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Shell Chemical P
Q10 lovisiana St.
Houston, TX 77002

January 26, 2015

Mark Wayner

Program Manager

Pennsylvania Dept. of Environmental Protection
Bureau of Air Quality — Southwest Regional Office
400 Waterfront Drive

Pittsburgh, Pennsylvania 15222-4745

Re:  Inhalation Risk Assessment for the Shell Chemical Appalachia LLC Petrochemicals
Complex to be Located in Beaver County Pennsylvania

Dear Mr. Wayner

At the request of Pennsylvania Department of Environmental Protection (PaDEP), Shell
Chemical Appalachia LLC (Shell) conducted an inhalation risk assessment for the proposed
Shell Petrochemicals Complex to be constructed in Beaver County, Pennsylvania. This
assessment was conducted in accordance with the Inhalation Risk Assessment Protocol
submitted to and approved by PaDEP."?

As summarized in Table 1, the results of the assessment show that the levels of risk posed by

both chronic and acute exposure to the emissions of compounds of potential concern (COPC)
from the proposed project do not exceed PaDEP’s inhalation risk assessment benchmarks.

Table 1. Summary of Inhalation Risk Assessment

lnhall):t]i)(:?lPRisk Shell Inhalation
Inhalation Risk Risk Assessment
Assessment Result
Benchmark
Excess Lifetime Cancer Risk 1 in 100,000 8 in 1,000,000
Chronic Non Cancer Risk HI<0.25 HI=0.07
Acute Non Cancer Risk HQ<1 Highest HQ=0.21

The analysis evaluated chronic risks posed by the emissions from the proposed facility operating
at maximum conditions as well as acute exposure scenarios posed by short term emissions.

'Protocol for the Inhalation Risk Assessment Petrochemicals Complex Shell Chemical Appalachia LLC Beaver
County, Pennsylvania, January 6, 2015
’Email from A. Binder, PaDEP to P. May, RTP Environmental Assoc., January 12, 2015



Mark Wayner
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Page 2 of 2

Details of the analysis are presented in Attachments A through C. Attachment A contains the
emissions information for the proposed project, including the identification of the COPCs and
the emissions rate estimates used for the chronic and acute scenarios that are considered by the
assessment. Attachment B provides a discussion of the dispersion modeling analysis and the
resulting maximum one-hour and five-year annual average exposure concentrations used in the
assessment. Attachment C provides the methodology for determining the inhalation risk posed
by the emissions from the proposed facility and detailed results of the risk assessment.

Due to the confidential nature of the information provided, Shell is submitting a confidential
version of this letter, which contains trade secret and confidential proprietary information as
defined by Pennsylvania Right to Know. An additional copy of this letter with redacted
confidential information is also provided.

Shell looks forward to working with the Department to facilitate the review of this assessment.
If you have any questions, please do not hesitate to contact Shari Keller at (713) 241-1071 or by
email at shari.keller@shell.com.

Sincerely.

Ate/S. Visser
President
Shell Chemical Appalachia LLC

ee;

Shari Keller
Randy Armstrong
Pierre Espejo
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Emission Estimates for Shell Petrochemicals Complex Inhalation Risk Assessment
1.0 General Discussion

The methodologies used to estimate emissions rates for the compounds of potential concern
(COPC) are consistent with the mcthodologies presented in the April 30, 2014, Plan Approval
Application submitted to the Pennsylvania Department of Environmental Protection (PaDEP)
and the September 23, 2014, Technical Supplement. To identify the COPC from the project’s
combustion sources, EPA’s compilation of Air Pollutant Emission Factors (i.e., AP-42) was
used. The COPC emissions for the remaining points of emission were determined based on
process knowledge. A summary of the identified COPCs is presented in Table 1.

A summary of the one-hour emission rate estimates used in the chronic and acutc exposure
analyses are presented in Table 2 and Table 3, respectively. The following subsections provide
more specific discussion of the calculation methodologies used for each type of emissions unit.
References o hazardous air pollutants (FIAP) are for Plan Approval purposes and should be
considered synonymous with COPC for this analysis.

