Review for volatile organic compounds and NOx from landfills and associated control devices,
assessments of Reasonably Available Control Technology, Best Available Control Technology and
Lowest Achievable Emissions Reduction technologies for landfills. In addition, Mr. Niemann has
had extensive experience in developing and reviewing operating permiis for Jandfills and the
associated landfill gas conirol equipment in accordance with the provisions established in the US
Clean Air Act under Title V.



Thomas J. Rappolt, Q.E.P.

Office Director and Vice President - SCS Engincers
Senior Air Quality Meteorologist — Project Director

Education:

M.5. Meleorology - Pennsylvania State University - 1984
B.5. Physics - Moravian College - 1974

Professioual Experience:

Mr. Rappolt has over 37 years of program management and technical experience in air guality compliance and
powtant dispersion and air messurement programs, He is considered an expert in atmospheric dispersion and
transport of alcborre pollulants and odor causing compounds, particularly in the area of complex terrain, including
overwater/coastal metcorological regimes, as well as inter end intra building processes, During Mr. Rappolt's
carear, he has designed and implemented over 80 atmospheric monilaring networks and comprehensive fleld
measurement programs involving toxic chemicals and molds, volatile and semi-volatite organle compotunds, metals,
adorous compounds, criterta pollmants, and other largeted compounds. Many of these measuremient studies
required support manitoring of local meteorological parameters, including upper atmospheric dala using an array of
direct probe and remote sensing devices. Mr. Rappolt has served as an expert witness in the area of meteorology,
atmospheric dispersion, and odor impacts on numercus legal cases. hearing boards, and programs which have
regulatery significance,

Mr. Rappolt has applied his technicat knowledge of pollutant movement and lormation in the atmosphere o help
assess and mitigate industrial odor issues. Mr. Rappolt has developed a melhod to assess a specific facility’s odor
footprint and how that feotprint affects compliance to nuisance regulations. This method, which incorporates onsite
monitoring, madeling and surveys has been very effective in isolatlng mitligations 1o resolve Industrial and Facility
odor issues. ‘This approach has been success(ully utilized at manufacturing facilities, wastewater treatment plants,
landfills and composting operations.

Recently, Mr. Rappolt has been active in participating with State and Local regulators regarding the formulation of
Greenhouse Gas (GHG) regulations.  As a stakeholder representative, Mr. Rappolt is a member of several early
action commitiees for the California Air Resources Board (CARB) regarding the implementation of AB32. In this
capacity, Mt. Rappolt has provided testimony before the Air Resources Board regarding the severity of Impacts
these regulations could have on California businesses and citizens,

In addition {0 his technical contribution to numerous programs and projects, Mr. Rappolt is a proven manager of
major alr qualily and environmental compliance groups. He has assumed this responsibitity throughout his working
career as an olficer for four separate nationally recognized environmental consulting firms in addlton to his
founding of Tracer ES&T, Inc. Mr, Rappolt has organized and directed cumulative groups numbering more than 50
tachnical personne| responsible for mitlions of dollars of air quality, risk management, safety compliance, and al
related research programs. He has served as an industry representative on the Board of the Bi-National Air Quality
Alllance.  Mr. Rappolt is an appointed active mermber of the San Diego County Alr Pollution Control District
Hearing Board and has been Chair of thal board for over 10 years. As 2 past member of the California Air
Resources Board's Community Health Modeling Working Group Mr. Rappell assisted the ARB develop models and
protocols to sssess wban cumulative impacts, Mr. Rappolt has also served on rule making comruiitees as a
stakeholder relalive to AB32 initiatives,

Mr. Rappolt has awthored and c0-suthored numerous publications and text chapters on atmospheric dispersion and
model vatidation,
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Stephen L. Kerrin
Sr. Project Advisor - 8CS Engineers
Tracer and Air Measurement Systems

Education:
B.A. Microblology - California State University, Los Angeles

Profesgional Experience:

Mr, Kerrin is a Senior Consultant with SCS Tracer Environment, responsible for new detection and
monitoring technology development. He participates in a broad spectrum of projects that involve highly
sensitive detection of pollutant gases and tracer chemicals. Possessing more than 30 years of experience
in numerous technical areas, his primary expertise lies in integration of electronics, analytical chemistry,
microprocessor technology, and applied engineering in solution of unique and specified gas detection
systems and source characterization.

Mr. Kerrin's expertise in (racer science encompasses air, water, and particulate methods, He was
respansible for the design and fabrication of the first dedicated field-portable gas chromatograph for
tracer studies and chlorofluorecarbon monitoring. He also developed the first high throughput gas
chromatograph for analyzing tracer field samples. Additionally, he designed and built the First realtime
perfluorocarbon instrumentation in the U5, Recent development efforts have resubled in laboratory
instrumentation to rapidly analyze field samples for perfluorocarbon tracers to the 10°'® concentration
level. These include the design and fabrication of the Tracer ES&T Model 2600 TGA.

In applying gaseous tracer science (o solution of other problems, he has developed instrumentation anc
techniques for use In determining leaks in closed systems, remaining [ife and Integrity of activated carbon
filiration gysterns, Specialized instumentation was developed for testing prolective garments and
personnel protection equipment for worker protection from chemical exposure. He has also used multiple
tracers in the characterization of sub-surface reservoir flow paiterns in enhanced oil recovery. Mr. Kerrin
developed a system to source test the hydrocarbon combustion efficiency of engines and other energy
sources when Tired on specialized uels.

Mr. Kesrin has also developed and demonstrated methods for tagging particulate materiat (o aid in
characterization of fugitive dust emissions and other hazardous materials that exist in a fine particulate
format. A recent effort has yielded a tracer for use in apen water for characterization of flow from outfalls
and to tag blogenlc materials,

Mr. Kerrin expertise in applied measurement techniques have been useful In determining odor impacts
from industrial facilities. In addition to developing specialize tracer gas experiments refated (o odor
irpact assessrent, Mr. Kerrin has used this technology to determine low flow characteristics of industiial
odor sources, especial those found in the comporents of landfill operations,

Prior 1o working at SCS Engineers, Mr. Kerrin worked at Tracer ES&T, Science Applications
Interpational Corparation, 5-Cubed and The Jet Propulsion Laboratories in Pasadena, CA. where he
conducted same of the early development work on the Electron Capture Detector,

Mr. Kerrin has authored or co-authored numerous papers in the areas of analytical chemistry and tracer
science,
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Tullytown Landfill Working Face Gas Ancalysis

APPENDIX C
WORKING FACE GAS INVESTIGATION

This appendix provides information related to the identification of compounds in working face
gas and the calculation of potential working face gas emission rates.

WORKING FACE GAS SAMPLING AND ANALYSIS

Introduction

Gas samples were collected by 5C5 Engineers personne! at the working face by means of a static
non-vented flux chamber (i.e., an isolation chamber). The chamber was huried in recently spread
and compacted waste prior to application of daily cover. The static flux chamber isolated
sampling at the surface of the working face from dilution effacts of ambient air flow and allowad
for direct measuremant of concentrations {not flux) in the working face gas (Eklund 1992).
Sampling was accomplished during mid daylight hours {1030 to 1330} on Dacember 2, 2015. The
sampling location and its geographicat refationship to the landfill and surrounding areas is shown
in Figure B-1 below,

Figure B-1, Location of working face gas sampling on December 2, 2015,

The flux chamber was placed at a location on the working face where the highest odors were
noted at the time the sampling team was on site, taking into account worker safety concerns and
the representativenass of the newly placed and compacted waste mixture, In this way, the
sampling program was hiased towards detection of canstituents most likely to be associated with
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odors originating from recently deposited material. Two samples were obtained and their
contents analyzed for volatile organic compounds, reduced sulfur compounds, ammonia, and
terpenes. Some alcohols would be detected as tentatively identified compounds (TICs). Each
sample required about 25 minutes of sampling at a rate of 0.6 liters per minute.

Method

The cylindrical bottom portion of the static flux chamber was buried to a depth of approximately
12-14 inches. This isolated gas at the surface of the working face from the dilution effects of
arnbient air flow and allowed for direct measurement of concentrations (not flux) in the working
face gas {Eklund 1992). The working face gas samples were withdrawn at a flow rate from the
headspace of the static flux chamber to ensure capture of representative samples that were not
diluted by entrained ambient air. The sampling flow rate was set at a level that essentially
matched the rate at which working face gases are estimated to be released, taking into account
the size of the flux chamber and the vertical velocity of working face gas.

Figure B-2, Flux chamber burled in working face material. The flux chambar sides extend approximately 12-14
inches into the deposited material,

i

All materials in contact with the sample were stainless steel or polytetrafluoroethylene (PTFE} to
minimize any contamination of the sample. An air displacement sampler was used to draw the
sample gas into an inert 20 liter capacity Tedlar® bag. The air displacement sampler is frequently
described as a “lung” sampler due to its mode of operation. The sample bag is placed In a sealable
container and connected through a feed-through fitting to the flux chamber through PTFE tubing.
A second fitting is located in the wall of the sample container and is connected to a vacuurn purmp.
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The container is then closed and sealed. As the pump withdraws air from the container, a like
volume of air from the flux chamber is drawn Into the sample bag. This sampling arrangement is
shown in Figure B-3.

The Tedlar® bag was allowed to fiill with approximately 15 liters of air. Approximately 1.5 liters of
bag contents were then pumped through each of two sorbent tubes for determination of
ammonia and terpenes. An evacuated Summa canister was then connected to the bag and
atlowed to come to ambient pressure with the contents of the sample bag. The Summa canister
was used for analysis of volatife organic compounds and reduced sulfur compounds.

Figure B-3, Sampling arrangament for cbtaining working face gas 5
wﬁ;«ﬁww
urtigy

amples,
e

Huried
Flux Chitimiber

Air Displrcamont Samplor

Results

The collected samples were analyzed for a range of compounds within several general chemicat
groups that are considered likely to be present in working face gas. The general chemical groups
are listed in Table 8-1. The selection of these compound groups was informed by work previously
performed by SCS Engineers at other landfills and findings in studies of working face gas
compasition conducted outside of the United States (e.g., Li et al. 2015). For each chemical
group, two samples were collected and shipped to a certified independent laboratory to be
analyzed. Standard air sampling methods consistent with regulatory agency guidelines and with
appropriate quality assurance procedures were employed {e.g., use of method blanks and
taboratory control blanks). The sampling and analysis methods for each chemical group are listed
in Table B-1 and the analytical results summarized in Table B-2, The original laboratory reports
are included in this appendix.
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Table 8-1. Sampling and Analysis Methods for Working Face Gas

Chemical Group:

Sample Medium

Reference Methad

Reduced Sulfur Compounds summa Canister ASTM D5504

Ammonia Serbent Tube NIOSH 6015

Terpenes Sorbent Tube NIOSH 1552
Volatile Organic Compounds Summa Canister USEPA TO-15

Alcohols

Summa Canister

USEPATO-15 {TICs)!

1TiCy are tentatively identified compounds which can be detected by an analytical method even though the method was net

specifically targeted for these compounds.

Table 8-2. Summary of Laboratory Results for Tullytown Landfill Working Face Gas Analysis

Sample 1D 2-12-2-2015 3-12-2-2015
wCancantratiun Units pg/m’ ppb pg/m? [ pph
ASTM Method D5504

Hydrogen Suifide ND ND ND ND
Carbonyt sulfide 160 64 290 120
Methyl Mercaptan 50 30 &5 33
Birnethyl Sulfide 240 95 260 100
‘Carbon Disuifide 110 35 130 a1
Rimethyl Disulfide 150 40 150 38
USEPA Method TO-15

Ethanol 100,000 54,000 67,000 36,000
Trichlorofluoromethane (CFC 11) 3,000 5S40 2,000 540
Ethyl Acetate uéED,OOO 240,000 | 600,000 | 170,000
Toluene 3,600 810 2,500 650
n-Butyl Acetate 4,400 930 2,200 460
Tetrachloroethene (PERC) 2,500 280 ND ND
Tentatively identified Compounds (TICs) (TQ-15}

Propane 18,000 o000 |
Isobutane 41,000 38,000

n-Butane 39,000 34,000
2-Methylbutane 23,000 22,000

n-Fentana 16,000 14,000

n-Propyl acetate 14,000 9,300 o
NIOSH Method 6015

Ammaonig ND ND ND ND
NIQSH Method 1552

d-Limonerne 3900 5300

ND = Not detectad.
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Weather conditions during the test were reasonable and conducive to testing. Winds were light
and variable with overcast skies. Precipitation during the testing at the Tulllytown Landfill was
zero (0) and temperaturas ranged from the upper 40s to low 50s (°F). Table 8-3 provides a
summary of wind conditions during the test.

Table B-3, Representative Wind Speed and Direction During Sampling

Bate/Time (GMT) Time (E5T) | WS {MPH) | WD (deg)
frentonAipert 4
12/2/15 0:00 0500 0 0
12/2/15 10:00 1000 0 0
12/2/15 11:00 1100 3.5 350
12/2/15 12:00 1200 0 4]
12/3/15 13:00 1300 0 0
Bristal PADEP

‘”1.";2/2/2015 14.00 0500 2.1 149
12/2/2015 15:00 1000 1.5 75
12/2/2015 1600 1100 1.2 114
12/2/2015 17:00 1200 i4 127
12/2/2018 18:00 1300 0.6 226

ESTIMATION OF VERTICAL GAS VELOCITY FROM THE LANDFILL WORKING FACE

Estimates of potential emission rates from the landfill working face are required for use In an air
dispersion model to calculate potential ambient air concentrations in areas surrounding the
landfill. The potential working face emission rates were calculated based on the measured
concentrations in working face gas, as described above, and the vertical velocity or gas diffusion

rate at the working face.

5CS Engineers has performed laboratory experiments to determine the upper bound vertical
velocity of working face emissions and is currently authoring a paper for publication (SCS 2014).
The experiments were performed to estimate the vertical diffusion velocity in three different
cavering media: dry wood chips and small sized solid waste, wet wood chips and small sized solid
waste, and finally sandy intermediate soil.

As a result of the data obtained from these faboratory experiments, the highest measured
vertical diffusion rate, or vertical gas velocity, of 6.35 x 107 m/sec was observed. When
considering this rate for real-world operational applications, it is clear that this vertical velocity
applied over a working face area is not sustainable for long periods of time since there is not
enough gaseous air volume in the deposited solid waste to generate such a gas velocity. As a
result, the maximum experimental laboratory observation would vastly overestimate the vertical
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gas velocity across the working face, and thus overestimate potential working face emission
rates.

In typical landfill operations, waste becomes compacted when a force (the weight and motion of
the compactor} moves over it, crushing out the air voids, shredding the material and binding it to
other waste {Waste Management World Newsletter 2014). In the absence of other emission
sources, such as ieaks from the landfill gas system, the displacement of air from the void space
represents the dominant source of gaseous volume flow related to emissions,

A search of solid waste fiterature indicates that initial compaction of typical municipal waste is
approximately 50%. The waste is generally deposited in lifts that are about 3 feet {0.9 m) or less
in depth, and prior to compacting is 50% sofid and 50% void space {Hanson et al. 2010). Based
upon an operating speed of 3 mph (4,828 m/hr) for a CAT 386 or similar compactor performing
two compaction runs, it will take about 50 minutes to 1 hour to complete a2 working face area of
200 ft x 250 ft (61 m x 76 m). Therefore the average vertical velocity over the hour would be 6.4
X 10° m/sec. While this is a conservative value, it is considered reasonably representative of
escaping gases from working face areas.

REFERENCES

Eklund, B. 1992. “Practical guidance for flux chamber measurements of fugitive volatile
organic emission rates.” 1. Air & Waste Management Assoc. 42:1583-1591.
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LABORATORY REPORTS FROM WORKING FACE GAS SAMPLING




07-Dec-2015

Tom Rappolt

5CS Tracer Envirenmental
8963 La Place Court
Buite 207

Carlsbad, CA 92008

Tel: (760)304-5088
Fax:
Re:  Tullytown WF Work Order; 1512207

Dear Tom,

ALS Environmental received 2 samples on 04-Dec-2015 11:15 AM for the analyses presented in the
following report.

The analytical data provided relates directly to the samples received by ALS Environmentat and for only
the analyses requested.

QC sample results for this data met laboratory specifications. Any exceptions are noted in the Case
Narrative, of noted with qualifiers in the report or QC batch information.  Shoutd this laboratory report
rieed to be reproduced, it should be reproduced in full unless written gapproval has been obtained from
ALS Labaratory Group. Samples will ba disposed in 30 days unless storage arrangements are made.

The total number of pages in this report is 7.
if you have any questions regarding this report, please fes! free fo contact me.

Sinceraly,

Shawn Smythe

Fhrdttarizpty appeenme by, Shaan Smythe

Shawn Smythe
Project Manager
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ALS Environmental Date: 07-Dec-15

Client: SCS Tracer Environmemtal

Project: Tullytown WF Work Order Sample Summary
Work Order: 1512207

Lab Samp ID) Client Sample ID Mafrix Tag Number Collection Date  Date Received  Hol
1512207-0F  2-38186045442 Alr Y2/2/2015 12/4/2015 11:15 [
151220702 3-38182043400 Adr 12/2/2015 A5 11245
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ALS Environmental Date: 07-Pec-13

Client: SCS Tracer Environmental
Project: Tullytown WF
Work Order: 1512207

Case Narrative

The analytical data provided relates directly to the samples received by ALS Laboratory Group and
for only the analyses requested.

Results relate only to the items tested and are not blank corrected unless indicated.

QC sample results for this data met laboratory specifications. Any exceptions are noted in the
Case Narrative, or noted with qualifiers in the report or QC batch information.  Should this
laboratory report nead to be reproduced, it should be reproduced in full unless written approval
has been obtained from ALS Laboratory Group. Samples will be disposed in 30 days unless
storage arrangements are made.
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ALS Environmental

Date; (17-Dee-15

Work Order: 1512207

Client: SC8 Tracer Environmental

Project: Tuliytown WE .
Analytical Results

L.ab I F512307-01 A Collection Date: 12/2/2015

Client Samptle ID:  2-55186045442

Avnalyses

Matrix: AR

AMMONIA BY NIOSH 8015 MOD,

Method: N6O15S  AirvVolume (L) 1.5 Aralyst: SBD

Date Analyzad: 12/772015 Feaparting Limit
yg/sample ug/sample mgim3
Armmonis ND 6.0 4.0
Lab Y 1512207-02A Collection Date; 12/2/2015

Client Sample TD: 3.33182043400

Analyses

Marris: AIR

AMMONIA BY NIOSH 6015 MOD.
Date Analyzed, 12/7/2015

Method: NEO15 Air Volume (L) 1.8 Analyst: SBD

Reporting Limid
Mo/sarmgle vg/sample mg/m3

Ammonis

NE 8.0 4,0

Note:

AR Page 1l of 1



ALS Environmental Date: 07-Dee-15

Client: SCS Tracer Environmental QC BA’I‘CH REPORT
Work Order: 1512207
Project: Tullytown WF
Batch I R124086 Instrument (D UVVISE Metheseh  NGO1S
|

MEBLK Sampie 1D MB-R124086-R124086 Lirits: po/sample Analysis Date; 12772015
Glient 10; Run il UVVIST_ 1512078 SeqNo: 1185155 Prap Date: DF: 1

SPK Ref Control RPD Ref RPD
Analyts Resil polL  SPKval  Vale wREc  Limit Vae  ogpep UMt G
Ammaonla N3 5.0

LCS Sample ID: L.CS-R124086-R124086

Urits: yg/sample Analysis Date: 1212015

Client Fun lD: UVVIST_1512078 SeqMo: 1185156 Prap Date: DE: 4

SPK Ref Cortrol  RPD Ref RPD
Anayte Resul PQL  SPKval Ve  gppe  Limil Vake  grep MM oual
Ammonia i 12.3 5.0 11.4 0 08 26.1-151 ]
LCSD Sample 1D; LESB-R124086 Urits: ygfeample Analysis Date; 127712015
Client 1 Run 10 UVVISi_ 1512078 Seqhlo: 1185159 Prap Date: DF: 1

SPK Ref Corrlr_ol RPD Ref RPD
Analyte Result POL  8PK Vvai Vaive e RrE:  Limit Value o4 RED Limit Qual
Ammania 1.3 6.0 M.4 0 981 261151 12.3 BAT 20
The following samples were analyzed in this batch: [ 1512207-01A 1512307024 e
Note: Here Qualitiers Page For a bst of Qualifiers and their explanation.
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ALS Environmental

Date: 07-Dec15

Client: SC8 Tracer Environmental T TOEL
Project: Tultytown WF }?gi‘:‘gLFéI;ﬂRSS’UNIT S
WorkOrder: 1512207 ‘ T
Oualifier Description
#* Value exceeds Regulatory Eimit
a Nat accredited
B Analyte detected in the associated Method Blank above the Reporting Limit
E Value above quantitation range
H Analyred outside of Holding Time
J Analyte detected below quantitation Hmit
B Mot offered for wecreditation
ND Not Detected at the Reporting Limit
O Sample amount is =4 times amount spiked
P Pual Coluran resudts percent difference = 40%
R RPD abowe laboratory control limit
5 Spike Recovery outside [aboralory controf limits
9) Analyzed but not detected above the ML
Acronym Description
DUP Method Duplicate
E EPA Methed
ILCs Labgratory Control Sample
LCSD l.aboratory Control Sample Duplicate
MELK, Method Blank
MDL Method Petection Limit
MQL Method Quantitation Limit
M5 Matrix Spike
MSD Matrix Spike Duplicate
PDS Post Digestion Spike
PQL Practical Quantitaion Limit
SDL Sample Detection Limit
SW SW-846 Method
Units Reported Description
ug/sample

OF FPage 1 of |



ALS Environmental

Sample Receipt Checklist

Client Name: Date/Time Recaived: 0d-Rac-15 1115
Work Order: Received by SNH
Chacklist complated by, -J @ VV/ilcox 04-Dec-15  Reviewedby:  xhawn Smythe 04-Dec-15
ainnatre Duale et e . 1 Date
Matriees:
Carrier name: EadEx
Shipping cortainer/cooter in good condition? Yes o) Ne U Mot Present 1]
Custody seals Inact on shipping contalner/cooler? Yoo ™M No 7 Not Presan W
Custady seals intact on sample botties? vas [ N ] Mot Prasent o]
Chain of custody present? Yes ) o [
Chain af custody signed when relinqutshed and received? Yas to
Chain of custody agrees with sampie labels? vas W] e ]
Samples in propar contairesbotiie? Yes W] Mo ]
Sample containeds intact? ves Wl po (]
Sufficient sample volume for indicated test? Yes o Ne (O
Al samples recaeived within holding time? Yas No [
Container/Temp Blank temperature in complisnce? Yes W Ne [
Tempearature{syThermameter(s): L”W e _ S J
Coaler(sVKit(s); [ T—— ]
Water - VDA viglg héve zero headspace? Yes L Mo [ No VOA vials submitted  £5)
Water - pM acceplable upon receipt? ves (5 No [ wa  [H
pH adiustad? yog [& Mo [ A
pH adjusted by: b
Login Notas:
Client Contacted: Date Contacted: Person Gontactad:
Contacted By: Regardiog;
Commants:
CorrectiveAction;
SRC Page 1 of 1




07-Dec-2015

Tom Rappolt

SC8 Tracer Environmental
5963 |.a Place Court
Buite 207

Carlsbad, CA 92008

Tel:  (760) 304-5088
Fax:

Re:  Tuliytown WE Waork Order; 1512208

Dear Tom,
ALS Environmental raceived 2 samples on 04-Dec-2015 11:15 AM for the analyses presented in the
following report.

The analvtical data provided relates directly to the samples received by ALS Enviranmaental and for only
the analyses requested,

QC sample results for this data met laboratory specifications.  Any exceptions are noted in the Case

Narrative, or noted with qualifiers in the report or QC batch information.  Should this laboratory repan
nead to be repraduced, it should be reproduced in full unless written approval has been obtained from
ALS Laboratory Group. Samples will be dispased in 30 days unless storage arrangements are made.

The total number of pages in this report is 7.
If you have any questions regarding this report, please feel freg to confact me.

Sincerely,

Shawn Smythe

Electroticalty approved by: Shawn Smythe

Shawn Smythe
Project Manager
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ALS Environmentat

Date: 07-Dec-15

Client: 5CS Tracer Environmental
Project; Tullytown WF
Work Order: 1512208

Work Order Sample Summary

Lab Samp ID Client Sample ID
1512208-01  2-56820743586
1512208-02  3-56820743650

Matrix
Alr
Alr

Tag Number Collection Date  Date Received Hold
12/2/2015 12/4/2015 11:15 0

1273/2015 12472015 1115 L
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ALS Environmental Date: 07-Dee-15

Client: 505 Tracer Environmental
Project: Tullytown WF Case Narrative
Work Order: 1512208

The analytical data provided relales directly to the samples received by ALS Laboratory Group and
for only the analyses requested.

Results relate only to the items tested and are not blank corrected unless indicated.

QC sample resulls for this data met laboratory specifications. Any exceptions are noted in the
Case Narrative, or noted with qualifiers in the report or QC batch information.  Should this
laboratory report need to be reproduced, it should be reproduced in full unless written approval
has been obtained from ALS Laboratory Group. Samples will be disposed in 30 days unless
storage arrangements are made,

CNPagelof 1



ALS Environmental

Date: 07-Dec-13

Client; SC8 Tracer Environmental Work Order; 1512208
Project: Tullytown WF
Analytical Results
Lab ) 1512208-01A Collection Dater 127272015
Client Sample ID;  2-36520743586 Matrix: AIR
Analyses
ANALYTE(S) BY GAS ('EVHROMATGGRAPHY Method: 1H-001 Air Volume (L) 1.5 Analyst: TSA
Date Anatyzed: 12/7/2015 Reporting Limit
Ha/sample ugfsample ppm
mg:fl..imonena : 33 _ 10 3.9
Pinene ‘ ND 10 <1.2
Lab ED: 1512208-02A Collection Date: 12/2/2015
Client Sample ID:  3-56820743650 Matrix: AIR
Analyses
ANALYTE(S) BY GAS CHROMATOGRAPHY Method: |H-001 Afr Volume (L) 1.5 Analyst: TSA

Dats Apalyzed: 1272015 Reporting Limit
ug/sample ugfsamplo ApEn
dtmonene — . - ST .. 5.3
Pinena NO 10 =1.2

AR Page 1 of 1
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ALS Environmental

Client:

SCS Tracer Environmentat

wWork Order: 15312208

Dratey 07-Dec-15
QC BATCH REPORT

Project: Tullytown WF
Bateh ) 32484 Ingtrurviant i0: GC 10 Method:  H-001
MBLK Sampie (0; MBLK-32484-32434 Uniis: pefsarmple Analysis Date; 12772015 '
Clignt ID; - e e Ry i GEA0_151207A SeqNo: 1185246 Frep Date: 12772015 7 "DF 1
o SPK Ref Conirol  REDRef " 7. RPR
Analyte Pesut PQL SPKvel  VYale %REC ~ Hmil Vae  gpppy LMt g
o-Limcsrene NEY 10
Finens M 10
. 1
LCS Sample D7 |.CS-32484-32484 - Units: pgfsample Analysis Date: 127712015
Client iD: ' Run {D; GC10_151207A SegNo; 1185247 Frep Date: 1217/2015 BF: 4
SPK Ref Control  RPD Ref RPD
Analyte Result POl SPKve  Yake yREe  Limit Vale wrpp MU aual
d-timonene 5 10 B4.1 0 113 70-130 0
Plnene 93.2 10 86.5 0 108 0
}
LCSD Sample (: LCSD-32484-22484 Units: pgysample Anelysis Date; 12/7/2015
Client iD: Run o GC10_151207A Seghlo: 1185250 Prap Date: 12/7/2015 DF: 1
SPK Ref Contol  RPDRef RPD
Analyle Result POL SPKVal  Yake %REG  Limit Vale wiepn LM o
d-Lironens 91.4 10 B4.1 0 08 70430 85 385 20
Pinerie 91.3 10 86.5 0 106 93.2 2.06
The following samples were analvzed in this batch: | 1512208014 512208024 ]
Node: See Qualifiers Page for & list of Qualifiers aod their explamtion.

