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NOTICE

This report on the Sdisbury Air Qudity Monitoring Study was an effort to characterize
ar qudity in the Milford Hills area in Sdisbury, NC. The effort represents two separate
but redated invedigations ATAST Invedigation 01007 to sudy volatile organic
compound (VOC) issues and ATAST Invedtigation 01008 to study hydrogen sulfide
(H2S) issues.  Accordingly, the report is organized to present and discuss VOC and BS
topics separately to the extent possble. A variety of instruments, equipment, and other
commerciad products were used during this study. Mention of trade names or company
names, or use of commercid products in this report, does not congitute an endorsement
by either NCDAQ or ATSDR.

The draft report was completed April 30, 2002. Since only two sets of comments on the
draft report were submitted (see Appendix 1), the find report is essentidly the same as
the draft report. Following are the only changes worth mentioning in findizing the initid
draft report:

In Section 3.2.2, three paragraphs were added qualifying the data produced by the
RAE Sygems monitor in the subsection “APAC HMA Prdiminay Emisson
Data.”

In Section 4.4.2, five paragraphs and 2 tables (Tables 15 & 16) were added
describing the additiond disperson modding DAQ peformed on the current
emission control configuration for the Associated Asphdt termindl.

In Section 4.5.3, one paragraph and Table 20 were added to describe the stuation
with the highet H,S monitoring data. Also, four paragraphs were edited to better
clarify how the data were organized and managed to produce Table 21 and Figure
10 in the subsection “Rdationship of Agphdt Facilities Process Data, Wind
Directional Data, and H,S Data.”

Section 455 was crested to summarize the nine sats of information that
corroborate which asphat facility was largely responsble for the locd odor
problem.

In Section 5.2, three paragraphs were added to more completely represent the

events and provisons involved in changing the DAQ permit issued to Associated
Asphdt in November 2002.

In Section 6 at the end of the first paragraph, the paper presented on this study at
the Nationa AWMA Conference in Batimore in June 2002 is added.

vii
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EXECUTIVE SUMMARY
SYNOPS'S

An ambient ar monitoring sudy adong with emisson tests were conducted to estimate
concentrations of severd toxic pollutants in a resdentid suburban area adjacent to a
liquid asphat digribution terminad (Associated Asphdt, Inc) and a hot mix asphdt plant
(APAC-CAROLINA, Inc). Daa were collected a three monitoring stes from May
through September 2001 for hydrogen sulfide (H.S), voldile organic compounds
(VOCs), and meteorological conditions. In addition, data were collected to characterize
key parameters for process operaions from both paving asphdt facilities, nearby road
traffic, and odor complaints. These data were andyzed to evauate rdationships between
H,S and VOC concentrations, each asphdt facility’s process operations, remediation
activities, wind direction, and odor complaints. Integrd to the monitoring study was a
source test measuring emissions of H,S and related odorous sulfur compounds conducted
on the liquid asphdt temind. Findly, digperson modding usng emisson daa and
emisson factors was performed to determine compliance with NC regulatory acceptable
ambient leveds (AALs). Notable outcomes from this and related efforts include the
following:

- Discovery that H,S is the most emissve toxic compound identified to be emitted
from the Associated Asphat liquid asphdt termind and gppears to be emitted a
sgnificant levels from hot mix asphdt plants.

H>S emission control practice a many liquid asphdt terminalsin NC is non-existent.
Monitoring data, process data, citizen complaints, and disperson modding argue
grongly that the liquid asphdt termind is the primary contributor to H»S levels above
the odor threshold in the nearby area.

Monitoring data and disperson modding show that ambient concentrations of
benzene and other VOCs in Sdlisoury are typicd of ar in smila aess and
communities.

In March 2003 additional carbon beds were indtdled a the Associated Asphdt liquid
asphdt termind to control dl the storage tank vents streams.

INTRODUCTION

This study was conducted in response to ar qudity issues arising from odor complaints
and potential hedth concerns from resdents of the Milford Hills area in Sdisbury, NC.
To address these concerns, the NC Divison of Air Qudity (DAQ) peformed ambient air
monitoring and disperson modeling of the reevant ar pollutants of interes such as
volatle organic compounds (VOCs, namdy BTEX (benzene, toluene, ethyl benzene,
xylenes) and hydrogen sulfide (H2S). The federd Agency for Toxic Substances and
Discase Registry (ATSDR) provided HS monitors and technical assistance to support the
qudity control of the data produced by the monitors.

Additiondly, ATSDR conducted sampling and analyss of severd other compounds such
a benzene-soluble particulate matter (PM), totd organic compounds, polycyclic
aromatic hydrocarbons (PAHs), and crystdline glica This document does not address
the ATSDR effort.



EXPERIMENTAL M ETHODOLOGY

Process data from each asphdt facility were collected throughout the 117-day study
period. Process operations — and the corresponding emissons — for each agphdt facility
vaied in time depending on severd factors. Asphdt facility process records were
collected and formed an integrd part of the project’s data collection in order to evduate
any relationship with monitored data. Process data, accounting for 90% of asphdt facility
emissions, were collected weekly and organized into a computerized database.

Source testing was peformed a the Associated Asphdt didribution termina  under
norma operating conditions usng EPA Method 15 for HpS. In addition, DAQ dtaff
collected preiminary H,S data a the APAC hot mix asphat plant and the two companies
with remediation (ExxonMobil and Southern States) peformed VOC emisson tests
during the study.

Three monitoring Stes were sdected to characterize ambient air pollutant concentrations
and meteorological data Each monitoring Ste was configured with one meteorology
dation, one volatle organic compounds sampling system, and one hydrogen sulfide tape
meter housed in a dimate-controlled enclosure.  Meteorological parameters measured
were wind speed, wind direction, temperature, relative humidity, and barometric
pressure.

Each VOC sampling sysem conssted of instrumentation to collect 24-hour ambient ar
samples in SUMMAO canisters via XonTechO 911A/912 equipment. The VOC
sampling conssted of 24-hour periods from midnight to midnight. A tota of 34 VOC
samples covering 24-hour periods were collected on a random schedule and analyzed
within the holding time. DAQ ATAST daff andyzed the ambient air samples for VOCs
folowing EPA Method TO-14A. This method can identify and quantitate up to 40
organic compounds.

H.S data for ambient ar levels were collected using Zelweger Anaytics TapemetersO
obtained from ATSDR. This instrument uses a lead acetate-treated cloth tape red to
andyze for HpS across 2-90 parts per billion (ppb) range. After each 15-minute sample
period the concentration data were stored on an attached data logger.

STUDY RESULTSAND DISCUSSION

The andyds in this report provides severd important ingghts into the origin and extent
of percaved ar qudity issues in the sudy area.  This was accomplished by evduating the
relaionships among VOC concentrations, H.S concentrations, emissve source profiles,
meteorologica conditions, and odor complaints. The dgnificant findings from andyzing
this large body of dataincluded:



VOC Emissons. Two of the sx emisson sources were found to relesse benzene
emissons above the NC DAQ permitting threshold, or toxic pollutant emisson rate
(TPER) value, of 8.1 Iblyr. These sources of benzene included the APAC hot mix asphalt
plant (29 Ib/yr) and the Southern States remediation dte (58 Ibfyr). The remaining four
emisson sources (Associated, Concrete Supply, Exxorn/Mobil, and traffic from a one-
mile dretch of Jake Alexander Blvd.) combined only emit 2.5-Ib/yr benzene.

VOC Disparson Modding. Disperson modding prediction results show that benzene
from Southern States is the only TAP in this study predicted to exceed its respective
annua AAL guiddine (1.2 x10™* mg/nT, 0.12 ug/nT, or 0.038 ppb). Its predicted ground
levd maximum impact was 1.02 x10° ugin® (0.32 ppb), a level 850% of the AAL.
However, the predicted maximum impects ae centered in the immediate vicinity
(within50 m) of the emisson source rapidly drop below AAL concentrations, and pose
litteno long-term exposure potentid to any individud. Furthermore, Southern States
decided in March 2002 to discontinue operation of the ar sparging system and is in the
process of evaduaing dternative technologies that will minimize or diminate benzene
emissons

VOC Ambient Concentrations. Benzene, toluene, xylene and other VOC concentrations
measured in the study were compared to 24-hour data from other Stes smilar to
Sdisbury and found to be in the same range. For example, the average 24-hour benzene
concentration for Sdisbury was 0.16 ppb, within the range of 0.13 - 0.24 ppb measured in
other suburban and rurd sites during 24-hour periods. DAQ concludes that in terms of
ambient air quality, the concentrations measured in the Sdlisbury sudy indicate that the
ar in this area is typicd of ar in other amilar areas. However, the concentretion deta
from the Sdisbury sStes will be assessed in terms of hedth effects and risk assessment in
a separate report through the NC Department of Hedlth and Human Services (DHHS) and
ATSDR.

H,S Emissons. The results from this study provide new indght into the emissve profile
of toxic compounds released from liquid asphdt and from hot mix asphat operaions.
Comparison with VOC data shows that H,S was by fa the most emissve toxic
compound from this particular liquid asphat operation.  New emisson test data from
Associated Asphdt showing 2,400 parts per million (ppm) H»S from filling storage tanks
with paving-grade liquid asphdt is in rddive agreement with roofing asphdt data for
levels up to 1,700 ppm. The derived emisson factor for liquid asphdt ralcar pumping
operations is 0.0049 Ib H,Siton of liquid asphdt. Faclity wide emisson raes for
Associated were determined to be 0.41 Ib/hr HpS for norma operating conditions.

Prdiminary data collected usng hand-hdd ingruments & the APAC hot mix asphdt
(HMA) plant suggest H»S emission concentrations on the order of 90 ppm and 6 ppm
emitted from liquid asphat dorage tank filling and the dryer/mixer, respectively.
Smilaly, comparison with VOC daa shows that H,S is by far the most emissive toxic
compound from this particular hot mix asphdt operation. Facility wide emisson raes
ae edimaed to be 0.76 Ib/hr, a levd above the TPER guiddine of 052 Ib/hr.



(Subsequent  disperson modeling shows a permissble AAL; see discusson beow). The
derived emisson factor for the dryer/mixer operations is estimated to be 0.005 Ib HS'ton
of HMA produced.

H,S Digperson Modding. Disperson modding results shows that the ground leve
maximum impact for H,S was predicted to be below its respective hourly AAL of 2.1
mg/nt (~ 1500 ppb) for APAC (0.006 mg/n or 4.3 ppb) and for Associated (0.404
mg/nt or 290 ppb), individudly. The isopleth andyses for H,S show that maximum
impacts are distributed close to Associated's northern property boundary near the Access
Road sampling gte (within 30 m) and then rapidly diminish. In addition, ground leve
maximum impact concentrations above the odor threshold (0.011 mg/nt, 8 ppb) were
predicted for much of the area indde the Milford Hills subdivison. More favorable
source characteristics accounted for a lower and more distant (100 m from its property
line) predicted maximum impact point for APAC as compared to Associated.

HoS Ambient Monitoring.

Measured 1-hour average H,S data at the Access Road Ste located within 3 meters of
the asphalt terminal exceeded odor threshold levels 28 times and approached or exceeded
odor nuisance levels (40 ppb) only 3 times in 4 months. Measured Xhour average HS
data a the Cul-de-sac sdite located 200 meters from the asphdt terminal were above odor
threshold levels only 4 times in 4 months, but did not approach odor nuisance levels.
Measured 1-hour average H,S data at the remediation Site located 400 meters from the
terminal neither exceeded odor threshold levels nor approached odor nuisance levels.
Evduation of the H,S monitoring data relative to process and wind directiona data
reveded the following:

H,S ambient levels a the Access Road site were highest and occurred most
frequently in the late evening hours when only the Associated Asphdt termind was
unloading ralcars, itsmost H,S emissve operation. The observation of pesk H.S
ambient levels in the lae evening is condsent with two other smilar investigations
peformed by ATSDR. These pesk H,S levels can be explaned by reduced
converson of HpS to sulfur dioxide due to lower ozone levels and by reduced
dispersion conditions, each of which isdlied with late evening circumstances.

H,S ambient levels a the Access Road dte were highest and occurred most
frequently when only Associated was unloading railcars and the wind direction was
from Associated.

Odor Complaints.
During the study the City of Sdisbury documented 38 citizen complaints. Mogt of the
complaints occurred when only Associated was operating.

Collective Data Base. Collectively, this body of results (H.S source emisson data,
disperson modding, H,S ambient monitoring data, process data, wind directionad data,
and odor complaints) point to the liquid asphdt termind as the primary contributor
largely responsible for the odor complaints and odor problem in Milford Hills.
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SECTION 1
INTRODUCTION

This document serves as the Find Report for the Sdisbury Ambient Air Qudity
Monitoring Study. The objective of the effort performed by the NC Divison of Air
Qudity was to characterize the ambient air near the emisson sources. It was done by
monitoring ambient concentrations of hydrogen aulfide and volatile organic compounds
rdeased from nearby emisson sources. The centra issue behind this study was to
determine whether the ambient ar in the Milford Hill area contaned ar pollutant
concentrations imposing a hedth concern or a nuisance from their odor. All data and
results of the study, including this report, will be forwarded to the NC DHHS and the
Agency for Toxic Substances and Disease Registry (ATSDR) for a human exposure
assessment aswell as for a subsequent report through DHHS.

The following report describes each part of the study, how the parts were integrated into
the overdl project, and the project results. The document describes the:

Emission sources under investigation,

Ambient monitoring methods at three sampling Sations,

Quadlity assurance and quality control activities, and

Reated project data collection, management, modeling, and andysis results.

11 BACKGROUND

Two diginct forces converged to edablish the bass for this environmenta <udy.
One was a grass roots effort driven by the locd community warranting the attention of
local, date, and federd government agencies to evauate odor nuisance and potentid
human hedth concerns posed by a nearby cluster of industries. The second was a
growing body of technica data supporting the feeshility tha H,S emissons from the
aphdt fadlities could be high enough to exceed the H,S odor threshold and,
incombination with VOCs, potentidly approach or exceed levels deemed acceptable to
human hedth.

1.1.1 Hisgtorical Background

Milford Hills is a long-established sub-divison within the City of Sdisoury, North
Caolina located on its northwest sde off Jake Alexander Boulevard. Also located
nearby on Jake Alexander Boulevard are a cluster of industrid properties with current
and previous commercid operations, most of which do or did involve petroleum
products. Current operaions include two asphdt-related businesses and one concrete
batching plant, while past operations aso included a large gasoline termind and an above
ground storage tank with a retall fud dispenser idand where there are now two dtes
undergoing soil and water remediation.



The City’s recent land use study showed the following suburban character of the area
near the agphdt facilities:
Within a % mile radius there are approximately 950 resdents, five churches,
five restaurants, and twelve other public gathering and business locations; and
Within a one-mile radius there are an additiond 2900 resdents, one church,
nine restaurants, and five other public gathering and business locations.

Between 1997 and September 2001 the residents in this area registered on the order of
400 asphdt-rdated odor complaints to ether the City of Sdisbury or the Mooresville
Regiond Office of the Divison of Air Qudity (DAQ). Notice of Violations for odor
nuisance have been issued severd times by the City of Salisbury and once by DAQ.

The federa Agency for Toxic Substances and Disease Regisry (ATSDR) received three
petitions in the year 2000 for a public hedth assessment of these agphdt fadilities.
Thelocal environmentd group, the Rowan County Hedth Director, and the NC State
Hedth Director submitted the petitions, citing an dlegedly high incidence of serious
hedth problems in nearby resdents and workers. A concerned citizen reported to
ATSDR that over 60resdents and workers have developed cancer-induced fatdities,
debilitating cancers, diabetes, drokes, severe respiratory illnesses, miscarriages and
behaviora/learning problems believed to be rlated to contamination in the ar and other
mediain the locd environment.

Upon completing their review of the petitions and dleged evidence of contamination,
ATSDR detemined that the petitions met their criteria for conducting public hedth
assessment activities:  Under authority of the Comprehensive Environmental Response,
Compensation, and Liability Act, ATSDR is conducting a public hedth assessment of
Associated Asphdt and APAC-Cardling, both located on Jake Alexander Boulevard in
Sdisbury, NC.

As is cusomary, ATSDR requested the assstance of the responshle dtate agencies,
NC DAQ and the NC Depatment of Hedth and Human Services, to paticipate in this
assessment.  Towards this end, the NC DAQ agreed to conduct the mgority of the
ambient monitoring study, the scope and results of which are described in this report.

1.1.2 Technical Background

Liquid asphdt is defined by the American Society for Testing and Materids as a brown
to black colored cementitious materiad in which the predominant condituents are
bitumens occurring in nature or produced in petroleum processing.’  Liouid asphdt is
produced & many oil refineries, where crude oil is didilled into various low molecular
weight fuds and, from what is left after didillation, is made into high molecular weight
agphdt for paving, roofing and seding. Agphdt is a complex mixture with hundreds of
organic compounds varying SO widdy in concentration that its exact molecular
compostion is seldom atempted and defies definition.  Accordingly, it is a commercid
materid specified and sold in terms of its physcd and enginering properties (flash
point, viscodty, penetration, ductility, etc.) rather that its compostion and purity.
The generaly accepted compostion of most asphdt is 79-88% carbon, 713% hydrogen,



0.1-6% sulfur, 0.1-2% nitrogen, and 0.1-1.5% oxygen. ? Liquid asphdt is dasdfied in
terms of its engineering performance; most asphdt is produced as Peformance Grade
(PG) 64-22, PG 70-22, and PG 76-22. The numerica vaues in the PG rding indicae the
working temperature range of the asphdt in degrees Centigrade (C); e.g., PG 64-22 can
be applied between 64°C and minus 22°C.

The oil industry began sudying the disribution of sulfur in crude oil in 18912
Many crude oils contain sulfur compounds and those crudes with greater than 1% sulfur
are accompanied by a gas with H,S properties. During ail refining, much of the origind
aulfur is converted to H,S and organosulfur compounds.  Sulfur compounds are important
congiituents in asphdt, as sulfur is beneficid in srengthening and hardening asphalt?
High levds of sulfur in liquid asphdt can lead to the rdease of sulfur gases such as H,S
during its processng and commercid distribution.