1.1 Combustion Sources

As previously noted, COPC emission rates from the combustion sources (i.e., cracking furnaces,
combustion turbines, emergency engines, flares, and incinerators) are based on the application of
the appropriate AP-42 factor and the fuel firing rate of the unit. Emission rates for the
combustion units are presented in Table 4 through Table 7.

1.2  Polyethylene Units

The COPCs emitted from the polyethylene manufacturing units are hexavalent chromium (CrVI)
from the catalyst heaters and hexane from equipment leaks. Estimated hexane emission rates are
provided in Section 1.7. Chromium emissions result from the catalyst activation process. To
activate the catalyst, hot air produced via electrical heaters is passed through the catalyst heater
where it contacts with the catalyst. After passing through the heater, the air exhausts through a
stack to the atmosphere. Catalyst particulate entrained in the hot exhaust contains trace amounts
of CrVI. The CrVI emissions rate cstimatc is based on the licensor information presented in
Table 8.

1.3  Storage Tanks

Uncontrolled COPC emission rates from certain fixed roof atmospheric storage tanks are
presented in Table 9. These emission rates are estimated using the methodology outlined in AP-
42, Chapter 7, Section 1. Total VOC emissions are determined using EPA's TANKS 4.09d
software. The Hazardous Air Pollutant (HAP) Speciation methodology (AP-42, Section 7.1.4) is
then used to determine the COPC emission rate.

No routine emissions, other than fugitive emissions from equipment components, are estimated
from pressurized storage tanks (i.e., the C3+ storage spheres). These tanks are sealed and
pressurized so working and breathing losses do not occur. Emissions from storage tanks with
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vents routed to the flare headers are accounted for in the estimated emissions rates from the LP
Thermal and Spent Caustic Vent Thermal Incinerators.

1.4  Process Cooling Water Tower

COPC emissions from the process cooling water tower are estimated by assuming 10 percent of
the VOC emissions is hexane. The VOC emissions are based on the proposed VOC LAER limit
and the design cooling water circulation rate. The process cooling water tower VOC emissions
rate estimate is presented in Table 10.

1.5 Wastewater Treatment Plant

Uncontrolled emissions from the Wastewater Treatment Plant (WWTP) operations are estimated
using EPA’s WATERS9 air emissions model. Controlled emissions are accounted for in the
emissions rate estimates from the Spent Caustic Vent Thermal Incinerator. The WWTP
emissions rate estimates are presented in Table 11.

1.6 Flares and Incinerators

COPC emissions from the flares and incinerators are based on a combination of the products of
combustion and any COPC in the process gas that remains in the exhaust stream of the control
device. Products of combustion are estimated using AP-42 emission factors for natural gas
combustion as a surrogate for the combusted stream. Constituents in the controlled streams are
estimated based on licensor information. The short term and annualized hourly emissions rates
for the flares are presented in Table 12Table 12. Speciated Short Term and Annualized Hourly
Flare Emission. The short term and annualized hourly emissions rates for the low pressure
thermal incinerator and the spent caustic incinerator are presented in Table 13 and Table 14,
respectively.

1.7  Fugitive Emissions from equipment leaks

EPA’s 1995 Protocol for Equipment Leak Emission Estimates (EPA-453-R-95-017) is used to
estimate emissions from equipment leaks for all components except connectors. Consistent with
the approach used to estimate VOC emissions for the April 30, 2014, Plan Approval application,
~ the average emission factor approach used for the synthetic organic chemical manufacturing
industry (SOCMI) are used to estimate the fugitive emissions from the proposed facility. The
1995 Protocol does not provide for any adjustment in the emissions from connectors in light or
heavy liquid service. To account for these service types, the factors provided by TCEQ in
“Emissions Factors for Equipment Leak Fugitive Components (Addendum to RG-360A, Jan.
2008)” are used. To determine the emissions rate for an individual COPC, process knowledge of
the chemical composition of the lines is applied to the EPA/TCEQ based VOC emissions rate.
To account for the level of control resulting from the implementation of the proposed LDAR
program, control efficiencies developed by the Texas Commission on Environmental Quality
(TCEQ) are applied to the uncontrolled SOCMI emissions factors for the various equipment
components types. A summary of the ethylene manufacturing fugitive emissions rates by
process location is presented in Table 15. Table 16 provides a cross reference to the ethylene
manufacturing fugitive locations. Table 17 and Table 18 provide the summary of the fugitive

A-2



emissions rates from areas located outside the boundary limits (OSBL) and a cross reference to
the specific OSBL areas, respectively. A summary of the fugitive hexane emission rates from
the polyethylene manufacturing units is presented in Table 19.