QG Page: 1 of 1



ALS Environmental

Date: 07-Dec-15

Client; 5CS Tracer Environmental QU ALIFIERS,
Project: Tullytown WF : [p—
WorkOrder: 1512208 ACRONYMS, UNITS
ualifier o
* Value exceeds Regolatory Limit
a Mot aceredited
B Analyte detected in the associated Method Blank above the Reporting Limit
E Value above quantitation range
H Analyzed outside of Holding Time
J Analyte detected below quantitation Himis
n Not affered for acoreditation
NI Not Detected at the Reporting Limit
O Sample amount 15 > 4 times amount spiked
P Dual Cobumn results percent dierence = 40%
R RPD} above laboratory control limit
3 Spike Recovery outside laboratory control limits
L8] Analyzed but not detected above the MDIL
Acronym Deseription
DuUp Method Duplicate
E EPA Method
LCS Laboratary Control Sample
LCED Laboratory Control Sample Duplicate
MBLEK Method Blank
MBL Method Detection Limit
ML, Method Quantitation Limit
MS Mairix Spike
MSD Matrix Spike Duplicate
PDS Post Digestion Spike
PO Practical Quantitaion Limit
SDL Sample Detegtion Lirmit
5W SW-846 Method
Upits Reported Description
ug/sample

OF Page 1 of 1



ALS Environmental

Client Name:  SCSTRACER-CARLEBAR
Wark Qrdear: 1512208

Checklist completed by: < 31 VVilcox

04:Det15

nhignakra
Matricas:
Carrier name: Fedix
Shipping container/tonter in good canditing?
Custody seais intact on shipping camtainer/coaler?
Custody seaks intaat on sample botbes?
Ghain of custody present?
Chain of custady signed whan relingulshed and raceived?
Chain of cuslody agrees with sample labels?
Samples in proper container/botie?
Sample contalners intact?
Sufficient sampla volune lor indicated (est?
All samplas recalvad within hatding time?
Container/Temp Blank temperature in complignce?
Temperalure(s T hermometar(s):
Cooler{s)iKiis)
Water - VOA vigls have zerm headspree?
Water - pid aceeptable upon recelpt ?

pH aciusted ?
phl adiusted by:

Login Nolas:

Date:

Yas
Yes
Yas
Yas
Yes
Yes
Yes
Yes
Yas
Yes

Y

%)
v
i

Sample Receipt Checklist

Date/Time Regeived:

Recelved by:

Raviewed by:

o ]
No [
No [

Yes

Yes

Yes

Mo 1 No VOA vials submitted (%
Mo B NA
No (& A

Client Contacted: Date Contacted: Person Contacted:
Conacted By: Regarding:
Comments:

CorrecliveAction:

D4-Hee-1511:15

Shawn Smythe

SRC Page 1 of 1



Simi Valley, CA 93065
T:+1 805 526 7161
Er 41 805 526 7270
www.alsalobal.com

LABORATORY REPORT

December 4, 2015

Steve Kerrin

5CS Tracer

5963 La Place Court, Suite 207
Carlsbad, CA 92008

RE: Trolley Town WF

Dear Steve;

Enclosed are the results of the samples submitted to our laboratory on Decernber 2, 2015, For
your reference, these analyses have baen assigned our service request number P1505218.

All analyses were performed according to our faboratory's NELAP and DobD-ELAP-approved guality
assurance program, The test results meet requirements of the current NELAP and DoD-ELAP
standards, where applicable, and except as noted in the laboratory case narrative provided. For a
specific list of NELAP and DoD-ELAP-accradited analytes, refer to the certifications section at
samples analyzed and reported herein,

If you have any questions, please call me at (805) 526-7161,

Respectfully submitted,

ALS | Environmental

By Sve Anderson at 12:57 pm, Dec 04, 2015
Sue Anderson
Project Manager

1of 33
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2655 Park Center Dr., Suite A
- Simi Valley, CA 93065

T: 41 805 526 7161

F: +1 B0O5 526 7270

www.alsglobal.com

Client: SCS Tracer Service Request No:  P1505219
Project:  Trolley Town WF

CASE NARRATIVE

The samples were received intact under chain of custody on December 2, 2015 and were stored In accordance
with the analytical method requirements, Please refer to the sample acceptance check form for additional
informatton. The results reported herein are applicable only to the condition of the samples at the time of
sample receipt.

Sutfur Analysis

The samples were analyzed for twenty sulfur compounds per ASTM D 5504-12 using a gas chromatograph
equipped with a sulfur chemiluminescence detectar (3CD). Al compounds with the exception of hydrogen
sulfide and carbonyt sulflde are quantitated against the initial calibration curve for methyl mercaptan.
This method is included on the laboratory's NELAP srope of accreditation, however it 15 not part of the
DoD-ELAP or AHA-LAP accreditation.

Volatile Organic Compound Analysis

The samples were also analyzed for volatile organic compounds and tentatively ldentified compounds in
accordance with EPA Method TO-15 from the Compendium of Methods for the Determination of Toxic
Organic Compounds in Amblent Air, Second Edition (EPA/625/R-96/010b}, January, 1999. This procedure
is described in laboratory S0P VOA-TO15. The analytical system was comprised of a gas chromatograph /
mass spectrometer (GC/MS) interfaced to a whole-air preconcentrator, This method is included on the
laboratory's NELAP and DoD-ELAP scope of accreditation, however §t is not part of the AlHA-LAF
accreditation. Any analytes flagged with an X are not inciuded on the NELAP or DoD-ELAP accreditation.

The upper control criterion was exceeded for Naphthalene in the Continuing Calibration Verification (CCV)
analyzed on December 3, 2015 and for 1.2-Ribromo-3-chioropropane, 1,2.4-Trichlorobenzene and
Naphthalene in the CCV analyzed on December 4, 20145, Since the apparent problem egquates 1o a
potential high bias and the field samples analyzed in this sequence did not contain the analytes in
question, the data quality has not been affected. No corrective action was required.

The canisters were cleaned, prior to sampling, down to the method reporting limit (MRL) reported for this
project. Please note, projects which require reporting below the MRL could have results between the MRL
and method detection limit (MDL) that are biased high,

The results of analysas are given in the altacked laboratory report. Al results are intended to be considered in their entirety, and
ALS Environrental (ALS) is not responsible for utilization of less than the camplate report,

Use of ALS Environrental (ALS)'s Narme. Client shall not use ALS's name o traderark (n any marketing or reporting materlals, press
releqses or i any other manner ("Materials't whatsoever and shall not attribute to ALS any test result, tolerance or specification
derived from ALS's data ("Attribution”) without ALS's prior written consent, which may be withheld by ALS for any reason in It sele
discretion,  To request ALS® consent, Client shall provide copigs of the proposed Materials ar Attribution and describe in writing
Client’s proposed use of such Materials or Attribution. IF ALS has not provided written approval of the Materlals or Attribution vdithin
ten (10} days of recaipt from Cliant, Cllant’s request ta use ALS's name or trademark in any Materials or Attribytion shall be deemod
denied. ALS may, in its discretion, reasonably charge Client for its Ure in reviewing Malericls or Attribution reguests. Clisnt
ackrowledges and agrees that the unauthorized use of ALS's namie or trademark may cause ALS to Incur frreparable harm for which
the recovery of morey damages will be inadequate. Accordingly, Cllent acknewledges cnd dgrees that o violation shall justify
preliminary injunctive relief. For questions contact the laboratory.

20f33




T:+1 805 526 716]
F: +1 805 526 7270
www.alsqglobal.com

ALS Environmental - Simi Valley

CERTIFICATIONS, ACCREDITATIONS, AND REGISTRATIONS

2655 Park Center Dr., Suite A
Simi Valley, CA 93065

Pennsylvania DEP

http://www.depweb.state.pa.us/iabs

Agency Web Site Number
AIHA http://www.aihaaccreditediahs.org 101661
Arizena DHS hitn, //www azdhs. gov/lab/license/env.htm AZ0694
DoD ELAP hitp://www.pjlabs.com/search-accredited-labs L14-2-R1
Florida DOH . i E871020
(NELAP) hise:d/www.dohstate flus/lab/EnviabCeart/WaterCert.htm,
. hitp:/ fwww. maine.gov/dhhs/mecdc/environmental-health/water/dwp-

Maine DHHS services/labeart/labeert, htm 2014025
Minnesota DOH | t1p.//www.health.state.mp.us/accreditation 977273
{NELAP)
tneiaey S PP | haspiz/www.ni.gov/den/oqal CA009
a0 htup://www wadsworth.org/labcert/elap/elap html 11221
Oregon PHD http://public. heatth.oregon.gov/LaboratoryServices/Environmentatlaborat 4068-001
(NELAP) oryAccreditation/Pages/index.aspx

68-03307

{Registration)

Texas CEQ . ' I Ti04704413-
{NELAP) http://www.tceq texas.gov/field/aa/env.lab, accreditation. himl (56
Utah DOH htto:/fwww.health utah gov/lab/labimp/certification/index. htmi CAO]?'E?EO]
{NELAP) 5-5
Washington DOE | http://www . ecy.wa.qov/programs/eap/labs/lab-accreditation. html €946

program.

Analyses were performed according to our laboratory’s NELAP and DoD-ELAP approved quality assurance

A complete listing of specific NELAP and DoD-ELAP certified analytes can be found in the
certifications section at www.alsglobal.com, or at the accreditation body’s website,

Each of the certifications listed above have an explicit Scope of Accreditation that applies to specific
matrices/methods/analytes; therefore, please contact the laboratory for information corresponding to a
particular certification,

Jof 33




- ALS ENVIRONMENTAL

i DETAIL SUMMARY REPORT
P - \ .
I{ ; Client: SC8 Tracer Service Reguest: P30S2T9
Projeet, Dy Trolley Town WF
; i "rg'(
| Date Received: 121312015 4
; Time Received: 1{h05 2
v &
L
(30 ] ﬂm ]
oy G i
o
=
o
\ -
Drate Time Container  pyy 0 E [y
Client Sample 1D Lab Code  Matix  Collected  Collevted 1D (psla  Apei) Zim !
2-12-2-2013 PL5305219-001 At 1200035 1133 ASNDERY -5.54 180 X X
3ab 222015 P130521%-002 Air 12/t 1208 AL -5.59 4.22 X X

PLAUAY e Suminary 351HH1237_RAAL - DETATL SEMMARY

4 of 33
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ALS Environmental
Sample Acceptance Check Form
Client: SCS Tracer Work order: P1505259

Praject: Trolley Town WFE
Samplie(s) received o 12/3/15 Dive opened: 12/3/15% by: KKELPE

MNpter Fhis fonm is used for all samples received by ALS. The use of' this foms for custixly seuls i grivtly ment 10 indicate preseree/shaemee andd net as an indication of

complianee or nonconformity. Thermal preservation and pH wiit only be evalueted either at the reguest of the clien sod/or o regaired by thie metod/ SR
Yes

&
&
[
&
[
&
£
-
(.
[
0
L1
(.
l
-
Ll

Z
=

INENEENEMERD Boooooof

i Were sumple containers property marked with client sample [D?

2 Dict sampie containers arrive in good condition?

3 Were chain~-of-custody papers used and filled owt?

4 Did sample container labels and/or tags agree with custady papers?

5 Was sample volume received adequate for analysis?

6 Are samples within specified holding times?

7 Was proper temperatare (thermal preservation) of cooler at receipt adhered to?

8 Were custoady seals on outside of cooler/Box/Containgr?
Location of seal(s)? Sealing LAd?

Were suygnature and date ingluded?

Were seals intact?
9 [3o containers have appropriate preservation, according to method/SOP or Clent specified information?
I there a elient indication that the submitied samples are plf preserved?
Were VOA vials checked for presence/absence of air bubbles?
Does the client/method/SOP require that the analyst check the sample pH and if necessary alter it?
10 Tubes: Arg the tubes capped and intact?
14 Badges: Are the badges properly capped and intact?

DO0o0ooooo0or oooooogi

1.0 4.0 1, Silonite Can

"f" 15053219-002.01 6.0 L Silonite Con
P1505219-003.01 6.0 L Sitomite Can

Explain any discrepancies: (include fab sample 1D nembers):

REE, - MEEPP, HOL (pHa2); RSE - 02, {pH 5-0); Sulfur [ph-4)

FIS3A21Y_SCE Tracer_Trolley Town WF.xlk - Pawe ot 1204113 1035 P
& of 33



ALS ENVIRONMENTAL

RESULTS OF ANALYSIS
Puge i of']

Client: S5CS Tracer
Client Sarople ID: 2-12-2-2015 ALS Project 1D: PL5052EY
Client Project iD: Trolley Town WF ALS Sample ID: P1305219-001
Test Code: ASTM D 5504-12 Date Collected: 12/2/15
Instrument 10: Agilent 6890A/GC13/53CTD Time Collected: 11:33
Analyst: Mike Conejo Date Received: 12/3/15
Sample Type: 6.0 1, Siloniwe Canister Date Analyzed: 12/3/15
Test Motes: Time Analyzed: 12:01
Container {x AS00199 Valume(s) Anabyzed: 1.0 mk(s)
[nitial Prassure (psigh  -5.88 Final Pressure {psig):  3.59
Canister Dilution Factor: 2,11
CAS# Compound Resuft MRL Result MRIL. Data
ne/in? pgm! ppbY pphV Qualifier
T183-06-4 Hydrogen Sulfide ND 15 ND 11
463-58-1 Carbonyl Sulfide 160 26 64 1t
74-93-1 Mathyl Mercaptan 59 21 30 11
75081 Ethyl Mercaptan N2 27 ND 1
75-18:3 Dimethyl Sulfide 240 27 SO .- ST 5 B
13-13-0 Carbon Disuifide 1H) 6 35 53
75-33.2 Isopropyl Mercaptan ND 33 ND H
75-66-1 tert-Butyl Mercaptan ND 39 ND H
107-03-9 n-Propyl Mercaptan NR 33 ND I3
110-02-1 Thiephens ND 36 NI il
313.44.0 lsobuty! Mercaptan L1 39 ND il
352.93.2 [Methyl Sulfide ND 39 NID b
109-79-5 n-Butyl Mercaptan ND 39 ND 1
624-92.0  Dimethyl Disulfide 40 5.3
616-44-4 3-Methylthiophene ND 11
1T1-01-0 Tetrahydrothiophene ND ND 11
638-02-% 2,5-Dirnethylthiophene ND ND 11
B72-55-9 2-Ethylthiophene ND WD 1
110-81-6 Dicthy] Disulfide NEY 26 ND 2.3

N2 = Compound was analyzed for, but not detecied above the tahoratory reporting limit,
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be conflidently determined by the referenced method,

PEAPRID_ARTMES FRII04T133_50 05 - Suinple . HELLFURXLS

T of 33 . Papa No.



Client:
Chient Sample £
Client Project ID:

Test Code:
instrument 10:
Analyst:
Sample Type:
Test Notes:
Contairer 1D

SCS Tracer
3-12-2-2015
TFroley Town WF

ASTM 2 5504-12

Agilent 6390A/GC13/5CH
Mike Conejo

6.0 L. Silonite Canister

ABO0RID

ALS ENVIRONMENTAIL

RESULTS OF ANALY SIS

Page 1 at'}

ALS Projeet [D:
ALS Sarmple 1D:

Date Collected,
Time Collected:
Date Received:

Date Analyzed:
Time Analyzed:
Volume{s) Analvzed:

PL5G5219
PI505219-002

12/2/13
£2:05
12/3/15
12/5/15
12:17

1O mi(s}

Initinl Pressure {psig):  -5.59 Final Pressure (psig): 4,22
Canigter Bilution Factor: 2,08
CAS # Compound Result MREL Resuft MRL Diata
/i’ wgm? ppbhVv ppbV Cualifier
7783-06-4 Hydrogen Sutiide ND 14 ND 10
463-58-1 Carbonyl Sulfide 290 26 120 10
743l Methyl Mercaptan 65 20 33 10
75-08-1 Ethyl Mercaptan NI 26 ND 10
15-18.3 Dimethy! Sulfide 260 N 100 0
75-15-0 Carban Disulfide 130 o 41 5.2
TA-33-2 lsopropy! Mercaptan N 32 ND 10
75661 tert-Butyl Morcaptan NE a8 N1 10
107-03-49 n-Prapyt Mercaptan ND 32 KD 10
624.89.5 Ethyl Methyl Sulfide ND 2 WD 30
110-02-1 Thiophene N3 36 ND 10
513-44-0 Isobutyl Mercapian ND 38 N 1]
352.93.2 Dicthy! Suifide ‘ND 38 ND 10
109-749-5 n-Butyl Mercaptan ND 38 ND 14}
624.03.0) Dimethyl Disulfide 50 20 38 a2
G106-44-4 3-Methylthiophens ND 42 ND 14
FHO-01-0 Tetrahydrothiophene ND 37 ND 10
638.02-8 2.5-Dimethylthiopheng ND 48 ND 10
872-55-4 2-Ethylthiophens ND 48 ND 10
110-81-6 Diethyl Disulfide ND 26 MDD 5.2

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.
MRL = Method Reporting Limit - The minitum guantity of a target analyte that can be confidently determined by the referenced method.

BLAGST1_ASTMESM_| 51204 133_8C.xks - Sample (2)

8 of 33
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ALS ENVIRONMENTAL

RESULTS QF ANALYSIS

Page t of'l

Client: SCS Tracer
Cliend Sample [D:  Method Blank ALS Project 1D: P1503219
Client Project ID: TroHey Town WF ALS Sample [D: P151203-MB
Test Code: ASTM D 5504.12 Date Collected: NA
Instrurnent {D: Agilent GR90A/GC13/8CH Time Coilected: NA
Analyst: Mike Congjo Date Received: NA
Sample Type: 6.0 L. Sifonite Canister Dade Analyzed; 12/03/15
Test Motes: Time Analyzed: 08:08
Valume(s) Analyzed: 1.3 ml{s)
CAS # Campound Result MRL Result MRL Pata
npin? pg/m? ppbVY pphY Cualifier
7783-06-4 Hydrogen Sulfide NI 7.0 ND LN
4635841 Carbonyl Sulfide ND 12 ND 2.0
74-93-1 Methyi Mercaptan ND 9.8 NI 5.0
73-08-1 Ethyl Mercaptan N 13 ND 5.0
75083 Dimethyl Sulfide ND_ 13 ND_ 50
73-15-0 Carbon Disulfide ND 7.8 ~ ND 2.3
75.33-2 {sopropyl Mercaptan NI 16 ND 5.0
75661 tert-Butyl Mercaptan WD 18 N[ 30
107-03-9 r-Propyl Mercaptan N 16 ND 5.0
624.89.5  Ethyl Methyl Sulfide WD ; NI 5.0
110-02-1 Thiophene ND NI 5.0
513-44-0 Isobutyl Mercaptan NI 18 ND 5.0
352.93.2 Diethyl Sulfide ND 18 ND 5.0
10%-79-5 n-Butyl Mercaptan ND 18 ND 5.0
616444 3-Methylthiophene ND 20 NI 5.0
F10-01-0 Tetrahydrothiophee ND 18 ND 50
6358-02-§ 2,5-Dimethylthiophene ND 23 ND 5.0
872.55.9 2-Ethylthiophenc ND 23 N 5.0
110-81-6 Diethyl Disulfide M EY 12 ND 25

ND = Compound was analyzed for, but not detected above the faboratory reporting limit.
MRL = Method Reporting Limit « The minimum quantity of a targes analyte that ¢an be confidenly determined by the referenced methaod,

PLEOIZID ASTMISH 1S12041133 &5C.xds - MiBlank SORLEFUR ALY . Page Noo
9 of 33
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ALS ENVIRONMENTAL

LABORATORY CONTROL SAMPLE SUMMARY

5CS Fracer
Lab Controel Sample
Trolley Town WF

Client:
Client Sample 1D:
Client Project 1D;

Test Code: ASTM B 5504-12
tnstrument 1D: Agilent 6890A/GCTIECH
Anabyst: Mike Congjo

Sample Type: 6.0 L Silonite Canister

Tast Notes:

Page 1 of |

ALS Project 1D PE3E2LY
ALS Bample 10: P151203.LCS

Date Collected: NA

Date Received; NA

Date Analyzed: 12/03/15
Volure(s) Analyzed: NA mi(s)

ALS
CAS# Compound Spike Amount Result % Recovery Acceptance Data
pphV pphy Limits Qualifier
77830064 Hydrogen Sulfide 2,000 1,690 85 65-128
463-58-1 Carbonyl Sutfide 2,000 1,660 83 60.133%
7d-93-] Methyl Mercaptan 2,006 1,690 85 57-14()
HEAFURXLE - Bupe No.:

PISIGIIN ASTMESM IRLUHT1DY 5050 1O

10 of 33



Client:
Client Sample 1D:
Clent Project 1D;

Test Code:
tnsteurnent 1D:
Analyst:
Sample Type:
Test Motes:

ALS ENVIRONMENTAL

SC5 Tracer
2-12-2-2015
Troley Town WF

EPATO-15

Tekmar AUTOCAN/Agilent 597 3inert/GR90N/MSS

Wida Ang
6.0 L Silonite Cantster

RESULTS OF ANALYSIS
Page | o4

ALS Project 1D
ALS Sample 1D

Date Caollected
Date Received
Drate Anaiyzed

Volumels) Analyzed:

: PL505219
D P1503219-001

12725
21213015
:12/415
0.00050 Liter(s)

Container {D: ABD0TOY
Initial Pressure {psig)  -5.88 Final Mressure {psig): 389
Canister Ditution Factor: 2.11
CAS# Compound Result MRL Result MRL Dats
na/oy gy’ ppbY pphV Qualifier
071 Propene ND 2100 ND 1,200
T5-T1-8 Pichlorodifivoromethane (CFC 12) ND 2.100 ND 430
74-87-3 Chloromethane NI 2,100 MR 1,000
1,2-Bichloro-1,1,2,2- ‘

76-14-2 tetrafluoroethane (CFC 1) ND 2100 ND 300

L0 Vinyl Chloride e, NR B0 WD B30
106-99.0) 1,3-Butadiene ND 2,100 MDD 250
74-83-9 Bromomethane ND 2,100 ™MD 340
75-010-3 Chiorpethane N[ 2,100 ND j00
64-17-5 Ethanol 100,000 21,000 54,000 F1,000
75-05-8 Acetonitrile ND 2,100 N 00
107.02.8 Actolein ND "”"E-%,él()() TOND 3,700
67-64-1 Acetone ND 21,000 NI 5,900
T3-69-4 Trichlorofluoromethane 3,000 2100 540 380
67-63-0 2-Propanol {Isopropyl Alcohol) NE 21,000 ND 3,600
75-35-4 }.1-Dichloroethene ME2 2,100 ND 330
T5.04.2 Methylene Chioride ND 2,100 ND 610
107-05-1 3-Chioro-1-propene (Allyt Chlaride) WD 2,100 NP 67
76-13-1 Trichlorotrifluoroethane N 2,100 N 280
75-15-0}) Carbon Disulfide ND 25,000 ND 6,300
156-60-3 trans-1,2-Dichloroethens NI2 2,100 ND 330
75.34.3 1. 1-Dichiorcethane ND 2,100 ND 520
1634-04-4 Methyl tert-Buty! Ether ND 2,100 ND 590
108-05-4 Vinyl Acetate M2 21.000 MD 6,000
78.93.3 2-Butanone (MEK) ND 21,000 ND 7200

NI = Compound was analyzed for, but not detected above the laboratory reporting limie

MRL = Method Reporting Limit » The minimum quantity of 4 target analyte that can be confidently determined by the referenced method,

BISOSTIR TOUS [REA0H1123 50 sk - Sunple
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Client: SC8 Tracer
Client Sample ID: 2-12-2-2015
Client Project 1D:  Troliey Town WK
Test Code: EPA TO-15
Instrument 1D;

ALS ENVIRONMENTAL

RESULTS OF ANALYSIS

Page 2 of 4

Tekmar AUTOCAN/Agilent 397 3iner/6890N/MES

ALS Project 1D: PiS03219
ALS Sample 101 P1305219.001

Date Collected: 12/2/15
Date Recelved: 12/3/15

Analyst: Witla Ang Date Analyzed: 12/4/13
Sample Type: 6.0 L Silonite Canister Volume{s) Analyzed: 0.00050 Liter(s)
Test Motes:
Container | D: AS00159
Initial Pressure (psigh: -5.8% Final Pressure (psigk 389
Canister Dilution Faetor: 2.11
CAS # Compound Result MRL Result MRL Pata
naim? pg/m’ pphV pphV Qualifier

156-59-2 cis-1,2-Dichloroethene WD 2,100 NI 330

F41-78-6 Ethyl Acetate 860,000 4,200 240,600 1,200
110-54.3 n-Hexane ND 2.1} ND 600
67-66-3 Chioroform ND 2,100 NI 430
_ 109-99.9 Tetrahydrof ND 2,100 ND 720
107-06-2 1.2-Dichloroet NiY 21400 ND 520
71-55-6 1.1, 1-Trichloroethane ND 2100 ND 390
71-43.2 Benzene N2 2000 NID 660
56-23-5 Carbon Tetrachloride ND 2.100 ND 340

RSy Cyclohexage NI 4,200 ND 1,200
T8-87-5 I 12-Dich|0l‘0pt'0pﬂnﬂ WD 2100 MDD 44()
75-27-4 Bromodichloromethans WD 2,100 N[ 320
T30t Trichloroethene ND 2100 NP 390
§23-91-1 L 4-Dioxsne ND 2,100 ND 540

(80626 . Methyl Methoerylate  ND_ 4200 ND 1,000
142.82.5 n-Heptane NI 2,106 ND 320
H061-01-5 ¢is-1,3-Dichloropropens ND 2,100 ND 460
108.10.1 4-Methyl-2-pentancne NI 2,100 ND 320
10061-02-6 trans-1 3-Dichioropropene ND 2,100 ND 460
L7005 - 1L1,2-Trichloroethane __ND 2100 ND 390
108.88.3 Toluene 3,000 2300 810 300
591-78-0 2-Hexanone ND 2,100 ND 520
J 24484 Dibromechloromethane ND 2,100 ND 250
106934 I, 2.Dibromoethane NI 2,104} NI 270
1 23-86-4 n-Butyl Acetate 4,400 2,100 030 444}

N+ Compound was anelyzed for, but not detected above the laboratory reporting limit.