H,S is a madodorous compound with known irritant, neurotoxic and asphyxiant
properties. Itis highly volatile, with a vapor pressure of 15,200 mm Hg a 78°F, and has
an amospheric half-life of approximatdy 2 days® H.S is a leading cause of occupationa
mortdity and exposures above 500 ppm can lead to serious adverse effects including
pulmonary edema, unconsciousness, coma and death.* Ironicaly, olfactory pardyss, a
neurologicd phenomenon that results in an impared ability to detect odors, may be
experienced following H,S exposures above 50 ppm.  There is unambiguous evidence of
toxicity following short- and long-term exposure to H,S at levels above 10 ppm; adverse
effects include irritation of the eyes, nose and throat, ocular toxicity, and headache and
nausea. ® Human hedth effects asociated with single digit (less than 10) ppm and
ppb-levd exposures include dtered metabolism, asthmatic responses, and physologicd
or psychologica responses to the detection of foul odors, including heedache, nauses,
loss of appetite and emotiona disturbances. 2

Despite the clear evidence for adverse hedth effects, H,S is not currently listed by the
USEPA as a hazardous ar pollutant (HAP). This in pat explans why H,S emissons
from agphat operations are normaly overlooked in ar quaity activities™®  Following a
sudy on the petroleum industry, EPA concluded in 1993 that there was “no evidence of
sgnificant threat” posed by H,S emissons'® ® Besides ail, there are other mgjor
industries with consgderable H,S emissions, including paper, coke, refuse, food, fertilizer,
agriculture, and anima production. Currently, a least ten States have or are pursuing
development of new emisson control rules and/or hedth protection programs rdative to
H,S.2® And because severa agencies have petitioned EPA to rdist HS as a HAP, EPA is
currently reevaluating this issue™

Given its emissve, toxic, and odorant properties and widespread indugtrid profile, it is
litte wonder that there is an emerging push to investigate issues concerning emissons,
emisson control, and odor from asphdt and its anti-rip additives. There is ample
evidence supporting the supposition that H,S emissons from asphdt facilities could be of
concern, including:
Numerous citizen complaints statewide in NC rdating to foul odors believed to be
associated with liquid asphdt and/or anti-strip additives used a agphdt facilities.



Materid Safety Data Sheets from asphalt suppliers noting HoS content in asphat up
to 1% with strong precautionary statements about H,S exposure dangers to workers.*’
Recent experience with a serious odor problem caused by HS emissons up to 1,000
ppm and 7 Ib/hr from emuldfied liquid asphat storage, resolved by a mig diminator,
regenerative catalytic oxidizer, and wet scrubber.'®

Data in Owens Corning report showing H,S concentrations up to 1,700 ppm from
roofing asphalt storage tanks. ™

Patent statements by Owens Corning that “The trend in worldwide sources of asphalt
is that ... the sulfur content is seadily increasing... One of the problems with asphalt
processing is... unpleasant gaseous byproducts. Sulfur ...compounds are a Sgnificant
component of these gaseous emissions, ... incdluding...H,S.”*°

At least four other patents from the 1970s-1990s, including three by mgor oil
companies, deding with emissve behavior or other technica issues inherent with the
fact that liquid asphalt contains H,S in appreciable quantities %23

1.2  OBJECTIVES
The objectives of this multi-dimensiona project were to:

Measure and characterize the arborne concentrations of several toxic air pollutants
(TAPs), incdluding hydrogen sulfide (H>S) and volatile organic compounds (VOCs).

Collect sgnature process and emission data on the TAP sources.

Peform digperson moddling usng source emisson daa to compae with the
acceptable ambient level guiddine levelsfor NC TAPs.

Anayze the body of data and corrdate any relationships among VOC concentrations,
H,S concentrations, emissve source profiles, meteorologicd conditions, and odor
complaints.

13 SCOPE OF THE PROGRAM

The scope of the project activities included:

Sdection of three sample collection Stes based on regiond meteorology,
micrometeorology and topography.

Collection of meteorological data for wind direction, wind speed, temperature,
relative humidity, and barometric pressure.

Ingdlation and operation of H,S tape meters a three dtes for continuous
measurement of this pollutant.

Ingdlation and operaion of VOC sampling systems a each of the three
monitoring Stes.



Andyss of the VOC sample extracts for the identification and quantification
of up to 40 organic compounds usng the U.S. EPA Method TO-14A
procedure.

Collection of data depicting process operaing levels and schedules for the
nearby asphdt facilities.

Collection of emission data for the agphdt facilities and the remediation sites.
Incluson of locd ditizens complaints to document and report objectionable
odor events.

Anadyss and interpretaion of the process, emissons, meteorologicd,
V OC monitoring, H,S monitoring, disperson modeling, and complaint data.

Preparation of a detailed report for peer review and subsequent public release.
1.4  REPORT ORGANIZATION

Following the executive summary, the synopss, background, objectives, and scope of the
ar qudity monitoring sudy are given in Section 1. Section 1 aso provides the overdl
picture, including the potertid human hedth effect concerns and the technicd feashility
that served as the bads for the study. Section 2 describes the facility processes and
pollutants for the nearby emisson sources. Included is a discusson of the collected data
depicting process operating levels and corresponding time periods for the nearby asphalt
fadlities

Section 3 covers the methodologies and instrumentation used in collecting the project
data. Included is a discussion of the how the process data was collected and the source
emisson measurements were performed. Three types of ar qudity and meteorologica
monitoring Sysemsfinsdruments were used to characterize the ar qudity of the Milford
Hills neighborhood. The purpose, scope and applicability of usng each of these systems
are discussed in detail in Section 3 of this report. A large volume of data was generated
during the study period usng a vaiety of indrumentation and eguipment. Section 4
presents and summarizes the results and provides a detailed discussion of the implications
of thee realts to the Milford Hills air qudity. Also incuded in this section are the
detals of the evduation of the corrdations among asphdt facilities process operations,
monitored pollutant levels, and wind directiond daa during the <udy period.
The concluding remarks of the study and recommendations for further work are given in
Sections 5 and 6 respectively. References cited in the text of report arein Section 7.

An dectronic agppendix containing data dorage folders for raw and tabulated
meteorology, VOC chemidry, process, and H,S data is included with this report.
Meteorology data are broken down into data tables and stored for each month and ste.
VOC daa are filed for each ste. H,S data are filed for each gte for each monthly
averaging period. And citizen complaint data are included as well as digperson modeling
results and the Quality Assurance Project Plan.



SECTION 2
EMISSION SOURCE PROCESS DESCRIPTIONS

Located near the Milford Hills community is a cluster of industrid properties on Jake
Alexander Boulevard with current and previous commercid operations. Four of the five
indudgtries involve petroleum products in current or past busnesses.  The current
operations include two asphdt-related businesses and one concrete batching plant, while
the past operations involved two bulk petroleum dorage facilities where there are now
located two Stes undergoing soil and weater remediation. Figure 1is an aerid photograph
taken of the study area prior to the modification of the asphdt termind facility made by
Associated Asphdt, Inc. in 1997. The photogreph is useful in that it illusrates the
orientation of the monitoring detions relative to the asphdt faciliies and remediation
stes. The roadway &ading from the bottom to the top of the photo is Jake Alexander
Boulevard, and the diagond line running from left to right in the photo is the ral line
crossing Jeke Alexander Blvd. The monitoring Stes and indudrid dtes in Figure 1 are
numbered according to the following legend:

Cul-de-sac DAQ Monitoring Site [Neighborhood Exposure Site]
Access Road DAQ Monitoring Site [ Source Dominated Site]
Remediation DAQ Monitoring Site [Upwind and Off-axis Site]
Concrete Supply Batch Concrete Plan

APAC-CAROLINA Hot Mix Asphat Plant

Associated Asphdlt, Inc. Digribution Termina

BExxon/Mobil Remediaion Site

Southern States Remediation Site

Southern Railway

Jake Alexander Boulevard

~NoUDWNR O >

2.1 ASSOCIATED ASPHALT, INC. LIQUID ASPHALT TERMINAL

The Associated Asphdt, Inc. (Associated) facility is a liquid asphdt digtribution termina
handling 120,000-tons/yr of liquid asphat on a year round 24-hours a day schedule.
Associated is located at 1825 Jake Alexander Blvd. in Salisbury, NC. Between 1997 and
2001 Associated expanded its processing capacity 6-fold (from 630,000 to 4,000,000
galon storage tank capacity) and its boiler capacity 7-fold to heat asphat in the storage
tanks. This expangon has lead to an 85% rdative rise in sdes of liquid asphdt from
65,000-tons in 1997 to 120,000-tons in 2001. Liquid asphdt handling operations include
ral car unloading, tank dorage, and truck offloading dl within a temperature range of
280-310°F. Roughly 90% of the liquid asphdt sold at Associated is PG 64-22, with the
balance PG 70-22. Table 1 identifies the specific emisson sources a the Associated
Agphat termina and the APAC Hot Mix Asphdt plant that are enumerated in Figure 2
Figure 2 shows an aerid view of the two agphdt facilities Associated is shown in the
foreground and APAC is in the upper right hand corner of the picture. North in Figure 2
isto theright.



Figure 1. Salisbury Study Area. Aeid View of the Sdisbury Monitoring sudy area
showing the monitoring dations (A [Cul-de-sac], B [Access Road], C[Remediation site]),
asphdt facilities (2, 3), concrete plant (1), remediation stes (4, 5), Southern Railway (6),
and Jake Alexander Boulevard (7).

2.1.1 Railcar Operations

The termina receives product from various refineries in ralcar shipments delivered on
average about 6 times per month. Each railcar is 21,000-gdlons in capacity, 50-feet long
and 10-feet in diameter containing 90-tons of liquid asphdt (dendty of 8.4-8.7 lbs/gd).
The ralcar unloading area condds of two pardld sets of ral lines, each cgpable of
holding nine ralcas (7 in Figure 2). Shipments range from 8 to 18-ralcars and,
once received, take 1-3 days to reheat and unload.

Natura gas-fired boilers produce steam to reheat the liquid asphalt in the ralcars.
Heating generdly takes between 12 to 24-hours depending on the arrival temperature,
ambient temperature, and thema performance of the individud ralcar. Heating of
individua railcars continues until a target temperature of 280°F is reached, as determined
by a portable thermocouple. After heating, liquid asphat is pumped through insulated,
steam-heated piping into storage tanks. The unloading pumps operate a a rate of
200-350 gdlons per minute (gpm). Typicdly a dngle pump unloads 1-3 ralcars
smultaneoudy. A sngle ralcar unloading takes gpproximady 1-1%2 hours, and



correspondingly  longer time when multiple ralcas ae pumped smultaneoudy.
Thereare no effective emisson controls in place on the rallcar hatches. The hatches are
opened during heeting and unloading as a safety measure.

Figure 2. Aerial View of the Asphalt Facility Sites showing the emisson sources & the
liquid asphdt termind (1-7) and at the hot mix asphalt (8-10).

Tablel. Emission Sourcesat Two Asphalt Facilities

SourcelDin
Asphalt Facility Figure 2. Emissive Activity
Associated 1 Tank System 1- Two 400,000-gdlon storage tank vent
Termind 2 Tank System 2- Three 1,000,000-gdlon storage tank vent
3 Tank System 3- One 200,000-gdlon storage tank vent
4 Tank System 1-Truck Loadout from tank system 1
5 Tank System 2-Truck Loadout from tank system 2
6 Tank System 3-Truck Loadout from tank system 3
7 Rail linesfor 18 Rallcars
APAC Hot Mix 8 Liqud Asphat Storage Tank
Pant 9 Dryer Exhaust
10 Truck Loadout




2.1.2 Storage Tanks

Liquid asphdt is stored a Associated in three tank systems two 400,000 gdlon tanks
(1in Figure 2, three Emillion gdlon tanks (2 in Figure 2, and one 200,000 gdlon tank
(3 in Figure 2). Each dorage tank is insulated and cylindrica with a fixed-roof design
and comparable heght-to-diameter ratio. The tanks are splash filled from the top.
Whileliquid asphdt is dored in the tanks, hot oil hegters mantan a temperature near
300°F for PG 64-22 and 310°F for PG 70-22. Liquid asphdt is stored in the tanks until
pumped to the nearest truck loadout station.

Each tank sysem was separatdy vented with hard plastic ducting and treated by an
individua scrubber soraying a dilute solution of plant oils, known as Ecosorb®
solution.>* A knockout tank to collect condensed oils precedes the scrubber. There is no
induced draft fan on the scrubber sysem. Rather, gas flow is forced from displaced air
during tank filling. The physica dimensons for each of the three szes of dorage tanks
are presented in Table 2.

Table 2. Dimensionsfor Associated Asphalt Storage Tanks

| dentification Storage Capacity, gallons Height, feet Diameter, feet
Tanks1, 2,and 3 1,000,000 40 66
Tanks4 and 6 400,000 40 41
Tank 5 200,000 30 34

In January 2002 after the study was completed, DAQ withdrew Associated Asphalt’'s
temporary permit requiring Associated to remove the Ecosorb® scrubbers and replace
them with activated carbon beds to control the storage tank vents. This action was taken
due to the odor complaints received by the City of Salisbury and the fact that the
emission testing reported in November 2001 indicated that the Ecosorb® scrubbers were
not reducing emissons of odorous compounds.

2.1.3 Truck Loadout

Liquid asphalt is digtributed to tanker trucks at three loadout tations (two Stetions have
dua loading bays). The tanker trucks are filled to 80% capacity, or 6000 galons (nomina
25 tons), and splash filled from the bp at a 500-gpm pump rate. The same type pumps
ae used in truck loadouts as used in ralcar unloading, but the shorter distance and
reduced viscodty from higher temperature account for the higher pump rate
A NC Department  of Trangportation (DOT) required anti-grip  materid — primarily
composed of amine compounds is normaly added to the asphat during loadout to
enhance its adhesion properties in ¥4, %5, or % % proportions by volume. Generally about
65% of the truck loadouts (4-6in Figure 2) contain anti-Strip additive.

Each truck loadout dtation is separatdly vented with flexible and hard ducting and trested
by a 1000 Ib activated carbon bed. Gas flow through each system is induced through a
1,000 cubic feet per minute (cfm) rated fan.




2.1.4 Combustion Sources

There are two naturd gas fired boilers rated a 12.6 million British thermd units (Btu)
per hour to produce steam for heeting the liquid asphdt in the rallcars. There are dso
two smal natura gas fired hot oil heaters usng DowthermO for hesting liquid asphdt in
the storage tanks.

2.2 APAC-CAROLINA HOT MIX ASPHALT BATCH PLANT

The APAC-Carolina Plant (APAC), located a 1831 Jake Alexander Blvd. in Sdisbury,
NC, produces hot mix asphat (HMA) which is used as paving for highways and roads.
HMA conssts of a mixture of roughly 95% aggregate (various szes of gravel and sand)
and 5% liquid asphdt, both of which are hested and mixed in measured quantities.
The APAC fadlity is conddered a typical baich mix plant with a maximum permitted
production rate of 180 ton/hour a 61.2 million Btwhr heat input. APAC's annud
production level during its 2001 fiscd year was 101,000 tons, representing a nearly
50% relative increase from its 1999 production quantity of 68,000 tons.

Raw aggregate is dockpiled a the plant with the bulk aggregate moisture content
typicaly in a range between 3 to Spercent by weight. APAC has several storage slos to
house a variety of aggregates. It dso has a 15,000 galon heated tank to store PG 64-22
liquid asphdt (8 in Figure 2) with a naturd gas fired boiler to maintain the temperature
at 300°F. APAC normaly recaves liquid asphdt with a 0.5% mixture of anti-strip
additive. A computerized system is used to control and record process operation.

2.2.1 Dryer/Mixer

The most ggnificant ducted emisson source from batch mix HMA plants is the rotary
drum dryer and mixer (9 in Figure 2). Naturd-ges fired dryer emissons primarily
conss of particulae matter (PM), products of combugtion, and smal amounts of
inorganic metds mixer emissons primaily condst of numerous organic HAP
compounds.?® %

The APAC dryer/mixer is equipped with a “scavenger” and baghouse sysem for PM
emisson control. The dryer exhaust gas is contained in ducting and drawn through the
baghouse by an induced draft fan. The scavenger system merely carries PM and gaseous
emissons from various aggregate transfer points and the mixer in a series of hoods and
connected ductwork for transfer to the baghouse. The baghouse is a reverse-air-cleaned
system with NomexQO bags designed to operate within a pressure drop range of
3-7 inches water column with an exhaust gas temperature of 250-270°F. While such a
baghouse is highly effective (typicaly 99% efficency) in removd of PM and other
solid-phase pallutants, it is inherently ineffective (typicdly < 1% efficiency) for remova
of gaseous pallutants such as H,S and VOCs.

2.2.2 Batch Truck L oadout
APAC maintans only one loadout <ation. All HMA batches are produced to the
customer’s specifications and generdly sold immediately after production.  Customers
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drive directly undernesth the mixer where HMA is dumped into the truck bed (10 in
Figure 2). Thetypica loadout Szeis 16 tons.

2.2.3 Combustion Source
There is a smdl naturd gas fired boiler for heating liquid asphdt in the 15,000 gdlon
storage tank.

2.3 EXXONM OBILE REMEDIATION SITE

Petroleum contaminated soil and groundwater, resulting from historic releases a the
former Exxon Termina bulk petroleum dorage facility a 1715 Jake Alexander Blvd,
has been under active remediation snce July 1998. The ExxonMobil remediaion facility
has used the following combination of remedid technologies to address the
contamination:  soil-vapor extraction (SVE), bioventing, monitored natura attenuation,
and aggressive fluid vacuum recovery (AFVR).

SVE is an in situ remediation technology desgned to promote the volatilization of
petroleum hydrocarbons in the soil. A SVE system uses a series of extraction points that
ae reened in the soil above the water table and piped to vacuum that induces the
movement of vapor through the soil. As the soil vapors migrate towards the extraction
points, VOCs voldatilize and are removed from the subsurface. These vapors are
concentrated by the system and, & the ExxonMobil facility, emitted to the atmosphere
through a short stack. Bioventing is an in Stu remediaion technology that uses native
microorganisms to biodegrade organic condituents adsorbed to soils in the unsaturated
zone. Soils in the capillary fringe and the saturated zone are not affected. In bioventing,
the activity of the native bacteria is enhanced by inducing ar (oxygen) flow into the
unsaturated zone (usng extraction or injection wells) and, if necessary, by adding
nutrients. When extraction wells are used for bioventing, the process is smilar to SVE.
However, while SVE removes condituents primarily through volatilization, bioventing
sysems promote biodegradation of condituents and minimize voldilization (generdly by
usng lower ar flow rates than SVE). In practice, some degree of voldilization and
biodegradation occurs when ether SVE or bioventing is used. Monitored naturd
atenuation is an in dtu remediation technique that results from the combination of
severd naturdly occurring processes in the subsurface.  The processes, which include
biodegradation, adsorption, dilution and disperson, remove the contamination.
The effectiveness of this technique is assessed by regular sampling of monitoring wells.
AFVR is an evet-based ex situ remediation technique for trestment of soils and
groundwater containing multi-phase VOCs. In a typicd AFVR event, a truck-mounted
vacuum system is connected to one or more monitoring wells and uses high vacuum
pressures and flow rates over about severd hours to remove vapor, free-product and
groundweter from the subsurface. The materid removed is contained in a tank on the
truck and transported off-dte for treatment. At the ExxonMobil facility, AFVR has been
used in November 1999 and December 2000 and was planned for January 2002.