Table 1. Identified Compounds of Potential Concern!

1,3-Butadiene Dichlorobenzene
2-Methylnaphthalene Ethylbenzene
3-Methylchloranthrene Ethylene Oxide
7.,12-Dimethylbenz(a)anthracene Fluoranthene
Acenaphthene Fluorene
Acenaphthylene Formaldehyde
Acetaldehyde Hexane

Acrolein Indeno(1,2,3-cd)pyrene
Anthracene Lead

Arsenic Manganese
Barium Mercury
Benzene Methanol
Benzo(a)anthracene Molybdenum
Benzo(a)pyrene Naphthalene
Benzo(b)fluoranthene Nickel
Benzo(g,h,i}perylene Pentane
Benzo(g,h,l)perylene Phenanthrene
Benzo(k)fluoranthene Phenol
Beryllium Propane
Biphenyl Propylene Oxide
Cadmium Pyrene
Chromium Vi Selenium
Chromium Il Styrene
Chrysene Toluene

Cobalt Vanadium
Copper Xylenes
Dibenzo(a,h)anthracene

ICompounds of Potential Concern were identified from EPA’s Compilation of AP-
42 Emission Factors for combustion of natural gas and from process knowledge.

ZFor purposes of this analysis, all chromium emissions were conscrvatively assumed
to be in the form of Chromium VI.
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Table 2. Maximum Annual Average COPC E

O, ey e e L o L \:_,
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Eng
1,3-Butadiene
2-Methylnaphthalene 7.54E-06
3-Methylchloranthrene 5.65E-07
7.12-Dimethylbenz(a)anthracene 5.02E-06
Acenaphthene 5.65E-07 E-06 | 2.62E-07
Acenaphthylene E-06 | 5.16E-07
Acetaldehyde E-05 | 1.41E-06
Acrolein E-06 | 4.41E-07
Anthracene 7.54€-07 E-07 | 6.88E-08
Arsenic 6.28E-05
Benzene 6.59E-04 E-04 | 4.34E-05 | 9.64E-03
Benzo(a)anthracene 5.65E-07 E-07 | 3.48E-08
Benzo(a)pyrene 3.77€-07 E-07 | 1.44E-08
Benzo(b)fluoranthene 5.65E-07 E-07 | 6.21E-08
Benzo(g,h,i)perylene 3.77€-07
Benzo(g,h.l)perylene E-07 | 3.11E-08
Benzo(k)fluoranthene 5.65E-07 E-08 | 1.22E-08
Beryllium 3.77E-06
Biphenyl
Cadmium 3.45E-04
Chromium 4.40E-04 2.1
Chrysene 5.65E-07 E-07 | 8.56E-08
Cobalt 2.64E-05
Dibenzo(a,h)anthracene 3.77€-07 E-07 | 1.94E-08
Dichlorobenzene 3.77€-04
Ethylbenzene
Ethylene Oxide
Fluoranthene 9.42E-07 E-06 | 2.25E-07
Fluorene. 8.79e-07 E-06 | 7.16E-07
Formaldehyde 2.35E-02 E-05 | 4.41E-06
Hexane 5.65E-01 0.070
Indeno(1,2,3-cd)pyrene 5.65E-07 E-07 | 2.32E-08
Lead 1.57E-04
Manganese 1.19€-04
Mercury 8.16E-05
Methanol
Naphthalene 1.92E-04 E-05 | 7.27E-06
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Nickel 6.59E-04 N

PAH?