MRL = Method Reporting Limit « The minimum guantity of a target analyte that san be confidently determined by the referenced method.

PISOR2LY TS ) S12041 124504k » Sarnple
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Client:
Client Sample 1D:
Client Project 1D:

Test Code;
[nstrument H):
Analyst:
Sample Type:
Test Motes:

ALS ENVIRONMENTAL

RESULTS OF ANALYSIS
Page 3 of 4
SCS Tracer
2.12-2-1015
Trolley Town WE

EPA TO-15
Tekmar AUTOCAN/Agilent 5973 iner/6590N/MSE
Wida Ang

ALS Project 1)
ALS Sample {D:

Date Collected:
Date Recetved:
Dite Analyzed;

6.0 L Silonite Canister Volume{s) Analyzed:

P1505219
P1505219-00]

12/2/15
F2/3/15
12/4/15
(.08030 Liter(s)

Container [D: ASDO199
Faitial Pressure (psig):  -5.88 Fital Pressure (psigh 3.89
Carister Dilution Factor: 2011
Result MRL Result MRL Data
CAS# Compound pa/n? pir/m? ppbY pphY Qualifier
Hi-65-9 n-Octane ND 2,100 WD 450
F27.1 8.4 Tetrachloroethens 2,500 2,100 380 310
108907 Chlorobenzene ND 2,100 N 460
100-41-4 Ethylbenzene ND 2,100 ND 450
179601231 mpXylenes o ND 4200 ND 910
o555 T [T B T
100-42.5 Styrene ND 2,100 ND 500
D5 Tuld o-Xylene N 2,00 NR 4490
111-84-2 n-Nonane ND 2,100 ND 400
79:34-3 Lz Tetohloroethane . ND 2100 CND 3L
9H-82-8 Cumene N 2,100 N[ 430
80-56-8 alpha-Pinene ND 2,100 ND 350
103-63.1 n-Propylbenzens ND 2,100 ND 430
022-96-8 4-Ethyktoluene ND 2,100 ND 430
Jos-ers  1L3,5-Trimethylbenzene ND 2,100 ND 430
05.63-6 1,2,4-Trimethylbenzene NI 21400 ND 430
100-44-7 Benzyl Chloride ND 2,100 ND 410
5412734 1. 3-Dichlorobenzens N 2,100 ND 350
106-46-7 1 4-Dichiorpbenzens ND 2,100 NI 350
_95-50-1 1,2-Dichlorobenzene ND 2,100 ND 350
5989.27.5 d-Limonene FO,000 2,100 1,900 380
96-12-8 I, 2-Dibromo-3.chloropropane ND 2,100 ND 220
120-82-1 1.2,4-Trichlorobenzenc ND 2,100 ND 280
91.20.3 Naphthalene N 2,100 N 4()
B7-68-3 Hexachlorobutadiena ND 2100 MDD 200

N = Compound was analyzed for, but not detected above the laboratory reporting limit.
MRL = Method Reporting Limit - The minimum quaatity of & target analyle that can be confidently determined by the referenced method,

PIAESIIO_TOLS 1121 )32 50514 - Sqniple
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P ALS ENVIRONMENTAL
;. RESULTS OF ANALYSIS
Paged of d
{1 Client: SC8 Tracer
" Client Sample ID: 2-12.2.2035 ALS Project ID: P1305219
oy Client Project ID: Trolley Town WF AL Sample 1D P1303219-001
? Tentatively Yentified Compounds
Test Code: EPA TO-13 Date Collected: 12/2/15
Instrument 1D: Tekmar AUTOCAN/Agilent 5973 inert/6890N/MES Date Received: 12/3/15
1 Analyst: Wida Ang Date Analyzed: 12/4/13
: Sample Type: 6.0 L Sifonite Canister Volume(s) Analyzed: 0.00050 Liter(s}
Test Notes: T
" Container [D: ASDR0I99
bnitial Pressure (psig):  -5.88 Final Pressure (psig):  3.89

Canister Dilution Factor: 2.11

GC/ME Compound Identification Concentration Pata
Retention Time pginy Qualifier
3.0t Propane 18,000
4.35 Isobutane 41,000
4,70 n-Butane 39,000
5.86 2-Maothylbutane 23,000

T 11.36 n-Propyl acetate 14,000

T = Analyte is a tentatively identified compound, result is estimate.

PIS0S218 TOIS 151204124 5C.«ls - T TS ANKLS - 74 Counpownt + 110y - PapeMo,;
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Client:

Client Sample ID:
Client Project ID:

Test Code:
Instrument 10;
Analyst:
Sample Type:
Test Notes:

ALS ENVIRONMENTAL

SCS Tracer
3-12-2-2015
Tralley Town WF

EPATO-15

Tekmar AUTOCAN/Apgitent 5973 iner/GEO0N/MES

Wida Ang
&.0 L, Silonite Canister

RESULTS OF ANALYSIS
Puge 1 of 4

ALS Project [D:
ALS Bample [D:

Drate Collected:
Date Regeived:
Date Analyzed:
Volume(s) Analyzed:

P1505219
PL505219-002

12/2/15
12/3/15
12/3/13
0.00050 Liter(s)

Container 1D: AS00113
Initial Pressure (psig): =559 Final Pressure (psig):  4.22
Camister Dilution Factor; 2.08
CAS ¥ Compound Result MRL Result MRL Data
neim' pg/m? ppbV pphV Qualifier

115071 Fropene NI 2,100 N 1,200
75-71-8 Dichlorodi fluoromethane (CFC 12) ND 2,100 ND 420
14-87-3 Chloramethuana ND 2,100 WD 1,000
- 1,2-Bichlare-1,1,2,2- .
76-14-2 tetrafluorocihane (CEC § 14) ND 2,100 NP 300

Vinyl Chiloride ND 2,100 NP 810

) 1,3-Butadiene ND 2,100 ND 940
74-83-9 Bromonethane ND 2,100 ND 540
75.00-3 Chloroethane N 2,100 ND 790
64-17.5 Ethanol 67,000 21,000 36,000 11,000

_13-05-8 Acetonitrile NE 2,100 ND 1,200

107-02-8 Acrolein ND 8,300 ND 3,600
67-64-1 Acetone ND 21,008 ND 8,800
15-69-4 Trichlorofluoromethane 3,000 2,100 540 370
676340 2-Propanal (lsopropyl Alcohol) NI 21.000 ND 8,500
7130 Aenlonigile ND 2,100 ND_
75-35-4 1,1-Dichloroethena ND 2,100 NP
T5.08.2 Methylene Chioride ND 2,160 ND 600
107-03-1 3-Chiero-1-propene (Allyl Chloride) ND 2,100 ND 660
76-13-1 Trichlorotrifluorosthane ND 2,100 ND 270
75-15-0 _Carbon Disultide ND 20,000 ND 6,700
1 56-60-5 trans-1,2-Dichlorocthene ND 2,100 N 520
73-34-3 i,1-Dichlorgethane N[ 2,100 ND 310
1634-04-4 Methyt tert-Butyl Ether ND 21K ND 580
1(3-05-4 Vinyl Acgtate ND 21,000 ND 3,900
T8.93.3 2-Butanone (MEK) ND 21,000 ND 7.100

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.

MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced meihod.

PISUSTER TOUS_ 1513041124 _8ST0ls - Savple ()
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,...._._.,.sl;

Client;
Client Sample 1D:
Client Project {D:

ALS ENVIRONMENTAL

RESULTS OF ANALYSIS
) Page 2 of'4
SCS Tracer
3:12-2-2015
Trolley Town WF

ALS Project 1D: P1505219
ALS Sample [D: P1305219.002

Test Code: EPA TO-13 Date Collected: 12/2/15

Instrument 10 Tekmar AUTOUAN/Agilent 5973 inen/0890N/M58 Date Received: [2/3/15

Analyst: Wida Ang Prate Analyzed: 12/3/15

Sample Type: 6.0 L Silonite Canister Volume(s) Analyzed: 0.00050 Liter{s)
Test Motes:
Container 113; ASO0T13
Initial Pressure (psig):  -5.59 Final Pressure (psig): 422
Canister Dilution Factor: 2,08
CAS ¥ Compnund Result ML Resalt MRI. Data
pa/m? Lg/m! ppbY ppbY Qualifier

156-59-2 ciz~} 2.Dichloroethene NI 2000 ND 520

141-78-6 Ethyl Acetate 600,000 4.200 170,000 1,200
110.54.3 n-Hexane ND 2,100 ND 390
67-66-3 Chloroform ND 2100 NI 430
1049.99.9 Tetrahydrofuran (THEY ‘ ND 2,100 ND 7H0
107-06.2 1.2.Dichlorpethane NI 2.0 N} 30
71-55-6 1.1, 1-Trichlorosthane ND 2,100 ND 380
71.43.2 Benzene NE 2,100 ND 6350
56-23-3 Carbon Tetrachloride ND 2,100 ND 330

110-82-7 CYClOeXane v e ND 4,200 ND 1200
T8-8T5 1,2~Dichloropropane ND 2,100 ND 450
75-27-4 Bromuodichlorornethane ND 2,100 ND 310
790 -6 Trichloroethena NI 2000 ND 3490
123-91-1 I, 4-Dioxane ND 2,100 ND 580

30020 Methyl Methacrybue . ND 4,200 ND 1,000
1d2.82.5 n-Heptane ND 2100 NI 310
F0061-01-5 eis-1,3-Dichloropropens ND 2,100 ND 460
108.10-1 4-Methyl-2-pentanone N 2,100 ND 5
10061-02-6 trans-1,3-Dichloropropene ND 2,100 ND 460
005 13 2Trickloroethane ND 2,100 ND 380
108.88.3 Toluene 2,500 2,100 050 350
591-78-6 2-Hexanone ND 2,100 ND 510
124-48-1 Dibromochloramethane N 2100 ND 240
106-93.4 I ,2.Dibromoethane ND 2.1(H) ND 270
123-86-4 n-Bulyl Acetate 2,260 2,100 460 440

NI = Compound was anabyzed for, but not derected above the laboratory reporting limit,
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.

PEEUSTIZ TS 1502041 L24_8C vk - Sample {24
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ALS ENVIRONMENTAL

RESULTS OF ANALYSIS

Paper 3ol 4
Client: 8CS Tracer
Ciient Sample [D:  3-12-2-2015 ALS Project I PL305219
Client Project ID: Trolley Town WF ALS Sample 1D P1505219-002
Test Code: EPA TOQ-13 Pate Collected: 12/2/15
[nstrument 10: Tekmar AUTOCAN/Agilent 3973 inert/6R20N/MES Daie Received: 12/3/15
Analyst: Wida Ang Datc Analyzed: 12/3/15
Saimple Type: 6.0 L Silonite Canister Voluroe(s) Analyzed:  0.00050 Liter(s)
Test Motes:
Container 1D: AS00113
Initial Pressure (psigy  «5.59 Final Pressure (psig):  4.22
Canister Dilution Factor: 2,08
Result MRL Result MRL Iata
CAS# Compound ug/md pg/m ppbV ppbV Qualifier

111-65-9 n-Octane NI 2,100 ND 450

127184 Tetrachloroethene ND 2,100 ND 310

108-90-7 Chlorobenzene ND 2,100 ND 450

1(H)-4]-4 Ethyibenzene N 2,100 N 480

179601.23-1 m,p-Xylenes ND 4 200 ND 960

75-25-2 Bromoform ND 2,100 ND 200

100-42.5 Styrene ND 2,100 ND 490

O5ad Tus o-Xylene ND 2,100 ND 480

1h1-84-2 n-Nonane N2 2,100 ND 400

79-34.3 11,22 Tewachlorosthane ND 2,100 ND 300

98-82-8 Cumene ND 2,100 ND 420

80-36-8 alpha-Pinene N2 2,100 ND 370

1036541 n-Propylbenzene ND 2,100 ND 420

622-96-8 #4-Ethyltoluene ND 2,100 NI} 42{}
Llosets 43 ND 2,100 ND 420

95.636 12, ND 2,100 ND 420

LO0-44-7 Benzyl Chloride WD 2,10 N 400

541731 1,3-ichlorobenzens ND 2,100 ND 350

106-46-7T 1 4.Dichlorabenzene ND 2,100 ND 350

5989275 d-Limonene 7,400 2,100 1,300 370

96-12-8 1,2-Dibromao.3.chloropropane ND 2,100 ND 220

120-82-1 1,2.4-Trichlorobenzens NG 2100 ND 280

91.20.3 Naphthalene ND 2,100 ND 400

87-68.3 Hexachiorobutadiene ND 2,100 N 200

ND = Compound was analyzed for, but not detected above the taboratory reporting limit,
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method,

PLAOA21Y_TOLS 1512041123507, 505 - Songle {2)
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Client:
Client Sample 1
Client Peoject ITh

Test Code:
Instrument (D:
Analyst:
Sample Type:
Tost Motes:
Container I

ALS ENVIRONMENTAL

RESULTS QF ANALYSIS

Page 4 of' 4

SCS Tracer

3-12-2-2015% ALS Project 1D
Trolley Town WF ALS Sample 1D

Tentatively ldentified Compounds

EPA TO-15 Date Collected:
Tekmar AUTOCAN/Agilent 5973inert/6890N/MSE Date Received:
Wida Ang Date Analyzed:
6,0 L. Silonite Canister Volume(s) Analyzed:
T

ABOO L3

P1305219
PIS05219-002

137215
12/3/13
12/3/15
0.00050 Liter(s)

initial Pressure (psig):  -5.59 Final Pressure (psig): 4,22
Canister Dilution Factor: 2.08
GUiIMS Compound ldentificaiion Congentration Datg
Retention Time ugim’ Qualifier
392 Propanc 16,000
4,35 Isohutane 38,000
4.71 n-Butane 34,000
3.87 2-Methylibutane 21,000
6.40 n-MFentane 14,000
11.36 n-Propyl acetale ‘ 9,360

T = Analyte is a tentatively identified compound, result is estimated.

FLHOSALE TOLS_ 181041134 S0sds - FIC L

18 of 33

TULAECANXLE » 75 Compound + TI0y - Pageho.:



ALS ENVIRONMENTAL

RESULTS OF ANALYEIS
Pages | of 4

Client: SCS Tracer

Client Sample 1D: Method Blank ALS Project 1D PEAO3219
Ciient Praject ID: Trolley Town WF ALS Sample 11 PI51203-MB
Test Code: EPA TO-15 . Rate Collected: NA

Instruement [D: Tekmar AUTOCAN/Agilent 597 3inert/6R00N/MS4 Date Received: WA

Analyst: Wida Ang Date Analyzed: 12/3/13

Sample Type: 6.0 L Silonite Canister Volume(s) Analyzed: E.O0 Liter(s)

Test Notes:

Canister Dilution Factor: 100

CAS # Compound Result MRL Result MRIL Data
palmy! pg/m? pobY pphY Qualifier
115-07-1 Propene ND 0.30 ND 0.29
75-71-8 Dichloradiflunromethane (CFC 12) ND 0.50 ND 310
74.87.3 Chloromethane N 0.50 NI (.24
) 1.2-Bichlorg-1,1.2.2- ‘ ‘
76-14-2 tetraflucroethane (CFC 114) ND 0.50 ND 0.072
75-01-4 Vinyl Chlori CND_ 020
106-99-0 1,3-Butadie D 0 CND 023
74.83.9 Bromuomethane ND 0.50 ND (.13
75-00-3 Chloraethane N 0.30 NI 019
64-17-3 Ethanol WD 5.0 ND 2.7
75058 Acetonitiile __ND__ 050 ND 030
107-02-8  Acrolein ND 2.0 ND 0.87
67-64-1 Agetone ND 5.0 ND 21
75084 Trichlorofluoromethane N 0.50 N 0.089
67-63-0 2-Propano! (Isopropy] Alcohal) ND 5.0 ND 2.0
07131 Acrylonitrile NI 0.50 ND 0,23
75-35-4  -Dichloroethene 0 ND 050 ND 013
75-04-2 Methylene Chloride ND (L350 ND 0.14
107.05.1 A3Chloto-L-propene {(Ally] Chloride) ND 0.50 ND .16
o131 Trichlorgtrifluoroethane ND 0.50 NEB 0.063
CTs-15-0 Carbon Disulfide ND 5.0 ND 1.6
156.60-3 trans-1,2-Dichloroethens N (.50 NE 0.13
75-34-3 1,1-Dichloroethane MDD 0,30 MDD 0.12
1634-04-4 Methyl tert-Butyl Ether ND 0.50 ND 0.14
108-05-4 Vinyl Acetate NEY bR} N 1.4
78-23-3 2-Butanone (MEK) MND 5.0 ND 1.7

ND = Compound was analyzed for, but not detected above the laboratory reporting limit.
MEL = Methad Reporting Limit - The mintmum quantity of a target analyle that can be confidently determined by the referenced method,
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Client:
Client Sample I13:
Chient Project 1D

Test Code:
Instrument 1D:
Analyst:
Sample Type:
Test Motes:

S5CS Tracer
Method Blank
Trolley Town WF

EPA TO-15

ALS ENVIRONMENTAL

RESULTS OF ANALYS!S

Poge 2 of 4

Tekmar ALUTOCAN/Agilent 5973 inert/GRION/MES

Wida Ang
6.0 L Stlonite Canister

ALS Project ID: PL30521Y

ALS Sampie tD

[ate Collected
Date Received
Date Analyzed

Volumels) Analyzed:

: P151203-MB

P NA
T NA
FIEAE)

100 Liter{s)

Canister Dilution Frotor: 1,00

CAS# Compound Result MRL Result MRL Data
jog/mn’ ug/me ppby pphY CQualifier
156-59-2 cis-1,2-Dichloroethens N L.530 N 0.13
141-78-6 £thyl Acetate ND 1.0 ND 0.2%
lih54.3 n-Hexane ND 0.50 ND 14
67-66-3 Chloroform ND 0.30 ND .10
109.90.9 Tetrahydrofuran {THF) ND (1,50 N 17
107-06-2 [.2-Dichloroethane NP 0.50 ND 0.12
T1-35-6 1,1, 1-Trichloroethane ND (.50 ND 0.0u2
T1.d3.2 Benzene ND .50 NI 0.i6
56-23-5 Carbon Tetrachloride ND 0.50 ND 0.080
TR-57-5 1.2-Dichloropropane N[ {150 ND 0.11
TA-21-4 Bromodichlioromethane ND 0.50 ND 075
79.01-6 Trichloroethene ND .50 N 0.093
123-91-1 I.4-Dioxane ND 0.50 ND 0.14
142-82-5 n-Hepans NE (.30 ND 0.12
HOOGI-01-5 cig-1,3-Dichloropropens ND 0.50 ND 011
10081041 d4-Methyl-2-pentanone ND 0.50 WD 0.12
10061-02-6 trants-F,3-Dichloropropene WD {130 ND 0.8
L9005 1.1, 2-Trichioroethane ND 0.50 CNR O

108-88-3 Toluene ND 0.50 ND .
391-78-6 2-MHexanone ND 0.50 ND .12
124.48-1 Dibromochloromethane ND tha0 WD 0.059
106-92-4 1,2-Dibromosthanes M2 {1.30 ND 0.065
123-86-4 n-Butyl Acetate ND (.50 WL .11

ND = Compound was analyzed for, but not detected above the laboratory reporting lmit,

MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced method.

ESOS2YE TOIS_LT12041 250 ake - MBlark
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ALS ENVIRONMENTAL

RESULTS OF aNALYSIS
Poge 3 of ¢4

Client: SCS Tracer

Client Sample ID: Methad Blank ALS Project ID: PESO5219
Chlieat Project ID: Trolley Town WF ALS Sample 1D PI31203-MB
Test Code; EPA T(-15 Date Collected: NA

Instrument | Tekmar AUTOCAN/Agilent 3973 inert/GEGON/MER fxate Received: NA

Analyst: Wida Ang Date Analyzed: 12/3/15

Sample Type: 6.0 L Silonite Canigrer Volume(s) Anabyzed: 1M} Liter{s)

Test Notes:

Canister Dilution Factor: 1.00

Result MRL. Result MRL Data
CAR# Compound g/’ pg/m? ppbY ppbV Qualifier
111-65-9 n-{ctane ND 0.50 ND 0.1
127-15-4 Tetrachloroethene ND 0.50 NT2 (0.074
108807 Chlorobenzenc ND 0.50 ND 0.1
100-41-4 Ethythenzene ND 0.50 ND 0.42
LL79601-23-1 _ mp-Xylenes ND 1.0 N 023
75.25.2 Bromoform ND 0.50 ND 0.048
100-42-5 Styrene N[ (.50 ND 0.12
93.47.6 0-Xylenc ND 0.50 N 0.12
111-84-2 n-Nonane ND 0.50 ND (3,095
98-82-8 Cumene ND 030 ND 0.10
80-56-4 alpha-Pinene MNEX (.50 ND 0.090
103-63-1 n-Propylbenzene ND 0,50 NI (.10
G22.96.8 4-Eihyltoluene ND 0.50 ND 0.10
t08-67-8 1,3, 5-Trimethylbenzepe — ND 0.50 ND .10
95-63-6 1,2, 4-Trimethyibenzene ND 0.50 N[ (.10
100-44.7 Benayl Chloride ND 0.50 ND 0.097
541-73-1 1,3-Dichlorabenzens N 0,30 NI 0.083
106-46-7 1,4-Dichlorobenzene ND 0.30 ND 0.083
95-50-1 1,2-Bichlorobenzene _ND 0.50 ND 0.083
5989-27-5 d-Limanene ND (.30 ND 0.090
06.12.8 1.2-Dibromo-3~-chloropropane ND 0.50 ND 0.052
120-82-1 1.2 A-Trichlorobenzens ND (.50 ND 0067
491-20-3 Naphthalene ND {150 NP 0.095
87-68.3 Hexachlorobutadiene ND 0.50) ND 0.047

ND = Compound was analyzed for, but not deteeted above the laboratory reporting limit.
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently determined by the referenced rmethod,

PLADAZER_TOLE L2001 _SC e - MBlmk TOFESCAN.XLS - 75 Componnd '+ TICs - Piagaiia
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ALS ENVIRONMENTAL

RESLLTS OF ANALY SIS
Page 4 of 4

Client: §CS Tracer
Client Sample ID:  Method Blank ALS Projedt 1D: PI505219
Client Project ID:  Troliey Town WF ALS Sample ID: PE51203-MB
Tentatively Identified Compounds
Test Code: EPA TO-15 Date Cotlected: NA
Instrument iL: Telmar AUTOCAN/Agtlent 3973 iner/6800N/MEE Date Received: NA
Analyst: Wida Ang Date Analyzed: 12/3/13
sample Type: 6.0 [ Silonite Canister Volume(s) Analyzed: §.00 Liter(s)
Test Notes:
Canister Dilution Factor: 1,00
GC/ME Compeund ldentification Concentration Data
Retention Time g/’ Qualifier
No Compounds Detected
PESUS219 TCHS, LSI2041 124 SC.xls - MBlaric TIC TOISSCANNLS - 75 Compound -+ TICs « PageNNo.:
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Client:
- Client Sample 1D:
Client Project 1D:

Test Code;
[nstrument 1D
Anatyst:
Sample Type:
Test Notes:

ALS ENVIRONMENTAL

SCS8 Tracer
Method Blank
Trolley Town WF

EPA TO-15

Tekmar AUTOCAN/ Agilent 3973 inert/06300MN/MSS

Wida Ang
6.0 L Silonite Canister

RESULTS OF ANALY SIS
Pager 1 of 4

ALS Profect H: P1503219
ALS Sample [D: P151204-MB

Date Collected: NA
Drate Received: NA
Prate Analyzed: 12/4/13

Volume(s) Analyzed:

£.0O Liter(s)

Canister Dilution Factor: 1.00

CAS# Compound Result MRL. Result MRL. Data
pg/m’ pgim? ppbY pphV Qualifier
113-07-1 Propene ND 0.50 ND 0.2%
75.71.8 Dichterodifluoromethans (CFC 12) ND 0.30 ND (116
T4-87-3 Chlororethane ND (130 N[ (.24
1.2-Dichloro-£,1,2,2- ) ‘ ;

7o-14-2 tetrafluoroethane (CFC 114) ND 0.0 ND 0072

_75-01-4 Vinyl Chloride ND 050 ND 020
106-99-0 1,3-Butadiene ND .50 ND 0.23
74-83-9 Bromormethane NI (.50 ND 013
73-1H)-3 Chloroethane NI 0.50 ND 0.1v
6d-17-5 Ethano! N2 5.0 ND 2.7
75-05-8 Acetonitrile ND 030 ND 030
107-02-8 Acrolein ND 2.0 TND 087
67.64.1 Acetone ND 3.0 ND A
75-69-4 Trichloroffuoromethane ND (.50 NI 0.08%
67-63-0 2-Propanpl {sopropyl Aloohob) ND 5.0 ND 2.0

107-13-1 Aetylonigile ND .30 ND 0.23

75-35-4 t,1-Dichlorocthene ND 0.50 ND 013
75062 Methylene Chloride ND 0.50) ND 014
107-(5.1 3-Chioro-1-propene (Allyl Chlonide) ND 0.50 NI} 0,16
76-13-1 Trichtorotrifluorosthane ND 0.50 ND 0.065
75.15.0 Carhon Disulfide 5.0 ND 1.6
156-60-5 trans-1,2-Dichloroethene 030 N 0.13
75-14-3 1.1-Dichloroethane ND 0.50 ND 012
1634.04-4 Methyl tere-Butyl Ether ND 0.50 ND .14
108-05-4 Vinyl Acetate ND 5.0 ND 14
TH-03-3 2-Butanone (MEK.) N 5.0 ND 1.7

NI = Compound was anatyzed for, but not detected above the laboratary reporting Hmit,

MRL = Mathod Reporting Limit - The minimum quantity of a tarpet analyte that can be confidently determined by the referenced method,

PESOG2LG_TOLS_ 1532040 1 2S¢ x]e - MBlank (1)

230f 33
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ALS ENVIRONMENTAL

REBULTS OF ANALYSIS

- Page 2 old
Client: SCS Tracer
Client Sample 1D: Method Blank ALS Project 1D: P1505219
Chient Project 1D Trolley Town WF ALS Sample ID: P151204-MB
Test Code: EPA TO-15 Date Collected; NA
Instrument 1D Tekmar AUTOCAN/Agilent 5973 inert/68U0N/MER Date Received: NA
Analyst: Wida Ang Date Analyzed: 12/4/15
Sample Type: G.0 L Silonite Canister Volume(s) Analyzed: 1.00 Liter{s}
Test Notes:
'* Canister Dilution Factor: 1.00
CAS# Compounid Result MR Result MRL Data
AL pgim? pphV ppbV Qualifier
156-39-2 cis-1,2-Dichloroethene ND .50 ND .13
141786 Ethyl Acetate ND Lo ND .28
110-54-3 n-Hexane ND 0.30 ND 0,14
67-60-3 . Chloroform ND 0.5¢ ND 0.10
L9090 Terrahydr THF) ND .50 NI 0.17
107-06-2 1.2-Dichlo e ND 0.30 O ND a2
T1-55-6 1.1 - Trichlorocthane ND 0,50 ND 0.092
132 Benzene ND 0.50 ND 16
30-23-5 Curban Tetrachloride ND 0.50 ND 0.080
110-82.7 Cyclohexane ND 1.0 NI i
78-87-5 1,2-Dichloropropane ND 0.50 ND O
75274 Bromodichloromethane ND 0.30 ND (.075
To-(1 -G Trichiorpethene ND .50 WD 0.093
123-9%1-1 [ 4-Dioxane NE .30 ND 0.14
80626 Methy! Methaerylate | | NP 10 ND O3
[42-82-5 n-Heptane ND (1L.a0 ND 012
10061-01-3 cis-1,3-Dichloropropene ND 0.50 ND 0.1
108-10-1 d.Methyl.Z.pentanone WD (.50 ND 0.12
H0061-02-6 trans-1,3-Dichloropropene ND {530 ND
79005 11,2 Trichloroethan __ND___ 030
: HOR-.88-3 Toluene N[ 0.50
391-78-6 2-Hexanone ND 0.56
12d-d 8.} Dibromechloromethane ND 0.50
106-93-4 [,2-Dibromoethane ND 0.50
123-86-4 n-Butyl Acetate ND {1.50

ND = Compound was analyzed for, but not detected above the laboratory reporting Hmit,
MRL = Method Reporting Limit - The minimum quantity of a target analyte that can be confidently deternined by the referenced rethod.