From July 1998 until December 2001, the ExxonMohbil remediation sysem primarily

conssted of a bioventing sysem in the northern portion of the Ste and a SVE system in
the southern portion. In April 2001, two 200-1b vapor phase carbon vessels were added
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to the SVE system to reduce VOC emissions. In December 2001, the SVE system was
converted to a bioventing sysem effectively diminating concentrated VOC emissons a
thisste.

2.4 SOUTHERN STATESREMEDIATION

Petroleum contaminated soil and groundwater, resulting from higdtoric releases from a
former above ground storage tank sysem and retall fud dispenser idand a the former
Famers Cooperative Exchange facility (now Southern States Cooperative, Inc.) at
1710 Jeke Alexander Boulevard has been under active remediation since October 1999.
The Southern States remediation Ste has used the following combination of remedid
technologies to address the contamination: ar sparging (AS), soil-vapor extraction
(SVE), bioventing, and monitored natura attenuation.

An AS sygem is an in dtu groundwater remediaion technique that involves injecting ar
into the saturated zone to volatilize VOCs and to promote biodegradation of contaminants
in both the saturated and unsaturated zones by increesng the supply of oxygen.
Vapors, including voldilized VOCs, migrate upwards into the unsaturated zone where an
SVE sysem (described above in ExxonMobil remediation system) continues the remova
process. AS has proven to be a very effective technique to remediate petroleum-
contaminated groundwater.

At the Southern States sSite, the AS/SVE system became fully operationa in October 1999
in the core of the contaminant plume and it has achieved reductions in groundwater VOC
concentrations and soil tota petroleum hydrocarbons.  Monitored naturd attenuation has
been used outside the core of the plume. In ealy March 2002, Southern States
voluntarily deectivated the AS/SVE sysem and began to evauate posshle system
modifications and dternative treatment options to reduce VOC emissons.

2.5 CONCRETE SUPPLY COMPANY BATCH CONCRETE PLANT

Concrete Supply is a concrete batching plant which stores, conveys, messures, and
discharges a mixture of water, cement, sand, fine and coarse aggregate into trucks for
trangport to a job ste. The plant is at 1833 Jake Alexander Blvd., located with a common
property linewith APAC.

Concrete is composed essentidly of water, cement, fine and coarse aggregate.
Hne aggregate is made of sand and flyash, while the coarse aggregate condsts of grave
and crushed stone. Raw materids are delivered to the plant by truck. The cement and
flyash are tranderred to eevated storage slos pneumaticaly, while the sand and coarse
agoregate are transferred to elevated silos by a belt conveyor. From these eevated bins,
the condtituents are fed to weigh hoppers, which combine the proper amounts of each
materid. The plant is equipped with centrd mixing cgpability. Sand, flyash, aggregate,
cement, and water are dl gravity fed from the weigh hopper into the centrad mixer.
The mixed concrete is then trandferred to an agitator truck for transport to the job Site.



All but one of the emisson points is fugitive in naure (Fugitive emissons ae
non-ducted emissions, such as those produced from wind blowing over a dirt road or over
a dorage pile of dry lightweight materid.) The only point source is a smdl pulse-jet
baghouse located above the centrad mixer. The baghouse collects the ducted emissons
from the pneumatic trandfer of cement and flyash to the dlo and the emissons from the
centrd mixer.  The gngle-compartment baghouse is designed to trest a volumetric
flowrate of 6000 cubic feet per minute (cfm) with filter surface area of 504 square feet.
Materia collected in the baghouse is recycled back to the flyash dlo. Fugitive sources
include the trandfer of sand and aggregate, truck loading, mixer loading, vehide traffic,
and wind erosion from sand and aggregate storage piles.

2.6 JAKE ALEXANDER BOULEVARD

For this sudy, the vehicle traffic on the 5-lane Jake Alexander Boulevard is considered
an aea source of emissons.  Milford Hills is located to the northeest of the
abovementioned industrid sources and across Jake Alexander Blvd., aso designated as
US Route 601, a 4lane undivided highway. Based on NC DOT portable traffic counts,
36,000 totd cars, going ether way, travel this road on an average day. The vehicle mix
was approximated from 95 vehicle classfication counts for Rowan County supplied by
NC DOT and for modeling purposes was assumed to be 80% cars, 10% pickup trucks,
4% single unit trucks, 5% tractor trailers, and 1% motorcycles.
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SECTION 3

EXPERIMENTAL METHODS

3.1 PROCESSDATA FROM ASPHALT

Process data from each asphdt facility were collected throughout the study period
(May 14-September 7, 2001). Process operations and the corresponding emissions for
each asphdt fadlity varied in time depending on the generd weether conditions, day of
week, time of day, and production level. Since both faciliies operate intermittently,
eachwas requested to provide information on their operations.  Available records
documenting various process operations for each asphdt facility were collected and
formed an integra part of the project’s database in order to evaduate any reationship with
monitored data.  Such process data were collected weekly and organized into a
computerized database for subsequent evauation. The goa was to collect process data
accounting for 90% of the emissons from the asphdt facilities over time periods rounded
to the quarter-hour. Such data were examined to evauate:

The representativeness of facility performance during the study period as well as
emisson tegting, and

Whether there was a relationship between facility emissons and monitored ambient
pollutants during the study.

3.1.1 Associated Asphalt Terminal
H.S emissons from the Associated termind are released from ralcar heeting, ralcar

unloading (storage tank filling), and tanker truck loadout. Accordingly, records were
obtained for:

Ralcar hedingg Number of asphdt-filled ralcas and time periods when individud
railcars were hested before unloading,

Ralcar _unloading: Amount and time periods when liquid asphdt was pumped from the
railcars to the storage tanks, and

Truck loadout: Amount, asphdt type, and type of any additive loaded into trucks with
corresponding times.

3.1.2 APAC-CaralinaHot Mix Asphalt Plant
An engineering evaudion indicated that over 90% of APAC's HS emissons were
rdleesed from the drye/mixer and from filling the liquid asphdt dorage tank.
Accordingly, records were obtained to account for:

1. The production rate of HMA dryer operations with corresponding time periods,
baghouse pressure drop, and fuel consumption;

2. The amount of each tanker truck ddivery with corresponding time; and

3. Liquid agphdt shipments received, including amount, source/type, and arriva date.

14



3.2 SOURCE EMISSION DATA

Data on the emissons from the various facilities in the sudy were collected using the
best avalable sources of information. For VOC emissons from the two asphdt facilities
and the concrete batch plant, the best avalable source of information was EPA’s
Compilation of Emisson Factors?’ The remaining emission data used in the study were
produced in Ste specific emission testing. Test data were available for HS for the two
asphdt facilities and for individual VOC species for the two remediation Stes.

Emisson factors ae the most common method avalable for edtimating emissons.
Anemisson factor is consgdered a representative vaue to relate emisson rates directly to
production rate. For ingance, individual VOC species emissons were measured during
a series of emisson factor tests conducted by EPA on hot mix asphdt plants a or rear
the maximum production rate. On the accepted premise of a linear relationship between
emisson rates and production rates, emisson raes can be esimated by multiplying the
appropriate emission factor with the production rate. Such is standard practice — and the
means in this evduaion - for esimaing emissons usng emisson factors?’  For
example, benzene emissons from the APAC dryer ae edimaed by multiplying its
respective emisson factor (28 1b/100,000 ton) by a given production rate (such as 180
torvhr); in this case the benzene emissions are calculated to be roughly 0.05 Ib/hr.

3.2.1 Source Emisson Data For Volatile Organic Compounds

VOC emissons from the two asphdt faciliies and the concrete batch plant were
edimated using the methodology described in EPA’s Compilation of Emisson Factors,
commonly known as AP-42.%

Associated Asphalt Distribution Terminal

Railcar, Storage Tanks, and Truck L oadout

Emissons of VOC TAPs from Associated’s ralcar, storage tanks, and truck loadout
operations were cdculaed in a two-step process. First, the EPA’s TANKS 4 software
program was used to estimate the totdl VOCs emitted?® Then the speciaion profile
emisson factors in AP-42 Section 11.1, Table 11.1-15 were used to caculate emissons
for the individud VOC species from termina operations® The data for the storage tanks
and ralcars emissons were initidly developed and submitted by Associated and later
confirmed by DAQ. Emisson factors were multiplied by the appropriate process data to
edimate emisson rates on a hourly and annud bass. For this study, DAQ used the
calculated storage tank emisson rates for truck loadout, snce EPA’s speciation profile
data appliesto both loadout and asphalt storage.

The inputs and assumptions used in the TANK$S4 program were:

The tank dimensons in Table 2 apply; the tanks are white in color, in good condition,
of fixed-roof desgn, and normaly half full.

Tanks are heated from 315-325°F, with a 320°F average (worst case) liquid
temperature.
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Short-term emisson raes (daly and hourly) were based on a maximum daly
throughput of 378,000 gdlons (~ 1,600 ton/day) and a maximum hourly throughput
of 42,000 gallons (~ 180 torvhour).

Long tem (annud) emissons wee based on a maximum theoreticd annual
throughput of 51,000,000 galons (~ 216,000 ton/year). Using the TANKS 4 program,
totd VOC emissons are edimated to be 2342.1 Iblyear for this maximum throughput
leve.

EPA gspecified vaues for the liquid asphdt molecular weight of 1000, its vapor
molecular weight of 100, and values for Antoin€'s congtants A of 73,350.6 and B of
9.00346.

A railcar is 21,000 gdlon capecity, 50 ft. long and 10 ft. in diameter; treated as a
heated horizontal storage tank, with the darkest color (red/primer), and the liquid
asphalt is heated from 150°F to 325°F, with a 290° F average liquid temperature.

All sorage tanks have both working (filling) and breathing (standing storage) losses,
whereas the ralcars only experience breathing losses, since the cars are not filled at
the termind.

The totd VOC emissons were then multiplied by the respective speciation vaues in
AP-42 Section 11.1, Table 11.1-15 for each TAP. For example, the maximum Xhour
totd VOC emisson rae for the storage tanks is 1.68 Ib/hr and the benzene speciation
vaue is 0.032%, so when multiplied together their product is 0.00054 Ib/hr benzene
(1.68 times 0.00032).

Combustion Sources

Associated has 2 boilers producing steam to heat the liquid asphdt in the ralcars and two
hot ol hesters to mantain a suitable temperature in the storage tanks. These units are
fired with naturd gas Individud TAP emissons were esimated on an hourly and annua
bass usng DAQ spreadsheets for Naturd Gas Combustion Emissons, based on AP-42
emisson factors.

APAC-CAROLINA HMA Plant

The appropriate tables in AP-42 Section 11.1 were used to cdculate emissons for the
individua VOC species from the hot mix asphdlt plant operations®® In this case, the
emisson factors in the appropriate table in Reference 25 were multiplied by the proper
process data to estimate emisson rates on a hourly and annud bass. The tables in
Reference 25 used for these cdculations are Tables 5 (Batch mix plant dryer/mixer),
Table 6 (Baich mix plant loadout), Table 7 (Baich mix plant asphat storage tank), and
Table 12 (Batch mix plant yard emissons). For the hourly and annua emission rates, the
DAQ permitted maximum production rate of 180 ton/hr and the 2001 annuad production
level of 101,000 ton/year were applied, respectively. Since the emisson factor is given
for each TAP species, emisson rate caculation is performed in asingle step.

Concrete Supply

Concrete Supply has one boiler producing steam to heat their equipment. This unit is
fired with naturd gas. Individud TAP emissons were esimated on an hourly and annud
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bass usng DAQ spreadsheets for Naturd Gas Combugtion Emissons, based on AP-42
emisson factors.

Exxon/Mobil Remediation Site

To provide a semi-annud indication of system effectiveness, source emisson teding for
tota hydrocartbons and BTEX (benzene, toluene, ethylbenzene, and xylene) was
conducted by ExxonMohil using EPA Method 18 with Teda® bags in June 2001.%°
Given that this dte operates continuoudy, the reported emisson data in Ib/hr was
converted to annud emissions by multiplying it by 8760 hrs.

Southern States Remediation Site

For a smilar reeson and schedule, source emisson testing for totd hydrocarbons and
BTEX was conducted by Southern States using EPA Method TO-14A with SUMMAO
dainless sted canisters in May 2001.%° Because it operates continuoudly, the reported
emisson datain Ib/hr was converted to annud emissons by multiplying it by 8760 hrs.

3.2.2 Source Emission Data For Hydrogen Sulfide

Emisson tests were performed to quantify hydrogen sulfide emissons due to the absence
of any known rdiable data for H,S emissons from liquid asphdt termind or hot mix
asphdt plant operations.

Associated Asphalt Emission Test

Source testing was performed at Associated on the mgor process operations under
norma conditions in early September 2001 usng EPA Method 15 for HS and other tota
reduced sulfur (TRS) compound (carbonyl sulfide, carbon disulfide, and methyl
mercaptan) emissons®  Method 15 involves continuous sampling through a chilled
buffered citrate solution with a sample diquot andyzed for the target andytes by gas
chromatography separation and flame photometric detection. The NC DAQ requested
the testing, approved the test plan, audited the on-Ste messuremets and process
conditions during testing, and approved the test report with a permit-related clarification.
Tedts were conducted usng standard EPA source test procedures on the existing release
points (stacks) with three approved exceptions.

- A temporary fixture was mounted on the railcar haich to smulate a regular stack
in order to apply standard EPA test procedures.

- Since gas flowrates during storage tank unloading were below detection using
gandard EPA methods, flowrates were measured by collecting dl of the exhaust
in a plagic bag under measured time intervas, and then measuring the collected
gas by adry gas meter.

- Smoke tubes were used to quditatively indicate the direction of ar movement -
whether flow direction was entering or leaving the container in question (rallcar
hatch, tank vent, or tanker truck hatch).3*

All testing was performed from the same rail shipment of PG 64-22 liquid asphdt refined
from a Venezudan crude oil. Tests were conducted on the following sources and
operating conditions
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Ralcar hedting. Three different ralcars holding 90 tons of liquid asphdt after being
hested to pumpable temperatures above 290°F were tested with no emisson controls
in place. Each tes run time was 60-90 minutes in duration to alow for complete
emptying of the ralcar. A andl amount of arflow out of the ralcar was measured
during heeting. However, quditative flow measurements during ralcar unloading
showed tha the direction of arflow was negative — meaning that ar was beng
induced into, and not out of, the railcar.

Storage tanks. Three different conditions with liquid asphdt heated to above 310°F were
evduated for a 400,000 gad dorage tank vent emissions, each during normd
operations. (A) During tank filling a a rate of ~1 ton/min from railcars with 1 %2 hour
run times, (B) When the heated tank was idle (no incoming or outgoing liquid
asphdt); and (C) During offloading to tanker trucks.

Truck loadouts. Testing during loading & a rate of 2.3 tor/ymin with 310°F liquid asphalt
of deven different trucks with run times between 12-14 minutes was conducted to
measure emissions treated by a carbon bed. The test results are presented |ater. 3

APAC HMA Preliminary Emission Data

EPA developed emisson factors gpplicable to HMA plants for more than 40 criteria
pollutants and VOC hazardous ar pollutants. However, because BS levels were below
the estimated detection limit of 100 ppm usng Fourier transform Infrared Spectroscopy,
EPA reported no H,S emisson data®® In an efort to help fill this data gap, DAQ used
ambient monitoring methods to estimate - not EPA source test methods to officialy
determine - H»S emisson concentrations from four HMA batch mix operations. During
the survey DAQ personnd collected gas samples usng Drager tubes and a multi-gas
eectrochemicd monitor manufactured by RAE Systems. Because these sysems are not
desgned for use under source test conditions, their accuracy and precison in this
goplication is considered to be limited for producing only semi-quantitative data.

Drager tube samples for H,S were taken in duplicate with two different concentration
ranges. 100 to 2,000 parts per million (ppm) and 2,000 to 70,000 ppm. The HS tubes
have a cross-sendtivity to sulfur dioxide (SO.). Based on the EPA AP-42 emisson
factor for SO, for the APAC naturd gas fired dryer, the caculated SO, leve was found to
be very low (2 ppm), suggesing a negligible cross-reactivity bias from SO,.  The multi-
gas monitor manufectured by RAE Sysems is a MUItRAE PLUS modd. It is a
programmable monitor designed to provide continuous exposure monitoring of H,S and
other toxic gases of indoor or ambient air from O to 100 ppm.

Concentration measurements were performed during norma conditions and  production/
operating levels on the exhaust gas stream from each of three operations a the noted
locations. (1) Liquid asphat dtorage tank filling at the exhaust of the condenser mounted
aop of the tank, (2) Batch mix dryer baghouse exhaust in the duct immediady
downstream of the induced draft fan, and (3) Mixed asphdt truck loadout in the space
directly above the fuming asphdt. Gas flowrate data was obtained by various means.

(1) The volumetric liquid asphdt-pumping rate of 181 gdlons per minute (gpm) into the
storage tank displaces the same volumetric gas flowrate of 24 c¢fm out of the tank.
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(2) The APAC-supplied gas flowrate of 32,700 actud cfm (acfm) at 270°F was converted
to 24,000 wet cfm at 70°F because the concentration measurements were made near
this temperature.

(3) An order-of-magnitude estimate was made for the gas flowrate from the truck bed.

The manufacturer tested the RAE H,S monitor for interferences with sixteen gases (see
http:/Amww.raesystems.com/pdf/TN-114 Sensor Specs.pdf). According to the
manufacturer, no mgor interference effects from asphalt fumes are expected from the
relatively low levels quantified in the EPA speciation profile for awide range of
compounds VOCs, semi-V OCs, and criteria pollutants. As previoudy indicated, there
could be hundreds of compounds in asphdt fumes. However, the H,S monitor
manufacturer’ s datain combination with other available data for agphalt fumes show that:

A. Highlevesof polar organic compounds (alcohals, ketones, and amines)
give a negative response (i.e., alow bias); however, the EPA data
indicates the relative absence of polar compounds. Other organic
compounds in asphat fumes quantified by EPA have no effect (eg.,
toluene) or are at sub-ppm leves-- too low to cause interference.

B. Likewise, methyl mercaptan causes interference at 100 ppm, but the
Associated Asphalt test data show that methyl mercaptan was below the
practica detection limit of 4 ppm.