Phenanthrene 5.34€-06 E-05 | 2.28E-06

Phenol 7.50E-07

Propylene Oxide

Pyrene 1.57e-06 E-06 | 2.08E-07

Selenium 7.54E-06

Styrene

Toluene 1.07e-03 E-04 | 1.57€-05

Xylenes E-05 | 1.08E-05

1All emission rates are provided in Ib/hr
2 AP-42 factors for stationary combustion turbines are not avaicancer and non-cancer impact..
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1,3-Butadiene
2-Methylnaphthalene 7.54E-06
3-Methylchloranthrene 5.65E-07
B'ilnzethylbenz(a)anthracene 3.02E06
Acenaphthene 5.65E-07 1.65E-04 2.29E-05
Acenaphthylene 3.25E-04 4.52E-05
Acetaldehyde 8.87E-04 1.23E-04
Acrolein 2.77E-04 3.86E-05
Anthracene 7.54E-07 4.33E-05 6.03E-06
Arsenic 6.28E-05
Benzene el 2.73E-02 3.80E-03 4‘770E2.
Benzo(a)anthracene 5.65€-07 2.19E-05 3.05E-06
Benzo(a)pyrene 3.77€-07 9.04E-06 1.26E-06
Benzo(b)fluoranthene 5.65E-07 3.91E-05 5.44E-06
Benzo(g,h,i)perylene 3.77E-07
Benzo(g.h.l)perylene 1.96E-05 2.72E-06
Benzo(k)fluoranthene 5.65E-07 7.67E-06 1.07E-06
Beryllium 3.77E-06
Biphenyl
Cadmium 3.45E-04
Chromium 4.40E-04 2.94E
Chrysene 5.65E-07 5.38E-05 7.50E-06
Cobalt 2.64E-05
Dibenzo(a,h)anthracene 3.77e-07 1.22E-05 1.70E-06
Dichlorobenzene 3.77€-04
Ethylbenzene
Ethylene Oxide
Fluoranthene 9.42E-07 1.42E-04 1.97E-05
Fluorene 8.79€-07 4.50E-04 6.27E-05
Formaldehyde 2.35E-02 2.78E-03 3.87E-04
Hexane 585601 0.070
Indeno(1,2,3-cd)pyrene 5.65E-07 1.46E-05 2.03E-06
Lead 1.57E-04
| Manganese 1.19E-04
8.16E-05

Mercury
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Methanol
Naphthalene 1.92E-04 4.58E-03 6.37E-04
Nickel 6.59E-04
PAH?
Phenanthrene 5.34E-06 1.44E-03 2.00E-04
Phenol 3'73: 6
Propylene Oxide
Pyrene 1.57E-06 1.31E-04 1.82E-05
Selenium 7.54E-06
Styrene
Toluene 1.07€-03 3.89€-03 1.38E-03
Xylenes 5.79E-03 9.46E-04

1All emission rates are provided in Ib/hr

2 AP-42 factors for stationary combustion turbines are not avaicancer and non-cancer impact..
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Table 16. Key Code for Ethylene Cracking Unit Fugitive Emission Locations

Ethane Cracking Fugitives Area Key Code

Area
Designation

Area Description

Redacted information considered trade secret and/or confidential
proprietary information as defined in the Pennsylvania Right to Know
Law
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Table 18. Key Code for OSBL Fugitives Emission Locations

OSBL Fugitives Area Key Code

Area
Designation

Area Description

1

2

3

4

Know Law

Redacted information considered trade secret and/or confidential
proprietary information as defined in the Pennsylvania Right to
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~ 1.0 INTRODUCTION

This document presents the procedures used in the dispersion modeling analysis
conducted to calculate the ground level concentrations that were employed in the
inhalation risk assessment for the proposed Shell Chemical Appalachia LLC
Petrochemicals Complex to be constructed in Beaver County, Pennsylvania. The air
quality dispersion modeling conforms with the modeling procedures outlined in the

Environmental Protection Agency’s Guideline on Air Quality Models' (Guideline) and

associated EPA modeling policy and guidance.