FISQRNS TOIS (S1204) 1245005 « MBlank {2) TOSSCAN.XLE - 75 Compoundd + T1Cs - Pagredig,
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Client:
Client Sample 1;
Client Praject 1D:

Test Codde:
Instrument 1D
Analyst:
Sample Type:
Test Notes:

SCS Tracer
Method Blank
Trolley Town WF

ALS ENVIRONMENTAL
RESULTS OF ANALYSIS

Page 3 of'd

ALS Project [D
ALS Sample [D

P PI30521Y
: P151204-MB

EPA TO-15 Date Collected: NA
Tekmar AUTOQUAN/Agilent 3973 nert/6EOUN/MSR Date Received: NA
Wida Ang Date Analyzed: 12/4/13

6.0 L Silomie Canister

Volume(s) Analyzed:

1.00 Liter(s)

Canister Dilution Factor; 1,00

Roesult MRL Result MRL Data
CASH# Compound pg/m? e/ pphy ppbV Qualifier

Ly i-65.9 n-Octane ND (.50 NI 0.11
127-15-+4 Tetrachloroethene ND (.50 ND 0.074
108-90-7 Chlarobenzene ND 050 ND .11
1H0-414 Ethylbenzene MND 0.3G ND (.12

L 179601-23-1 mypXylenes e ND 1.0 ND 0.23
75.23-2 Bromoform N - ND 0.50 TND (.048
100-42-5 Btyrene ND 0.50 ND 0.12
93-47-6 o-Xylene NID 0.50 ND 12
[11.84.2 n-Nonane ND 0.50 N 0.005
79-34-5 11,2 2-Fetrachlorosthane ND 0.50 ND 0.073
98-52-8 Cumene N 0.50 ND 010
E0-56-8 alpha-Mnene NE 0.50 N 0.090
103-65-1 n-Propylbenzens ND 0.50 ND 010
6G22-96-8 4-Ethyltoluene NI .50 ND 0.10
F08-67-8 13, 8-Trimethylbenzene ND 0.50 ND otg _
05-63-6 1,2,4-Trimethylbenzens NI (.50 ND .10
FO0-44.77 Benzyt Chloride ND 0.50 N 0.097
541.73-1 1, 3-Dichlorobenzens ND .50 ND 0.083
106-36-7 1 4-Dichlorgbenzene N1 .50 ND 0.083

953501 ....]1.2-Dichlorobenzene ND f.34 B D083
5989-27-5 d-Limonene ND 0.50 ' ~ ND  0.09%
G6-12-8 1,2-Dibromo-3.chloropropane ND (.50 ND (1,052
120-82-1 1,2.4-Trichlorobenzene ND 0.50 N 0.067
91-20-3 Naphthalene ND 0.50 MND 0,093
§7-08-3 Hexachlorobotadiene ND (.50} N (047

ND = Compound was analyzed for, but not detected ahove the laboratory reporting limie,
MRL = Method Reporting Limit - The minimum quantily of a target analyte that can be confidently determined by the referenced method.

PLSDSZI9_TONS_ 13130 820 807 x]s - MBlank {23

FOLSRCAN XLE » T4 Compound + T1Cs « FageNo.:
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ALS ENVIRONMENTAL

RESULTS OF ANALYSIS

Page ¢ of 4
Client: SCS Tracer
Client Sample ID:  Method Blank ALS Project 1D PE30321Y

Client Praject ID:  Trolley Town WF ALS Sample ID: P151264-MB

Tentatively Identified Componnds

Tost Code; EPA TO-15 Date Collected: NA

Instrument 1 Tekmar AUTOCAN/Agilent 3973 inert/6390N/MS8 Date Received: NA

Analyst: Wida Ang Date Analyzed: 12/4/15

Sinple Type: 6.0 L Silonte Canister Volume(s) Anafyzed; 1.0G Liter(s)

Teast Motes:

Canister Dilution Factor; 1.00

GCO/ME Compound ldentification Concentration Data
Retention Time peiar Qualifier

No Compounds Detected

PISOAZI0 TOIS 1512041824 SC xls « MBlank TIC (2} TOEFSHCANXLE - 75 Compirvnad 1 TICs - Pageio.:
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Client:
Clieat Project 1D:

Test Code:
Instrument [D:
Analyst:
Sample Type:
Test Notes:

ALS ENVIRONMENTAL

SURROGATE SPMKE RECOVERY RESULTS

Page L al't

SCS Tracer
Trolley Town WE

EPATO-15

Tekmar AUTOCAN/Agilent 3973 inert/6890MN/M3R
Wida Ang

6.0 L. Silonite Canister(s)

1.2-Dichlorocthane-dd

ALS Project ID: PI505219

Date(s) Collected: 12/2/15
Dateds) Received: 12/3/15
Date(s) Analyzed: 12/3 . 12/4/13

Toiuene-d8 Bromofluorobenzene

Client Sample 1D ALE Sample ID Percent Percent Percent Acceptance  Data
Recovered Recovered Recovered Limits  Qualificr

Method Blank PL5E203-MB a2 105 107 740-130

Method Blank PES1204-MB 04 107 109 70-130

Lab Controt Sample F151203.L.C8 86 103 1066 70-130

Lab Conteol Sample P151204-LCS 85 108 108 70-130

3-12-2-2015 ' 86 104 ' 110 70-130

Surrogate percent recovery is verified and accepted based on the on-column result.
Reported results are shown in concentration units and as a result of the calculation, may vary slightly from the on-column percent recovery.

PISO52E% TS 1512041124 5O s - Burrogaies
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Client:

Client Sample 1D

Client Project 1D

Test Code:
[nstrument 15
Analyst:
sample Type:
Test Notes:

ALS ENVIRONMENTAL

LABORATORY CONTROL SAMPLE SUMMARY

S5CS Tracer
Lab Control Sample

Trotley Town WF

EPATO-15

Page 1 of 3

Tekmar AUTOCAN/Agilent 3973inert/6890N/MS8

Wida Ang
6.0 L Silonite Canister

ALS Project 1D
ALS Sample 1D

Date Collected:
Date Received:
Daie Analyzed:
Volumne(s) Analyzed:

Fi3052149
PI51203-LCS

NA
MA
F2/3/15
0.125 Liter(s)

ALS
CAS# Compound Spike Amount Result Yo Recovery Acceptance Drata
ug/mt pElm’ Litaits Cuatitier
115-07-1 Propens 196 152 78 494131
T3.71-8 Dichloradiflusromethans (CFC 1) 188 a0 83 63-117
74-87-3 Chioromethans 200 183 92 48-132
1,2.Dichlorg-1,1,2,2.
76-14-2 tetrafluorocthane (CFC 114) 204 190 o 63-122
F00-99.0 1,3-Butadiene 206 158 17 62-143
74-83-9 Bromomethane 202 263 161 632130
73003 Chloroethane 200 192 96 69126
0dn1 745 Ethanol bos 833 83 57-120
LTSO8 Acstonitrile L P 159 75 3i-134
T 167.02-8 Acrolein 2t4 175 82 55-146
67-64-1 Aretone 1,080 082 21 37.120
THupPud Trichloroflupromethane 216 168 18 59-139
67630 2-Propanol {lsopropyl Alcohol) 418 336 85 59-129
W7-13-1 . Aewylonirite B2 RS & AU S
75.35.4  [,1-Dichloroethene 216 204 94 2
75-09-2 Methylene Chloride 22 150 81 03117
107-05-1 3.Chloro-1-propens {Allyl Chlonde) 218 186 85 50-141
Tha13u1 Trichlorotrifluorocthane 220 214 97 68-118
L7150 Carbon Disulfide ) 163 78 55.143
156-60.5 trans- 1, 2.Dichloroethene 210 139 95 69-124
T35 1,1-Dichiorocthane 212 189 89 Gh-122
1634-04-4 Methy! tert-Butyl Ether 216 188 &7 55-128
108-05-4 Vinyl Acctate [,040) 1190 114 66-140
74-33-3 2-Butanone (MER) 220 210 05 62127

Laboratory Control Sample percent recovery is verified and accepted based on the on-column result,
Reported results are shown in concentration units and as a result of the caleulation, may vary slightly.

PLAISIIG TOIS_ L2041 124_80.80s - LOS

280733
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ALS ENVIRONMENTAL

LABORATORY CONTROL SAMPLE SUMMARY

Page 2 of 2

Client: SCS Tracer

Client Sample 1D:  Lab Control Sample ALS Project 1D: PL3052EY

Client Projeet ID: Trolley Town WF ALS Sample I P131203-1.C5

Test Code: EPA TO-15 Date Collected: NA

Instrement 1D Tekmar AUTQCAN/ Agilent 5973inert/68%0N/MSER Date Received: NA

Analyst: Wida Ani Date Analyzed: 12/3/15

Sample Type: 6.0 L Silonite Canister Volumels) Analyzed: 0,125 Liter(s)

Test Motes:

ALS
CAS+# Compound Spike Amount Result % Recovery Acceptance Drata
pg/m’ pg/nt Limits Quatifier

136-349-2 cise1 2-Dichloroethene 218 196 96 65.123
141786 Ethyl Acetate 428 427 09 64-132
110-54-3 n-Hexane 22 174 82 38-126
67.66-3 Chloroform 124 195 87 68117
109-54%.9 _Fetrahydrofuran (THF) 220 _2lo b5 64123
107-06-2 1,2-Dichloroethane 214 183 86 63124
71-535.4 1.1,1-Trichloroethane 210 191 a1 68120
71-43-2 Benzene 226 200 838 61-110
36-23-5 Carbon Tetrachloride 230 205 89 65137
110-82-7 ' Cyclohexane 424 399 a1 68-122
TRKT-5 1,2-Dichloropropane 216 200 03 67-122
75.27-4 Bromaodichloromethane 218 205 04 71124
7901ty Trichloroethene 216 204 04 T1-121
123-91-1 1, 4-Bioxane 210 227 108 67-122
80-62-6 Methy| Methacrylate 42 437 104 76-130
142.82.5 n-Heptane 216 19% 922 67-125
10061-01-5 cis-1,3-Dichloropropene 208 205 99 73-131
108-110-1 4-Methyl-2-pentanons 220 208 95 G6-132
100G61-02-6 trans-1,3-Dichloropropene 210 217 103 T6-135
108-88-3 Tolugne S 218 244 98 67-117
S01-78-6 2-Hexanone 220 215 98 59-128
124-48-1 Dibromechloromethane 220 240 169 73132
106-93.4 1,2-B¥ibromoethane 218 233 167 73-128
123-86-4 n-Butyl Acetate 220 219 97 61136

Laboratory Control Sample percent recovery is verificd and accepted based on the on-column result,
Reported results are shown in concentration units and as a result of the calculation, may vary slightly.

PISOS2IH TOIF_ 1520410 50 x5 - 105
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Client:
Client Sample 1D:
Client Project 1;

Test Code:
Instrument 10x
Analyst:
Sample Type:
Test Notes:

SCS Tracer
Lab Countrol Sample
TroMey Town WF

EPA TQ-15

ALS ENVIRONMENTAL

Tekmar AUTOCAN/Agitent 5973 inert/6890N/MS8

Wida Ang
6.4 1 Silonte Canister

LABORATORY CONTROL SAMPLE SUMMARY
Page 3 of'3

ALS Project 10D
ALS Sample ID

Date Collected:
Date Recetved:

Date Analyzed

Volume(s) Anaiyzed:

P PLAOELEY
: PIS1203-LCS

MNA

NA

R IRV E

(125 Liter(s}

ALS
CASH Camponnd Spike Amount Resukt % Recavery Acceptance Data
g/’ piut Limits Qualifier
11.65.9 n-Octane 210 191 Gl 67-124
127184 Tetrachlorocthene 202 209 103 65-126
108-90-7 Chlgrobenzene 220 223 i0f 68-120
100-41-4 Ethylbenzene 218 216 90 69-123
179601231 mp-Xylenes 428 421 98 67-125
Bromoform 228 237 104 68-153
106-42-5 Styrenc 232 232 105 6G3-132
Q5-47-6 o-Xylene 210 204 97 67-124
111-54-2 n-Nonane 204 186 9] 60-130
7345 L2 2-Tetrachloroethane 210 21 100 72-128
T 08.82.8 Cumene 208 204 ] 72124
BO-56-8 alpha-Pinene 282 214 101 67-129
103-65-1 n-Propyfbenzene 204 200 98 607-113
622.96.8 4.Ethyltoluene 214 213 100 66128
108-67-8 1.3,5-Trimethylbenzene 214 208 47 65-125
03.63.06 1,2,4-Trimethylbenzene 218 215 859 62.134
100-344-7 Benzyl Chloride 220 258 117 74-145
343-73-1 1.3-DHehloroberzens 274 229 100 63-133
106-46-7 1, 4-Dichlorobenzensa 208 214 103 62.1249
05.50-1 1,2-Dichiorabenizens 220 223 101 62-134
50809.27.3 d-Limonena 210 221 105 (G6-137
96-12-8 1, 2-Dibromo.3~chloropropane 218 235 108 7i-147
120-82-1 b2 4-Trichiorobenzens 230 225 98 6i)-145
91.20.3 Naphthalene 218 219 100 56-158
B7-68-3 Hexachlorobutadicne 230 218 85 56-139

Laboratory Control Sample percent recovery is verified and accepted based on the on-column result.
Reported results are shown in concentration units amd as & result of the calculation, may vary slightly,

PISOSTI0 TS, 1512041124, S0 0k - L0

Hof 33
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Client:

Client Sampke 1D:
Client Project 1D:

Test Code:
Instrument 10:
Analyst:
Sample Type:
Test Notes:

ALS ENVIRONMENTAL

LABORATORY CONTROL SAMPLE SUMMARY

SCS Tracer
Eab Control Sampie
Trolley Town WF

EPATO-15

Page § of 3

Tekmar AUTOCAN/Agilent 3973 inert/68R0N/MSE

Wida Ang
6.0 L Silontte Canister

Vaolume(s) Analyzed:

ALS Project 1D
ALS Sample 12

[rate Collectad

Date Received
Date Analyzad

; PLA0SILY
: P131204-LC8

P NA

T NA

L1415

(0.123 Liter(s)

ALS
CAS# Compound Spike Amount Result % Recovery Acceptance Data
pg/m? jg/my? Limits Qualifier
115-07-1 Propene 196 146 74 44.131
T5-71-8 Dichtorodifluoromethane (CFC 12) 188 158 B4 65-117
Td4-87-3 Chloromethane 200 174 87 48-132
1,2.Dichloro-1,1,2,2-
76-14-2 (etrafluoroethane (CFC 114) 204 184 0 63-122
75014 Viny! Chloride 200 185 e oesam
106-99-0 1,3-Butadiene 206 131 64 624143
74.83.0 Bromomethane 202 195 97 63-130
75-00-3 Chlorogthane 200 178 89 091206
64-17-3 Ethanol 908 T48 75 57-126
T5038  Acetonirile 212 M8 7 sl
107-02-8 Acraolein 214 157 73 55«146
67-64-] Acctone 1,080 L] 87 57-120
75694 Trichlorofluoromethane 216 157 73 £9.139
67-63-0 2-Propano] (Isopropyl Aleohol) 414 344 82 59-129
107131 Actylomiteite 2 186 88 64-136
75-35-4 b, 1-Dichlorocthene 216 188 87 723
75-09-2 Methyleng Chloride 203 169 76 63-117
107-.03-1 3-Chloro-1-propenc (Allyl Chloride) 218 179 82 50-14)
Th13-1 Tricklorotrifluorocthane 220 219 100 63118
_ Carbon Disulfide 210 150 71 55-143
trans-1,2-Dichloroethene 210 195 93 69-129
75-34-3 1, 1-Bichioroethane 212 187 58 66-122
1634-04-4 Methyl tert-Butyl Ether 216 189 88 53128
FOR-05-4 Vinyl Acatate 1,040 1219 116 (61 40
TE-Y93-3 2-Butanpne (MER) 220 211 k] 6G2-127

Laboratory Contro] Sample pereent recuvery is verified and accepted based on the on-column resubt.
Reported rasults are shown in concentration units and as a result of the caleulation, may vary slightly,

PYEO521R_TOIS_ 1882048122 50«13 - 1.5 1D
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Client:
Client Sample 1D:
Client Project 1;

Test Code:
[mstrument 10
Analyst:
Sample Type:
Test Notes:

SCS Tracer
Lab Control Sample
Trolley Town WF

EPATOG-1S

ALS ENVIRONMENTAL

LABORATORY CONTROL SAMPLE SUMMARY

Pape 2 of 3

Tekmar ALTOCAN/Agilent 397 Yinert/68S0ON/MEH

Wida Ang
6.0 L Stlonte Canister

Votume(s) Analyzed:

ALS Project iD
ALS Sample ID

Dute Colleced
Date Received
Date Analyeed

P PLBOR2LY
: P151204-LC5

P NA

T NA

i IR

0.125  Liter(s)

ALS
CAS# Compound Spike Amount Resalr " Recovery Acceptancs Data
pg/m? pg/ny Limits Qualifier
P 56-59-2 cig-1,2-Dichlpropethene 2i8 194 89 65-123
141.78.4 Ethyl Acctate 428 424 09 64132
HH0-54-3 n-Hexane 212 177 B3 58-126
a7-06-3 Chloroform 224 197 83 68117
109-99.0 Tetrabydrofuran (THFy AN 209 95 64-123
107-06-2 1,2-Bichlorpethane 214 18! 85 G3-124
71.55-6 1,1 E-Trichloraethane 214 198 9{ 68120
71-43-2 Benzens 226 200 &8 61-110
6233 Carbon Tetrachloride 230 204 59 65.137
110-82-7 Cyclohexane 424 387 91 68-122
T8-47-5 1,2-Dichoropropane 216 196 91 67-122
7527 Bromadichloromethane 218 202 923 T1-124
79-01-6 Trickioroethene 216 207 26 71-121
123-91.1 1 4.Dioxane 210 226 H8 B7a122
80626 Methyl Methaorylowe 433 440 104 76130
142-82-5 n-Heptane 216 197 9l 6G7-125
16061.01.5 cis-1,3-Dichloropropene 208 202 97 73131
108-10-1 4-Methyl-2-pemanone 120 203 92 G6-132
FHIGT-02-0 wrans-1, 3-Dichloropropene 210 213 101 76135
79-0(3-5 1,1,2-Trichloroethane - 212 o4 73-121
105-88-3 Tolyene 218 219 100 67117
A91.78-6 ZuHexanone 220 213 97 30.128
124.48-1 Dibromochloromethane 220 240 tiz 73-132
106-93-4 t.2-Dibromoethane 213 248 110 734128
123-86-4 n-Butyl Acetate 226 216 96 61-136

Laboratory Control Sample percent recovery is verified and acoepted based on the on-column resulr,
Reported results are shown in concentration units and as a result of the calculation, may vary slightly.

PIS0S219_TOIS_IS12041124_8C.al4 - EC5 12
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CHent:
Clicat Sample 1D,
Client Project 1D

Test Code:
Instrument LI
Analyst:
Sample Type:
Test Motes:

ALS ENVIRONMENTAL

LABORATORY CONTROL SAMPLE SUMMARY
Page 3 of 2

SCS Tracer
Lab Control Sample
Trolley Town WF

ALS Project 1D
ALS Bample [D

EPATO-15

Tekmar AUTOCAN/Agilent 5973 inert/6390N/MSE
Wit Ang

4.0 L Silonite Canister

Date Received
Date Analyzed

Date Collected:

Volume(s) Analyzed:

: P1a052LY
: P151204-LCS

NA

P NA

21245

0.125 Liter(s)

ALS
CAB # Compound Spike Amount Hesult % Recovery Agceplance Pata
g/’ pg/n? Limits Qualifier
111-65-9 n-Octana 210 193 02 67-124
127.18-4 Tetrachlorgethene 202 11 109 63-126
108-90-7 Chigrobenzenc 220 129 104 68120
100-41-4 Ethylhenzene 218 by 3 101 69-123
179601231 .. foup-Xylenes 428 432 S0 L2 Y. X ot = S
75-25-2 Bromoform 23% 246 108 63153
100.42.3 Styrene 222 240 108 68-132
G5-47.6 o-Kylene 210 209 108 67-124
111-84-2 n-Monane 204 184 90 60-130
79.34.5 L1222 Tetrachloroethane 210 214 102 72-128
9%-82-8 Cumene 208 209 160 67124
B0-56-8 alpha-Pinene 212 219 103 67-129
103.65.1 n-Propylbenzene 04 205 100 67-123
622-96-8 4-Ethylolucne 214 223 104 66128
108-67-8 1,3, 5-Trimethylbenzene 214 214 100 65125
05636 1,2 4-Trimethylbenzene 218 221 101 62134
100-44-7 Benzyl Chloride 220 261 119 Td-145
541731 L.3-Dichlorobenzens 228 138 164 63-132
1064627 1.4-Dichlorobenzens 2008 123 197 624124
_B5-50-) 1.2-Dichlorobenzene L2z 23 105 62-134
5089.27.3 J-Limonene 210 222 106 66-137
96-12-3 1. 2-Dibromo-3.chloropropane 218 243 111 71147
120-82-1 1.2 4 Trichiorobenzene 230 235 102 60-145
91-20.3 Waphthalene 218 126 104 56-158
$7-68-3 Hexachlorobutadiene 230 230 100 56-139

Laboratery Control Sample percent recovery is veritied and aceepted based on the on-column result.
Reported results are shown in ¢oncentration units and as a result of the calculation, may vary slightly.
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Appendix D

CALMIM Modeling for Landfill Gas Emissions

Environmental information Logistics, LLC

Introduction

Landfill surface emissions are considered fugitive, meaning they are the unintended, irregular
release of gases which could not reasonably pass through a point source such as a stack,
chimney, vent, or other functionally-equivalent opening (40 CFR 51.165(a)}(1){x)).

Quantifying actual amounts of fugitive emissions are very difficuit due to the variability and
intermittent nature of emission flow rates from those types of sources. For landfills, fugitive
emissions are a function of many factors including the cover system in place, the homogeneity
of that cover, landfill gas generation rates, the efficiency of the landfill gas collection systern
and the age of the landfill. Since landfills are operated over multiple years with various cover
systems installed depending on the stage of landfill construction, patential emissions can
change to different degrees with ongoing cover system installation progression — from active fil}
area to final cover, In addition, rainwater surface runoff causing erosion, and construction of
gas extraction system components, can affect the intermittent potential release of fugitive
emissions.

Many landfilt gas models have been developed and used extensively in the U.5. and worldwide
to predict landfill gas generation and emission rates (USEPA 2005, Kamalan et al. 2011, Spokas
et al. 2011). While these models are based on methane, an odorless non-toxic compound
found in landfili gas, they are also often used to address other compounds present in landfill
gas. For this study, potential fugitive emissions were calculated using the CALMIM model
because it predicts the potentiat flux of methane through various types of landfill cover
materials. The CALMIM model output data s also suitable for the AERMOD model which uses
area source designations related to each cover type to quantify downwind methane
concentrations,

CALMIM Maodeling

CALMIM is a field-validated one dimensional methane diffusion flux model which can
incorporate site-specific soil property and landfill characteristic input parameters. Gas diffusion
through the cap soils was assumed to obey Fick’s law {J = Ds * dC/dz where | equals the flux, Ds
is the gas diffusion coefficient, dC is the gas concentration and dz is the depth). The CALMIM
model [Figure C-1] has been developed to take into account the three principal controlling
factors influencing landfill methane flux based on extensive research into this issue: 1) gas
extraction rates, 2) cover soil gas transport rates based on cover material physical properties
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and thickness, and 3} methane oxidation associated with methanotrophs and seasonal soil
microclimates.

Figure C-1: CALMIM Gas Transport Model

:, | '-.'if,cmdfff!.g.‘ ,

{Spokas, Bogner, & Chanton, 2011}

Published CALMIM validation research indicates that CALMIM accurately predicts soil
temperature and moisture trends with emission predictions within the same order of
magnitude as field measurements. The CALMIM mode! has also been determined to have
statistically equivalent results to field measurements over all cover types (Bogner et al. 2014).
Site-specific input parameters were used in CALMIM where available.

Five different cover types were evaluated corresponding to the June 2015 landfilt configuration
- final certified geomembrane cover, final certified clay cover, intermediate soil cover,
temporary geomembrane cover, and the active area daily cover, Since June 2015, some
additional areas have been capped with final certified geomembrane cover and temporary
geomembrane cover, thereby reducing the landfill area with intermediate soil cover, By
modeling the June 2013 cover configuration, calculated potential emissions from TRRF are
expected to be overestimated because the area covered with intermediate soil cover has been
reduced. Each cover area shown in Figure C-2 was modeled uniquely, with the cover type
assumed to be present across the entire area and with thicknesses as prescribed by the
Pennsylvania Department of Environmental Protection (PADEP).
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Figure C-2: Cover Araas
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Weather data embedded in the CALMIM maode! (Figures C-3 to C-7) were based on the latitude
and longitude of the facility location.