Further discusson with the monitor manufecturer reveded that the noncondensing
goecification for humidity is primaily for long-term instrument protection. The
approximate moisture and dew point conditions at the storage tank exhaust and the dryer /
mixer exhaust were 5% HO / 90 °F and 20% HO / 140 °F, respectively (see Reference
31: TRC Environmental Corp., “Test Report - H,S and TRS Emisson Teding & the
SHisoury Temind Liquid Asphdt Trander Station). Given the monitoring  survey
characteriics (moisture-related conditions, gas temperature, pollutants concentrations,
sampling configuration, duplicate measurements and dable monitor readings), the H,S
monitor manufacturer vouched for the integrity of the storage tank data (90 ppm HS) and
judged only a 10% shift in response at the dryer / mixer due to the estimated temperature
of 140 °F. This suggeds a lower concentration a the dryer / mixer than origindly
reported (6 ppm — (10% of 6) = 5.4 ppm), reducing the emisson rate from the reported
vaue of 0.75 Ib/hr to 0.68 Ib/hr (rounded to one significant figure, 0.7 Ib/hr).

Cambridge Environmental submitted review comments on the draft report in behdf of
APAC aguing that the H,S data discussed above was “unrdiable, and ... should not
gopear in the find report.” After review of Cambridge Environmentd’s comments and
DAQ's discusson with the H,S monitor manufacturer, DAQ continues to believe that the
data are relidble to one gsgnificant figure and should gill be presented as “preiminary
edimaes’ in the find report. The Cambridge Environmenta review comment submittal
and the corresponding DAQ response are contained in Appendix I.
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3.3 DISPERSION M ODELING

3.3.1 Stationary Source Dispersion Moddling

DAQ peformed disperson modding to evauae the incrementd impaects of the
emissons of 12 TAPs and 6 criteria pollutants for the individua sources a the two
asphdt facilities, the concrete batch plant, and the two remediation Stes. Modeling was
limited to the 12 TAPs and 6 criteria pollutants on which emisson factor data are
avaladle and represents the fullest extent of the response dlowed within the condraints
of DAQ authority. A total of 15individud emisson sources were modeled & the two
agphdt facilities, concrete batch plant, and two remediation Stes. The Indudtrid Source
Complex Short Term Verson 00101 (ISCST3) usng 5 years of meteorologicd data
recorded from Charlotte (surface) and Greensboro (upper ar) arports was employed to
evauate impacts in smple and complex terran from the combination of fadlities®> 33
[Note: In dispersion modeling, a simple terrain approach is applicable when the
variation in ground elevation is less than the stack height; complex terrain modeling is
applicable when the variation in ground elevation is more than the stack height.]

Inputs to the disperson model were the emission data (for VOC TAPs, BS and criteria
pollutants), source specific release parameters (stack height and diameter, gas flowrate
and temperature, and postion coordinates), and meteorological data (wind speed and
direction, temperature, moisture, barometric pressure, and solar radiation).  Direction+
goecific building dimensons, determined usng EPA's Building Profile Input Program
(95086), were used as input to the modd for building wake effect determination. [Note:
Building wake effect is a disturbance of air flow streamlines on the downwind side of
buildings] Receptors, or discrete ground level points, were placed around the property
boundaries of the two asphdt faciliies and remediation gStes at 25-meter intervas.
Receptor  locations were adso extended outward to a distance of approximately
2 kilometers at grid resolutions of 50 meters (out to 500 meters distance), 100 meters
(from 500 metes to 1 kilometer), and 250 meters (from 1 km to 2 km). [Note: A grid is
simply the integrated pattern of receptor locations evaluated for exposure.]
Property boundary coordinates were not obtained for the Concrete Supply facility;
therefore, receptors were placed within the property owned by this company. Another
disperson modd (SCREEN3 Verson 96043) was dso used to evauate cavity impacts
for severd sources, however, cavity concentrations were less than ISCST3 smple terrain
impacts and no further cavity impact andyss was necessary. [Note: Cavity impacts are a
part of the building wake effect, and is that portion in which pollutants are trapped and
concentrated due to building wake effects]

3.3.2 Mobile Source Dispersion Modeling

A portable DOT traffic counter was setup on Jake Alexander Blvd near the two asphalt
fadilities to collect daly traffic data in the firg pat of the sudy. Traffic counts were
taken from May 18-28 and from June 27 to July 17, 2001. The highest traffic count
obtained was 29,500 vehicles per day on May 25.

Two mobile source modding sudies were utilized to predict the impact of VOC
concentrations on the basis of this vehicular traffic data. The objective was to predict the
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disperson beyond the roadway to characterize VOC concentration usng word-case
meteorology, wors-case meaning those meteorological conditions that ae least
conducive to the disperson of pollutants The study used Mobile5a® and Cdined
modds® to esimate VOC emissions from a one-mile stretch of the traffic on the 5lane
Jake Alexander Blvd. The following inputs and assumptions were included:

A maximum of 2,800 vehicles per hour traveled the road.

A 1995 NCDOT vehicle classification counts showing 80% cars, 10% pickup trucks,
4% single unit trucks, 5% tractor trailers, and 1% motorcycles.

Typicd operating modes and fleet emissons profiles were gpplied.

Emissons were cdculated for July 2002 with a temperature of 86°F and vehicle

speed of 45 mph.

3.4 AMBIENT M ONITORING M ETHODS

The three dtes were established based on EPA regulations specifying the protocol to be
used in the selection of monitoring sites for ambient air sampling for criteria pollutants®
The EPA guiddines were followed as closdly as possible for:

Maximizing unredtricted arflow by placing the monitors in a location that has an arc

of at least 270° of unrestricted airflow from the source direction.

Pacing the air intake of the sampler in the breething zone.

Figure 1 shows the location and orientation of the Stes reldive to the emisson sources.

Site 1 was on the end of a nearby cul de sac street and located downwind and off-axis of
the prevailing wind direction. It represents a neighborhood exposure area. Site 2 was
located roughly 50 feet from the Associated property line to represent a source-dominated
location and was in proximity to an ealier multiple-source modding sudy maximum
point of impact. Ste 3 was in an open area agpproximately 200 feet from a 5-lane
highway (Jeke Alexander Blvd) and agpproximady 100 ft. from the ar effluent of a
ground water remediation ste. It represented a Ste tha is upwind and off-axis of the
prevaling wind direction from the area sources of interest. Each monitoring Ste was
configured with one meteorology dation, a VOC sampling sysem, and a hydrogen
aulfide tape meter housad in a dimate-controlled enclosure (4 ft wide, 4 ft deep, 8 ft high)
surrounded by controlled access security fencing.

3.4.1 Meteorological Monitoring

The dting criteria and criticd parameters for meteorologicd data sensors were in
accordance with EPA protocols.®” %  The parameters measured at each site were wind
gpeed, wind direction, wind direction standard deviation, temperature, reative humidity,
and, a dte 2 only, barometric pressure.  Prior to fied ingdlation, the manufacturer
cdibrated dl meteorological sensors deployed in this sudy. The fidd auditing and
cdibration verification of adl sensors was peaformed a the beginning, intermittently as
data review warranted and following the end of the sudy. Continuous meteorologica
measurements were recorded every 10 seconds and averaged every 15-minutes, every
hour, and every 24-hours. These data were recorded and stored by Campbell Scientific
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CR10XO data loggers. The data were later downloaded to a lap top computer during
periodic Stevidts. Meteorologica parameters were measured at 6 meters above ground.

3.4.2 Vodlatile Organic Compounds Monitoring

Method: The XontechO 911/912 systems were assembled and operated to collect a
24-hour sample in a 6L danless sted canister. The samplers collected whole air samples
for subsequent laboratory andyss for VOCs via gas chromatography / mass spectrometry
(GCIMS).  The anayses were performed following EPA method guiddines®® The lower
quantitetion limit (LQL) for the indrumentation a the TPB lab was 0.250 ppb.
Any vaues below the LQL is reported as BLQL (below LQL) in the data tables and for
datistica purposes assigned a vaue of %2 LQL (0.125 ppb). This statistical treatment was
also used for raw data obtained for comparison purposes from other states.

Time Frame: Sampling occurred over the course of the study on a 10-day schedule at the
three stes from May 12 through July 26, 2001. However, due to unforeseen equipment
difficulties and power outages, collected samples were andyzed only for the dates shown
in Section 4.2.3, Table 7. Each 6L canister collected air samples over a 24-hour period
that began and ended at gpproximately 0:00 hrs (midnight).

Additiondly, samples were taken from September 3-5, 2001 before and during source
teding at the Associated asphdt termind. These samples were collected over 12-hr
intervas from 7:00 hrs to 19:00 hrs and from 19:00 hrs to 7:00 hrs to closdy coincide
with the hours of operation of the facility.

Figure 3. XontechO 911/912 Sampling Systems

XontechO 911 regulated ar flow pumg
XontechO 912 multi-port sampling device

Supply lines and fittings, ¥4' sainless stedl
Flowmeter

Stainless sted canigters, 6L, SUMMA '™

Sampling Procedure: Each VOC sampling assembly was housed in a secured climate-
controlled  building and conssted of 10 SUMMAQ canisters, a XontechO 911 and
XontechD 912 automated sampling system. Canisters, 911/912 combinations, and lines
were cetified as clean before fidd deployment following standard procedures for
cleanliness certification.



Each sampling train was set up as shown in Figure 4. A "candy caneé' sampling funnd
was mounted outsde the building a gpproximately 8ft above the ground. A danless
ded line extended from the sampling funnd to the 911 sampler, then connected to the
multi-port 912 sample indexer by a single sanless ged line  The 912 sample indexer
was subsequently connected to the 10 individua canisters. The 911 sampler ran
continuoudy to pump ar into a sngle caniger through the 912 sample indexer.
Thepump was run a a flow rae of 9 mL/min to give a find caniger pressure of
aoproximately 22 pd. The 912 sample indexer was programmed to sample for 24 hous
and then switch to the next sample canigter. At the end of the 10 days a new sat of
canigers was placed in the sysem and collection was continued. Samples were
transferred to the laboratory usng the chain-of-custody procedures defined in the Quality
Assurance Project Plan found in Appendix H.

Sample Analysis and Data Reduction: After sample collection, canisters were returned
to the DAQ TPB lab for andysis by GC/MS using EPA Method TO-14A as a guide™®
TO-14A is an accepted methodology for the identification of up to 41 VOCs. ATAST
routinely analyzes for 40 of those compounds based on severd criteria such as the
gability of the compounds in the sandard mixes, indrument sendtivity and performance
criteria, and insrument  cgpabilities a the time of andlysis. Of these 40 compounds, 32
are listed on the Clean Air Act 1990 (CAA) HAP ligt and/or the NC TAPlis.
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Figure 4. Diagram of XonTech 911A Sampler System and 912 Sample Indexer
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3.4.3 Hydrogen Sulfide Monitoring

H,S daa for ambient ar levels were collected usng Zdlweger Andytics Single Point
MonitorsQ , or Tapemeters obtained from ATSDR.*® This instrument uses a lead acetate-
treated cloth tape red to andyze for H,S. The chemicdly treated tapes react when
exposed to H,S with a colorimetric change occuring in proportion with the concentration.
Optica sensors measure the degree of color change. The Tapemeter can measure a
2-90 pats per hillion (ppb) range with precison +/-25% that is acceptable by the
manufacturer. The unit has an internd sample pump which draws ambient ar a a
congtant flow rate through the paper tape. At the end of each 15-minute sample period the
concentration data are eectronicaly stored on an attached data logger. The monitor, data
logger, and other sampling equipment were housed within a climate controlled weether-
resgant dorage building. The monitor stores setup information and other functiond
informetion (i.e. flow rate, darm leves, H,S concentration with corresponding times).
Sample tubing was equipped with a moisture knockout impinger and a funnd with a
screen.  To ensure qudity the spare chemica tapes were stored in a cool atmosphere out
of direct sunlight.

Cdibration usng known cylinder gas concentrations is conddered unnecessaxy by the
manufacturer. Each tape reportedly passed manufacturer cdibration tests prior to sde to
ediminae any need for insrument cdibration in the laboratory or fidd. An ATSDR
subcontractor (Texas Technology Inditute) verified these cdams of accuracy and
religbility with known H,S concentrations and various reaive humidity levels* The
tapemeter has been tested for precison by collocating two tapemeters to measure ambient
concentrations and its accuracy has been shown by collocating the tepemeter with other
technologies. ****  The instrument does dlow for a response verification using an optical
test card. This test was completed each time the tape red was changed during the
DAQ/ATSDR sudy. The instrument can operate for approximately one month on a tape
red under norma monitoring conditions.

One Zdlweger hydride tapemeter capable of measuring 60- 1400 ppb was collocated with
the H,S tapemeter at the Access Road monitoring Ste. Other hydrides besides H,S can
react with its tape, but these hydrides (AsH3, SH4, PHs, et d.) are not likely to be found
in agphdt facility or soil remediation emissons a quantifiable levels. There were severd
times when the hydrides tapemeter produced data that was inconsistent with the H,S
tapemeter data. Because of the potential uncertainty of its validity, data collected from

the hydride tapemeter are not included in the results of the study. A tapemeter with a
magnified detector isshown in Figure 5.
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Figure5. Zellweger Hydrogen Sulfide Sampling System
35 ODOR COMPLAINTS

Approximatdy 200 complaints were registered with the City of Sdisbury over the twelve
months prior to the study, and nearly 40 complaints were recorded during the study. “°
City officids developed an ingpection / verification protocol to document objectionable
odors. The procedure was as follows. When three or more citizens registered a complaint
with the City Risk Department, the Codes Enforcement Office investigated the complaint
as soon as possble. The srength of odor was determined at four locations thought the
neighborhood. Each neighborhood location was chosen to represent the most frequent
complanants. Findly the Access Road was visted, from there the investigator once
agan determined the drength of the odor and a production activities a each of the two
asphdt facilities. If the odor were strong and ether APAC and/or Associated were
operating, the responsble facility or faciliies was conddered to be in violaion of the
City's Nuisance Odor ordinance and a civil pendty was assessed.  All records of the
reported odor complaints and citations during the study period were provided to the DAQ
project team.

3.6 QUALITY ASSURANCE / DATA QUALITY M EASURES

3.6.1 Data Quality Objectivesand Criteria for M easurement
The primary data quality objective of this sudy was to produce vaid, representative data
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The EPA recommends using the Data Quaity Objectives (DQO) Process outlined in
Guidance for the Data Quality Objectives Process to develop data quaity objectives for
monitoring studies*” As stated in EPA's DQO guidance, "every step of the DQO
guidance may not be applicable to data collection activities where specific decisions
cannot be identified, such as studies that are exploratory in nature...[P]art of the DQO
Process includes formulating statistical hypotheses. If a statistical hypothesis is not
linked to a clear decison in which the decison maker can identify potential
consequences of making a decision error, then some of the activities recommended in this
guidance [for the DQO Process| may not apply.” Thus, dthough the entire DQO Process
could not be followed for this study, the relevant steps were used.

3.6.2 Training Requirements

Field Operations

All personnd involved in the meteorological daa collection, VOC sampling, and
hydrogen aulfide sampling followed Standard Operating Procedures (SOPs) when
carying out their duties Appendix H contains al SOPs used in this sudy. A minimum
of three people from DAQ Toxics Protection Branch was trained to operate the Stes.
Other DAQ personnd were trained as needed. SOPs are provided for dl field equipment
operation and sample handling.

Laboratory Operations

Andydgs involved in the dudy ae cetified in al of the laboraiory methods and
procedures used in the study for VOCs. Cetification for the analyticd method consisted
of the andyss of Qudity Control (QC) samples, the determination of the method
detection limit, and the determination of the practical quantification limit. The number of
samples used in cetificaion was sufficient to verify the precison and accurecy of the
andyss and to measure any bias between andysts.

Documentation and Records
Various types and levels of documentation are required for this sSudy. Listed below is a
summary of the field and laboratory documentation required:

- Activity log book maintained at each monitoring Site

- Chain of cugtody forms

- Andyticd indrument and analysis logoooks
Inventory control (certified canisters/field samples) spreadsheets
Meteorological equipment checklist for operations and audits

Examples and descriptions of miscellaneous forms and documentation are contained in
Appendix H. Copies of dl log sheets, forms and checklists will be maintained in the
project files throughout the study period, as long as deemed necessary by the Program
Adminigrator.

The Daa Manageas mantaned the vdidaed, quaity-coded meteorologicad and
andyticd data on a dedicated computer for ther particular portion of the sudy.
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Additiondly, they placed this data on a reserved server in the DAQ locd area computer
network s0 that the data were avalable in a timey manner to the DAQ personnd for
reedy didribution to inquires for information. Copies of these vdidaed, rav daia were
maintained on the Data Managers computers and the reserved server throughout the
study period, as long as deemed necessary by the Program Adminigtrator.

Audit reports detalled the results of the field operations audits, analytica audits, and data
management audits as needed were placed in the ATAST gsudy file.  This find report
generated for the study includes the audited data, summary datigtics, charts of the
vaidated data if appropriate, and a discusson of the qudity assurance audits. The Quality
Assurance Project Plan (QAPP) is included in Appendix H and provides greater detall of
the QA/QC procedures used in the study.

3.7 REGULATORY BACKGROUND ON TOXIC AIR POLLUTANTS

Of paticular interest are the TAP levels obsarved in the study that were above the
regulatory guiddines for TPERs and AALs The following discusson presents DAQ
regulatory definitions and concepts involved with TAPs.

3.7.1 Acceptable Ambient Level

At the outset of its air toxics program, North Carolina decided that the philosophy of the
program would be based upon protection of public hedth. It established arborne
concentration of chemicads “above which the substance may be consdered to have an
adverse effect on human hedth.” The chemicas became known as toxic ar pollutants or
TAPs and the concentrations became known as acceptable ambient levels or AALS.

AALs are expressed in weight per unit volume, most often as milligrams per cubic meter
of ar (mgnt). North Carolina has developed AALs for 105 toxic ar pollutants. By their
nature, AALs ae intringcdly diginct from measured ar concentrations, and an
understanding of this didinction is necessxty to prevent misunderstanding and
misgpplication of AALS.

3.7.2 AAL Determinations
Higoricaly, AALs were established by two means:

(1) For hedth effects other than cancer, the AALs were determined by taking
occupationa exposure standards and lowering exposure guidelines to acceptable
concentration levels by safety factors of 10 to 160. Safety factors were used
because the state recognized that chemica compounds differed in the nature and
severity of the toxic effects and how much was known about the hedth effects of
a chemicd. Generdly gpesking, highly toxic chemicds such as mercury have
larger safety factors and lower AALs. (Occupational exposure standards are
essentidly “no effect levels and as such, safety factors tend to decrease those
dandards well below the levels a which adverse hedth effects have been seen in
occupationdly exposed humans).