1. Guidelines on Air Quality Models, (Revised). EPA-450/2-78-027R, Appendix W of 40 CFR Part 51, U.S. Environmental
/\ Protection Agency, Office of Air Quality Planning and Standards, Research Triangle Park, North Carolina. November
2005.
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2.0 PROJECT DESCRIPTION

The proposed Sheli facility will produce approximately 1,500,000 metric tons per year of
ethylene and 1,600,000 metric tons per year of polyethylene. From an air emissions
modeling perspective, the facility includes seven ethane cracking furnaces, a number of
diesel engines to provide emergency power and power fire water pumps, flares, cooling
towers, catalyst activation vents, fugitive emissions from equipment leaks and liquid
storage tanks, and combustion turbines with heat recovery systems to provide steam

and electric power to the facility and electric power for sale.



3.0 SITE DESCRIPTION

The Shell facility will occupy approximately 400 acres on the property previously owned
by the Horsehead Corporation. The site is located adjacent to the Ohio River in the
Borough of Monaca, Pennsylvania in Beaver County. The approximate Universal
Transverse Mercator (UTM) coordinates of the facility are 556,129 meters east and
4,502,450 meters north (UTM Zone 17, NAD 83). Figure 1 shows the general location
of the facility. Figure 2 shows the specific facility location on a 7.5-minute U.S.
Geological Survey (USGS) topographic map.
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4.0 MODEL SELECTION AND MODEL INPUT

4.1 Model Selection

The latest version of the AMS/EPA Regulatory Model (AERMOD, Version 14134) was
used to conduct the dispersion modeling analysis. AERMOD is a Gaussian plume
dispersion model that is based on planetary boundary layer principals for characterizing
atmospheric stability. The model evaluates the non-Gaussian vertical behavior of
plumes during convective conditions with the probability density function and the
superposition of several Gaussian plumes. AERMOD is a modeling system with three
components: AERMAP is the terrain preprocessor program, AERMET is the
meteorological data preprocessor and AERMOD includes the dispersion modeling

algorithms.

AERMOD is the most appropriate model for calculating ambient concentrations near the
proposed Shell facility, based on the model's ability to incorporate multiple sources and
source types. The model can also account for convective updrafts and downdrafts and
meteorological data throughout the plume depth. The model also provides parameters
required for use with up—to—date planetary boundary layer parameterization. The model
also has the ability to incorporate building wake effects and to calculate concentrations
within the cavity recirculation zone. All model options will be selected as recommended
in the EPA Guideline on Air Quality Models.

Oris Solution's BEEST Graphical User Interface (GUI) was used to run AERMOD. The
GUI uses an altered version of the AERMOD code to allow for flexibility in the file

naming convention. The dispersion algorithms of AERMOD are not altered.

4.2 Model Control Options and Land Use

AERMOD was run in the regulatory default mode for all pollutants. The default rural
dispersion coefficients in the model were used. This is supported by the Land Use

Procedure consistent with subsection 7.2.3(c) of the Guideline and Section 5.1 of the



AERMOD Implementation Guide.

The USGS 2006 National Land Cover Data (NLCD) within 3km of the site were
converted to Auer 1978 land use types, using recommendations from the DEP, and
evaluated.? It was determined that the land use in the vicinity of the proposed Shell
facility is predominantly rural (less than 15% of the area is classified as urban, Figure 3).
The potential for urban heat island affects, which are regional in character, was

considered and determined not to be of concern.

4.3 Source Data

Source Characterization

Point Sources

Most emission sources at the proposed Shell site will vent to stacks with a well defined
opening. These sources were modeled as point sources in AERMOD. The model
source characteristics for the point sources are presented in Table 1. The modeled
emission rates for each source can be found in Table 2 of Attachment A. The location
of each point source is shown in Figure 4.

Fugitive Emissions from Tanks and Equipment Leaks

Fugitive emissions from tanks and equipment leaks were modeled as volume sources.
The emissions rate for a given COPC was determined by applying process area
component speciation data to the VOC emissions rate associated with the equipment
components contained within known process areas. The initial dispersion coefficients
(sigma y and sigma z) were calculated based upon the dimensions of the area of

release and the equations contained in Table 3-1 of the AERMOD User’s Guide.

2, Auer, Jr., AH. "Correlation of Land Use and Cover with Meteorological Anomalies." Journal of Applied Meteorology,
17:636-643, 1978.