Figure C-3

 Average Annual Air Temperatures - }

Figure C-4

© Estimated pafly Precipiation
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Figure C-5
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Estimated Total Annual Precipitation

Figure C-6
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Figure C-7

Pradicted Incoming Solar Radiation
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The above data were used by the mode! to establish the cover soil climate and consequently
the potential for methane oxidation at the facility. CALMIM incorporates SolarCALC,
GlobalTernpSiM and GlobalRainSIM [Spokas and Forcella, 2006, 2009] to establish 30-year
{1961-1990} average cycles of air ternperature, precipitation, and sofar radiation. These
databases were validated and provide data on a 0.5 x 0.5 degree scale (approximately 55
square miles centered on the site}. This scale is suitable to define appropriate soil climate
variations for the site in the soit temperature and moisture mode! (STM?) incorporated into
CALMIM. According to the research by Spokas and Forcella, hoth the temperature and
precipitation models correlated with observed data based on average Willmott d-indexes of 0.9
and 0.94, respectively (d=1.0 represents total agreement). Similarly, Willmott d-indexes for soil
temperature correlations exceeded 0.83.

CALMIM Boundary Condition $ite-Specific Refinement

The CALMIM boundary conditions for methane concentrations were refined based on site-
specific measurement of methane directly below the cap for most of the cover types. The only
exceptions wera for the final certified geomembrane cover and the final certified clay cover for
which the default CALMIM concentration lower boundary conditions were used {to avoid
disturbing these capped and closed areas). Specifically, below cover methane measurements
collected during a bar punch survey were used to establish the lower boundary condition of the
CALMIM model for the daily cover, intermediate cover and temporary geomembrane cover
areas. The default CALMIM lower boundary condition for the other cover types, in the absence
of site-specific data, was 38.5%.

The bar punch survey was conducted on November 17, 18 and 23, 2015. A sampling location
grid with spacing of approximately 200 feet was overlain on a map of the landfill surface (Figure

C-8 and C-9).
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Figure C-B. Eastern Expansion Area
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Using this grid as a guide, and taking into account site conditions, samples were collected from
each cover area type (except for the final certified geomembrane and clay cap cover areas}). For
those areas with daily or intermediate soil cover where a bar punch study can readily be
performed {active daily cover area and intermediate cover area), a metal rod was used to
 extend a bore to the base of the capping system and a Toxic Vapor Analyzer (TVA) was used to

determine a methane concentration. The detection limit of the TVA Is 1 part per mittion (ppm)
methane. Once the sample was collected, the bore was filled with soil. The temporary
geomembrane areas were sampled around the perimeter as near to the edge of the membrane
as possible without compromising the integrity of the capping system. The premise for this
sampling approach is that gases under the temporary geomembrane area would tend to
migrate from an area which is less permeahle to the edge of the membrane where there are
more permeable surrounding sails. The number of measurements collected for each cover area
type was 16 for the active daily cover area, 57 for intarmediate cover areas, and 25 for
temporary geomembrane cover areas. These data are shown in Tables C-1 and C-2.

Table C-1; TARF Below Cover Gas Sampling - Eastern Expansion - Fall 2015 {see Figure C-8)
Methane Concentrations. Sampled: 11/17/15 & 11/18/15

Bar Base of Bar Base of Bor Perimeter of Temporary
Hole intermediate Huole intermediate Hole Geomembrane Area
Lacation Cover (ppm) Location Cover (ppm) Location {ppm)
1 3300 22% 0.5 3 25
2 2 23* 0.5 4 55
5* 0.5 24* 0.5 & 230
7 6 25* 0.5 8 13
9 8200 26* 0.5 10 23
11 260 27* 0.5 32* 05
12* 0.5 28 3 33 32
13* 0.5 29 9 34 7
14 600 a0 1 35 20
15 1 31 2 36 1500
16* 0.5 37 90
17%* 0.5 38 31
13 25 39 5
19 3 40 7
20 1 41 5
21* 0.5

*14 detection limit
ppm = parts per million
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Table C-2: TRRF Below Cover Gas Sampling - Valley Fill - Falf 2015 (see Figure C-9)
Methane Concentrations. Sampled: 11/23/15

Bar Bar Base of Bar Perimeter of Temporary
Hole Base of Daily Hole intermediate Hole Geomembrane Area
location Cover {ppm) Location Cover (ppm) Location (ppm)
22 471, 10 200 1* 0.5
29 11 11 300 2 8
30 6 12 600 3 0.5
31 835 13 800 4* 0.5
32 7 14 2600 5 2590
33 5 15 411 6* 0.5
34 3209 16 979 7 11
35 212 17 3a7 8 29
36 323 18 35 9 9
40 461 19 760 23 02 ;
41 474 20 623 24 318
42 354 21 811 25 2396
43 8 37 136 26 384
44 5 38 143 27 G00 i
|45 104 39 3 28 361
46 933 47 6 »
" 48 g _— 3
49 271
50 10
51 5 wwwwwww
52 578
53 11
54 &
55 9
56 971
57 18

¥ detection limit
pRM = parts per million
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The bar punch measurements provide a scientifically-supportable data base for modeling across
all seasons because CALMIM includes a seasonal variability algorithm,

The below cover methane concentratiorn boundary condition input parameter was based on the
95" percentite upper confidence limlit {95% UCL) average of the bar punch measurements,
inputting one-half of the detection limit for non-detect sample results. The 95% UCL
concentrations were calculated using USEPA’s ProUCLS software which was developed to
perfarm statistical analyses of environmental data {USEPA 20133, 2013b). Datais presented in
Table C-3 and C-4 for daily cover and intermediate cover respectively.

The resulting below cover 95% UCL methane concentrations were 1,156 ppm (0.12%) and 1,873
ppm (0.19%), respectivaly, for the active daily cover area and the intermediate cover area. For
the temporary geomembrane area, since samples were collected from the edges of this area
rather than directly below the cover, the highest methane resuit among the perimeter sampling
data was used to define the below cover boundary condition (2,396 ppm; 0.24%). For cover
types that could not be sampled at TRRF, the default values in CALMIM for below cover
methane concentrations were used {38.5% for both final geomembrane cover and final clay

cover),

The authors of CALMIM have noted that the embedded features of the model {e.g., zero
emissions boundary limit and the use of standard soil databases for gas transport properties)
yield a positive bias which will tend to overestimate meathane emissions. As a result, the use of
CALMIM in this study is expected to overestimate emissions and thus potential ambient air
concentrations.

CALMIM Model Output

The CALMIM model produced results of methane emissions {Tables C-3 to C-7), both with and
without oxidation, in terms of grams per squara meter par day (g/m*-day). These data were
converted to grams per square meter per second {g/m?-sec) for use in the subsequent
dispersion modeling with AERMOD (see Appendix D). The percentage acreage for each cap was
used to establish a source wide emission rate to input in AERMOD's area source computational
unit (Tables C-8 to C-10).
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Table C-8: TRRF Methane Emissions CALMIM Modeling Cover Description and Area

Lat. A0L13 N
Long, -7481 E
Area Area
IR
Model Rin CALMIM Modﬂp Cover Type 3 (Acres) (sq. M.}
Geosynthetic Cap - Final
Geomembrane Final Cover Ver, 5.4 Cover (12 " Base, HDPE, 24" 216.77 8.77E405
Cover)
. Clay Final Cover (12" silty
Final Cover - Clay Ver. 5.4 clay, 36" clay, 12" Loam) 17.98 7.2BE+04
Daily Cover Ver. 5.4 Clay Cover (6" - clay Joam) 225 9.11E+04
Intermediate Cover Ver. 5.4 Clay Cover {12" - silty clay) 47.47 1.82E+05
Temporary Geomembrane Ver. 5.4 Tﬁmporary Geomembrane, 14.52 5.BE+04
6" - clay loam
Total: 319.24
Table C-8: TRRF Methane Emissions CALMIM Modeling Inputs
Lower Upper
Boundary Boundary
Organic Gas Methane Methane
Model Run Matter Vegetation Recovery | Concentration | Concentration
Low - High % % w 9
Geomembrane Final
Cover Mid 100% 1009 38.5 0.0002
Final Cover-Clay | Mid 100% 100% 38.5 _0.0002
Daily Cover Mid 0% 50% 012 0.0002
Intermeadiate Cover Mid 0% 100% 0.19 0.0002
Temporary :
Geomembrane Mid 0% 100% 0.24 0.0002
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Total Total CH4 with | CH4 without
Model Run Emigsions Emissions CH4 with | CH4 without | Oxidation Oxidation

with without Oxidatian Oxidation Weighted | Weighted by

Oxidation Dxldation by Area Area

g/sec g/sec g/m*2/sec | g/mrlfsec | g/mA2/sec | g/mAl/sec
Geomembrane Final |, 10 04 0.11 2.566-10 | 1.266-07 | 1.74E-10 | 8.556-08
Cover
Final Cover - Clay S.16E-02 11.69 7.09E-07 1.61E-04 3.99£-08 9 05E-06
Daily Cover 1.47E+00 1.61 1.61E-05 1.77E-05 1.14E-06 1.25E-06
g::f;"ﬁ"ad'm 1,18E+00 1.20 6.16E-06 | 6.26E06 | 9.16E-07 | 9.316-07
Temporary 0.00E+00* 0.00%* | 0.00E+00* | 5.99E-10 | 0.00E+00* | 2.72E-11
Geomembrane

Total 2.09E-06 1.13E-04

*QOxidation of maethane in the cover soils can yield results, under certain circumstances, less than zero, The mode
includes a zero emission boundary condition that Hmits emissions to only positive values.
**Velocities less than 0.01 g/second are rounded to zero.
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Figures C-10 through C-14 illustrate the fluctuation of surface emissions through the year
calculated by the CALMIM model.

Figure C-10 - Geomembrane Final Cover
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Figure C-12 — Daily Cover

Sutface Methane Emissions {with and without oxidation) vz Time
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Figure C-14 — Temporary Geomembrane Cover

Surface Methane Emissions (with and without oxidation) vs Time
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Appendix E
AERMOD Modeling

Environmental Information Logistics, LLC

Intraduction

Modeled downwind ambient air concentrations in the Florence-Roebling area that might result
from potential TRRF emissions were calculated using a U.S. Environmental Protection Agency
(USEPA} approved air dispersion model called AERMOD., An air dispersion model uses
mathematical equations to predict the transport of emissions through the atmosphere, These
models replicate atmospheric conditions, such as wind speed and direction, air temperature and
mixing height, to estimate concentrations of compounds in air as they travel away from an
emission source. The model used in this study, AERMOD (AMS/EPA Regulatory Model), is
considered applicabie for this type of study by the USEPA. It was developed based on extensive
scientific research and validated based on real-world measurements.

The air dispersion modeling was performed generally in conformance with the following
guideline documents, with appropriate modifications based on site-specific data:

"New Source Review Workshop Manual", Draft October 1990

"Guidelines on Air Quality Models"; Appendix W of 40 CFR Part 51

Building Profile Input Program {BPIP}, USEPA, 1995

SCREEN3 User's Guide, September 1995

AERMOD User's Guide, September 2004, Addendum December 2006

AERMAP User's Guide, October 2004, Addendum Decernber 2006

AERMET User's Guide, November 2004, Addendum December 2006

Supplemental Implementation Guidelines for AERMOD, dated September 25, 2005
AERMOD Implementation Guide, last revised March 19, 2009

EPA memorandum RE: Additional Clarification Regarding Application of Appendix W
Modeling Guidance for the 1-hour NOz, National Ambient Air Quality Standard, dated
March 1, 2011.

The version of USEPA's AERMOD air dispersion mode! available when the permit was issued in
May 2015 was used for the air guality impact analysis (version 14134, released May 16, 2014},
AERMOD is currently USEPA's regulatory approved air dispersion model for industrial sources as
per Guidelines an Air Quality Models (Guideline), published in Appendix W to 40 CFR Part 51 {as
revised November 9, 2005).

AERMOD is a steady-state plume model that incorporates air dispersion based on planetary
boundary layer turbulence structure and scaling concepts, including treatment of both surface
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and elevated sources, and both simple and complex terrain. AERMOD tracks plume mass that
penetrates intp the elevated stable layer and than allows it to re-enter the boundary layer when
and where appropriate. For complex terrain, the plume is modeled as either impacting and/or
following the terrain. The model calculates shori-term and long-term concentrations at selected
receptor locations based on source emissions, meteorology and land use in the modeling domain,
USEPA has recommended AERMOD to be used for modeling domains up to 50 km from a source.

The AERMOD modeling system includes companion pre-processors. AERMET was used for
meteorological data processing, and AERMAP was used for digital terrain processing per USEPA
guidelines. Also, USEPA's AERMOD implementation Guide dated March 19, 2009 was used in
developing appropriate land use parameters for the model.

The regulatory default option was used in the analysis per USEPA guidelines. The default option
includes:

* Use of elevated terrain algorithms requiring input of terrain data:
s Use of stack tip downwash (except for building downwash cases);
» Use of calms processing routines; and

s Use of missing data processing routines.

Section 7.2.3 of the Guideline on Air Quality Models {USEPA 2005h) provides the basis for
determining the urban/rural status of a source based on land use and population density.

The fand use procedure classifies land use within an area circumscribed by a circle, centered on
the source, with a radius of 3 kilometers. Table D-1 acts as a guide to help define the specific
types of fand use and their corresponding descriptions as defined by Auer (1978). If land use
types {1, 12, C1, R2, and R3 account for 50 percent or more of the land use within 3 kilometers of
the source, then the modeling regime is considered urban,

The population density procedure uses the same 3-kilometer circle as described above., The
population within the circumscribed area is determined from Census Bureau Enumetation
District data. This population is divided by the area of the circle to give the population density
around the source, If the population density exceeds 750 people/km?, the modeling regime is
considered urban. The population used for the 28 km? area around the facility was approximately
40,000 {City-Data.com Census Information} establishing the population density at an estimated
1,400 people/km?.

Auer’s analysis and the USEPA guidance indicates that the area within 3.0 km of the Landfill is
greater than 50% urban (see Figure D-1). Accordingly, an urban coefficient was used to account
for heat island effects on nighttime buoyancy. Note that along with the use of the urban
coefficient, only the population for the Florence/Roebling area (11,000} was input in AERMOD to
ensure a conservative model result,



Table D-1: |dentification and Classification of Land Use Types (Auer 1978)

Rivers; lakes.

Type | Use and Structure Vegetation

i1 Heavy industrial Grags & tree growth extremely
Major Chemical, stee! & fabrication industries; general 3-5 | rare. Less than 5% vegetation,
story bultdings, fiat roofs,

12 Light-moderate industrial Very fimited grass, trees almost
Rail yards, truck depots, warehouses, industrial parks, | totally absent. Less then 5%
minor fabrications; generally 1-3 story buildings, flat roofs. | vegetation,

i Commercial Limited grass & trees, Less than
Office & apartment buldings, hotels, 10 story heights, flat | 15% vegetation.
roofs, ~

R1 Common residential Abundant common lawns &
Single family dwelling with normal easements; generally 1 | light-moderate wooded. Greater
story, pitched roof structures, frequent driveways. than 70% vegetation.

R2 Compact rasidential Limited lawn sizes & shade trees.
Single, some multiple, family dwelling with close spacing, | Less than 30% vegetatian,
generally 2 story, pitched roof structures; garages (via
alley) and ashpits, no driveways.

R3 Caompact residential Limited lawn  sizes, oid
d  multi-family dwellings with close (2m) lateral | established shade trees. Less
separation; generally 2 story, flat roof structitres; garages | than 35% vegetation.

{via alley) and ashpits, no driveways.

R4 Estate residential Abundant grass lawns & hght
Expansive family dwelling on multi acre tracts, wooded.  Greater than 80%

vegetation,

Al Metropolitan natural Nearly total grass & lightly
Major municipal, state or federal parks, golf courses, [ wooded.  Greater than 95%
cerneterles, campuses; accasional single story structure. vegetation.

A2 Agricultural rurat Local  crops  {e.g.,  corn,

sovbeans).,  Greater than 95%
lllllllllllll vegetation.
A3 Undeveloped Mostly wild grasses & weeds,
Uncultivated; wasteland. lightly wooded. Greater than
,,,,, 90% vegetation.
A4 Undeveloped rural Heavily wooded. Greater than
95% vegetation.
A5 Water surfaces




Figure D-1: Project Location and Land Use
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Source Parameters

The landfill is an area source meaning emissions are not from a stack. For this maodel, the
landfill area sources were quantified based on the cover types. The area sources closely
approximated the June 2015 fandfill layout shown in Figure D-2 with the exception of the final
geomembrane cover which was split into three sections to allow AERMOD to process the data
in a timely manner. The working face area was assumed to be 200 feet by 250 feet consistent
with typical landfill operations and was placed centrally within the daily cover area. Emissions
from covered landfill areas were assumed to occur 24 hours per day, every day. Emissions from
the working face were assumed to occur from 5 AM-8 PM, Monday through Saturday, assuming
operations from 5 AM-& PM plus an extra two hours &t the end of the day to accommodate
placement of compacted daily cover over the working face area. The timeframe for potential
emissions from the working face used in this study is expected to overestimate potential air
impacts because opearating hours on Saturdays were reduced to 7 AM-2 PM beginning May 21,
2015 and, in the future, the closing time will be further reduced to 1 PM. Table D-2 includes
the specific parameters used in the model for each area.

Building Downwash Analysis

The USEPA Building Profila Input Program with Plueme Rise Enhancement {BPIPPRIME, Version
042741) pre-processor for AERMOD, was used for this study. Area sources such as the landfill
are not subject to building downwash calculations, however, nearby landfill buildings were
evaluated to assess potential impacts none the less, Based on typical building heights (30 feet),
only those buildings that are located within the potential influence area equivalent to 5 times
the building height were evaluated. Only one building is located closer than 150 feet to the
fandfill. Figure D-3 shows the Good Engineering Practice (GEP) 360 degree influence {red
dashed line) of this building and it does not significantly impinge upon the landfill. The yellow
dashed line represents the total building influence area for a single given wind direction. The
data shows that downwash from the building bas a negligible impact on the landfill.

1 Verslon avaitable when the permit was issued in May 2015.
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Figure D-2: Area Source Designation
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TABLE D-2 — AERMOD Source tnput Pararneters

Descilpd

ton

st

Ietrth Y,

Frn SN Coardy

o

T PJ) Bask, Elev 1
l“m I n [fm T I
AREA_PUOLY PAREA1 Flnal Sray Cap 2 35,052 "] D.U0 A4 M2 AN
AREA FOLY PAREAZ Inbgrmidiate Cover 2 062 o 0.001 q  SWEETET 404350156
AREA_POLY PAREAY Flraad Gt S ! 25052 o Ot W S1I061A1 Ad4RRER.NT
AREA_PULY PAREAS  Finat Geamembrare Cop 2 35053 Q .01 A SIBNADT AA2EEGE
AREA POLY PAREAS Daily G 1 082 <} o.00m W BIGTHZEO 4442004 b9
¥ It bttty G A a65.052 13 [sX o501 16 R1B514.91 A442 200,05
Temporary Seomembrame 1 35.082 I+ o001 b SIS 44230750
AREA FQLY PAREAR Enal Llay Can 1 14,042 [} 0.001 O T Y R P P U
ARLA POLY FAREAR Fingl Geonpdatani Gnp 3 15.0652 o] .86 i RIED7RE0 444306832
ARER_POLY FAREA1D Yeemipateary Grownembedise 2 25.052 a 0.0 & SITSRILE A4MKNAS
AREA PQLY PAREAL Imprmediate Sowr 1 30062 © 0.0m 24 BTMIETI0 4M4ReEE 3
ity Cowmr 1 Srh-Sonaren
RREA AREAT fwvarking Face [t w7 B0.5G 0.1 § o SIGEEDEL 444235070



Figure D-3: Building Downwash

Metegrological Data

A five year record of pre-processed meteorological data (Jan 1, 2010 to Dec 31, 2014) was used
for the AERMOD modeling. Surface data were obtained fram the Philadelphia Airport
meteorological station and upper air data were obtained from the National Weather Service
Sterling, VA station,

Table D-4 shows the five year records of pre-processed meteorsdogical {Jan 1, 2010 to Dec 31,
2014) data for AERMOD that were obtained for use in this study:

Table D-4,

Model Versions Used for Met Data Preprocessing
Parameter Value

AERMET Version 14134
AERMINUTE Version 14337
AERSURFACE Version 13016




Upper Air Station Met Data lnformatton

Upper Alr Station Name

STERUNG(WASH DULLES), VA

Latitude, Longitude

B98N, 77.47 W

Station 1D {WBAN) 93734
File Format FSL
Adjustrment to Local Time 5 hours

Hc:urty Surfac;e Station Met Data Infﬂrmatmn

Surface Station Name

NORT HEAS"!“ PHILADELPH, PA

Latitude, Longitude

40.07896 N, 7501335 W

Station 1D (WBAN)

4732

AS0O5 station? Yes

File Forrmat NCDC TD-3b05 (ISHD)
Baze Elevation 3.3 m

Adjustment to Local Time 5 hours

Anemormeter Heaight 10 m

1-Minute ASOS Wind Data Infc)rmation

:Parameter

AERMINUTE Data Used?

Yes

Station Name

NORTHEAST PHILADELPH, PA

Latitude, Longitude

40.07896 N, 75.01335 W

Station Code

PNE

Station ID (WEBAN)

94732

File Format

NCDC TD-64035

IFW Installation Date

July 12, 2007

AERSURFACE Parameters

‘Parameter

U value

Land Use Data File

USGS NLCDEJZ - Ehnarv Format

Center Lat/Long

40,07896 N, 7501335 W

Datum NADES

Radius for Surface Roughness 1km

Number of Sectors 12 sectors of 30° (starting at 0%)
Period Manthly

Surface Moisture Average

Other Settings Continuous Snow: No

Alrport Site: Yes
Arid Region: No
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Figure D-4 shows the wind orientation relative to the fandfill for the five-year period of
meteorological data used in the study, Figure D-5 shows the wind speed frequency over the
data period.

Figure D-4: Wind Rose Orientation at Source {from direction)

Figure {3-5: Wind Class Frequency

Wind Class F;ré;qué;ﬂcy Distribution
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Receptor Layout

For purposes of this study, a 50 meter spaced Cartesian receptor grid was placed in the
Florence-Roebling area extending from the Delaware River to 1-278 to the south and U$-130 10
the southeast. This produced a grid of 3,164 receptor points. This spacing is suitable for
identifying both maximum 1-hour average and annual average concentrations as well as
potential concentrations across the community area. For the I-hour average modeling results,
the fuli range of hourly concentrations predicted at selected receptor focations was retained for
more detailed frequency distribution analysis. The receptor layout is graphically shown for the
model in Figure D-6,

Figure D-6: Receptor Grid Layout for Florence/Roebling Area
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Terrain Data

The air dispersion modeling took into account land terrain elevations in the TRRF vicinity and
the elevation of the potential emission sources on site. The terrain data were obtained from
the U.5. Geological Survey (U5GS) National Geospatial Program 30 Elevation Program (3DEP).
These data were processed with AERMAP, version 11103, a preprocessor of AERMOD modeling
systarn. Digital elevation maps (DEMs) with the highest resolution currently available were
used for the area in all directions in AERMAP. Receptor elevations and hill scale heights were
determined for receptors based on this preprocessor. In addition, the source elevation for each
modeled area (based on cover type} input into AERMOD was 115 feet above mean sea level
(MSL). This elevation was selected as a conservative approximate midpoint between the base of
the landfill and the landfill apex at approximately 230 feet MSL. Wind blowing over the landfill
creates updrafts carrying emissions from lower sections of the landfill to upper areas. 5ince
the vast majority of the landfill at lower elevations is capped final, the guantity of emissions
from these areas would be smaller relative to other areas. Emissions fram the landfill upper
elevations would have a higher buoyancy and lessen downwind concentrations. Therefore, a
midpoint elevation was selected as being the most conservatively representative source height.

Results

A methane emission rate of 0.001 g/m?-sec was input into AERMOD for each covered fandfill
area. For the working face area, a unit emission rate of 0.001 g/m?-sec was also input to
AERMQD, The model output at each receptor was thus calculated in units of pg/m? per 0.001
g/m?-sec. Table D-5 shows the maximum pradicted results from the AERMOD mode! and the
locations of each maximum. The maximum results all occurred at different locations.

Table D-5: AERMOD Maximum Modeled Receptor Concentrations {pg/m? per 0.001 g/m?-sec)

Information | All Landfill Covered Areas | Working Face Area
Annual

Unit Concentration (pg/m3

per 0.001 g/m*-sec) 1474.99 2.80

Location of Maxirmum

(UTM coordinates X,Y) 516226.34, 444]1554,12 516026.34, 4441654.12
1-Hr

Unit Concentration {ug/m?

per 0.001 g/misec) 62969.10 1884.00
Location of Maximum

(UTM coordinates X,Y) 515576.34, 4441754.12 516126.34, 4441554.12
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Covered Landfill Areas

The mode! results for the whole landfilt (i.e., all covered tandfill areas) were based on 2 0.001
g/mZ-sec methane emission rate. This was converted to a compound specific concentration by
caleulating the ratio of the compound specific landfill gas concentration to the average
methane landfill gas concentration (Table D-6) and multiplying the results by the unitized
AERMOD concentrations {Table D-5) and the methane emission rates. A description of the
methods used to calculate methane emission rates is provided in Appendix C. Additional
information about landfill gas concentrations is provided in the main report {Section 3.1.1).

The resultant maximum modeled receptor concentrations far annual and 1-hour periods are
depicted in Table D-7 and D-8, raspactively. The annual average concentrations were
caleulated using the 95% UCL ratios if available, otherwise they were based on the maximum
ratios. The 1-hour average concentrations were based on the maximum ratios. The AERMOD
results with oxidation were used for all organic compounds, while the results without oxidation

were used for sulfur cornpounds (sulfides and mercaptans).