(2) For substances known to cause cancer (carcinogens) in humans, AALs are st a
levels cdculated to represent an increment of “one in a million” risk. That is,
if one million individuds are exposed continuoudy for 70 years, to a carcinogen
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at the concentration of the AAL, one person might be expected to contract cancer
as a result of that exposure. For “probable’ and “possible’ human carcinogens,
the risk levels increese to “one in one hundred thousand” and “one in ten
thousand,” respectively.

Currently, the NC DAQ maintains a scientific body of experts known as the Scientific
Advisory Board (SAB) whose job it is to continudly review the scientific information
that forms the bass of the AALs As this information changes, the SAB recommends
updates to the AALs. The SAB reviews tend to be more complex that those used at the
beginning of the Toxics program, but the objective is the same to recommend safe
exposure concentrations for toxic ar pollutants that alow an ample margin of safety for

potentially exposed people.

3.7.3 AAL Comparison to National Ambient Air Quality Standards (NAAQS)

North Carolina’s air toxics program does not set state-wide or even community ambient
dandards for TAPs in the same sense as ndtiond ar dandards are set for familiar air
pollutants such as ozone, nitrogen oxides or carbon monoxide, which are cdled “criteria
ar polutants’. Nationd ar qudity dandads st gpecific limits for  ambient
concentrations of pollutants (NOx, SO2, Pb, CO, VOC, and particulate matter) in the air
we dl breathe, and every date is expected to meet the nationa standards. States have
extensve ar monitoring programs designed to monitor for criteria air pollutants to ensure
that compliance with the nationa Standards is being maintained. Wide-ranging pollution
control dtrategies and national rules have been adopted to enable states to meet the
dandards for the criteria pollutants. By contrast and athough termed “acceptable ambient
levels” North Carolinds AALs are used in pollution permitting to insure that toxic ar
pollutants from new or modified facilities do not make toxic ar pollutant levels worse,
ona cae by casee bass Genedly, monitoring for toxic ar pollutants is limited to
specific areas and specific pollutants.

When contrasted to the nationd standards, AALs are gpplied on a much smdler scae.
Since there is not enough monitoring information to be able to know the generd ambient
concentrations for each of the 105 TAPs, the NC program focuses on what a facility adds
to the exiging environment. What a facility adds to the environment is determined in a
two step process. Fird, the facility determines how much of a toxic ar pollutant it emits.
Determining emissons can be difficult, but generdly there are standard techniques
avalable. For example, a facility can perform tesing at its emissons points to determine
emisson quattities and raes. If avaldble, a facility may dso use a published “emission
factor” that has been determined to be a typicd emisson rate for a particular pollutant
from a generic source such as a boiler. If the pollutant is determined to be emitted from
the emisson source a a rate above what is dlowed by the toxics program (that is, the
TPER), then an ar disperson computer mode is run. If the ar digperson modd results
show that the toxic ar pollutant emisson is beow the AAL, a concluson is made that the
facility has not added concentrations of toxic air pollutants to the air that are harmful to
humean hedith.
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3.7.4 Air Dispersion Modeling

Air disperson computer modds use mathematica equations to smulate the red world.
These eguations attempt to account for al conditions affecting the release and dispersa
of a pollutant, such as wind speed, wind direction, temperature, terrain, height of the
emissions, how fast the emissions are released and so on. The modd is used to predict the
downwind concentrations or off-gte concentrations of a given pollutant from the input
information. Since ar modeling is conducted only for the source of interedt, the resulting
modeled air concentration is directly comparable to the AAL.

3.7.5 AAL Rdationship to Measured Ambient Air Concentrations

At firg glance, AALs may appear to be directly comparable to ar concentrations
messured during ambient monitoring. However, such comparisons are mideading.
Although a condituent of interest may be emitted from severd different sources, its AAL
is applicable only to the portion of the air concentration emitted from a specific indudtrid
source. The NAAQS for the criteria ar pollutants are established and monitored with
totd loading as a consderation. A mode predicts ambient air concentrations but
does not account for contributions from other sources. The AAL is not to be
exceeded at the closest property boundary.

When monitoring for toxic ar pollutants is conducted, the measured ar concentration for
a paticular ar pollutant can usudly only be compared with its AALs if the source
emitting that pollutant can somehow be isolated from &l other sources. Such isolation is
usudly not possble or redidic. Furthermore, because ar monitoring messures the tota
loading of a condituent from dl emisson sources, the resulting measurement is likely to
be greater than the AAL for that condituent. It is not uncommon to find toxic compounds
such as benzene and arsenic in a sample of ambient air in concentrations above the AAL.
If such a sample were teken a the property line of a facility, it would not automaticaly
imply that a given fadility was in violaion of the AAL. Additiond information would be
needed to draw appropriate conclusions about what the sample represented and its origin.



SECTION 4
RESULTS AND DISCUSSION

4.1 PROCESSDATA

4.1.1 Associated Asphalt Terminal

The production related data requested by DAQ and obtained from the asphdt termind
included documented invoices, computer-recorded data, and manualy-recorded data
collected during the study. The remaning process datistics were based on a sngle
shipment of liquid asphat weight of 90 ton/ralcar and a sngle tanker truck loadout
weight of 25 ton/truck. The study period covered 117 days or 32% of the year. Table 3
presents the processing datistics from process data compiled on the Associated termind
during the study period. Note that the liquid asphdt sold in the study period reflects
proportiondly  higher percentages than the time datisic percentage, verifying
representative facility operation.

Table 3. Asphalt Facilities Process Statistics During Study

Study Period
Process Parameters Production Per cent of Annual 2001 Fiscal

L evel L evel Y ear
Associated Terminal
Liquid Asphdt Sold, Tons 42,800 36% 120,000
Liquid Aphdt Received, Tons 46,700 39% ~120,000
Number of Individua Railcars 519 39% ~1,330
Percent Liquid Asphdt Sold as 0 _
PG 6422 89% a 90
Percent Liquid Asphat Sold as _
PG 70-22 11% a 10%
Number of Truck Loadouts 1,712 36% 4800
Percent of Truck Loadouts with 0 Ao
anti-strip adlditive 65% a 65%
APAC HMA
Tons of HMA Sold 48,000 48% 101,000
Number of HMA Truck o
L oadouts 3,000 48% 6,310
HMA Production Time, Hours 300 48% 630
Liguid Asphdt Used, Tons 2,060 48% 4,340

a: Process parameter level during study period similar to 2001 annual level.

4.1.2 APAC-CarolinaHot Mix Asphalt Plant

The process data requested by DAQ and obtained from the HMA plant were based on
documented invoices and computer-recorded data collected during the study period.
Theremaning process ddigtics were based on a sngle HMA truck loadout weight of
16 ton/truck, norma HMA production rate of 160 ton/hr, and the annual average of
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4.3% liquid asphdt in HMA. Table 3 compares the production statistics compiled on the
APAC Pant during the DAQ/ATSDR study period to its 2001 annud level. Each process
parameter reflects higher percentages than the time datisic percentage, verifying
representative facility operation.

4.2 VOLATILE ORGANIC COMPOUND SOURCE EMISSION DATA

4.2.1 Volatile Organic Compound Source Emission Data

As discussed in Section 3.2, VOC emisson daa for benzene, toluene, xylene, and

forma dehyde were produced from two approaches:

1. Emisson factors were gpplied to estimate VOC emissions from both asphalt facilities,
the concrete batch plant, and Jake Alexander Blvd.

2. The most recent emisson test data were used to present VOC emissons from both
remediation Sites.

Table 4 presents the benzene, toluene, xylene, and formadehyde emisson data in terms
of hourly and annuad emission rates for the thirteen types of emisson points from the sx
emisson sources. The daa show that the benzene TPER quiddine of 81 Ib/yr was
exceeded by benzene emisson rates of 57 Iblyr and 28 Iblyr from the Southern States
remediation dte and the APAC dryer/mixer, respectively. Also included in Table 5isthe
relative percent of annua emissions contributed by each emission point, reflecting that:

The Southern States remediation Ste was the principa emitter of VOC releases
from the dx sources, with benzene, toluene, and xylene accounting for the
majority (65-72%) of the emissons from the source clugter.

APAC was the second —most emissive source of VOCs, contributing 32%, 27%,
and 30% of benzene, toluene, and xylenes emissons, repectively. In addition,
APAC was the principa emitter of formaldehyde releases from the six sources,
accounting for 82% of these emissions from the source clugter.

Nearly dl (> 97%) of the benzene, toluene, xylene and formadehyde emissons
stem from Southern States and APAC operations.

The remaining four emisson sources (Associated, Concrete Supply, ExxonMobil,
and Jeke Alexander Blvd.) contributed reatively minor emissons (< 3%) of
benzene, toluene, xylene, and formadehyde.
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Table 4. Volatile Organic Compound Emission Estimates

Benzene Toluene Xylene Formaldehyde

Facility | Ib/hr | tbyr | 9% | tohr | toiyr | 9% | tohr | ibiyr | o6 | b | tbir | %
Associated Liquid Asphalt Terminal
Stt;:ﬁ‘ge 5464 | 756-1| 1 | 10E3 | 15E+0| O | 43E3 |60E+0| 1 | 1262 | 16E+1 | 6
Railcars | 2366 | 53E-3| 0 | 4566 | 1062 | 0 | 1965 |42E2| 0 | 5065 | 11E1 | 0
Truck | oo sl 7581 | 1 | 1083 | 15840| 0 | 4323 |60E+0| 1 | 1282 | 16641 | 6
loadouts | ™ ’ : ’ : ) : ’
Steam
boilrs | 2655 | 2381 | 0 | 4265 | 37EL| O 0 0o | o|93F4a|81E+0| 3
Hotoll | 1 aro | 161 | 0 | 2885 | 2551 0 0 0 | 0| 6664|580 | 2
heaters : ) : ” ) )
APAC HMA Plant
gtg’ce; 50E-2 | 286+1 | 32 | 1861 | 10E+2| 27 | 4961 |27E+2| 30 | 1361 | 756+1 | 28
Truck

404 | 2261 | 0 | 1663 | 88E1| 0 | 37E3 |21E+0| 0 | 67E4 | 37E1 | ©
L oadout
Yad | 2965 | 5862 | 0 | 1284 | 2381 | 0 | 2764 | 5461| 0 | 5065 | 1061 | ©
LATank| 1855 | 10E2| 0 | 3665 | 2062 | 0 | 1464 |80E2| 0 | 2561 | 14642 | =4
Concrete Supply Batch Plant
Boiller | 4766 | 844 | 0 | 7768 [ 1455 © | 1766 | 30E4 | 0
Remediation sites
EI\;IO(()?)?I/ 69E5 | 61E-1| 1 | 69E5 | 61E-1| O | 3564 |30E+0| 0 0 0 0
South.
e | B6E3 | 57E¥L| 65 | 31E2 | 27E+2| 72 | 71E2 |62E+2| 68 | O 0 0
Traffic
J. Alex.
o | 15E5 | 1381 | 0 | 355 | 31E1| 0O 0
Total | 0058 | 885 | 10| 021 | 373 | 100| 057 | 912 | 10| 041 | 263 | 100
TPER 81 98 Ib/day 164 0.04

4.2.2 Volatile Organic Compound Disperson Modding
DAQ peformed separate disperson modding for the dationary sources and the mobile

sources to evauate the incrementa impacts of the emissons for these sources.




Stationary Source Dispersion Modeling Result for VOCs

Table 5 summarizes and Figure 6 illusrates the datiorary source disperson modeling
results for dl the benzene emisson sources. Included in Table 5 are the averaging
periods, maximum impact concentration, acceptable ambient levdl (AAL) guiddine, and
percent of the AAL for each of the 12 TAPs. The ISCST3 disperson modding results
show that benzene was the only TAP that exceeded its respective annua AAL guiddine
of 1.2 x10™* mgn? (or 0.12 nyn?) & outlined in the North Carolina Administrative
Code (NCAC) 2D.1104, Toxic Air Pollutant Guidelines. However, as the attached
concentration isopleth analyses demondrate, maximum impacts are centered soley
around the Southern States remediation $te and concentrations drop rapidly (<50 meters)
outsde the immediate vicinity of the source.

\
Table5. Maximum Modded Impactsfor Toxic Air Pollutants

Toxic Air Pollutant Averaging Maximum AAL Per cent of
Period | mpact (my/m®) AAL
(ny/m®) (%)
Benzere annud 1.02 0.12 850
Benzo(a)pyrene annudl 0.00002 0.03 0
Carbon disulfide 24-hour 0.38 186 0
Formaldehyde 1-hour 26.3 150 18
Hydrogen sulfide 1-hour 404 2,100 19
Methylene chloride annua 0.00002 24 0
24-hour 0.00140 1,700 0
n-Hexane 24-hour 3.88 1,100 0
Phenols 1-hour 0.793 950 0
Syrene 1-hour 0.14 10,600 0
Toluene 24-hour 120 4,700 3
1-hour 1,706 56,000 3
Trichlorofluoromethane 1-hour 0.01 560,000 0
Xylene 24-hour 279 2,700 10
1-hour 3,959 65,000 6
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Figure 6. Dispersion Modd Prediction of All Benzene Emission Sour ces.

Stationary Source Dispersion Modeling Result for Criteria Air Pollutants
Included in Table 6 are the modeled concentrations for 6 criteria pollutants. Severd
datigtica techniques depending on the pollutant are used to determine a maximum study
impact (e.g. to determine the 24-hour PM 10 study impact 5-years of daily PM 10
concentrations are modeled at hundreds of receptors beyond the fence line. The five
highest PM 10 concentrations at each receptor are discarded for this gatisticd andyss.
The highest remaining receptor concentration is the study impact). An identica deta
treatment method is applied to the most recent years data collected by the nearest Sate
maintained monitoring location. The study impact is added to the observed background to
determine atota impact. That tota impact is compared with Nationd Ambient Air
Quality Standard (NAAQS) levels designed by the EPA to protect public hedth and
public welfare within an adequate margin of safety. All modeled concentrations were




below acceptable NAAQS levels. EPA criteria pollutant NAAQS limits are Smilar to
North Carolinds TAP AAL.

Table 6. Maximum Modeled Impactsfor Criteria Air Pollutants

o . Sudy Background Total NAAQS Percent

F% Tllltfalna}[ A\I/De;ai\ggg Impact | Concentration | Impact N AoAf oS
(mym’) | (g | () | (rgmd) | g,
Carbon 8-hour 241 3.6 244.6 10,000 25
monoxide 1-hour 1,441 7.6 1448.6 40,000 3.6
Nitrogen | A 15.7 0.018 15.7 100 16

Oxide

TSP Annua 1.3 48.0 49.3 75 66
24-hour 12.0 73.0 85.0 150 57
PM10 Annua 1.3 30.0 31.3 50 63
24-hour 7.90 47.0 54.9 150 37
Sufur Annua 0.09 0.004 0.1 80 0.1
Dioxide 24-hour 0.99 0.014 1.0 365 0.3
3-hour 3.0 0.066 31 1,300 0.2
VOCs Annua 9.2 NA 9.2 NA NA
1-hour 397 NA 397 NA NA

4.2.3 Volatile Organic Compound Stationary Sour ce Ambient Monitoring Data

The VOC portion of the study was conducted from May 12 through July 26, 2001 with a
collection of samples from the dtes every deven days. This sampling schedule would
have given 70 sampling days that would have resulted in fied collection of 210 samples
(1 sample per day per Ste). However, due to unforeseen sampling equipment difficulties
and random power outages a the monitoring Stes, the number of vaid samples collected
from the fidd and returned to the DAQ lab for andyss was 109 (52%). Of these 109
samples, 34 (31%) were andyzed within a 30-day holding period. Deays in andyses
were primarily due to the inddlaion of a replacement gas chromatograph
mass spectrometer (GC/MS) and the requisite time required to indal, optimize, and
cdibrate the new system.

In addition to the 24-hr samples, 12-hr samples were collected September 3-5, 2001.
These samples were collected a dl three Stes during the period of the stack testing being
conducted at the Associated facility. This resulted in 18 vaid samples (2 samples per day
per Ste) being collected and andyzed (100%). Table 7 summarizes the spatid and
tempord didribution of the vaid samples that were collected and andyzed in the study.

VOC sample andysis was performed by the DAQ/TPB lab viaGC/MS using EPA
specifications for Method TO-14A asaguide>® Thelab routingly anayzes for 40 of
those compounds, 32 of which are on the EPA HAP list and/or the NC TAP ligt, as
identifiedin Table 8.




Table7. VOC Analyzed Sample Dates

indicated.

24-hr samples
Date Cul-de-Sac Access Rd Remediation
Jun-06-01 no sample X no sample
Jun-07-01 X X no sample
Jun-08-01 X X X
Jun-09-01 X X X
Jun-10-01 X X no sample
Jur+13-01 X X X
Jun-14-01 X X X
Jun-15-01 X X no sample
Jun-17-01 X X no sample
Jun-18-01 X X no sample
Jun-19-01 X X no sample
Jun-22-01 X X X
Jun-23-01 X no sample X
Jun-24-01 X no sample X
Jul-08-01 X no sample X
Subtotal 14 12 8
24hr Sample
Total i 34
12-hr samples
Sept-03-01 X X X
Sept-03-01 X X X
Sept-04-01 X X X
Sept-04-01 X X X
Sept-05-01 X X X
Sept-05-01 X X X
Subtotal 6 6 6
12hr Sample
Totda P 18
X — Samples were successfully collected and andlyzed from this site on the date
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Table8. Ligt of Analyzed Volatile Organic Compounds

"Compound Name (Synonym)

[Benzene (1) [Hexachlorobutadiene @)
[Benzyl chloride (1) [Methyl bromide (Bromomethane) @)
|Carbon tetrachloride (1) [Methyl chloride (Chloromethane) @)
[Chlorobenzene (1) [Methyl chloroform (1,1,1-Trichloroethane) [ (L)
Chloroform (Trichloromethane) (1) [Styrene (Vinyl benzene) (1)
1,2-Dibromoethane (1) [1,1,2,2-Tetrachloroethane @
p-Dichlorobenzene (1) [Tetrachloroethylene (Perchloroethylene) D)
1,1-Dichloroethane (2) [Toluene (Methyl benzene) D
1,2-Dichloroethane (2) [1,2,4-Trichlorobenzene 2
Dichloromethane (Methylene chloride) (1) |1,1,2-Trichloroethane (Vinyl trichloride) )
1,2-Dichloropropane (2) [Trichloroethylene (Trichloroethene) D)
Ethyl chloride (Chloroethane) (2) |Vinyl chloride (Chloroethylene) @
[Ethylbenzene (2) |Vinylidene chloride (1,1-Dichloroethene) )
||Egz ﬂ?)(T”Ch'OFOf'Uorometha”e) ®) Imp-Xylene (1.4 & 1,3-Dimethylbenzene) @
‘(1,1,2Trich|orol,2,2trif|uoroethane) (3) ((chromatographically indistinguisheble)

Freon 12 (Dichlorodifluoromethane) (3) | o-Xylene (1,2-Dimethylbenzene) @

(1) EPA HAP and NC
TAP

(2) EPA HAP only

(3) NC TAP only

Analytical Results

Table 9 provides the summary of the results obtained from the 24hr-collected samples
andyzed in this sudy. The average, dandard deviation, and the maximum concentration
in the sudy are given. Compounds that have BLQL listed for the average and maximum
concentrations and zero for the dandard deviation ae compounds that were not

quantifiable and/or not detected.