B-7



SAIJOWOIY] Y |, UIYIIAL IS[) pURT| °¢ 2an31y

000€

»"IN| ‘SIAVIDOSSY TVANIWNOUIANT did

.snosoeqiapebpeg z2 [ |ff
snosoequaH/puelsses L[ ||
qnuog/qruys zg[ [

.qruog pema Ls [

ysaiod paxiN ev [
jsai04 uaaibiend zv [ -
1se104 snonpoeq L [ L
(Kejo/puegpooy) pue usueg Le[ ] 3 §
Aysusyu| ybiH ‘padojenaq vz [l
Aysusju| wnipapy ‘padojersq ¢z L.

Ayisuaju| mo ‘padojensq zz i_
eoedg uadQ ‘padojenag _&D
Moug /@9 |eluuaied Z} _H_
J8)_A UBdO L) I }
puabaT uonesyisse|d JaAo) pue QO._Z




0T
0
0T
0c
0t
0t
0t
0Zs
0Zs
0zs
0Zs
0zs
07Zs
0zs
0zs
0cs
0zs
0zs
0zs
07zs
07s
07s
oSy
€1
€1
0T
S
12494
ot'te
(0] 14
oot
oot
oot
S8
S8
S8
S8
S8
S8
S8
()

0'sZt
0'szt
0'szT
0'szt
0'€ETT
0'€ETt
0'€TL
00z
00z
00z
00z
00z
00z
00z
00z
00z
00z
00z
00z
00z
00z
00z
00z
0'SE
0'SE
0'sy
7981
79'S9
79'99
79'99
'S8
S's8
G'S8
vey
v'er
v'ey
v'ey
v'6r
v'ev
v'6y
(29s/33)

5788
5788
5788
5788
0's88
0'588
0's88
0L
0L
0L
0L
0L
0L
0L
0L
0L
0'1L
0L
0L
0L
0L
0L
0L
076
026
0°009T
0°009T
0'Zest
0'Z€8T
0°ZEst
0'0£Z
0'0€T
0°0£T
08T
082
082
082
082
082
08T
(4.)

00E
00€
0'0e
00t
00€
00t
00E
00L
00L
0oL
0oL
0oL
0oL
0oL
0oL
0oL
0oL
0'0L
00
00L
0oL
0oL
00L
00st
0ost
0°00¢
0°0s¢C
0°9v
6'90C
6907
0€Te
(g7
0€Te
008t
0°08¢
0082
0°08¢
008
008t
0087
()

0°S6L
0°S6L
0'S6L
0°S6L
0'vs8
0'vs8
0vS8
0'S6L
0'S6L
0'S6L
0'S6L
0'S6L
0's6L
0'S6L
0'S6L
0'S6L
0'S6L
0'S6L
0'S6L
0's6L
0°S6L
0'S6L
0'S6L
0'S6L
0'S6L
0's6L
0'S6L
0'S8L
0'S8L
0'S8L
0'S6L
0'S6L
0°S6L
0'S6L
0's6L
0's6L
0's6L
0'S6L
0's6L
0'S6L
()

¥S°£0TZ0SY
96°T0TZOSY
¥0°£L6020SY
vr'26020SY
CE'L6910SY
9576910SY
TT'YBIT0SY
0L'v¥920SY
CE'EEITOSY
97°'TT90sy
20'T1920SY
26665205y
LS'885Z0SY
L6°LLSTOSY
19995205V
0S'vSST0SY
99'vvSZ0SY
TEEESTOSY
LS'TZSTOSY
EL'TTSTOSY
VT 66vZ0Sy
97°88VZ0SY
16°9LvZ0SV
90°LEVTOSY
[ZAC18 7405
85°67970SY
61 TESTOSY
66'666T0SY
LL6LOTOSY
0£°€0020SY
CIPETZOSY
T1°26020SY
60°TS0Z0SY
98°86020SY
LO'STTZOSY
6v'8TTT0SY
65EVTZOSY
00°LSTZ0SY
SP'SLIZ0SY
L8'88TZ0SY
(w)