Working Face Area

The AERMOD model results for the working face (Table D-5) were multiplied by chemical-
specific potential working face gas emission rates to calculate air concentrations. Information
describing the calculated potential emission rates associated with working face gas, and the
calculated air concentrations, is provided in the malin repart (Sections 3.1.2 and 3.3.3).
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Table D-6: Compound / Methane Ratios For Post-Processing Aermod Results

Ratio Based on Ratio Based on Ratio Based on 95% Upper

Maximum Landfill Average Landfill Confidence Limit Landfill
Compound Gas Concentration | Gas Concentration Gas Concentration
1,1-Dichloroethane 4.32E-07 NC NA
1,2,4-Trimethylbenzene 2.85E-05 1.69E-05% NA
1,2-Dichioroethane 4.578-06 2. 28E-06 4.24E-08
1,3,5-Trimethylbenzene 1.32€-05 8.77E-06 NA
1,4-Dichlorobenzene 1.25£-05 4.66E-06 1.09€-05
4-Ethyltaluene 3.30E-05 1.39€-05 2.97E-05
4-Methyl-Z-pentanone 2.25E-05 1.62E-05 2.15E-05
Acetone 3.11E-04 1.56E-04 3.11E-04
Benzane 9.25E-05 6.14E-05 8.81E-05
Bromormethane 2.72E-06 1.60F-06 NA
Carbon disulfide 8.92E-07 NC NA
Chlorobenzene 9.54E-07 NC NA
cis-1,2-Dichioroethens 3.14E-06 NC NA
Dichloromethane 7.94E-06 3.44E-06 7.38E-06
Dimethyl sulfide 3.33E-05 2.87E-05 NA
Ethyl mercaptan 5. 73E-06 5.46E-06 NA
Ethyibenzene 7.68E-05 5.96E-05 NA
Ethyl acetate 2.64E-05 NG NA
Freon 113 1.19E-05 4.11E-06 1.03E-05
Freon 12 7.09E-06 4.09E-06 NA
Heptane 1.50E-03 NC NA
Hexane 6,34E-06 NC NA
Hydrogen sulfide 5.10£-04 3.14E-04 NA
isobutyl mercaptan 3.26E-05 NC NA
Methyl ethyt ketone 3.60E-04 1.96E-04 NA
Methyl mercaptan 2.46E-05 1.77E-05 NA
Perchioroethylene 5.58E-06 3.31E-06 5.52E-06
Propanol, 2- 5.02E-05 NC NA
Propyl mercaptan 2.37E-06 NC NA
Styrene 6,36E-06 2.60E-08 5.76E-06
Tetrahydrofuran 1.17E-05 NC NA
Toluene 1.61E-04 1.16E-04 NA
Trichloroethylene 2,29E-06 1.69E-06 NA
Vinyl Chloride 3.35F-06 2.15E-06 NA
Xylenes mixed, m+o+p 1.73E-04 1.30E-04 NA
Xylenes mixed, m+p 1.32F-04 1.00E-06 NA
Xylenes mixed, o 4,10E-05 3.01E-05 NA

NC = Not calculated. Only one sample had a detected value and, if other sample results were available, all
the other samples had detection limits > 1/2 maximum detected concentration.
NA = Not applicable. A 95% UCL could not be calculated from the avattable data,
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Table D-7: Calculated Annual Average Concentrations at the

Maximum Impact Lecation for Potential Emissions from Covered

Landfill Areas

Compound Concentration {pg/m?)
1,1-Dichloroethane 1.33E-06
1,2,4-Trimethylbenzene 5. 23E-05
1,2-Dichloroethane 1.31E-05
1,3,5-Trimethylbenzene 2.71E-05
1,4-Dichlorobenzene 3.38E-05
4-Lthyltoluene 9.17E-0%
4-Methyl-2-pentanone 6.62E-05
Acetone 9.60E-04
Benzene 2.72E-04
Bromomethane 4.93E-06
Carbon disulfide 1. 49E-(05
Chlorobenzene 2.95E-06
cis-1,2-Dichloroethene 9.70£-06
Dichloromethane 2.28E-05
Dimethyl sulfide 4.78E-04
Ethyl mercaptan - 9,12E-05
Ethylbenzene 1.84E-04
Ethyl acetate 8.14E-05
Freon 113 3.17E-05
Freon 12 1.26E-05
Heptane 4.63E-05
Hexane 1.96£-05
Hydrogen sulfide 5.25E-03
Isohutyl mercaptan 5.44E-04
Methyl ethyl ketone 6.04E-04
Methyl mercaptan 2.85E-04
Perchioroethylene 1.70£-05
Propanol, 2- 1.55E-04
Propyl marcaptan 3.96E-05
Styrens 1.78E-05
Tetrahydrofuran 3.61E-05
Toluene 3.59E-04
Trichloroethylene 5.21E-06
Vinyl Chloride 5.64E-06
Xylenas mixed, m+o+p 4.01E-04
Xylenes mixed, m+p 3.08E-04
Xylenes mixed, o 9, 29E-05
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Table D-8: Calculated 1-Hour Average Concentrations at the Maximum
Impact Location for Potential Emissions from Covered Landfill Areas

Compound Concentration {ug/m?)
1,1-Dichloroethane 5.69E-05
1,2,4-Trimethylbenzene 3.75E-03
1,2-Dichloroethane 6.01E-04
13,5 Trimethylbenzene 1.74€-03
1,4-Dichlorobenzene 1.64E-03
4-Ethyitoluene 4,34E-03
4-Methyl-2-pentancne 2.96E-03
Acetone 4.10E-02
Benzene 1.22E-02
Brompmethane 3.59E-04
Carbon disulfide 6.36E-04
Chlorobenzene 1.26E-04
cis-1,2-Dichloroethene 4,14F-04
Dichloromethane 1.05£-03
Dimethyl sulfide 2.37£-02
Ethyl mercaptan 4,09E-03
Ethylbenzene 1.01E-02
Ethyl acetate 3.47E-03
Freon 113 1.57E-03
Fraon 12 9,33E-04
Heptane 1,98E-03
Hexane 8.35E-04
Hydrogen sulfide 3.63E-01
Isobutyl mercaptan 2.32E-02
Methy! ethyl ketone A4.74E-02
Methyl mercaptan 1.75E-02
Perchloroethylene 7.35E-04
Propanot, 2- £.61E-03
Propyl mercaptan 1.69E-03
Styrene 8.38E-04
Tatrahydrofuran 1.54E-03
Toluene 2.12E-02
Trichloroethylene 3.02E-04
Vinyl Chloride 4.41E-04
Xylenes mixed, mto+p 2.28E-02
Xylenes mixed, m+p 1.74E-02
Xylenes mixed, o 5.41E-03
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APBENDIX F
HEALTH-BASED INHALATION COMPARISON VALUES (CVS)
CPF Associates, Inc.

Introduction

Health-based comparison values (CVs) for the inhalation pathway of exposure are developed by
regulatory agencies and public health scientists based on sclentific information about the
toxicity of chemical substances, CVs are concentrations of compounds in air that are
considered to be protective of public health,

if a compound’s air concantration Is lower than its CV, adverse effects are not expected to
occur. If a compound’s air concentration axceeds its CV, this does not mean that adverse
effects will occur among exposed populations because of the conservative assumptions
included in both the derivation of the CV and the calculation of air concentrations. Rather it
indicates a need for further investigation to help determine whether or not its level in air
presents a public health concern,

in this study, chronic and acute CVs were compiled to assess the potential for both chronie,
long-term risks and acute, short-term risks, respectively,

Chronic CVs

The potential for long-term chronic health risks resulting from long-term exposures over several
years or morea can be avaluated using chronic CVs. The chronic CVs in this study were obtained
from USEPA’s Regional Seraening Leve! (RSL) table which provides health-protective residential
air concentrations, refarred to as RSLs, for potential long-term inhalation exposure to chemical
compounds in air.! RSLs are developed by USEPA specifically to perform preliminary screening
of chemical concentrations at a site. The hierarchy of data sources used by USEPA is consistent
with PADEP’s recommended hierarchy {PADEP 2013). These sources include: USEPA's
integrated Risk Information System (IRIS), Provisional Peer Reviewed Toxicity Values {(PPRTVs)
derived by USEPA's Superfund Health Risk Technical Support Center for the Superfund program,
and other sources such as the Agency for Toxic Substances and Disease Registry (ATSDR)
minimal risk levels (MRLs) and the California Environmental Protection Agency (CALEPA) Office
of Environmental Health Hazard Assessment's Chronic Reference Exposure Levels (RELS).

USEPA compiles RSLs for two different types of health effects that can potentially be caused by
chronic long-term exposurs to chemical compounds - non-cancer hazards and cancer risks.
The consideration of both types of health effects follows standard USEPA methaods for

Y |USEPA's Risk-Based Sereening levels are available at http://www.epa.gov/rag2hwmd/risk/human/rb-
concentration_table/Generic_Tables/.



evaluating potential risks. Different approaches are used to address each of these types of
health effects, as described below.

Non-Cancer Hazards

Non-cancer hazard represents the potential for developing health effects other than cancer and
itis evaluated according to USEPA’s methods by comparing a compound’s long-term air
concentration to its chronic reference air concentration. This comparison resuits in a value
known as the hazard quotient {(HQ). A hazard quotient greater than one {1) indicates that there
is a potential for a non-cancer effect to occur whereas a hazard quotient of one or less suggests
that the concentration is safe (USEPA 1991). This method for evaluating non-cancer hazards is
based on the hypothesis that there is a concentration threshold below which toxicity will not
oCcur.

I the case of potential exposure to a mixture of chemicals, USEPA considers that the effects
may be additive. This is evaluated by calculating an overall hazard index {H1) which is the sum of
the individual chemical-specific hazard quotients:

HI= HQ

As with the hazard quotients, a hazard index for a mixture that is greater than one (1) indicates
the potential for a non-cancer health effect. If this occurs, USEPA risk assessment practice
requires separating chemical compounds into subgroups representing effects on various target
organs {(e.g., respiratory system, liver, etc). The hazard index would then be re-cajculated for
each subgroup as warranted,

Cancer Risks

A cancer risk refers to the probability that an individual could contract cancer under a set of
assumed conditions of chernical exposure and it is caleulated by multiplying a compound’s
concentration in air by a toxicity factor called the inhalation unit risk (HUR). The USEPA and
other regulatory and public health agencies develop IURs for compounds that have evidence of
carcinogenicity based on consideration of human and animal toxicity studies, and incorporate
safety factors to ensure that they are health-protective. This multiplication results in a lifetime
cancer risk, over and above the background risk of developing cancer, expressed as a
probability. For example, a probability of 1 x 10 or 1E-06 represents a chance of one in one
million that an individual would develop cancer over a lifetime under assumed conditions of
exposure. In essence, this probability represents the upper bound increased lifetime cancer
risk associated with an assumed exposure above the existing background for developing cancer.
Note that this method does not distinguish between types of cancer, but considers the overall
probability of developing cancer. !n actuality, different cormnpounds have been associated with
different types of cancer or cancer at different sites and target tissues. In the US, roughly one
of every two men and one of every three women will contract cancer over a lifetime. These
statistics would translate to probabilities of 0.50 for men and 0.33 for women over a lifetime.



The USEPA’s method for calculating cancer risks is based on a scientific hypothesis that
exposure to any concentration of & potential carcinogen, regardiess of how small, wilt result in
some cancer risk {i.e., probability of contracting cancer). These risks are often characterized as
“upper bound” due to the statistical techniques that are used in their derivation. This means
that the actual cancer risk could be substantially lower than the calculated risk and could even
approach zero.

Regulatory agencies use risk-based criteria to evaluate the results of cancer risk assessments,
USEPA (1991) considers exposure fevels ta be acceptable if the resultant lifetime cancer risks
are in the range from 1E-06 to 1E-D4 {one in one million to one in ten thousand). PADEP
generally relies on a cancer risk fevel of 1£-04 {one in ten thousand) when assessing haalth risks
from chemical compounds In ambient air {PADEP 2013).

Selection of RSis

The chronic R5Ls compited for all the compounds selected for evaluation are provided in the
main report. The non-cancer RSLs were based on a target hazard gquotient (HQ) of 0.1, Thisis
10 times lower {i.e., more heaith-protective) than the criterion typically used in heafth risk
assessments. The cancer-based RSLs were based on 2 target excess lifefime cancer risk of 1E-06
(one in one million). This cancer risk level is 100 times more conservative {i.e., health
protective) than the 1E-04 risk level generally relied upon by PADEP {(PADEP 2013}, If RSL air
concentrations were available for bath non-cancer and cancer health effects, the lowest ane
was used in this study.

The chronic R5Ls for residential inhalation of ambient air assume that exposura occurs 24 hours
per day, 350 days per year, for a total of 26 years. This is conservative because the landfilt will
be closed soon and thus potential ernissions will decrease over time. Although there are some
exposure assurnption diffarences in USEPA's RSLs compared to PADEP's generally
recommended guidance (e.g., an exposure period of 26 years versus 70 years, respectively),
these differences are more than offset by using RSLs based on USEPA’s more stringent target
levels for cancer risk (1E-6 versus 1E-4) and non-cancer hazards (0.1 versus 1.0) and also by not
considering the actual remaining landfill operating period.

Acute CVs

The potential for short-term acute inhalation health risks was evaluated using acute Cvs.
Regutatory agencies and public health scientists develop acute CVs based on animal and human
studies that have investigated the health effects that could potentially occur as a result of shart
inhalation exposures to chemical substances in air.  As with chronic CVs, these values generally
incorporate safety factors to ensure that they are protective of human health, The acute CVs
used in this study were derived for potential short-term, 1-hour exposures to chemical
concentrations in ajr,



Following the PADEP-approved study plan, the main sources of the acute CVs in this study were
as follows:

Reference Exposure Levels (RELs) — The CALEPA has developed acute RELS designed to
protect even sensitive individuals in the population by the inclusion of margins of safety.
The acute REL is the concentration lavel at or helow which no adverse health effects are
anticipated to oceur based on a short-term, 1-hour period of exposure.?

Acute Exposure Guideline Levels (AEGLs) - USEPA’s National Advisory Committee for the
Development of Acute £xposure Guideline Levels for Hazardous Substances develops
AEGLs. The AEGL values are used by local, state and federal agencies for emergency
planning, prevention and response to provide guidance in situations where the general
public may be accidentally exposed to certain chemicals. USEPA defines the AEGL-1 as
the airborne concentration of a compound "above which it is predicted that the general
population, including susceptible individuals, could experience notable discornfort,
irritation, or certain asymptomatic nonsensory effects. Howaver, the effects are not
disabling and are transient and reversible upon cessation of exposure.”

if both a REL and an AFGL-1 were available for 8 compound, the lowest value was used. if acute
CVs could not be obtained from either the CALEPA RELs or the USFPA AFGLs, other data sources
were relied on:

Emergency Response Planning Guidelines {(ERPGs) ~ i acute CVs were not available
fram the data sources above, then the search for values was expanded fo Level 1
Emergency Response Planning Guidelines {ERPG-1 values) developed by the American
Industrial Hygiene Association. The ERPG-1 is defined as "the maximum concentration
in air below which it is believed nearly all individuals could be exposed for up to one
hour without experiencing other than mild transient adverse health effects ar perceiving
a clearly defined objectionable odor.”

Temporary Emergency Exposure Limits (TEELs) - If values were not available from any of
the sources above, acute CVs were hased on Temporary Emergency Exposure Limits
{TEELs) developed by the Department of Energy’s Office of Emergency Management,
The TEEL-1 is defined as the air concentration of a compound "above which it is
predicted that the general population, including susceptible individuals, could
experience notable discomfort, irritation, or certain asymptomatic, nonsensory effects.
However, these effects are not disabling and are transient and reversible upon cessation
of exposure.”

The acute CVs for the compounds selected for evaluation in this study are provided in the main

report.

 http:/foehha.ca.gov/air/allrels. html
? Definitions of AEGLs, ERPGs and TEELs are provided at: bttp://www.atlintl.com/DOE/teets/teel/teeldef html,
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- JEROME® 631-X

Hydrogen Sulfide Analyzer

Operation Manual

PROPRIETARY RIGHTS NOTICE

This manual contains valuable information and material developed by Arizona Instrument LLC for
use with the Jerome™ 63 1-X Hydrogen Sulfide Anatyzer, No part of this manual can be
reproduced or transmitted in any form or by any means, electronic, mechanical or otherwise. This
inchudes photocopying and recording or in connection with any information storage or retrieval
systern without the express written permission of Arizona Instrument LLC.

ALL RIGHTS RESERVED

@ Copyright 1990-2014, Arizona [nstrument LLC

Acrodisc‘ﬁ is a registered trademark of Pall Gelman Sciences, Inc.

Resisorb™ is a registered trademark of Avantor Performance Materials,

Tygon® is a registered trademark of Saint-Giobain Performance Plastics Corporation.
Windows™ is a registered trademark of Microsoft Corporation in the United States and other
countries,
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WHO CAN'T READ THE WHOLE MANUAL NOW II

This manual contains details that will optimize the results and the life of your instrument. Read
and refer to the manual for complete details on operation, maintenance and troubleshooting,
special voltage inputs and data output.

The Jerome™ 631-X is easy to operate and ready for use upon receipt from the factory.
¢ Remove the instrument from the packing material.

Retain all packaging materials for any future shipment of the
instrument,

If the instrument is returned to AZI for any reason, it must be
placed in the original packaging materials that have been tested and
proven to be elfective protection during shipment.

s Call AZI Customer Service at 800-528-7411 or 602-470-1414 for Return Material
Authorization (RMA) information prior to returning a unit.

+ For all shipments, boxes and packing materials are available from AZI

¢ Pack the Jerome™ instrument only in a Jerome® shipping container.

IF YOU RETURN THE INSTRUMENT IMPROPERLY PACKAGED OR
SHIPPED,
YOU SHOULD INSURE IT FOR FULL VALUE,

fi AZI WILE NOT BE RESPONSIBLE FOR SHIPPING DAMAGE, é

¢ Check for any damage and confirm receipt of all parts on - ~
your packing list, Contact Arizona Instrument Customer
Service at (800) 528-7411 or (602) 470-1414 if you have PPM -
any questions.
¢ Press the ON button. The display should read 000 in less
than one second. e,
# A LQ BAT message appears briefly in the upper left e
corner.
# If the LO BAT light persists, recharge the battery,
See page 17.
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s Check the vollage setting (110 or 220 VACQC) on the back of the
instrument. Ensure that it is set to the correct voltage. If the
pointer is not aligned to the local voltage, turn the selector to
‘ point to the correct voltage.
» Perform a sensor regeneration by following these steps:
# Connect the line cord between the connector on the back of the 631-X and an AC power
outler,
# Press the ON switch and then press the REGEN button,
¢ The instrument will begin a 10 minute regeneration cycle, indicated by .H.H.H flashing
: on the display. Do not interrupt this cycle, Fora complete description of this
process, see page 12.
¢ If any error message, such as .P.P.P, appears on the display, see the “Troubleshooting™
section beginning on page 24.
» When regeneration is complete, zero the sensor by pressing the ZERO button and tumning
the zevo adjust acrew, located under the handle, until the display reads 0.
# The instrument is now ready to sample,
» To ensure the input {o the instrument contains no hydrogen sulfide or mercaptans, use a
Zero Air Filter, AZI P/N 22600 3905. The Zero Air Filter cleans the air sample and should
produce sample readings of less than 0.003 ppm. Therefore, use the flter to:
# Equilibrate the instrument to temperatures that are higher or lower than the instrument.
Sample with filter installed until the reading s below 0.003 ppm.
Identify contamination within the unit.
Confirm the presence of hydrogen sulfide when readings are elevated. Install filter and
verify that the readings go down with filter installed.
* When the instrument measures hydrogen sulfide, the zero display will be replaced with a
value.

Do not adjust the ZERO after the instrument has measured hydrogen sulfide

or before the next regeneration. (Occasionally the display may drop to .1.L.L
(indicating low) between the initial zeroing and the first sample. It is OK to
| readjust the ZERO if the instrument has not measured hydrogen sulfide.)

s The instrument is designed for ambient air monitoring. DO NOT allow the probe or the
instrument’s intake to be exposed to any liquid,

The instrument is not explosion proof,

Press the SAMPLE button to start a 10 second sampling cyele.

Perform sensor regeneration after each day’s testing,

; Perform another sensor regeneration and re-zero the instrument before each day’s use,
Perform sensor regeneration atter 30 days of storage or inactivity.

& 2 " 2

Call AZI Customer Service, at (B00) 528-7411 from the United States and Canada or (602)
474-1414 if you have any questions. If you prefer, you may send e-mail to support@azic.com
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I 2. INTRODUCTION Il

The Jerome™ 631-X Hydrogen Sulfide Analyzer is an ambient air analyzer with a range of 0.003
ppm to 30 ppm (parts per million).

The Jerome® 631-X is for vapor use only.

DO NOT allow the probe or the instrument's intake
to be exposed to any liquid, dust

The 631-X is designed to be casy to operate for quick and accurate analysis of hydrogen sulfide
vapor levels. It has few maintenance requirements, However, please take a moment to read this
manual before attempting operation. If you have any guestions about your application or
operation, please call AZI Customer Service at (800) 528-7411 or (602) 470-1414 or e-mail
supportigazic.com for assistance.,

631-X Features

Accurate analysis of hydrogen sulfide in seconds

Wide detection range allows muhtiple applications

Swrvey mode for rapid source detection of hydrogen sulfide concentrations
Rechargeable internal battery pack for portability

Automatic backlight for LCD during low light conditions

Microprocessor ensures a linear response throughout the entire range of the sensor
Inherently stable gold film sensor

* & & & &K » =

Optional Accessories

¢ Data Logger, P/N Y990-0169, to record field monitoring information

o Jerome” Communication Software Kit, P/N Y990-0168, for unattended fixed-point
sampling and downloading information fror the data logger to a computer.

« Option Board (factory installed option) for external fresh air solenoid support, auto-zeroing,
DC power operation, timed regeneration, 4-20 mA or 0-2 V analog output, and timed
sampling

» Functional Test Module (FTM) (B/N 22600 0918 or 22600 0930) and Accessory Kit
(Y2600 0920), for field verification of instrument functionality.

+ Field Carrying Cases, bard sided P/N Y411 0904 or soft P/N 1400 0052, for versatile
handling and additional storage

e Maintenance Kit, P/N Y631 0903 for routine maintenance and upkeep
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Applications

= Ambient air apalysis
Odor nuisance monitoring
Regulatory compliance
Control room corrosion monitoring
Quality control
Scrubber efficiency testing
Accuracy check for other hydrogen sulfide monitors and control systems
Hydrogen sullide source detection
Leak detection
Portable hydrogen sulfide detection

2 % & & & * & 3 B

The Jerome™ 631-X can be operated from 100-120 or 200-240 VAC. To change the default
voltage range, refer to “Setting the Input Voltage” on page 21,

RATION II

A thin gold film, in the presence of hydrogen sulfide, undergoes an increase in electrical resistance
proportional to the mass of hydrogen sulfide in the sample.

PRINCIPLE OF OPE

When the SAMPLE button is pressed, an intemal pump pulls ambient air over the gold film sensor
for a precise period. The sensor absorbs the hydrogen sulfide. The instrument determines the
amount absorbed and displays the measured concentration of hydrogen suifide in ppm. During
normal sampling, the ambient air sample is diluted in the flow system at a ratio of 100:1. When
sarmpling in Range 0, (where low levels of hydrogen sulfide are expected) undiluted air samples
are drawn across the gold film sensor,

The instrument’s microprocessor antomatically re-zeroes the digital meter at the start of each
sample cycle and freezes the meter reading until the next sample cycle is activated, thus
eliminating drift between samples.

During the sample mode cyele, bars on the LCD represent the percentage of sensor saturation.
Depending on the concenirations, 50 to 500 samples may be taken before the sensor reaches
saturation. At that peint, a 10-minute heat cycle must be initiated to remove the accurnulated
hydrogen sulfide from the sensor. During the sensor regeneration cycle, both solenoids are closed
to cause air to pass through a scrubber tilter and provide clean air for the regeneration process.
The flow system’s final scrubber filter prevents contamination of the environment.

The heat generated during the regencration may cause some low level thermal drift. To ensure
maximum sample accuracy, wait 30 minutes after regeneration before zeroing and using the
instrument,
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The Zero Air Filter removes mercury vapor, mercaptans, and hydrogen sulfide from the air
sample. Readings with the filter installed should be near zero.

Because air that is cooler than the instrument will cause low readings and warmer air will cause
higher readings, the Zero Alir Filter should be used to equilibrate the unit to ambient air
temperature. Continuous sampling with clean air will not cause sawration of the gold film sensor
but will equalize temperatures faster to allow accurate analysis to begin sooner. For best results,
be sure that the instrument is at the same temperature as the environment before testing,

The Zero Air Filter can also be used to identity contamination within the instrument. If the
readings do not reduce to near zero with the filter installed, contamination should be suspected. If
the readings do drop to near zero with the filter installed but elevate with the filter removed, the
presence of hydrogen sulfide at the sampled location is confirmed.

For more information on the use of the Zero Air Filter, contact customer service at 1-800-528-
7411, 1-602-470-1414, or visit our web site at hitp://www.azic.com,
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INSTRUMENT OPERATION

000 Ready to sample

000 No hydrogen sulfide reading

8.8.8 Sensor saturated-regeneration needed (refer to page 12)

HHH Sensor regeneration in progress ((H H.H flashes)

LLL Re-zero needed (refer to page 13)

PpP Power cord required or low line power, =100 VAC {or 200 VAC)

(see pages 16 and 17, Changing the Fuse, if ,P.P.P remains on after
the cord is connected.)

LO BAT Recharge batteries (refer to page 17)
EEFE Same as LO BAT, automatically shuts off
HL Very high concentration has been detected. Refer to your safety

policy for additional direction to confinn the concentrations.”

- 0-25% sensor saluration

— 25-50% sensor saturation

- 50.75% sensor saturation

R 75-100% sensor saturation

TepREch R ‘m‘:&:w'.m V)
0 Zero, ready to sample
H High, turn Zero potentiometer counterclockwise
L Low, turn Zero potentiometer clockwise
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Dal]y()per.atmns -

Before each day's use of the J erome” 631-X, perform the following steps to verify proper
instrument operation:
» Press the power ON button.
= '1 he digital meter displays 000,
+ (Disregard the digital meter's initial momentary reading.)
+ Recharge or replace the battery pack if the LO BAT indicator REMAINS ON. Refer to
“Charging Batteries” on page 17 and/or “Replacing the Battery Pack™ on page 21.
+ To ensure the instrument's electronics have stabilized, allow a 1-minute warm up
before beginning the next step.
¢ LUse the Zero Air Filter to equilibrate the instrument to ambient air (emperaiure.
# Install the Zero Alir Filter in the instrument’s intake,
¥ Sample continnously until the readings stabilize.

o Perform sensor regeneration. Refer to page 12 for the procedure.
¢ Thirty minutes after sensor regeneration is complete, zero the instrument. See page 13.
NOTE: For maximum accuracy, such as when testing with the Functional Test Module,

wait 30 minutes after the sensor regeneration cycle to re-zero the unit. For immediate
use, the unit can be re-zeroed immediately after sensor regeneration. Se¢ the notes on

page 13,

¢ Press the SAMPLE bution,
¥ During the sample cycle, the digital meter displays
buats (=, ==, or -==) t0 indicate the amount of sensor
saturation.

» At the end of the sampling cycle, read the digital
meter.

# The number shown on the digital meter is the
hydrogen sulfide concentration in ppm,

# This value remains on the display until the next
sample is taken.

» The digital meter automatically zeroes at the start N ik
of each sample. , ‘ B \zameie )

+ At the end of each day's use, perform sensor
regeneration as described in the next section.