Table9. Summary of 24-hr Volatile Organic Compound Analysis Results

“Compound (Synonym) Avg (ppb) n=34 Std 23/3E1ppb) Mar]ngo4pb)
[Benzene (Cyclohexatriene) 0.163 0.079 0.374
[Benzy! chioride (a-chlorotoluene) BLQL 0.000 BLQL
[Carbon tetrachloride (Tetrachloromethane) BLQL 0.000 BLQL
[Chlorobenzene (Pheny! chloride) BLQL 0.000 BLQL
Chloroform (Trichloromethane) BLQL 0.000 BLQL
1,2-Dibromoethane (Ethylene dibromide) BLQL 0.000 BLQL
p-Dichlorobenzene (1,4-dichlorobenzene) BLQL 0.000 BLQL
1,1-Dichloroethane (Ethylidene dichloride) BLQL 0.000 BLQL
1,2-Dichloroethane (Ethylene dichloride) 0.129 0.026 0.275
Dichloromethane (Methylene chloride) BLQL 0.000 BLQL
1,2-Dichloropropane (Propylene dichloride) 0.133 0.049 0412
Ethyl chloride (Chloroethane) 0.213 0.284 1.763
||Ethy| benzene 0134 0.053 0433
[Freon 11 (Trichlorofluoromethane Note 1 -- --
[Freon 12 (Dichlorodifluoromethane) Note 1 -- --
||Freon 113 (1,1,2-Trichloro-1,2,2-trifluoroethane) BLQL 0.000 BLQL
[Hexachlorobutadiene BLQL 0.000 BLQL
[Methyl bromide (Bromomethane) BLQL 0.000 BLQL
[Methy! chloride (Chloromethane) 0.485 0.266 1.094
Methyl chloroform (1,1,1-Trichloroethane) BLQL 0.000 BLQL
Styrene (Vinyl benzene) 0.129 0.024 0.264
1,1,2,2-Tetrachl oroethane BLQL 0.000 BLQL
Tetrachl oroethylene (Perchloroethylene) BLQL 0.000 BLQL
Toluene (Methyl benzene) 0.421 0.214 0977
1,2,4-Trichlorobenzene BLQL 0.000 BLQL
1,1,2-Trichloroethane (Vinyl trichloride) BLQL 0.000 BLQL
Trichloroethylene (Trichloroethene) BLQL 0.000 BLQL
Vinyl chloride (Chloroethylene) BLQL 0.000 BLQL
\Vinylidene chloride (1,1-Dichloroethene) BLQL 0.000 BLQL
m,p-Xylene (14 & 1,3-Dimethylbenzene) 0.142 0.074 0529
llo-Xylene (1,2-Dimethylbenzene) BLQL 0.000 BLQL

Note 1: Theresultsfor Freon 11 and Freon 12 are not presented because of a contamination
problem at the DAQ lab facility caused by a refrigerant leak in the air conditioning system.
This was observed in blank samplesthat wererun as part of the QA/QC criteria. Thenatureand
degree of contamination was non-uniform; therefore data for these two compounds are not
considered to be reliable representations of ambient air concentrations.

39



4.3 DISCUSSION OF VOLATILE ORGANIC COMPOUND DATA

4.3.1 Volatile Organic Compound Source Emisson Results

The datain Table 4 show that the benzene TPER guideline of 8.1 Ib/yr was exceeded by
benzene emission rates of 57 Ib/yr and 28 Iblyr from the Southern States remediation Site
and the APAC dryer/mixer, respectively. DAQ was aware that the APAC benzene data
was above the TPER and dso that it modeled below the AAL. However, prior to this
sudy, DAQ was not aware that the Southern States (or other remediation Stes) benzene
data was above the TPER and dso that it would modd above the AAL. Likewise, it was
consdered new information to DAQ that the Southern States was the principa emitter of
benzene, toluene, and xylenes from the six sources, accounting for the mgority (65-72%)
of these emissons from the source clugter.

In December 1988 DAQ revised its policy on remediation Stes using various ar stripping
techniques in that they would be required to register these projects but were no longer
required to receive a permit. In August 1995 the policy was revised somewhat in that ar
drippers were to be permitted unless they were found to be exempt as an indggnificant
activity under 15A NCAC 2Q .0102(b)(2)(E)(i). This exemption covers sources with
potentid emissons before any control of (A) criteria pollutants below 5 tonlyesr,
(B) asingle hazardous air pollutant (HAP) beow 10 ton/year, or (C) a combination of
HAPs bdow 25 ton/yr. Because nearly dl remediation stes qudify for this exemption,
the NC Divison of Wae Qudity (DWQ) now has oversght responshility for
remedigtion Stes with contaminated water and soil, based on an adminidrative decison
made by the Department of Environment and Natura Resources.

4.3.2 Volatile Organic Compound Dispersion Modeling Results

In regards to emisson disperson from the stack of a source, the taler the stack and the
greater the disance between the stack and property line has the effect of lowering its
predicted ground-level concentration. Similarly, higher exit stack gas veocity and gas
temperature will result in a greater effective stack height, likewise reducing its
ground-level concentration.

The maximum one-hour ground-level benzene concentration predicted by dispersion
moddling is 0.32 ppb (102 ugn?) for Southen States, as shown in Table 5 and
Figure 6. Note that the ground-levd maximum occurred within 150 ft of its southern
property line. The Southern States benzene emisson rate is #times the TPER (57 Iblyr
versus 8.1 Iblyr), with the corresponding maximum impact level being 85-times above
the AAL. Table 10 presents four contributing factors that account for the maxima impact
concentration, which were used as inputs in disperson modeling. For compaison, a
corresponding range of typical vaues is dso shown in Table 10. Comparison of the firgt
three parameters in the table shows that each of Southern States source characterigtics is
lower than typica values for ar pollution sources  Collectively, these atypicd source
parameters produce abnormally low dispersion characteristics.



Table 10. Southern States Sour ce Dispersion Characteristics

Parameter, Units Southern States Typical Facility
1. Stack exit velocity, ft/min 900 3000-4000
2. Stack height, ft 10 30-300
3. Proximity to Property Line, ft <50 100-1000
4. Source emission concentration, ppb 1,800 Varies

Examination of the area with predicted levels above the AAL (within 150 ft of the
southern property line) show that the affected area (gpproximatedly 1 acre in Size)
encompasses four tracts of property. These properties include Southern States itsdf and
three adjacent tracts Leeds Building Products, Jake Alexander Blvd., and the former
ExxonMobil Termind. Assessment of the three adjacent tracts indicates that above-AAL
levels in the affected area pose little/no long-term exposure potentid for any individuas.
Furthermore, Southern States voluntarily decided in March 2002 to discontinue operation
of the ar sparging / soil-vapor extraction sysem and is currently in the process of
evaduding dternaive technologies to minimize or eiminae benzene and other VOC
emissons. Exxor/Mobil made a damilar voluntary change from soil-vapor extraction to
bioventing a its remedigtion Ste in December 2001, dso diminaing the concentrated
release of benzene and other VOC emissons.

4.3.3 Volatile Organic Compound Ambient Monitoring Results

The compounds in Table 9 with quantifiable concentrations were compared to data from
other dtes in North Carolina and other states. Efforts were made to obtain data from
other dtes that were amilarly indicative of the area in Sdisbury, NC. Comparison data
was obtained from other NC locations, Georgia (GA), and Louisiana (LA). All samples
used in the comparison were collected over a 24-hr period. Table 11 shows these
comparisons. Note: There is one exception to the 24-hour samples: two 12hr samples
taken each of three days in Salisbury, NC (during the Associated source emission test) for
this study. These were averaged to obtain a 24hr sample value and these values were
subsequently averaged to obtain what is referred to in Table 11 asthe “ 12hr Composite
Sample Average.”

In Table 11, it can be seen that the average VOC values obtained at the “suburban”
Sdishury Stes were comparable to those obtained from rurd dtes in NC, GA, and LA as
well as a suburban ste in GA. And in some cases the Sdisbury VOC vaues were lower
than those found at rura dtes. For example, the average 24-hour benzene concentration
for Sdisoury was 0.16 ppb, within the range of 0.13 - 0.24 ppb measured in other
suburban and rurd dStes during 24-hour periods.  The concentrations measured and
reported from the Sdlisbury dStes will be assessed in terms of hedth effects and risk
asessment in a separate report through the NC Depatment of Hedth and Human
Services (DHHS) and ATSDR.
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Table 11. Comparison of 24-hr and Composite 12-hr Salisbury Resultswith Other Sites

Aver age Concentrationsin parts per billion (ppb)®

NC | Salisbury,NC | Salisbury,NC | Lincoln Co, |Conyers, GA | Dawsonville, | Douglas, GA Pride, LA
TAP Study Avg. Study Avg. |NC Rural Site| Suburban site| GA Rural site|Rural site Avg|Rural site Avg.
24hr samples [12hr Composite  (n=89)*? |Avg (n=31)?"| Avg (n=20)“ | (n=10)* (n=68)®

Compound Name (Synonym) (n=34) samples (n=18)
Benzene (Cyclohexatriene) X 0.16 0.25 0.16 0.24 0.13 0.23 0.20
1,2-Dichloroethane (Ethylene dichloride) X 0.13 0.13 -- -- 0.13 0.13 0.13
Dichloromethane (M ethylene chloride) X 0.12 0.14 - - 0.20 0.24 0.17
1,2-Dichloropropane (Propylene dichloride) 0.13 0.13 -- -- 0.13 0.13 0.13
Ethyl chloride (Chloroethane) 021 0.13 - -- 0.13 0.13 0.14
||Ethy| benzene 0.13 0.13 0.06 0.06 0.13 0.56 0.13
Methyl chloride (Chloromethane) 0.48 0.13 - -- 0.64 0.73 0.60
Styrene (Vinyl benzene) X 0.13 0.13 - -- 0.13 0.13 0.13
Toluene (Methyl benzene) X 0.42 0.56 0.38 0.38 0.13 171 0.13
m,p-Xylene (1,4 & 1,3-Dimethylbenzene) X 0.14 0.15 0.18 0.36 0.13 2.01 0.13
0-Xylene (1,2-Dimethylbenzene) X 0.13 0.13 0.07 0.08 0.13 0.50 0.13

Notes:
1

2
3.
4.
5

Raw data was obtained from the respective states and the data sets were statistically treated in the same manner as the data set from Salisbury see Section 3.4.2
“--* indicate that these compounds were not analyzed for in the samples from these sites.

Data from Paw Creek Study, Charlotte, NC — Lincoln Co. rurd site May 6 - August 11, 1997.
Data from Georgia Department of Natural Resources, 1999 PAMSS (Photochemical Assessment Monitoring Stations) Network and Toxics Network .
Data from Louisiana Department of Environmental Quality, Air Toxics Summary 2001.
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Site Comparison Data for Benzene

Of particular interest to the City of Sdisbury are the benzene concentrations observed in
the study, especidly as it rdates to the AALs. Table 12 shows the number of samples,
the average 24hr sample benzene concentrations, and the standard deviation for each ste
in the Sdisbury dudy, the tota for dl gdtes in the study, and the Lincoln county (rurd)
dte. When the average for each Ste was datistically compared to each of the other sites
in the sudy, it was found that at the 95% confidence interva tha the averages were not
datidticdly different.

Given that measured benzene levels a the three monitoring Stations were not datisticaly
different and the dtations are located upwind and downwind from the cdluster of emisson
sources, the data suggest that there was little/no impact from the emisson sources. This
suggestion of limited effect from nearby sources is dso supported by the disperson
modding results, which indicated that that only a rdaivedy smdl 1-acre area was
predicted to have maximum ground level impeacts above the AAL.

Additiondly, satistica comparison of the tota Salisbury Study average to the Lincoln
County rurd dte a the 95% confidence interva aso found that these averages were not
datigticaly different. The equations and the values used for these satistical comparisons
48,49 gre given in the QAPP (see Appendix). The reader is advised to refer back to the
discusson of AALsin Section 3.7 to provide appropriate context for this discussion.

Therefore, given the comparisons shown in Tables 11 and 12 and the regulatory
background on AALs, DAQ concludes that the Sdisbury ar qudity is typicd of smilar
areas. As noted earlier, the concentrations measured and reported from the Salisbury
Stes will be assessed in terms of hedth effects and risk assessment in a separate report
through the NC Department of Health and Human Services (DHHS).

Table 12. Benzene Statistical Summary

Site é\lal:nn;?; (?]f) Average (ppb) | Standard Deviation
Cul-de-sac (site 1) 14 0.187 0.090
Access Road (site 2) 12 0.146 0.072
Remediation (ste 3) 8 0.149 0.066
Totd Sdisbury (al Stes) 34 0.163 0.079
Lincoln County Ste 86 0.159 0.347




4.4 PRESENTATION OF HYDROGEN SULFIDE RESULTS

4.4.1 Hydrogen Sulfide Sour ce Emission Results

Associated Terminal Emission Results

As discussed in Section 3.2, emisson test data were the basis utilized to present H,S
emissons for the two asphdt facilities. Detectable results in the Associated source
emisson testing were only produced for H,S, as concentrations of the other TRS
compounds were below detection. Gas flowrates were reported in standard cfm (scfm)
and H,S emisson data were reported for concentrations in ppm by volume, dry basis
(ppmvd) and for emission rates in Ib/hr.  Tests were conducted under norma operations
in terems of process and ar pollution control device conditions. A summary of the
process conditions with corresponding emission test results is pesented in Table 13. The
ggnificant aspects of the Associated H,S test from the three types of emisson points are
asfalows

2,400 ppm concentration and emisson rate of 0.30 Ib/hr from the Storage tank vent
controlled by the Ecosorba scrubber;

0.2 ppm and emisson rate of 0.000017 Ib/hr from the truck loadout vent controlled by
the carbon bed; and

150 ppm and emission rates for one ralcar of 0.0061 Ib/hr and for an 18 car shipment
of 0.11 Ib/hr without any form of air pollution control.

APAC HMA Plant Emission Results

DAQ used ambient monitoring methods to estimate - not EPA methods to officidly
determine - H,S emisson concentrations from four HMA batch mix operdions
(2) Liquid asphdt storage tank, (2) Liquid asphat truck unloading, (3) Batch mix dryer,
and (49 HMA truck loadout. With the expressed caveat that these are considered
priminay semi-quantitetive data, a summay of the process conditions with
corresponding HpS emission estimates are o presented in Table 13.

Prdiminary data collected a the APAC hot mix asphdt plant suggest H,S emisson
concentrations of 90 ppm and 6 ppm emitted from liquid asphdt storage tank filling and
the dryer/mixer, respectively. Facility wide emisson rates are estimated to be 0.7 Ib/hr, a
levd above the TPER guiddine of 0.52 Ib/hr. (Subsequent disperson modeling shows a
permissible AAL; see discussion below).



Table 13. Asphalt Facilities H,S Emission Results

PG 64-22 Liquid Asphalt Gas .
Proce;es Parameters Flowr ate H>S Emisson Data
Operation
Quantity or | Temperature, Concentration Rate Efmlsson
Rate °F Scfm ppmvd I/hr actor,b
Ib/ton 2
Associated Terminal
Railcar S0ton 294 7.7 154 00061 | NA
hegting in rallcar
Railcar 90 ton )
unloading in railcar 294 Negeive NA NA NA
Storagetank | 61 to/hr 315 24 2370 030 | 000492
filling (237 gpm)
Storage N :
tanks 1700tonin 310 2 0.07 81E-06 | NA
hesi 2 tanks
Ing

Storagetank | ~910tonin .
unloading one tank 313 Negative NA NA NA
Truck 138 ton/hr a
loadout (536 gpm) 313 709 0.20 0.00075 | 1.7E-05
APAC HMA Plant
LA storage | g 4 ymin ~ 275 ~24 ~90 ~0.01 N
tank filling ' ' 0.00022
LA tanker
truck 0.8 ton/min ~ 275 ~0 <10 0 0
unloading
HMA
Dryer/ 160 ~ 280 ~ 24,000 ~6 ~07 ~0.005°
mixer
HMA truck .
loadout 2 ton/min 280 50 0 0 0

a: unitsof Ib H,S/ ton of liquid asphalt.
b: units of Ib H,S/ ton of hot mix asphalt.

4.4.2 H,SDispersion Modeling Results

Modelingin

2001

The ISCST3 digperson modeding results showed that HS was predicted to be below its
respective annua AAL of 2.1 x10* mg/n? (~ 1.5 ppm) as outlined in NCAC 2D.1104.
Isopleths for Associaled and APAC ae shown in Figures 7 and 8, respectivey.
Generdly, the H,S isopleth andyses for both facilities dso show that maximum impacts
are digtributed a and adong the northern property boundary of the Associated facility and
drop rgpidy moving away from the facility. The highest one-hour H,S concentration of
290 ppb (0.404 mg/nT) for Associated occurred just outside its property line less than




55 feet from the Access Road sampling site. The highest one-hour H,S concentration of
4.3 ppb (0.006 mg/nT) for APAC occurred about 300 ft outside its northern property line.
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Figure 7. Associated Dispersion Model Prediction for H,S.
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Figure 8. APAC Dispersion Mode Prediction for H,S.