LT'T06SSS
69°568555
E1°688555
T'E88SSS
8L°TT19SS
LS'ETTISS
£7°90195S
8v°086555
vS'L965SS
1956555
8L°TY6SSS
£9'876555
8E'ST6SSS
87'€06555
6L°06855S
L1°LL8SSS
L9'¥985SS
18'198555
v6°8€8SSS
£0'9785SS
TZ'E18SSS
TL°0085SS
S8°L8LSSS
S8'V6095S
65°7£09SS
€6°£5095S
60'v¥r9SS
88°75€SSS
6S°T6ESSS
9S°ZYSSS
LT°8209SS
SE'086SSS
Ty EEBSSS
CY'6L5S5S
9L°€955SS
06°0555SS
09°8£S5SS
86°LTSSSS
9L°TTSSSS
Y1°T0SSSS
(w)

Jaipwelq  Mpojap  aimesadway ySiay  uoneaadj3 (A) Suiyuon  (x) Bunse3

yaes

X3

ypeis

aseg

PP ENED)

€ Jojesauan

Z J0jeJauan

IR CIEITELD)

€ dwing Jajep all4

z dwing Jaiep a4

T dwing aa3epn ail4

g1 4amo] Jurjoo)

ST 4amoy duyjoo)

¥T 4amo] Suijoo)

€1 4oamo] 8uyjoo)

Z1 4amo Juijoo)

TT4amoy duijoo)

01 4amo uijo0)

64amoy Juijoo)

gJ1amoy Juijoo)

£ Jamo] 8utjoo)

gJamoy uij00)

gJ4amo] Suijoo)

y4amo) dujoo)

€ 4amoy Juljoo)

Z49mo) 8utjoo)

14amoy 8uijoon

7 43183 1sAjeie)

T J21eaH IsAjeIReD)

1221pIXQ d1Isne)

Jojesaunu| 4]

ale|4 paieaa|3 dH

7 @48|4 punoig

1 aJe|4 punosy

€ auIqIn} UoISNGWOD)

7 3UIgJnL uopsSNquIod)

T @uIg4ny uoISNQWO)

L# @deuIng Buppel) aueyyy

9 @xeusny Suiyes) aueyyy

G @deuny Suppes) aueyyy

p# @2euing Suppes) aueyyy

€1 92euin4 Suppes) aueyyy

Z# 3%euin4 Suppes) aueyyy

T# 20euIng Buppes) aueyyy
uondulsaq axnos

N3O

EN3IO

N3]

TIN3I9
£dMd
<dMd
TdMd
9TIMLIOD
STYMLI0D
PTIMLIOD!
ETYMLTOD,
CTYMLIOD)
TTYMLI0D|
0TYMLI0D
64ML1000
8YMLI00D
LYMIT00D
9YML100D
SYML100D
PYMLI00D]
E4ML100D
TYMLI00D
TYMLI00D,
THYD

THYD

100

NIDNI
FYVIddH
3Uv149
T3YV149)
€10

[4%]

T

L#3

9403

S#23

v#3

£#I3

03

TH#3

@i 3unos|

sadjoweaed ynduy 22an0§ jJuiog ‘07 dAqeL




SUOIJBIOT] 324N0S JUIOJ PIPPOJA “§ 2InT1

“eq 5
a oo op— sIgeN ™ ™
P— | oor 00¢ 002 004 05 0 @ INI ‘STUVIDOSSY TVINIWNOUIANT diY
g,,.
. L3UV149, o
. p 3UVI4dH
. . ®
A
HO N3 o
zrey . ONE inal® Z3yvi149
L ]
nhOo A ERLAER] qumc
L
V#O3 aa
ES
1403
Ll
$HVYD
ZHVD .
ZUMII00D
£UMLI00D PHMLTO0D
i < ‘ 9411000
itk LYMLI009, ®
L
SUMLI000g 1) 11000
LLMMLT0D ®
£1MLT00, @ BHIMLIOD
SIRIMIT00. e TRIMLI0D
109 o PLIMLIO0D
9LUMLTOD




Flares

There will also be an elevated flare, ground flares and a multipoint ground flare. The
elevated flare will only be operated during periods of malfunction. Only the emissions
associated with the pilots were modeled for this flare. The ground flares will be used for
startup or shutdown (i.e., non-emergency flaring) and to control other VOC emissions
and were modeled using the SCREEN3 procedures developed by the EPA, as
described by the Ohio EPA3. The effective stack height (H, in meters) was computed as
a function of heat release rate according to the following equation, where Q is the heat

release rate of the flare in MMBtu/hr:
Hequivalent = Hactual + 0.944(Q)0'478

The effective flare diameter (d, in meters) was computed as a function of heat release
rate according to the following equation, where Q is the heat release rate of the flare in
MMBtu/hr:

de(![uivalent = 01755(Q)05
An exit temperature of 1273 K and velocity of 20 m/sec was assumed.