DO NOT ALLOW HYDROGENSULFIDE TO STAY

ON THE GOLD FILM SENSOR OVERNIGHT. |
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Sensor Regeneration

Sensor regeneration is needed to clear the 631-X sensor of any accumulated hydrogen suifide.
This simple procedure should be done:

* At the beginning of the day on which the instrument is to be used.
¢ During the day when the sensor becomes saturated.
¢ At the end of the day before storing the mstrument.

Ensure the voltage selector on the back of the instrument, near the power
cord inlet connector, points to the local AC power value, See “Setting the
Input Voltage on page 21.

To clean and protect the sensor, the supplied AC power must be 100 to
120 VAC or 220 to 240 VAC, depending on the available power source.

 Ouce sensor regeneration is initiated, DO NOT interrapt the cyele.

« Attach the power cord to the 631-X and plug it intc AC power. AC power s required to
thermally regencrate the sensor.
* Press the power ON button.
* Press the REGEN button.
# The digital meter flashes .H.H.H for the duration of the 10-minute cycle and displays
0.0.0 when the cycle is completed.

DO NOT INTERRUPT THIS CYCLE.
Wait until the cycle is completed before continuing with the next step.

* A minimum 30-minute wait after the sensor regeneration cycle is complete ensures
maximum sample accuracy. However, the unit can be used immediately following the
sensor regeneration if necessary. When the sensor regeneration is complete, press ZERO
and adjust the ZERO ADJUST pot until ( appears on the display. Install the zero air
filter in the intake and take several samples or lock the instrument into survey mode (see
page 15). After approximately one minute, stop sampling and check the ZERO. Adjust
to 0. Repeat sampling through the zero sir filter until reading remains on 0.

NOTE: The digital meter will read .P.P.P after REGEN is activated if the power cord is not

plugged in or if the instrument's fuse needs to be replaced. Connect the power cord, or if
necessary, replace the fuse. See “Changing the Fuse™ on page 22,
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Zero Adjust

« To ensure air entering the instrument is clean, install the zero atr filter in the instrument’s
intake and sample until the readings stabilize,

» While pressing the ZERO button, turn the ZERO ADJUST
polentiometer {shown at right) using the trimmer tool until
the digital meter reads (.

# 1f the LCD reads H, turn the ZERO ADJUST counter-
clockwise;
# 1f the LCD reads L, tum the ZEROQ ADJUST clockwise.

NOTE: A minimum 30-minute wait after the sensor regeneration cycle is
complete ensures maximum sample accuracy. The unit can be used immediately
following the sensor regeneration if necessary. When the sensor regeneration is
complete, press ZERQ and adjust the ZERO ADJUST pot until O appears on the
display. Install the zero air filter in the intake and take several samples or lock
the instrument into survey mode (see page 15). After approximarely one minute,
stop sampling and check the ZERO. Adjust to 0 if necessary. Repeat sampling
through the zero air filter until sensor remains on 0.

NOTE: When ZERO is pressed, depending upon internal configuration, a
number between 00 and 100 may appear on the display instead of H, L, or O.
See APPENDIX C - INTERNAL DiP SWITCH SETTINGS, on page 39, for
details, If the instrument is configured with an Option Board, see APPENDIX
D - JEROME® 631-X OPTION BOARD beginning on page 40.

CAUTION:
Do not turn the ZERQ ADJUST potentiometer between samples,

Turn the ZERO ADJUST ounly after a sensor regencration cycle, otherwise
invalid readings will result.

» Press the power OFF button and disconnect the power cord.

» The Jerome™ 631-X is ready for sampling.

CAUTION:

The Jerome® 631-X is intended for vapor use only. DO NOT
allow the probe or the instrument's intake to be exposed to

liquids, dust or other foreign material. Moisture or liquids
drawn into the instrument can damage the sensor and flow
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This is the standard operation mode and is used for optimum accuracy.

s Press the power ON button,
# The LCD displays 000,
# Disregard the LCD's initial momentary readings.
¥ Recharge or replace the battery pack if the LO BAT indicator REMAINS ON, see page 17
and/or page 21 if necessary.

¢ Allow a 1-minute warm up before beginning the next step (o ensure the instrument's
electronics have stabilized.

» Press the SAMPLE button.
# During the sampling cycle, the bar (or bars) shown on the LCD indicates the current

percentage of sensor saturation. (Refer to “LCD Codes” on page 10 for code
descriptions.)

# The tength of the sample cycle depends on the concentration of hydrogen sulfide.

[ PO T e urdee A s hrt

0 0.001 to 0 .099 ppm 30 Seconds £ 0.003ppm at 0.050ppm

1 0.10 to (.99 ppm 25 Beconds = (.03ppm at 0.50ppm

2 1.0 t0 9.9 ppm 16 Seconds +0.3ppm at 5.0ppm
3 10 to 50 ppm 13 Seconds + 2ppm at 25ppm

* At the end of the sampling cycle, read the LCD.

# The number shown on the digital meter is the hydrogen sulfide concentration in ppm.

7 As the instrument auto-ranges, the decimal point moves to the correct position to show the
concentration. -

# The value remains displayed until the next sample is taken. The digital meter will then
automatically zero before displaying the next sample value.

#» When clevated readings are detected:

+ Confirm the reading by taking an additional sample.

¢ Install the zero air filter and verify that the readings reduce to zero or very near zero.

¢+ Remove the filter and sample the location again to verify that elevated readings do
exist,

# When the sensor is completely saturated, the LCD displays .8.8.% instead of a value. No
further operation is possible until sensor regeneration is performed. (Refer to “Sensor
Regeneration” on page 12.)

¢ Press the power OFF button when not in use.

Note: The Jerome™ 631-X operales approximately six (6) hours on a fully charged battery.

Page 14 of 49 AZl Custorner Service 800-328-7411 or 602-470-1414



The survey mode takes samples every 3 to 20 seconds antomatically. The length of time varies
with the hydrogen sulfide concentration. Use this mode to locate the source of hydrogen sulfide,
such as a leak, a hot spot, or to assess areas of potentially high hydrogen sulfide concentrations,
After the survey mode is activated, the 631-X samples continuously.

s Press the power ON button.
# The digital meter digplays 000,
# Disregard the LCD’s initial momentary readings.
# Recharge or replace the battery pack if the LO BAT indicator REMAINS ON, see page 17

and/or page 21 if necessary,

o Allow a }-minute wanm up before beginning the next step to ensure the instrument's
electronics have stabilized.

¢ Lock the instrument in the survey mode:
# Hold the SAMPLE button down until the sensor status indicator bar(s) begin flashing on
the display.
~ Press the ZERO button, then release the SAMPLE button.
# The pump should continue to run and the display should update every survey cycle.

« The mstrurnent remains in the survey mode until one of the following occurs:
¥ The sensor is saturated.
¥ A LO BAT (low battery) signal is encountered.
# An HL (high hydrogen sulfide level) is encountered.
# The instrument is turned OFF.,

e Press the power OFF button to end the survey mode.

0

1 0.10 to 0.99 ppnt 15 Seconds
2 1.0 t0 9.9 ppm 6 Seconds
3 10 to 30 ppm 3 Seconds

NOTE: Approximately 100 samples at 0.5 ppm may be taken before the sensor saturates and
regeneration is required.
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« For stationary use, the 631-X may be operated on AC power,
# Operating the instrement on AC power at all times eliminates the nced for the battery
pack and its necessary maintenance.
* The battery may be unplugged or removed completely whenever the instrument is
operating on AC power.

e When a generator is used to power the Jerome” 631-X, a high quality line conditioner or
voltage regulator is required to ensure a pure sine wave and regulated voltage is applied to
the instrument. The gold film sensor may be damaged by voltage that varies in amplitude
ot by surges, spikes, and/or noise on the power line.

* For portable use, the 631-X may be operated on Battery power.

* When you operate the instrament on batiery power, please be aware of the following:
A fully charged battery pack, AZI P/N Z4000 0907 (115V) or 24000 0908 (230V),
provides power for a minimum of six (6} hours of operation.
For operating more than six (6) hours, an extra fully charged battery pack is needed.
Complete battery recharging takes 14 hours. Refer to Charging Batteries on page 17,
The 631-X uses a rechargeable Nickel Cadmium (NiCad) battery, Dispose of worn-out
batteries properly when you are replacing the battery pack.

-

- &> &>

A special version of the Jerome® 631-X and a DC Power Kit are available to operate the
instrument from a secondary DC source. The source may be a cat/truck battery or a storage cell
used in conjunction with solar panels,

Call AZI Customer Service at 800-328-7411, 602-470-1414, or e-mail support(@@azic.com for
additional information,
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s Press the power OFF button.

¢ Connect the AC power cord between the 631-X power receptacle and an AC power source.

Complete battery recharging takes 14 hours,

The 631-X contains a trickle charger so it may be continually plugged into an AC power

source without damaging the battery pack.

# The battery pack may be charged outside the instrument with an optional AZI IDC Battery
Charger. (AZI P/N 4000-1011, for 115 VAC, P/N 4000-1012, for 230 VAC)

Y.
o
e

.

There are certain inherent limitations to NiCad batteries. The primary limitation is a memory
effect that occurs when the batteries are partially discharged and then recharged, repeatedly. This
memory leads to a drastic reduction in the usable battery life. To prevent this memeory effect,
periodically allow the battery pack 1o discharge completely, and then recharge the battery pack.

e To obtain maxtmum battery life, follow these three (3) steps:
» At least once a month wait unti] L.O BAT appears on the digital meter before recharging
the battery pack.
# Charge the battery pack when the LO BAT indicator comes on. Excessive discharge can
damage the batlery pack. ‘
# Before storing the instrument verity the power is OFF,

¢ When the batteries fail to hold a charge, the battery pack should be replaced.

# Batery life under normal usage is approximately 1 year, depending on the number of
charge and discharge cycles.
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3. MAINTENANCE

To keep the Jerome™ 631-X operating at peak performance, follow the maintenance schedule
below as a guide. Since maintenance is more a function of application and amount of use rather
than time, your requirements may be different from the listed schedule. Calt AZI Customer
Service at 800-528-7411, 602-470-1414, or e-mail support@azic.com for additional guidance for
your environment and operation.

. . Al leasl once ermonth after 1 month's storage
Charge batteries ot when LO EF AT appears aee, Page 17
Change 0.25 inch fritware Weekly or as needed Page 19
Chalmge mternal filters and After 6 months of use or as needed Page 20
tubing
Replace zero air filter’ Annually
Factory calibration Annually Page 23
Calibration check Monthly or as needed 25}1‘33221;(6
Annually or as needed. ‘ Page 21
Replace batteries The battery pack contains NiCad batteries.
Dispose of properly.

NOTE: Install the zero air filter into the instrument's intake during storage.

! Zero air filters, LFS and LFD Hulubbv..r filters contain Resisorb™. Call AZI Customer Serviee at 800-325-7411, 602+
470-1414, or e-mail support@agzic.com for a copy of the Material Safety Data Sheet. Dispose of all fifters properly.
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The Jerome™ 631-X's flow system is the crucial link between the sensor and the sample. For the
instrument to perform correctly, the flow system must be property maintained. The user
maintainable components of this system are the intake filter (0.25 inch fritware), two scrubber
filters and connecting tubing.

Check the Preventive Maintenance Calendar on page 18, for a suggested schedule for changing
fritware and scrubber filters. The Tygon®™ tubing in the system must be free of erimps for proper
flow.

Part Fart Number
_Scrubber Filter Z2600 3930
LFE Scrubber Filter 22600 3933
LFD Scrubber Filter Z2600 3934
(.25 inch Fotware Filter 2600 3039
Tygon® Tubing (clear) 1/8" LD, (1) 345-0050
Tygon™ Tubing (clear) 1/16" L.D. (1') 345-0244

Tygon® Fluran Tubing (black) /16" LD, (67) __ 345-0257

(.25 inch Fritware Filter

Replace the 0.25 inch fritware filter once cach week or as needed. In dusty environments, the
fritware filter may nced to be replaced as ofien as once a day. Replacement 0.25-inch fritware
filters are available from AZI, Consumable Sales at 800-528-7411 or 602-470-1414.

» Unscrew and remove the intake.

¢ Push the old fritware filter disc out of the intake with your
trimmer tool.

o Avoid touching the new fritware disc with fingers. Use
tweezers to insert the new [ritware,

« Use the blunt end of the trimmer 100l to seaf the fritware disc
firmly against the inner ledge of the intake.

e Screw the intake back on the Jerome™ 631-X.

CAUTION:
The stem coming from the instrument ontoe which the outer intake housing is
attached must be securely held in piace. If loose, the tubing inside the

instrument can become twisted when the infake housing is replaced. It may

be necessary to open the instrument and tighten the hold-down nuts inside

the instrument. Call AZI Customer Service at 800-528-7411, 601-470-1414,
@azic.com if you have any questions
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Internal Filters

# Replace the internal filters after six (6) months of use, or as needed.

» Press the power OFF button and unplug the power cord,

» Remove the two (2) side screws from the intake end of the instrumnent and open the case.

* Carefully disconnect the Tygon” tubing from both ends of the filters and discard the old
fitters,

CAUTION:

Scrubber filters contain Resisorb®. Used filters, especially the scrubber
filter may contain hydroegen sulfide also. Use proper methods when
disposing of used filters. Call AZI Customer Service at 800-328-7411,
601-470-1414, or e-mail support@azic.com for a copy of the Resisorh®
MSDS or for other questions.

» Connect.the new filters to the Tygon” tubing, ensuring all straight hose barbs point toward
the intake/pump corner of the case and elbow hose barbs point toward the sensor housing as
shown in the iHlustration.

# Push the Tygon® as far as it will go onto the filter fittings,

» Push the filters into the mounting clips.

* Remove any crimps or twists in the fubing and ensure that tubing connections are secure. [f
the tubing is loose, readings may not be accurate. Replace any tubing that has deteriorated
due to heat and/or age.

e Close the case and replace the screws.

= Dispose of all filters in accordance with state and federal environmental regulations.
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Replacing the Battery Pack

+ Press the power OFF button.

= Unplug the power cord.

» Remove the two (2) side screws from
the intake end of the instrument and
open the case lid.

» Disconnect the battery connector
from the board,

« Loosen the two (2) captive screws
holding the battery bracket and
remove the bracket.

# Remove the old battery pack and
replace with a new battery pack.

+ Replace the batlery bracket and
tighien the caplive screws.

» (Connect the new battery connector to
the board.

Close the case and replace the two (2) side screws.
» Dispose of the old NiCad battery in accordance with state and federal regulations.

I

Instruments are factory set and calibrated {o use the power setting requested on the order,
However, the voltage setting is casily changed to use either 110 or 220 VAC,

¢ Ensure the imstrument 15 turned OFF and
unplugged.

» Locate the voltage selector on the rear of the
instrument.

» Insert a small screwdriver in the voltage
selector slot and turn the selector until the
arrow points toward your setting choice and
a click is heard.
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If the instrument display reads .P.P.P when the instrument s connected to AC power or when

REGEN is pressed, or if the battery will not charge, the fuse may need to be replaced. The AC

line power could also be less than 100 VAC (220 VAQ). Check the fuse with an ohmmeter and

the AC line power with a voltage meter.

p—

» Locate the power receptacle on the rear of ;
the instrument.

¢ Insert a small screwdriver in the slot, located
in the power receptacle, and gently slide the
fuse compartment out.

» [fthe fuse in the open-sided clip is open,
remove and discard it.

» Replace the discarded fuse with the spare fuse located in the slide-out spare fuse
campartment.

» Replace the fuse compartment in the power receptacle.
# As soon as possible, replace the spare fuse with another 1A, 250V, time delay fuse, AZI

P/N 5100 1012).
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I 6. CALIBRATION l

T'he Jerome™ 631-X's gold film sensor is inherently stable and does not require frequent
catibration. The interval between calibrations depends upon the application and frequency of use;
however, the recommended interval is every 12 months.

The Jerome® 631-X has been factory calibrated using laboratory equipment containing NIST
traceable permeation tubes. In order to calibrate the Jerome™ 631-X, a sophisticated calibration
system is required that enswres stability of the calibration gas source, eliminates any pressure in
the calibration gas strean, and controls the temperature of the calibration environment.
Calibration requires the controlled environment, gas source, and computer software available only
at the factory or authorized repair/calibration facility.

We strongly recommend you take advantage of our calibration and maintenance service at Arizona

Instrument, Call Customer Service at (80€) 528-7411 or (602) 470-1414 to arrange re-caltbration.
A certificate of calibration is issued from AZI when your instrument is factory calibraled.

| Verification of Functionality and Quality Control

The Functional Test Module, AZI P/N Z2600 0918 or Z2600 0930, iz used to determine if your
mstrument is functioning correctly between recommended annual factory calibrations, 1t allows
you to have complete confidence in the sample results. This test verifies proper instnument
operation through the introduction of a known concentration of hydrogen sulfide into the Jerome
analyzer.

&

THIS IS A FIELD CHECK OF THE FUNCTIONALITY OF THE INSTRUMENT,
THIS TEST DOES NOT CALIBRATE THE INSTRUMENT.
If your application requires frequent verification of instrument function, this test demonstrates the
unit’s operation and function. Recording FTM results in an instrument log provides a quality
control/quality assurance record of instrument function between regular calibrations, If test results

fall within the expected range, you may assume the instrument is functioning correetly.

See APPENDIX A - 631-X FUNCTIONAL TEST MODULE on page 36 for more information
about the FTM procedures. Complete instructions for use are supplied with the test kit, AZI P/AN
Z2600 0918 or Z2600 0939,

To order the FTM, contact your AZI Sales Representative at (800) 528-7411 or (602) 470-1414.

AZE Customer Service 800-528-7411 or 602-470-1414 Page 23 of 49



b

f SR

0

i

Unit does not turn ON,
turns on when power cord is
plugged in. LCD displays 000
when instrument is operating on
AC power,

Discharged battery or

Dead battery.

Recharge battery for a minimum of
14 hours. Refer to page 17.

Replace battery, Refer to page 21,

Unit does not turn on when
connected to AC power cord.

o1

LCD displays .8.8.8.

Open fuse.

Insufficient power,

Internal component failure.

Replace fuse. Refer to page 22.

LUae a voltmeter to verify there is
power o the AC outler,

Call AZI Customer Service for
information at 800-528-7411 or
602-470-1414.

Sensor saturated,

Do not attempt to adjust zero pot.
The sensor must be regenerated.
Refer to page 12 for information.

LCD displays .L.L.L when
taking first sample.

Changes in temperature.

Readjust zero pot. See page 13 for
mformation.

LCD displays H at finish of
sensor regeneration when zero is
pressed.

Internal contamination may
redeposit hydrogen sulfide from
flow system onto gold film
SeMSOr.

Remove and replace fritware filter,
intake filter disk, scrubber filters
and Tygon™ tubing. Refer to “Flow
System” on page 19,

Check tubing for kinks or crimps.
Repeal regeneration cycle. Refer to
page 12,

Zero adjust pot cannot be
adjusted to 0.

Pot not turned sufficiently.

Sensor may be tuptured or pot
may be broken.

1. Turn zero adjust up to 20 times
to reach the end. Pot will
“click™ softly.

2. I 0o “07, turn pot slowly in
opposite direction until display
reads 07,

3. 1f still unchanged, call AZI
Customer Service at (800) 328-

7411 or 602-470-1414,

Page 24 of 49
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Alrflow is restricted dunng the Kinks and crimps in the Penodlcally check the Tyg_,un

“‘maglﬂ’g‘““emmn (iy"l"’ CAUSIE  Pyoon® tubing, ‘tubing inside the instrument. Refer
pUbbl @ pu‘mdm.nl ¢ dmagc, ‘  to page 20.

l Install zero air filter in intake
and tighten intake nut. Press
SAMPLE button. After three
samples, if readings are over
0.003 ppm, replace fritware
filter, intake filter disk, and ]
Tygon™ tubing. Refer to page |

19

- 2. Perform sensor regeneration

- with the zero air filter in intake.
Refer to page 12, Retest if
necessary. Replace scrubber
filters and Tygon" tubing. Refer

| . topage 20 N

‘High/erratic results Intake and internal filters L Open instrument and check for |

‘may become clogged and . pinched, crimped or

-need replacement when - disconnected internal fubing,

;sampling in a dusty or hmmd 2. In extreme conditions, an

‘area. | additional particle filter may be

3' . installed on the intake. |

High erratic results. fIntemai hydrogen sulfide
‘contamination.

'Hl;:,h/u Tatic msuhs ﬁLoose connections to goid Plact, a zero air filter into the mtake
Readings vary more than 0.003 ppm film sensor. :Placc: the instrument in survey
when in survey mode. : ‘mode. Move the unit as samples
‘are being taken. Call AZI
‘Customer Service at 800-528-7411
“or 602-470-1414 for assistance.

Low response ot erratic readings  ‘May need a second -1, Wait 30 mrimates and perform

after a long period of non-use. ‘regencration cycle, . another sensor regeneration,

5 ' j - 2. Test with FTM. Refer to page
3 L 36,

3 If still unresponsive, t

iFalse readings, may goto B.8.8 or Extrmwiy cold QF extr unely lf sampling under these mndluom
L.L.L. ‘warm air sampled into unit. | install zero air filtet in intake.
: Sample until display reads 0.003
‘ppm or less, This equilibrates
‘sensor temperature with the ;
. temperature of the sample air
‘stream. Remove filter and take
- samples.
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iDisplay reads P.P.P when

regeneration is attempied.

Page 26 of 49

Power cord not attached.

Blown fuse.

Line voltage less than 100
VAC (or less than 200 VAC
for 220V instruments).

‘Cycles dipswitch set
‘incorrectly,

%Vm'y low battery.

éCheck power cord for connection
i

iREplﬂce fuse. Refer to page 22,

i . . .
iCheck line voltage settings. Refer
§t9 page 21

iCheck input cycle settings, Referto
| page 39. ‘
!lf fuse and line voltage are OK, it
‘may be circuit board adjustment or
tcomponent failure. Call AZ]
{Customer Service at 800-528-7411

Lor 602 470-1414.

‘Recharge battery. Refer to page 17,

) E.ch.la.ca battery. Refer to page 21.
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8. JEROME® 631-X TECHNICAL SPECIFICATI

Range (.003ppm (3ppb) to 50ppm HeS in four graduated ranges
Sensitivity 0.003ppm Ha8 .
Precision 5% relative standard deviation e
Accuracy Range 0: £ 0.003ppm at 0.050ppm H,S

Range 1: £ 0.03ppm at 0.50ppm H;S
Range 2: # 0.3ppm at 5.0ppm H:S
Range 3. & 2ppm at 25ppim HaS

Response time-sample mode
10 to 50 ppm (Range 3)
1.0 to 10.0 ppm (Range 2}
0.10 to 1.00 ppm (Range 1)
0.001 to 0.100 ppm (Range 0)

13 seconds
16 seconds
25 seconds
30 secomds

Response time-survey mode
10 to 50 ppm (Range 3)
1.0 to 9.9 ppim (Range 2)
0.10 to 0.99 ppm (Range 1)
0.001 10 0.099 ppin (Range 0)

3 seconds
6 seconds
15 seconds
20 seconds

Flow rate

150 & 10mbmin (0.15 & .01 liters/ntin)

Power requirements

100-120 V~, 50/60 He, 1 A or 220-240 V-, 50/60 Hz, 1 A

Fuse

FIA 250V, Smm X 20mm

Internal battery pack

Rechargeable Nickel Cadmium

0° to 40 °C, non-condensing, non-explosive

Case construction

Aluminum alloy

Dimensions — standard modet
Dimensions — XE model

FemlxiSemWx10em H{13"Lx 6" Wx4"H)
JSemLx18emWxiSemH(4"Lx7"Wx 7 H)

Weight - standard model
Weight -~ XE model

3.18 kilos (7 pounds)
3.5 kilos (8 pounds)

Digital meter display

Liquid crystal display (L.CD)

Certification

CE mark on 220-240 V~, 631-XE model only.
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Optional Communications Capability

Data output 1, RS3-232 Serial, Baud Rate 1200 for use with data
logger, and/or Jerome® communication program,
2, RS-232 Serial data format with 0 & 20mA current
logic levels; Baud Rate 1200 (special industrial
applications} and Analog 20 mA. output,

"OPTION BOARD" - See APPENDIX D - JEROME® 631-X OPTION BOARD on paged40,
Analog output Oto2Vordic 20 mA

Auto sample interval 5,15, 30, or 60 minutes”

Auto regeneration interval 6, 12 or 24 hours

The 631-X 1O port (25 pin D-sub) provides the following functions:

» Serial data communication
% Interface type: RS-232C full duplex, DCE
# Parameters: 1200 Baud, 1 start bit, 8 data bits, 2 stop bits, no parity
% Pin assignments:
Pin 1 Protective ground
Pin2  Datain
Pin3  Dataout
Pin7  Data ground

¢ Serial current loop
# Interface type: 20mA current loop, full duplex
# Parameters - 1200 Baud, 1 start bit, 8 data bits, 2 stop bits, no parity
# Pin assignments:
Pin } Protective ground
Pin 4 Data out (+)
Pin 5 Data in (+)
Pin 14 Data out (-)
Pin i6  Datain {-)

" When the instrument is used for continuous auto-sampling, the estimated life of the gold film sensor decreases and
the sensor will become a maintenance item. For example, sensor life is reduced to approximately six months if the
instrment is run continuously with a 30-minute sample interval and a 48-howr regeneration interval or reduced to
three months when using a | S-minute sample interval and a 24-hour regeneration interval.
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» Switched battery connection for data logger
# Pin assignments:
Pin9  Battery (+)
Pin7  Battery ground (-)
Pin 23  Battery ground (-)

¢ Unswitched battery connection for external battery pack pin assignments
# Pin assighments:
Pin 15 Balttery {+)
Pin 19  Battery (+)
Pin 7 Battery ground (-)
Pin 23 Battery ground (-)

NOTE: Pins 6, 8, 11, 17, 18, 20 and 21 are non-standard and should not be connected,

Potential Interferences )

R & w \ "
Potential interferences to the Jerome™ hydrogen sulfide analyzers are rare and most of these can be
eliminated with proper maintenance procedures. However, erroncously high readings cap
sometimes oceur. Here are a few things to be aware of when using the instrument:

The gold film sensors used in the Jerome® liydrogen sulfide analyzers do not respond to the
following compounds:
+ Hydrocarbons
s (0O, COy, and 50,
+  Water vapor (Note that water vapor condensation on the gold film can cause
irreparable harm to the sensor and must be avoided.)

However, the following compounds may cause the gold film sensor to respond:
» Chlorine '
¢  Ammonia
L NOQ
»  Most mercaptans (organic sulfur compounds or “thiols™)

Special filters designed to remove chlorine or ammeonia gas are available from Artzona Instrument
and may be ordered as Chlorine Filter, AZL B/N Z2600-3940 or Ammonia Filter, AZI P/N 990-
0183, Visit the “Tech Notes” section at www.azic.com for more information concerning the
chlorine and ammeonia filters.