Both Associated and APAC own rectangular shaped properties and have one common
property boundary (Associated’'s west property line is APAC's east property line as
shown in Figure 1). For the seven boundaries, maximum concentrations at the property
line predicted by the modd ranged from 0.83 ppb to 290 ppb. Table 14 presents the
modeled concentrations a each asphdt facility property line midpoint. In addition,
concentrations above the odor threshold (8 ppb) throughout the Milford Hills subdivison
were predicted from modding the Associated terminal emissons determined during the

studly.
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Table 14. Modeled H,S Levels at Asphalt Facility Property-Lines

Asphalt Facility Property line H»S Concentration, ppb
Associated North 290
East 106
South 30
West (common to both) 65
APAC North 15
East (common to both) 34
South 3.0
West 0.8

Modeling in 2003

Due to over 400 odor complaints and H,S emisson testing indicating the ineffectiveness
of the Ecosorba  systemn in reducing odorous emissions, in January 2002 DAQ withdrew
Associated' s temporary permit which previoudy alowed use of the Ecosorba  scrubber.
Associated then replaced the Ecosorba  scrubber controlling storage tank vents with
activated carbon beds by the end of March 2002. Nonetheless, concerned citizens and
ATSDR were Hill concerned about the corresponding exposures to ambient H2S
concentrations from this emission control configuration In response to citizen's and
ATSDR request, DAQ performed digperson modeling of emissons incorporating the
latest emisson control changes. The Asssociated facility emission control practices have
changed over the 2000-2002 period as aresult of experimenting with what was later
determined to be ineffective control technology. Presented below are descriptions of two
key emission control scenarios that were modeled by DAQ and presented in Table 15:

Emission Control Scenario 1. Asdiscussed in Section 2.1, during the study an Ecosorba
scrubber treated the storage tank vent streams and activated carbon beds controlled the
truck loadout vent streams. Emission source testing in September 2001 showed relatively
high concentrations of 2,370 ppm H,S exiting the Ecosorba scrubber treating the tank
vents and only 0.2 ppm H,S exiting the carbon bed tresting the truck loadout vents.

Emisson Control Scenario 2. Carbon beds were re-ingdled on dl 3 storage tank system
ventsin late March 2002; the carbon beds treating the truck |oadouts stayed. This control
configuration has remained in place since March 2002.

Using Associated source data and vapor space properties assumptions emission factors
were calculated; each is presented below in Table 15. Neither facility production rates
nor property boundaries changed over time. Both of the above scenarios were modeled
using the ISCST3 modd.



Table 15. Asphalt Terminal H,S Emission Data

H>S Emissors
Source Description Asphdt
Quantity Ibs/ ton asphdlt lbs/ hr
or Rete
Tank filling Uncontrolled
(nofan) 61 ton/hr 0.0049 (a) 0.300 (3)
Tark filling Controlled (237 gpm) 0.000017 (b) 0.001 (b)
(nofan)
Truck loadout ~ Controlled 138 torvhr
0.000017 (& 0.0008 (&
o (536 gpm) @ (3
Rallcar hesting  Uncontrolled 90r;_cl)cn;|n ANJA 0.0061 (3)

@ Associated source test in September 2001.
(b) Vapor space properties assumptions.

The modeling results for predicted maximum impacts and gpproximated impact radii are
presented in Table 16. The following assumptions were made for modding. First, plant
wide throughput was assumed to be though Tank System 2 with three 1-million gdlon
tanks (see Table 1). Submitted process records show Tank System 2 was used the
magjority of thetime. The second assumption was that two threshold values (56 ug/nT
and 33 ug/nT) were chosen to define the radius of the areawith concentrations above the
thresholds. The two vaues correspond with the NC Scientific Advisory Board (SAB)
recommended revisionsin the H,S AAL. (A third threshold value of 120 ug/nt with a
24-hr average period was a so proposed by the SAB. However, based on modeling
neither Associated scenario is expected to cause an offsite 24-hr concentration greater
than 120 ug/n™.) Impact radiusis not anorma AQAB modeling product, but one used to
estimate the area and corresponding persons exposed for this Situation.

The mogt sgnificant observation isthat the actud annual emisson (Ib/yr) has decreased.
The moddling predictions (1-hr max and 24-hr max) follow asmilar pattern. Associated
in its present configuration would comply with al the proposed AAL guiddlines.

The radius of impact in Table 16 has no direct regulatory relevance and is presented only
to estimate the extent of community exposure. The radius of impact describes an
gpproximated circular area, centered at the Associated termind, in which residents would
be exposed to a concentration higher than a proposed guiddine. For example, Table 16
shows an impact radius of 0.25 miles for the 56ug/nT one-hour H2S guiddline under the
September 2001 emission control scenario; thisimpact radius covers gpproximately 0.20
square miles encompassing 70 people. Thefollowing two assumptionsregarding
populaion densty were made:

The modded areaincluded parts of four census tracks; population dengity across
those tracks was assumed to be constant.
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Occupationa exposure was not considered; a Food Lion adminigtrative building
and amilitary reserve post are nearby and within the impact radius, but an actua
number of employees has not been determined

Table 16. Asphalt Terminal H,S M odeing Results

April 2002 to
Associated Conditions Sept. 2001 present
Tark Filling Uncontrolled Controlled
wi/o fan wi/o fan
Truck Loadout Controlled Controlled
Railcar Hegting Uncontrolled Uncontrolled
Estimated years of operation (years) 1 1
Actud Annua Emissions (Ib/yr) 718 132

Relevant Proposed Guideline; 56 ug/m® 1-hr aver age (human-airway resistance)

1-hour max impact (ug/nT’) 404 9.2
Radius of impact (miles)

Concentration greater than 56 ug/nT 0.25 0
Area (miles square) 0.20 0
Persons exposed (a) 70 0

Relevant Proposed Guiddine; 33 ug/m® 24-hr average (humanreye pain)
24-hour max impact (ug/nT) 59 1.3
Radius of impact (miles)

Concentration greater than 33 ug/nt 0.031 0
Area (miles square) 0.003 0
Persons exposed (a) 0 0

(a) Persons exposed values determined by NC Department of Health and Human Services.

443 H;SAmbient Monitoring Data

The origind H,S ambient monitoring data were produced with 15-minute averages at
each monitoring ste.  In tota, more than 31,000 data points representing 15-minute
averages were produced. Tapemeter concentrations less than the 2 ppb were below the
lower quantitation limit (BLQL). All ensuing datisics were based on usng BLQL
concentrations converted to %2 of the limit (or 1 ppb) usng common EPA practice. The
H,S ambient monitoring data served a centra role for evauating its connection with
agphdt fadlities process data, wind directional data, and odor complaints.

The origind 15-minute H,S concentration data were converted to 1-hour averages to
gynchronize it for comparison with: 1) the hourly process deata, 2) the one-hour ambient
regulatory levd (NC DAQ Acceptable Ambient Level as an acute irritant) for H,S, and
3) digperson model concentrations. Hourly averages were consdered above detection if
the average of the four sample periods was grester than or equa to 1.25 ppb.
The didgribution of 1-hour H,S measurements for each monitoring Ste is presented in
Table 17.



Table 17. Number of 1-hour H,>S Concentration M easurementsfor Each Site

H>S Concentration Range, ppb| Accessroad site | Cul-de-sac site | Remediation site
Below Detection Level, < 1.25 1,825 2,185 2,795
1.25-10 717 120 13
10.25-30 25 4 0
30.25-50 3 0 0

Invaid ? 238 499 0

Total Measurements 2,808 2,808 2,808

a: Each site experienced some difficulty due to power disruption.

Datain Table 17 shows that the monitoring Ste a the Access Road (located 50 ft to the
north of Associated’s northern property-line) observed more frequent and intense pesks
for HS than the other two sStes. In fact, the Access road Site tapemeter produced more
then five-times more detectable concentrations than the other two dStes combined.
Giventhat there are no other H,S sources nearby, interpretation of the andyss of the
digribution of the Zhour data strongly suggedts that one or both of the asphdt facilities is
(are) the source of the fluctuating HoS levels.

The following five grgohs in Figure 9 graphicadly present 1-hour average H,S leves at
each dte for each separate month (May-September) during the study. These figures
illugtrate the extent and variability of the H,S ambient monitoring deta.

Figure 9. Summary of 1-hour H,S Ambient Concentration Data
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Figure9 (con’d). Summary of 1-hour H,S Ambient Concentration Data
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Figure9 (con’d). Summary of 1-hour H,S Ambient Concentration Data
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4.4.4 Odor Complaints

During the study there were 24 unique odorous events reported by 39 citizens*® Of these
events 88% coincided with or occurred less than 4 hours after either APAC HMA
production or Associated storage tank filling.  In the opinion of the city risk manager the
intendty of the odor on four occasons warranted citation. All four citations that occurred
during the study period were issued to Associated because it was the only facility
operationa at the time of the odor complaint.

4.5 DISCUSSION OF HYDROGEN SULFIDE RESULTS

45.1 Discussion of Hydrogen Sulfide Sour ce Emission Data

Associated Asphalt Hydrogen Sulfide Source Emission Data

The following discusson puts the dgnificance of the new H,S emisson test results for
Associated into context:

Discovery that H,S is by far the most emissve toxicant measured from liquid asphdlt.
Thetest results from the dtorage tank vent during filling showed that the measured H,S
concentration was 2,400 ppm with an emisson rate of 0.30 Ib/hr. Fecility-wide H»S
emissons usng current emisson controls are edimated a roughly 700 Iblyear,
condderably more than the last two estimates of 4 Iblyear and 23 Iblyear formally
submitted by Associated to DAQ. It is expected tha many of the other (approximeately
13) liquid asphalt terminds in NC have aso underestimated their H,S emissons.

Furthermore, a comparison of uncontrolled emissons was made between measured H,S
emissons and edimates for individud VOC gpecies usng EPA emisson factors and
EPA TANKS software for the Associated terminad annua throughput of 120,000 ton.
The results show that:

H,S a 1200 Ib/yr is more than 15-fold more emissve than the next most emissve
compound, 2-Methylngphthalene at 68 1b/yr.

H,S is 2800-fold more emissive than benzene at 0.4 1blyr.

H.S, as a sngle inorganic compound, is emitted a nearly the same levd as dl totd
organic compounds, including volatiles and semivoldiles, at 1300 Ib/yr.

H,S Controllability. There is a 4 order-of-magnitude contrast in emisson concentration
between the storage tank (2,400 ppm) controlled by the Ecosorba scrubber and the truck
loadout (0.2 ppm) controlled by activated carbon. The results indicate that activated
carbon tregting the truck loadout vent was highly effective (~99.9+ % efficiency) and
that the Ecosorba scrubber tregting the storage tank vent was ineffective in HS control
for this application. As dated in ther manua, “Ecosorbd is not designed to control
emissionsin compliance with federa or state regulations”*

It can be argued that the H,S concentration treated by each control devices is expected to
be essentidly the same. This is based on the assumption in the EPA TANKS software
(and in other gpplications) that a tank’s headspace is saturated, meaning that volatile
compounds above the same liquid at the same temperature have identical concentrations.



Ralca hedting emissons. While the H,S emission rate for one ralcar is rddivey low at
0.0061 Ib/hr, emissions for a shipment of 18 cars become more significant at 0.11 [b/hr.

Odor_and worker exposure issues. Average HpS concentrations of 2,400 ppm in the
dorage tank vent near ground level are nearly a million-fold above the odor threshold,
generaly st a 8 ppb,>° and more than 20-fold above the Immediately Dangerous to Life
and Hedth (IDLH) set at 100 pEm for 30-min exposure by the Nationd Inditute for
Occupationa  Safety and Hedth>'  Such datistics support the potentiadd  for  odor
complaints and support the rationde for the strong precautionary language in asphalt
Materid and Safety Data Sheets. DAQ has referred this information to DHHS for
consderation.

APAC Preliminary Hydrogen Sulfide Source Emission Data

While the H,S data for the HMA plant are preiminary, three points are of interest:

1. The actud source of the H,S emissons from the combined dryer/mixer exhaugst are
released only by mixing operations, there is no opportunity of any H,S release from
the aggregate or fud fired in the dryer.

2. The edimated emission rate from the mixer of 0.7 |b HyShr is aove the TPER leve
of 0.52 Ib/hr.

3. A compaison of emissons was made between measured H,S emissons and
edimates for individua VOC gpecies using EPA emisson factors (see Table 5,
Ref. 25) for the 2001 APAC HMA plant annua production of 101,000 ton/yr.
The comparison suggedts that H,S is the most emissve toxic compound from hot mix
asphalt operations. Use of the 0.005 Ib H,Ston HMA emisson factor for a typica
100,000 ton HMA/yr produces 500 Ib/lyr H,S. This is higher than the second-most
emissve toxic compound levd of 270 Ib/yr for xylene and the thirdmos emissve
toxic compound leve of 220 Iblyr for ethylbenzene.

4. Previous permit gpplications submitted by APAC and other HMA companies to DAQ
do not include any edimated emissons for H,S due to the absence of any EPA
emission factor datafor H,S.

45.2 Discussion of Hydrogen Sulfide Dispersion Modeling Results

The digperson of emissons from the stack of a source can be described and visudized as
a conicd-shaped plume. As it traves downwind, the plume progressively spreads and
expands in both the vertical and crosswind dimensons.  While the plume retains al of the
emissons released from the source, pollutant concentrations repidly diminish as the
plume expands in three directions This means tha the further downwind the plume
travels, the more it will expand, resulting in a lower pollutant concentration.
Additiondly, the tdler the dack, the further the plume must travel before it reaches
ground levd.  Agan, this has the effect of lowering its predicted ground-leve
concentration.  Similarly, higher exit sack gas velocity and increased buoyancy from
higher gas temperature will result in a greater effective stack height, likewise reducing its
ground-level concentration.



The maximum one-hour ground-levd H,S concentration predicted by disperson
modeling is 290 ppb (0.404 mg/nT) for Associated and 4.3 ppb (0.006 mg/nT) for APAC.
Note that each ground-level maxima occurred outsde its northern property line, with
APAC's maxima a 300 ft away being consderably more digant from the property line
than Associated’'s maxima at 55 ft away. While the APAC HS emission rate (based on
preliminary data) is amost twice as high as Associated (0.7 Ib/hr versus 041 Ib/hr), there
ae a least four contributing factors that account for the formers much lower maxima
impact concentration. The four factors, which were used as inputs in the disperson
modding, are shown in Table 18.

Table 18. APAC and Associated Sour ce Dispersion Characteristics

Parameter, Units APAC Dryer/mixer | Associated Storage Tank Vents
Source emisson 6 2,400
concentration, ppm

Stack exit veloaity, 4,250 120

Ft/min

Stack height, ft 30 10

Temperature, °F 270 140

The primary reason for APAC's lower maxima is tha its emisson concentration is
60-times lower than Associated. In addition, each of three factors (fack height, gas
velocity, and gas temperature) dso contributes to a tdler effective dack height.
Collectively, there is a compounding effect from these factors that cause APAC's source
characteristics to produce a much lower H,S concentration at ground level redive to
Associated’s plume.  Further evidence of this rdative advantage in source characteristics
is comparison of the isopleths, each showing lines with H,S concentration (analogous to a
topographicad map showing lines with the same devation). As seen from the two
isopleths in Figure 7 and Figure 8, there is much more area, and a higher H,S
concentration, affected by Associated source characteristics than APAC characteristics.

4.5.3 Discussion of Hydrogen Sulfide Ambient Monitoring Results
Continuous monitoring of the H,S ambient levels was intended to serve two objectives:
Characterize the airborne concentrations in the area, and
If measurable levels were observed, then attempt to resolve the question as to which
facility(s) was respongible for contributing to the measured levels.
The issue as to which facility(s) was respongble for any eevated arborne concentrations
is known as “source apportionment.” In order to investigate source apportionment,
asphdt facility process and wind directiond data were dso collected to evauate any
relationships among monitored H,S ambient concentration, asphdt facility operation, and
wind direction.

The monitoring data in Table 17 and Figure 9 show the following results from the
measured 1-hour average H,S data:



Access Road dte located within 30 meters of the asphalt termina exceeded odor
threshold levels 28 times and approached or exceeded odor nuisance levels
(40 ppb) only 3 timesin 4 months.

Cul-de-sac dte located 200 meters from the asphdt termind were above odor
threshold levels only 4 times in 4 months, but did not approach odor nuisance
levels.

Remediation dte located 400 meters from the termind neither exceeded odor
threshold levels nor gpproached odor nuisance levels.

While the H,S ambient monitoring data are generdly low mogt of the time, there are
important facts to congder, including:

(A) Each asphdt fadility only operates intermittently (nominaly 20% of the time),

(B) Wind direction is digned with the asphdt facilities and the Access Road monitoring
gte only occasondly (nomindly 30% of the time), and

(C) A and B must occur concurrently in order for amonitor to detect H,S levels.

In such a gtuation with intermittent facility operations and periodic wind direction
dignment, conditions are suitable or avalable for HpS detection only 6% of the time
(0.2times 0.3 = 0.06, or 6%). Recognition of this fact shrinks the apparent availability
for HoS detection from an ided 100% down to a realistic availability of merely 6%.
Even if 16 monitors could be dationed in dl directions (16 sectors) completely
surrounding the fadilities, then there would gill only be a redistic opportunity for H,S
detection 20% of the time collectivdy from dl 16 monitors  Recognition of the
compressad opportunity was the first key in gaining ingght on source gpportionment.

The second key was to recognize that an dternative approach to the conventiona
pollutant-rose gpproach would be hdpful in evduating any reationships with other data,
as done in another smilar source apportionment study.>? This was achieved by
subdividing and converting the origind wind directiond data (produced in degrees from
0-360 degrees) into sector data (arranged in 16 sectors, each of which is 22.5 degrees).
This method takes advantage of the higher resolution provided by wind directional data
in order to characterize and correlate wind pattern with other selected parameters, such as
H,S monitoring data and process data®® The following is a discussion of a series of
results produced from evauding reationships among monitored H,S ambient
concentration, asphdt facility operations, and wind direction.

Relationship of H,S Monitoring Data and Asphalt Process Data

The H,S monitoring data were evauated to determine whether a relationship could be
edablished with the time periods when the asphdt facilities were operaing. To sSmplify
and focus such andyss, the most H,S emissive operations at each asphdt facility were
identified usng the data in Table 13. This table identifies ten separate H,S emisson
points within the two asphdt faciliies However, the APAC dryer/mixer (HMA
production) and the Associated tank filling operations account for nearly dl (99%) H.S
emissons. Given this fact, the following anadyds and datistics are based on documented
time peiods for these two operaions and the time-corresponding ambient H.S
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concentrations observed by the Access Road tapemeter. The following data were
matched with the 1-hour periods during which they occurred:

Ambient H,S concentrations (ppb),

APAC HMA production, and

Associated tank filling,

Documented records clearly show that APAC HMA production and emissons occur
amogs exclusvely on weekdays during normd business hours (7:00 to 18:00 hro).
Asociated ralcar offloading (Storage tank filling) activities may occur a any hour of the
day. The study period was 117 days (2,808 hours) long. Of those 2,808 total hours 649 of
them APAC was producing HMA. Associated filled tanks 742 hours of the study period.
Review of the data showed that the eevated ambient concentrations measured a the
Access Road dte followed a pattern relative to time.  During the DAQ study period 71%
of the concentrations over 10 ppb occurred after 17:00 hours, the time when APAC was
not operating. The number of hours esch facility was operating and the corresponding
H,S ambient concentrations for those time periods are presented in Table 19.
The andyss of the process data with the 1-hour H,S monitoring data clearly show that
the maority of the detected H,S leveds ae during unique time periods when only
Associated is conducting Ho S emissive operations.