Filter replacement at regular intervals, or when unexpectedly high readings are encountered in
areas of these potential interferents, may resolve these problems.
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9.  ACCESSORIES & MAINTENANCE PARTS

PART # ITEM DESCRIPTION
Y63l 0901 631 Accessory Kit (See pictures beginning on page 32)
1400 2002 Probe
1400 3010 Tubing Adapter, 1/4” to 1/87
2300 0001 Trimmer Tool
2600 3039 0.25 Fritware
6000 4003 Line Cord, 115 VAC - USA and Canada
Alt, 200-0003  Line Cord, 220-240 VAC - England
Alt, 200-0008  Line Cord, 220-240 VAC - Europe
Z2600 3905 Zero Air Filter
22600 0918 or 631 Functional Test Module (FTM) or
£2600 0930 & 631 Low-Level Functional Test Module
Y2600 0920 FTM Accessory Kit {See pletures beginning on page 32)
1300 0931 1/8" x 3/16" reducer
1400 3010 Tubing adaptor
2300 0003 Allen wrench .
3435-0050 1’ of 1/8” Tygon" tubing
2500 3010 1" of 3/16™ 'I‘ygonm’ tubing
2600 3010 Filter cap
2600 3055 1 Lb. Desiceant
2800 2044 {2) Guide pins
6000 4003 115 VAC Line Cord
Permeation Tube Assembly
1400 3196 Perm Tube Housing
2600 3054 (.63" Diameter Fritware
1300 1025 or Perrn Tube {0.250 ppm / 250 ppb) {for 22600 0918)
1300 1040 Perm Tube (0,030 ppm / 30 ppb) (for 22600 0930)
700-00935 FTM Operation Manual
Y631 0905 631 Maintenance Kit (See pictures beginning on page 32)
345-0050 1' of 1/8” Tygon” clear tubing
345-0244 2' of 1/16” Tygon® clear tubing
345-0257 6” of 1/16" Tygon" Fluran black tubing
2600 3039 (.25 inch fritware

Z2600 3903 Zero Air Filter

22600 3930 Scrubber Filter

22600 3933 LFS Scrubber Filler

22600 3034 LFD Scrubber Filter

Z4000 0907 Battery Pack Assembly

Page 30 of 49
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Jerome® Data Logger
Y990-0259 Includes the Jerome™ Data
Logger and JC8 Soltware Kit.

YO00-0257
{(JCS kit
without Data  Jerome® Communication
Logger) Software Kit {(JCS)

Hard Side Carry Cuase
Includes a molded case with

Y411 0904 die cut foam rubber inserts to
hold the Jerome™ 631-X and
accessories,

AL Customer Service §800-528.7411 or 602-470-1414
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1400 0052

Soft Field Carrying Case
Hand/shoulder case with

pockets for accessories.

1400 2002  Probe
2300 0001  Trimmer
1300 0031 1/8" x 3/16" reducer
24000 0907 Battery Pack Assembly {115V) o 4 f
FEEe g“},
Z4000 0908 Battery Pack Assembly (230V)
£2600 3908 Zero air filter

22600 3933

1.FS scrubber filter

22600 3534

LFD scrubber filter

22608 3930

Scrubber filter

Page 32 of 49
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Z2600 3940 Chlorine Filter

990-01%3 Amimonia Filter

1400 3010 Tubing adapter

Y2600 3945 Intake Kit

Inchudes
mounting
hardware.

P5-131 Tube Nut

2600 3032 0.25 inch fritware

2600 3061  Acrodise® Filter

“1‘ygmfm tubing 1/8” LI,

345-0050 (1 foot)

Tygon® tubing 1/16” 1.D.

345-0244 (I foot)

Tygonm Fluran tubing 1/16"

-2 o
345-0257 I.D. {6 inches)

AZI Customer Serviee 800-528-7411 or 602-470-1414
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115 VAC IDC battery charger

4000 1011 {Used to charge an uninstatled

battery)

230 VAC IDC battery charger

‘ 2
40001012 {Used to charge an uninstalled

battery)

6000 4003 100-120 VAC Line Cord

Alternate - 220-240 VAC Line Cord for
200-0003  England

Alternate — 220-240 VAC Line Cord for
200-0008  Europe

Page 34 of 49
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900-0225 10 to T Dilution Module

5100 1012  Sparc Fuse

Jerome” Communication

6000 1055 Cable

Far current prices and delivery information, cal! AZI Customer Service at
(300} 528-7411 or (602) 470-1414.

I 10. Factﬂr! Calibration Service I

Service includes filter replacement, component testing, and instrument calibration to NIST
traceable standards.

For scheduling and shipping authorization, call AZI Customer Service at
(800) 528-7411 or (602) 470-1414.
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11,

APPENDIX A - 631-X FUNCTIONAL TEST MODULE |l

The Jerome” Mydrogen Sulfide Functional Test Madule (FTM) provides a fast and easy method of
verifying that Jerome® 631-X Hydrogen Sulfide Analyzers are functioning correctly,

THIS IS A FIELD CHECK OF THE FUNCTIONALITY OF THE INSTRUMENT.
THIS TEST DOES NOT CALIBRATE THE INSTRUMENT,

The Functional Test Module is beneficial:
» Inapplications where frequent verification of functionality is required, such as ISO 9000
documentation,
» To verify proper instrament operation when unexpected readings are obtained in normal
sampling,
* Ags part of a weekly maintenance routine, and
» To determine if analyzer calibration is needed.

The Functional Test Module includes a permeation tube containing hydrogen sulfide. When
activated, the test module releases this Hs3 from the permeation tube at a specific, known
concentration. The HaS flows over the gold film sensor of the Jerome™ analyzer, which then
measures the amount of exposure to the gas. The flow rate and temperature of this retease are
factory set to provide a concentration of approximately 250 ppb (0.250 ppm) £20% when using
FTM 22600 0918 or approximately 30 ppb £ 20% when using the Low-Level FTM (22600 0930).
The user then compares the reading on the Jerome® analyzer with the known concentration from
the module. If the H:8 level shown on the analyzer’s display falls within the expected range for
the FTM being used, the instrument is functioning properly. If the level is not in the expected
range, it should be returned to the factory for NIST-traceable calibration.

see page 30 for a list of the components that make up the FT'M and its accessory kit.
The FTM, with the exception of the permeation tube, carries a limited one-year warranty to be free

from defects or workmanship. The permeation tube is warranted for 90 days. Refer 1o the FTM
Operation Manual AZI P/N 700-0095 for complete operation and warranty information.
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12.  APPENDIX B - JEROME® COMMUNICATIONS SOFTWARE ll

The Jerome® Communications Software {JC8) 15 used with 631-X Hydrogen Sulfide Analyzers
that feature the communications configuration option.

» The JCS allows the user to program the instrument for unattended monitoring and to
download recorded data stored in the Jerome™ data logger.

s Automatic sampling can be initiated every one (1) to sixty (60) minntes with programmable
audible alarm levels.

! The Jerome" Communications Software (JCS) operates with the Jerome™ 431-X Mercury Vapor
" and Jerome™ 631-X Hydrogen Sulfide Analyzers that have the “Communications Configuration™

option installed. The software can control instrament sampling for unattended continuous
operation, collect data, graph this data in real time and perform statistical analysis,

The software can also program the Jerome™ Data Logger, AZI P/N 6100-0010. This optional
accessory enables data storage during manual sampling or portable automatic sampling without
being attached 1o a computer. The data logger initiates automatic sampling, triggers alarms and
stores data. The logged data may then be downloaded to the computer when it is conventent. The
data logger stores up to 1,000 data points.

The YC§ 1s menu-driven and casy 1o use. Each
display screen is designed for clarity with self-
explanatory menu options, such as “Operate
instrument” or “Display Stored Data.” Select
menu options using either a mouse or a track ball
pointing device or a standard keyboard. The user
creates records, or files, for computer storage of
collected data. Data is easily retrieved for later
viewing, graphing, printing or editing with
spreadsheet or word processing software (not
provided). Data can be used for ongoing record
keeping or for fulfilling local regulatory
requirements.

Before using this sofiware, familiarization with the operation of the Jerome” Hydrogen Sulfide
Analyzer or Mercury Vapor Analyzer is important. Also, prior to installation of this software you
should be familiar with the personal computer and operating system you are using. If you have
any questions about how to proceed, call AZY Customer Service at (800) 528-7411 or (602) 470-
1414 or send an e-mail to supportazic.com for assistance.
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» Jemmc Communication Software on CD-ROM w:th sewuty kcy
e Jerome™ Communication Cable, AZI P/N 6000 1055
* LUlser’'s manual

. Jcmme 631-X w:th the “Communications Option. Fhew Je:onm instruments havc a
DB-25 connector and related internal hardware and firmware,

) Windows@ Torg

» At least one free serial port (or two free USB ports if using a R§-232/USB converter)

* One free USEB port

Optional equipment:
+ Jerome® Data Logger, AZI P/N 6100 0010 (to capture data without a computer nearby)

The soﬂwam can also program the Jerome” Data Logger (AZI P/N 6100 0010) used with the
Jerome” analyzer. The computer programs the data logger that then attaches to the DB-25
connector on the rear of the instrument. The data logger initiates automatic sampling, triggers
alarms and stores data. This optional accessory enables portable automatic sampling without a
dedicated computer.
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The DIP switch identified as SW2 on the
631-X control board is located at the top

center of the hoard,

Switch the instrument’s power to OFF before opening the instrument

Switch # Position

Function Comment

1 ON AUTORANGE DHSABLED (SEE DIP SWITCHES 5 & 6)
1 OFF AUTQRANGE ENABLED
2 x NOT USED
3 X NOT USED
. ZERO  DISPLAY:
4 ON 00-99
ZERC DISPLAY:
4 OFF L-C-H
Switch # Fanction Comment
5 6 RANGE SAMPLE TIME
ON ON 0000 - (JEZ?]:PM) 30 SECONDS
ON QOFF 1 (0.10 - (.99 PPM) 25 SECONDS
OFF N 2(01.0-09.9PPM) 16 SECONDS
QFF OFF 3 (10 - 50 PPMD) 13 SECONDS
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14. APPENDIX D - JEROME® 631-X OPTION BOARD

Proper use of this board requires that the base instrument be fully functional and set correctly for
the intended operation.

NOTE: fR101 is

8 moved from its

§ factory set position,

i call customer service
§ at 800-528-7411 or

) 602-470-1414

Dip Switch
SW 160

Jumper é-w‘lt)‘l

With the option board installed, the 631-X has a limited auto-zero function. This function cannot
be disabled and is transparent to the user. The instrument can be manually zeroed as described in
“Zero Adjust” on page 13. However, if the instrument is to be operated by personnel not familiar
with the procedure or if it is operated unattended, the auto-zero function should satisfactorily zero
the unit after each sensor regeneration.

The Jerome™ 631-X has essentially three ways to zero the sensor reading before samples are taken
if the option board 15 instaled.
¢ The instrument automatically re-zeroes between samples so that each sample is a unique
reading. To take a sample, simply press the SAMPLE button.
* The manually adjusted zero, using the switch on the top of the 631-X is used to re-establish
a baseline between the reference and sensor gold films only after a sensor regeneration.
This zero is manually adjusted by pressing the ZERO button and twrning the potentiometer
on the top of the instrument until the display reads 0. Adjust only after sensor
regeneration; it is normal for H to be displayed after sampling.
» The 031-X option board provides an auto-zero feature following regeneration that is
invisible to the user.
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¢ In some cases, the instrument cannot resume sampling after rezeneration. L.L.L appears
on the display when the ZERO button is pressed and the error message “manual bridge
adjust needed”™ 15 added to the notes column of the JCS text file when the JCS is used. If
this problem persists, it may be necessary to re-sel the auto-zero.

* When necessary to re-adjust the auto-zero point:

L

# Tum the instrument off.

# Make a note of the original DIP switch settings of SW100 on the option board.

¥ On red DIP switch on the control board, W2, turn DIP switch 4 to ON.

# Set the switches on the option board’s blue DIP box, SW100, to 1,2,6 OFF; 3,4,5 ON.

# ‘Turn the instrument ON.

# Press and hold the ZERO button and adjust the potentiometer on top of the instrument
until the number 20 is displayed, then release the ZERQ button.

# Switch option board DIP #1 from OFF to ON three times, leaving it set to ON. (i.c.
starting from QFF, switch it ON, OFF, ON, OFF, ON).

# Press and hold the ZERO button while turning the potentiometer on the option board until
the number 20 is displayed. Note the display may flicker one digit.

# Return all switches to their original position.

NOTE: The higher the auto-zero number, the lower the sensor capacity and the more sensor
regenerations are needed.

If the unit is to be operated unattended for extended periods, AZI recommends that the sensor be
regenerated regularly. Operation under JCS or data logger control avtomatically regencrates
saturated sensors. Regeneration wall not occur as shown when sample streams have a very low
concentration of H»5. The option board controls regeneration on a regular basis, every 6, 12 or 24
hours.

The regeneration intervals are set through a combination of switch setlings as shown in the
following table:

——————— SW100--woeueen | REGENERATION
Switch#1  Switch #2 Interval (Hrs.)
OFF OFF OFF
ON OFF 6
(QFF ON 12
ON ON 24
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If a data logger is connected and operating in the manual sampling mode or a data logger is not
connected the following automatic sampling rates may be setected with SW100 dip switch
settings: ' ‘

Dip suich setlings Sampling frequency
3 4 5
ON ON ON No autornatic sampling
QFF ON ON 3 minutes
OFF OFF ON 15 minutes
OFF ON OFF 30 minutes
OFF OFF OFF 1 hour

This auto-sample function will not function if a data logger is connected and operating in
automatic sampler mode progranuned through the JCS.

The analog output signal at pin 18 of the 25 pin connector can be configured to provide the
insfrument's native mode 0-2 Volt output or the optional 4-20 mA output by setting the option
board jumper (SW101) to the "V position for voltage, or the "I" position for current. {Pin 23 is
the ground pin for the analog output function. Pin 18 is positive with respect to the ground pin).

* The 0-2 Volt owput circuit can drive loads of 10 kilohms or higher.
« The 4-20 mA output is a passive transmitter and requires the connected receiver to supply
between 10 and 28 volts DC.

The 631-X must have the auto ranging feature disabled in order to get accurate analog output
readings, The approximate range of the H,S concentration must be known before the instrument
can be set into that specific range (0, 1, 2 or 3). The analog output signal is based on each
individual range and not the entire range (0-30 ppm).

Note that neither analog output circuit is floating. The negative terminals of both circuits are
connected to the instrument's common ground bus,

SW101 Functions:
Vo= | .2V analog output

= |4-20 mA analog output
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Jerome®™ 631-X instruments shipped after early 1995 are capable of providing 0-2 volts analog
output. Instruments shipped before that time can be upgraded by a firmware update and
adjustment,

Instrurnents that are capable of 0-2 volt output can be
upgraded to the 4-20 mA output with the addition of an
option board upgrade. This must be installed at the
factory.

Connection and Setup:

» (-2 volt devices connect as shown in Figure 1. If

the instrument 1includes an option board, be sure its
analog jumper (SW101) is set to the V" position.

IN 1

:¢¢¢v5‘ﬁbaano
sww aaam

ﬁ-‘ﬁ‘ﬂ#

REAR OF CONNECTOR,
CONNECT PINS IBAND Z3TOR
0-2 VOLT OUTPUT,
JUMPER ON BOARD ISAT *V”
Figure 1

¢ The 4-20 mA active receivers connect as shown in
Figure 2. The active receiver contains a voltage
source to power the loop current. The receiver must
have an isolated input circuit. That is, it must not be
connected to groand or to a voltage source
referenced to ground. Be sure that jumper SW101 1s
set to the “1” position before power is applied.

REAR OF CONNECTOR,
CONNECT PINS 1BAND 23 FOR
4-20 mA OUTPUT.
JUMPER ON BOARD IS AT “17
Figure 2
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* The 4-20 mA passive receivers do not contain
a voltage source to power the loop current.
They require the addition of a separate
isolated power supply. Typically a supply that
delivers 15 to 20 volts DC at 30 mA is
sufficient. Wire these as in Figure 3. Note
that some 12-volt IXC wall ransformers {as
used on portable equipment) may deliver 15 to
20 volts when they are lightly loaded. The
Digi-Key T509-P1P-ND is a commonly
available example of a 12 volt 200mA supply
that will deliver around 18 volts nominal when
loaded below 20 mA.

» Be sure that both the power supply used and
the passive receiver are floating {not

conneeted to earth ground). If either is not CONNECT PINS 18 AND 23 FOR
floating, the circuit will not work and damage :1-2 0 mA OUTPUT

may oceut. TP E "y o g
» Ensure that jumper SW101 is set to the “I” JUMPER Og gﬁggu 1S AT

position before power-up.

Example Calculations:
« Example }: Locked in Range | (0.10 to 1.00 ppm)

o 631-X reading Current
0.10 ppm or less 4mA
1.00 ppm 20mA

o The formula relating the current to the concentration is:
Concentration = {Range Maximum x (Current — 4))/16

0 Anoutput current of 12mA (in Range 1) corresponds to a concentration of 0.500 ppm:
Concentration = {1.00 x (12 — 4})/16 == 0.500 ppm

¢ Example 2: Locked in Range 2 (1.0 10 10.0 ppra)

o 631-X reading Cuirent
1.0 ppm or less 4mA
10.0 ppm 20mA

o  The formula relating the current to the concentration is:
Concentration = [Range Maximum x (Current — 4))/16

o Anoutput current of 12mA (in Range 2) corresponds to a concentration of 5.00 ppm:
Concentration = [10.0 x (12 - 4))/16 = 5,00 ppm
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An external three-way solenoid can be used to provide fresh air or conditioned air during sensor

regeneration.

This may be necessary if the sample stream lacks molecular oxygen. A low current

six volt DC solenoid, connected between pins 19 and 11 of the 23 pin rear panel connector, will be
energized during the regeneration cycle if the option board SW100 switch 6 is placed in the OFF

position.

If needed, the circuit may be built from the following components and configured as shown in the
following diagram. It will only function if the option board is installed in the 631-X instrument.

Reguired Parts: Suggested Part Similar AZI1 P/N

1 solenoid, 6volt Iway Angar P/N 407569 1300 1004

1/8" 10 1/16" tubing adaptor Any 1300 0025

1/2" clamp, adhesive mount Any 6000 0013

1/8" tube to instrument adaptor Any 1400 3010

3" 1/8” clear tubing Tyson” Formula 2375 | 345-0050

AR 17167 clear tubing (for adjacent solenoid ports) ’fl“ygm:@ Formula 2375 | 345-0244

A/R 1/16" black tubing (for lone solenoid port) Tygon® Fluran 345-0257

1 25 pin male DB-25 connector Solder-cup style AMP 747912-2 None * o
1 connector hood AMP 749626-2 MNone *

* These are types not stocked by AZI, but should be available overnight from many AMP stocking
distributors such as Digi-Key Corporation. There are multiple suitable alternatives such as Radio
Shack’s 276-1547 and 276-1549.

{

TO INSTRUMENT

I/S" Fl“.i BE 1/16” TerE
II::-_-I mﬂb 1/16" TUBE
TO SAMPLE
SOURCE

T FRESH AIR

116" TUBE SOURCE

ﬁiﬁnéﬁﬁb iai‘lﬁ“d“ba & B

REAR OF CONNECTOR, REAR OF CONNECTOR,

CONNECT TO PINS 11 AND 19 CONNECT TO PINS 19 AND 21
MOST INSTRUMENTS 631-% SHIPPED IN 1994 ONLY
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Instruments with the 631-X option board modification can be used with any +12 VDC source for
continuous operation, if the AZ1 Power Inverter Kit, P/N Y031 0902 is installed along with the
option board. To preserve the life of the DC power source, usually a car or truck battery, the
power mverter will switch on automatically to supply the AC necessary for regencration only.
The external switch on the inverter should always be OFF to preserve battery life during normal
sampling.

To work with the power inverter kit, place optlion board SW100 DIP Switch #6 to the ON position.

When the instrument starts a regeneration with option board SW100 DIP Switch #6 ON, the
instrument sends a signal 1o ¢close the relay on the DC Power Adaptor, AZI P/N 1000 0089,
mounted between the data logger and the instrument. This switches the power inverter ON using
the inverter’s internal switch.

NOTE: When this mode 1% enabled, the instrument does NOT check for 115 VAC for the
regeneration. If there is no AC power to the instrument, and a regeneration is initiated, the
instrument will fiash H H.H {rather than P.P.F), however the sensor will not heat, nor will the
sensor be cleaned.

DC Power Adaptor Kit, AZI P/N Y031 0902

» The DC power adaptor kit consists of:
# DC Power Adaptor, P/N 1000 0089
# DC Power Inverter, B/N 4000 1021
# DC Power Cable Assembly, P/N 6000 1093

Installation

¢ Ensure that the instrument’s option board switches are set correctly for the intended
operation with the option board’s SW100 DIP Switch #6 set to “ON" for DC operation.

* Mount the interface board to the rear of the instrument, Tighten the mounting screws,

» Place or mount the DC/AC power inverter in a secure position near the instnunent,

+ Connect the cable from the DC/AC power inverter 10 the matching connecter on the
interface board. Note that the connectors are keyed to prevent improper connection.

+ Plug the instrument’s AC power cord into the power inverter and coonect it to the
instrument.
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Ensure that the inverter's power switch is in the “OFF” position. LEAVE the power switch in the
“OFF" position af all times. The interface board will activate the inverter when necessary. 1f the
inverter power switch is placed in the “ON" position, it will cause a continuous drain on the
external 12-volt power systeii,

e Remove the screws from the rear cover of the inverter and remove the cover,

Place the wires from the external DC source (battery) and the wires from the DC power
cable through the holes in the end plate.

# Connect cables from the external 12-volt power source and the DC power cable assembly to
the appropriate positive (+) and negative (-} terminals on the back of the inverter and tighten
the hold down screws.

» Connect the yellow wire from the DC power cable to the “REMOTE"” terminal on the
power inverter and tighten the hold down screw.

* Reinstall the cover, .

If the external 12volt lines are not powered, power them now. (Connect them to the battery)

« Connect the instrument’s AC power cord between the instrument and AEPRESENTATIVE
the front of the power inverter, FRONT VIEW

¢ Turn the instrument “ON.”

Press the “REGEN" switch on the instrument, Inverter operation can H H
0

be vertfied in either of two ways:

# Immediately after pressing “REGEN" the inverter will intermittently
“sing.” This tone slowly becomes nearly continuous and then ends
after 64 seconds.

¥ If the area 15 noisy, use a voltmeter or test lamp to verify that

approximately 115 volts is present for about 64 seconds, starting @
when the "REGEN" switch is pressed.
. ' . ' . e ON
» Allow the instrument to complete its regeneration before turning it off, oFF _—

‘ , L y
* With the instrument tuned off, complete the installation (1.¢. connect
data logger, communications cables, or other devices and ensure that the DIP switches for
the instrument and option board are set correctly.
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15. WARRANTY ||

Arizona Instrument LLC (seller) warrants to buyer that Jerome™ products defivered pursuant to
this agreement shall, at the time of delivery, and for a period of one (1) year thereafter (the Internal
Battery Pack, where applicable, is wartanted for a pertod of ninety [90] days only), to be free from
defects in material or workmanship and shall conform to seller's specifications or such other
specifications as seller has agreed to in writing. Seller's obligations with respect o claims under
this wartanty shall be limited, at seller's option, either to the replacement of defective or non-
conforming product or to an appropriate credit for the purchase price thereof subject to the
provisions of seller's Warranty Palicy as amended from time 1o time, said Policy being
incorporated herein by reference.

Returned products under warranty clatms will be shipped fo seller’s plant by buyer at buyer's
expense and shall be accompanied by a statement of the reason for the return and an approved
Return Material Authorization Number issued by sefler. Buyer remains responsible for payment
for products not accepted for warranty adjustment, handling costs, and freight costs associated
therewith.

Notwithstanding the foregoing, no warranty shall be enforceable in the event that product has been
subjected to environmental or stress testing by buyer or any third party withoul written approval of
seller prior to such testing. Further, no warranty shall be enforceable if the alleged defect is found
to have occwrred becanse of misuse, neglect, improper installation, repair, alteration, accident, or
tmproper refun handling procedure by buyer.

Discontinued product is warranted only for a credit or replacement at seller's option.

THE EXPRESS WARRANTIES GRANTED ABOVE SHALL EXTEND DIRECTLY TO
BUYER AND NOT TO BUYER'S CUSTOMERS, AGENTS, OR REPRESENTATIVES AND,
EXCEPT FOR WARRANTY OF TITLE, IS IN LIEU OF ALL OTHER WARRANTIES,
WHETHER EXPRESSED OR IMPLIED, INCLUDING ANY IMPLIED WARRANTIES OF
FITNESS FOR A PARTICULAR PURPOSE AND MERCHANTABILITY, SUCH OTHER
WARRANTIES BEING SPECIFICALLY DISCLAIMED BY SELLER, IN NO EVENT SHALL
EITHER PARTY'S LIABILITY FOR ANY BREACH OR ALLEGED BREACIH OF THIS
AGREEMENT EXCEED THE TOTAL EXTENDED PRICE OR PRICES SHOWN ON
UNFILLED GRDERS, NOR SHALL EITHER PARTY BE LIABLE FOR ANY SPECIAL,
INCIDENTAL OR CONSEQUENTIAL DAMAGES RESULTING FROM BREACH OR
ALLEGED BREACH.

Notwithstanding the foregoing, if any product covered by order(s) placed hereunder is designated
as “developmental,” “prototype” or “experimental,” no wartanty whatsoever except a warranty of
title to component materials, will be applicable thereto and buyer shall indemnify seller for any
claims for Hability asserted seller in connection therewith,

The foregoing state the entire liability of seller in connection with products supplied hereunder.
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TRADEMARK AND COPYRIGHT PROTECTION

. o - M 3 . - ~ .
erome”, Arizona Instrument™, AZI" and the stylized AZI are all registered trademarks of Anzona

Instrument LLC.

Instrument firmware is copyright protected.
All specifications subject to change without notice,

Copyright 1990-2014 Arizona Instrument LLC. All Rights Reserved.

Acrodisc” is a registered trademark of Pall Gelman Sciences, Inc.

Resisorb™ is a registered trademark of Avantor Performance Materials,

Tygon® is a registered trademark of Saint-Ciobain Performance Plastics Corporation.
Windows” is a registered trademark of Microsoft Corporation in the United States and other
countries.

Arizona Instrument LLC
Jerome® 631-X Hydrogen Sulfide Analyzer Operation Manual
Part Number 700-0037

If you have any questions regarding the operation of this instrument, please call our toll free
number (800) 528-7411. Internationally, call (602) 470-1414 or fax (480) 804-0656.
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