H>S ambient levels at the Access Road Site were highest and occurred most frequently in
the lae evening hours when only Associated was unloading ralcars, itsmost H.S
emissve operation. This occurrence of pesk H,S ambient leves in the lae evening is
consstent with two other smilar investigations performed by ATSDR.*?*° During
summer days (when the study was performed), sunlight produces ozone (Os) which
causes oxidation reaction of H,S to sulfur dioxide (SO2). In addition, the disperson
caused by radiation is lowest a night. It is postulated that these two effects contribute to
this occurrence of pesk H,S ambient levelsin the late evening hours.

Table 19. Process Activity Versus Number of Access Road 1-hr H,S Data

Six-hour | Hourswith | Hourswith | 1-Hour Ambient H,S Concentration (ppb)
Time Periods| APAC HMA | Associated
Production | Tank Filling 1.25-10 10.25-30 30.25-50

0:00-5:59 1 115 103 2 -

6:00 — 11:59 324 187 91 -
12:00—17:59 319 226 256 6 -
18:00 — 23:59 5 214 267 17

Tota 649 742 717 25

DAQ g&ff reviewed the Hp,S ambient monitoring datain Figure 9 and identified time
periods with the noticeably highest concentrations. There were two particularly high
pesks with 1-hour averages at / above 35 ppb H,S. The corresponding time periods with
these peak H,S concentrations were in the late evening on May 21 (35 ppb H,S 1-hour
average peak) and July 24 (47 ppb H»S 1-hour average peak), each occurring at the
Access Road Ste. Asphalt facility process data records were reviewed to determine




which, if any, plat was operating.  In both cases, Associated was unloading railcars and
filling Storage tanks, its most emissive operations. Table 20 presents the data for the
date, time, monitoring Ste, H,S ambient monitoring deta, and operationa plant. This
table shows that the 15-minute average dataiis 2 - 4 times higher than the 1-hour average
data and that Associated was the only practica source of emissions responsible for the
elevated H,S concentrations.

Table 20. Highest H,S Monitoring Data and Asphalt Facilities Process Data

Date Time Site H>S, ppb Plant
15-min avg 1-hr avg | Operational

8—-9pm 34
9-10pm 22
10-11 pm 35

May 21 11-12 pm Access Road 26 Associated
8:30 pm 45
8:45 pm 64
10:00 pm 40
11:15 pm 40
8-9pm 47

duly 24 9-10pm Access Road 26 Associated
8:30 pm 47
8:45 pm 90

Relationship of Asphalt Facilities Process Data, Wind Direction Data, and HS
Monitoring Data
The find data anadyss was desgned to determine whether a correation existed with the
two asphat facilities process data, wind direction data, and H,S monitoring data How
the data was handled to see whether such arelationship existed is discussed below.
Process Data. There were severd time periods in which each asphdt facility operation
occurred concurrently during the study. To separate the effect of common operating
times, four specific operating scenarios were identified. The scenario-numbering scheme
garts with least frequent script and progresses up to the most frequent.
In scenario one, which occurred only 8% of the time, APAC was producing HMA
and Asxocisted was filling dorage tanks. This scenario  represents  worst-case
emissons or the greatest potentid amount of HS entering he area. This scenario
is presented in the disperson moded above.
Scenario two, APAC producing HMA and Associated not filling storage tanks.
This specific scenario accounted for 14% of the study period.
Scenario three is just the opposite, Associated filling tanks and APAC not
producing HMA,; it occurred 17% of the time.
The fourth and find scenario is when ndther facility was operating, which was
53% of thetime.
The number of hours during the study, the matching time percentage, and the average
emission rates are presented in Table 21 for each corresponding scenario.
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Table 21. Asphalt Process Scenarios Versus H,S Emission Rates

Historical Historical Average
Process Oper ation Scenario Scenario Probability Emissions?®

(hrg) (Per cent) (Ib/hr)
1 |Bothfacilities operationa 226 8% 0.61
2 |Only APAC HMA Produced 385 14% 0.37
3 | Only Associated Tank Filled 473 17% 0.31
4 | Neither operational 1,494 53% 0.00
Tota 2,808 100% 0.16

a: Average emissions based on Table 13 emission factors with process data collected during study.

Wind Data Wind direction data was subdivided and identified into one of the 16 sectors
of the compass, i.e., sector one is defined as the north; sector two is north-northeast, and
0 on in clockwise fashion. Each of the 16 sectors represents 22.5 degrees of the tota
360 degrees in a circle. Sector one equas zero plus or minus 11.25 degrees, or
348.75 degrees to 11.25 degrees. The identified time periods for each process operation
scenario were then sorted by wind direction, and an average ambient H,S concentration
caculated.

H,S Monitoring Data The H,S monitoring data was then sorted by operating scenario
and then by wind direction; after sorting each data set was averaged and graphed into
Figure 10.

Corrdation. Figure 10 presents the average H,S ambient 1-hour concentrations for the
above four scenarios as a function of wind direction. As seen in the figure, most of the
plotted points are less than the LQL of 2 ppb. Process scenario 4 (neither asphalt facility
operational) is the study basdine. Note that Scenario 2 (APAC only operdtiond) is
virtudly indisinguisheble from the basdine data across dl wind directiond sectors.
However, the combination of Scenario 3 (only Associated operational) and wind sector 8
(southerly wind) results in a H,S average concentration significantly (more than 4 times)
above the basdine. Once again, the andyss drongly suggests that Associated is largdy
responsible for the elevated HS leves from the connection among the ambient H,S data,
the process data, and wind directional data.
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Figure 10. Access Road 1-hour H»S Concentrations vs. Wind Sector and Process
Scenario

4.5.4 Discussion of Odor Complaints and Related Data
There are severd dements of rdaed data and odor complaint information that, when
taken in combination, form alarge information base. This body of related dataincludes:

Odor complaints,

Source H,S emisson concentrations nearly amillion-fold above the odor threshold,

Source emission rates above the H,S TPER,

Disperson modding predictions well above the odor threshold at dl the Associated
asphdlt facility property lines,

Disperson modding predictions above the odor threshold throughout the surrounding
area, and

H,S ambient monitoring data well above the odor threshold.

The study data do confirm that, at least on a periodic basis, HS leves a the resdentia
monitoring Ste were in excess of the odor threshold and exceeded levels designated as
odor nuisance levels® It is dso worth noting that H,S messurements reflect an average
level detected during a 15-minute timeframe and then four 15-minute data periods were
combined to produce a 1-hour average. Given the highly variable pattern of atmospheric
H.S levels seen between 15-minute messurements in this gudy, it seems likdy that
ggnificant varigbility would dso exig within each 15-minute period, as was the case a
two ATSDR sudies where 1-minute averages were as much as 10-times higher than 15-
minute averages***®  These pesk exposures could result in the perception of highly
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offensgve odors a annoyance levels. However, because H,S monitoring data are limited
to 15-minute segments of time, it remans speculative as to what peak levels of short-term
exposure (less than 15-minute average) might have occurred in this area on any shorter
timeframe.

4.5.5

Summary of Hydrogen Sulfide Related Data

Nine sets of information related to H,S were collected and examined to characterize the
nature and source of the odor problem in Milford Hills. Each set of information led to the
same finding, as seen below:

1.

Emisson daa in Table 13 showed 2,370,000 ppb H:S (2,370 ppm) released from
the storage tanks located near the property line, nearly a million times the 8 ppb
H.S odor threshold. This established the potentia for Associated as the source of
the odors.

Disperson modeling predicted a maximum concentration of 290 ppb H.S 1-hour
average & Associated's property line, as shown in Table 14. Computer modeing
caculated levels well above the odor threshold released from Associated into
Milford Hills

H.S ambient monitoring data in Table 17 showed that the Access Road dite,
located near Associated's property line and the point of maximum concentration,
obsarved dgnificantly more frequent and more intense H,S pesks in terms of
concentration than the other two stes.  This confirmed the computer modeing
that HpS levels near Associated were above the odor threshold.

H,S ambient levels a the Access Road site were highest and occurred most
frequently in the late evening hours when only Associated was unloading railcars,
as shown in Table 19. This data suggests that Associated released HS measured
a levds above the odor threshold. Pesk occurrence in the late evening is
consstent with the fact that poor dispersion occurs at night.

The time periods with the noticegbly highest concentrations were investigated and
found to occur in the late evening while only Associated was operating its most
emissve proceses. The data showed that the highest concentration were 47 ppb
H.S on a 1-hour average and 90 ppb H»S on a 15-minute average. This data
confirms that Associated released H,S across its property line at levels above the
odor nuisance leve.

Figure 10 shows that the highest H,S ambient levels a the Access Road ste
occurred when Associated was the only asphdt facility operating and when the
wind direction was coming from Associsted. This is conddered very convincing
data showing a direct link between Associated’'s operations, wind direction
coming from Associated to the monitoring Site, and elevated H, S ambient levels.

During the study period four odor citations were issued to Associated because of
the intengty of the odor and Associated was the only asphat facility operationd
a the time of the odor complaint. This data suggests that Associated was
respongble for releasing H,S above the odor threshold.

Since the study was completed and Associated indtaled carbon beds on dl its

dorage tank vents in late March 2002, two additiond sets of information became
available; updated disperson modding and odor complaints.
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8. DAQ peformed modding with carbon beds on al Associated’'s storage tank
vents predicting a maximum concentration of 7 ppb H,S 1-hour average a
Associated's property ling, as shown in Table 16. This indicates that Associated
released H,S at levels below the odor threshold after the additiona carbon beds
ingdlation.

9. In 24 months prior to the additiond carbon beds ingdlation in late March 2002,
there were 451 odor complaints recelved from area resdents and four odor
citations were issued to Associated. In the 17 months since the additional carbon
beds ingdlation, there were only 57 complaints and no odor citations, reflecting a
dramatic reduction in the extent and frequency of the odor problem.

Nine sts of information independently suggest the same argument that Associated was
the primary contributor to the odor problem. Collectively, the weight of evidence from
this broad body of information corroborates the Associated Asphdt termind was largdy
responsible for the odor problem in Milford Hills.



SECTION 5

CONCLUSIONS

5.1 VOLATILE ORGANIC COMPOUNDS

Benzene is the only VOC TAP of potentid regulatory concern in the study. This is
because the TPER guiddine of 8.1 Iblyr was exceeded by benzene emisson rates of
57 Iblyr and 28 Iblyr from the Southern States remediation Ste and the APAC asphalt
plant, repectivdly. The remaning four emisson sources combined only emit 25 Ibfyr
benzene. However, disperson modding results show that benzene from Southern States
is the only TAP that exceeds its respective AAL guiddine of 1.2 x10™ mgin? (0.038
ppb), annua bass with maximum impacts centered only in the immediate vicinity of the
source. Its predicted ground level maximum impact was 1.02 x10° mg/nt (0.32 ppb),
alevd 850% of the AAL. However, the predicted maximum impacts rapidly drop below
AAL concentrations and pose little/no long-term exposure potentid to any individud.

Benzene data for the three dStes in the study were datisticdly compared to each other
with the results showing that the averages were not datigticdly different. Benzene and
other VOC concentrations measured in the study were aso compared to data from other
dtes amilar to Sdisbury. The average 24-hour benzene concentration for Sdisbury was
0.16 ppb, within the range of 0.13 - 0.24 ppb measured in other suburban and rurd stes
during 24-hour periods. Given that measured benzene levels a the three monitoring
dations were not datidticaly different and the gations are located upwind and downwind
from the nearby emisson sources, the data suggest that there was little/no impact from
the sources. This limited effect suggestion from nearby sources is dso supported by the
digperson modding results, which indicated that only a rdaively smdl 1-acre area was
predicted to have maximum ground level impacts above the AAL. Southern States
voluntarily decided in March 2002 to discontinue operation of the ar sparging / soil-
vgpor extraction sytem and is currently in the process of evduatlng dternative
technologies to minimize or diminate benzene and other VOC emissons. Exxor/Mobil
made a dmilar voluntary change from soil-vapor extraction to bioventing at its
remediation Ste in December 2001, dso diminaing the concentrated release of benzene
and other VOC emissons.

DAQ concludes that in terms of ambient ar qudity, benzene and other VOC
concentrations measured in the Sdisbury sudy are typicd of ar in smilar rurd and
suburban aress.  Given that emisson reduction efforts a the two remediation Stes have
eliminated, or are in the process of eiminating, the concentrated release of VOCs, DAQ
believes that there are no additiond VOC emisson reduction activities avalable within
the condraints of our authority.

5.2 HYDROGEN SULFIDE

The results from this sudy provide an interesting discovery and new ingght into the
emissve behavior and profile of toxic compounds relessed from liquid asphdlt.



Comparison with other data reveds that H,S is by far the most emissve toxicant known
from dorage tank filling a this paticular liquid asphdt termind. Initidly it seems
counter-intuitive that an inorganic compound in trace levds (<1%), contained in a
predominantly organic (99%) mixture, isthe most emissve toxic compound from liquid
asphalt. However, the fact that H,S vapor pressure is 15,000-fold greater than the
organic mixture provides the raionde in the rddive difference in their emissve
behavior. New emisson test data showing 2,400 ppm H,S from paving-grade liquid
asphalt is in reasonable agreement with Owen Corning data for levels as high as 1,700
ppm from roofing-grade liquid asphat. Disperson modding results usng a facility-wide
emisson rate of 0.41 Ib/hr BS predict a 1-hour maximum impact of 290 ppb HS, aleve
below the 1,500 ppb AAL guiddine but well above the odor threshold of 8 ppb.

Preiminary data indicate that H,S emission rates of 0.7 Ib/hr are released from the APAC
hot mix asphdt plant, a rae above the H,S TPER guiddine of 0.52 Ib/hr. However,
disperson modeing results usng this emisson rate predict a 1-hour maximum ground-
level impact of 5 ppb H,S, just below the odor threshold. Reatively favorable source
disperson characteristics (low concentration, high stack height and exit veocity) account
for the acceptable dispersion modding prediction.

Measured H,S in the resdentid areas surrounding the asphdt operations occasondly
exceeded odor threshold levels and very likely reached or exceeded odor nuisance levels
on a periodic bass.  Given that severd sats of information independently support this
argument, the weight of evidence is consdered conclusve that Associated was the
central cause to the Milford Hills odor problem.

In June 2000 DAQ issued Associated Asphat a temporary permit to replace the activated
carbon beds on the storage tanks with an Ecosorba scrubber to control odors. The
temporary permit dlowed Associated Asphdt to evaluate Ecosorb'sd  effectiveness. Due
to numerous odor complaints and emisson teding indicating the ineffectiveness of the
Ecosorba system in reducing odorous emissions, DAQ withdrew the temporary permit in
January 2002. DAQ directed Associated Asphdt to remove the Ecosorba system and to
reingdl the activated carbon canisters by March 31, 2002 on the storage tank vents.
Reingaling the carbon canigers on the storage tanks was expected to reduce fecility-
wide H,S and VOC emissons by an additiond 85%. In ealy April 2002 DAQ
confirmed Associated had complied with the directive to reingtdl the carbon canigters.

In November 2002 DAQ revised the Associated Asphdt ar permit, No. 08428R03. The
new permit not only requires carbon beds on dl storage tank and truck loadout vents, but
adso includes provisons to assure that good ingpection and maintenance practices are in
effect. Noteworthy provisonsindude

Monitor and record H,S emission levels from each carbon bed 3 times aweek.

If these monitored levels exceed 10 ppm H,S, then discontinue the corresponding

agphat handling operation until anew carbon bed replaces the spent one.

Always maintain spare carbon beds on site for replacing spent ones.

Veify and record the functiondity of the H,S monitor weekly; and do a

performance ingpection annudly by aqudified instrument technician.



Perform and record annud inspections of the carbon bed sysem, including
ductwork and fans.
Submit quarterly reports on the above provisonsto DAQ.

Because of the required emisson reductions and the ingpection and mantenance
practices peformed by Associated, H,S leves in the loca ambient air, as monitored by
citizen complaints, have improved.



SECTION 6

RECOMMENDATIONS

Recommendations presented below ae in response to two different Stuations arising
from this sudy. The fird st of recommendeations ded with dStuations that directly
involve DAQ action. These involve permitting points and tatewide interagency policies
with toxic ar pollution control issues The second st of recommendations involve
condderations for expanding the information obtained in this sudy on emissons from
liquid asphdt terminas and hot mix asphdt plants that could be pursued as possbilities
for further sudy. While conddered logicd extensons of the dudy’s findings, DAQ
believes that the asphdt industry and its trade group(s) are in better position to decide
what is the most cogt-effective and appropriate way of obtaining additiond emisson data
for HS from asphdt and new emisson data from anti-drip asphat additives. Mention of
these recommendations does not conditute a commitment that DAQ will undertake or
goonsor such additional studies.  However, DAQ intends to openly share our new
findings from this study and to encourage other organizations or agencies to undertake or
goonsor further studies. An example is that DAQ presented a paper on the Salisbury
gudy for the Nationd Air & Waste Management Association Conference hed in
Batimore in June 2002.%*

6.1 RECOMMENDATIONSFOR DAQ ACTION

1. Based on the premise that the remediation Stes in this study are representative of
hundreds of others across NC, it is recommended that DAQ work with other state
agencies to evduate an dternative gpproach for environmenta oversight of remediation
gtes. Thisprocessis underway.

2. A few would-be recommendations from this sudy have dso dready been
implemented. These include the confirmed inddlation of carbon beds on Associated's
sorage tanks which reduce H,S and VOC emissions, and use of dterndive technologies
to reduce benzene and other VOC emissions from the two remediation Sites.

6.2 RECOMMENDATIONSFOR |NDUSTRY ACTION

1. It is recommended to study the chemidry driving the behavior and fate of hydrogen
aulfide in and from liquid asphat. Recommendations to congder include:
Determine sulfur content and H,S content in current types of liquid asphat in NC and
evduate the effect of these factors for hot mix asphdt plant operations (batch and
drum plants) and digtribution terminals.
|dentify other cost-€effective H,S emission controls for liquid asphat operations.
Develop pollution prevention messures to improve the environmenta performance
(i.e., reduce H,S content and/or H,S emissions) of liquid asphalt.

2. It is recommended to consider studying the behavior and fate of anti-strip additives in
agphdt. There are indications from anecdotad and scientific information that odors and
VOCs are emitted in asphdt facility operations usng certain brands of these NC DOT
required additives.
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