Multipoint Ground Flare

There will also be a multipoint ground flare surrounded by a 45 ft tall wind screen/fence
at the facility. The multipoint ground flare was modeled as volume source. The release
height was calculated as the effective stack height. The effective stack height was
calculated as the top of the wind fence (45') plus the plume rise of the multipoint ground
flare (calculated as a function of the flare heat release based upon the SCREEN3
proceedures described above). The initial dispersion coefficients sigma y and sigma z
were calculated based upon the dimensions of the area of release and the equations
contained in Table 3-1 of the AERMOD User’'s Guide.

The volume source parameter calculations can be found in Table 2. The modeled

emission rates for each source can be found in Table 2 of Attachment A. The location

3. Engineering Guide #69, Air Dispersion Modeling Guidance. Ohio EPA, Division of Air Pollution Control, 2003.
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e of each modeled volume source is shown in Figure 5. All source locations were based
upon a NAD83, UTM Zone 17 projection. Source elevations were determined from

facility survey data, not from AERMAP.
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~ Load/Operating Conditions
The combustion turbines may operate at a reduced load. Therefore, a range of load
conditions was evaluated to identify the load condition which results in the worst-case
impact for each averaging period of concern. Three load conditions were evaluated:
100%, 75%, and 50%. The emission rates and flow conditions associated with each
load were modeled. The condition resulting in the worst-case impact was carried

forward for the remainder of the analysis.

Good Engineering Practice Stack Height Analysis

A Good Engineering Practice (GEP) stack height evaluation was conducted to
determine appropriate building dimensions to include in the model and to calculate the
GEP formula stack height used to justify stack height credit for stacks to be constructed
in excess of 65m. Procedures used were in accordance with those described in the

EPA Guidelines for Determination of Good Engineering Practice Stack Height

(Technical Support Document for the Stack Height Regulations-Revised)*. GEP

formula stack height, as defined in 40 CFR 51, is expressed as GEP = Hp + 1.5L, where
Hs is the building height and L is the lesser of the building height or maximum projected
width. Building/structure locations will be determined from a facility plot plan. The
structure locations and heights were input to the EPA’s Building Profile Input Program
(BPIP-PRIME) computer program to calculate the direction-specific building dimensions
needed for AERMOD. The proposed Shell facility plot plan is shown in Figure 6. A
three dimensional rendering of the proposed facility is shown in Figure 7. All stacks
were included in the AERMOD runs.

4Guideline for Determination of Good Engineering Practice Stack Height (Technical Support Document for Stack
N Height Regulations (Revised). EPA-450/4-80-023R, U.S. Environmental Protection Agency, June 1985.
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Figure 7. Proposed Shell Three Dimensional Plot Plan (View from SW)
4.4 Receptor Data

Two receptor grids were developed for this analysis: one for assessing acute impacts
and one for assessing chronic impacts. For the acute impacts assessment, modeled
receptors were placed in all areas considered as "ambient air" pursuant to 40 CFR
50.1(e). Ambient air is defined as that portion of the atmosphere, external to buildings,
to which the general public has access. The receptor grid consisted of three Cartesian
grids and receptors spaced at 25m intervals along the facility fenceline and the railroad
that transects the facility. The first cartesian grid extended to approximately 1km from
the fence in all directions. Receptors in this region were spaced at 50m intervals. The
second grid extended to 3km. Receptor spacing in this region was 100m. The third grid
extended to approximately 5km with a spacing of 500m. Receptors with flagpole
elevations were also placed along the Highway 376 bridge (Vanport Bridge) east of the
facility. The receptor grid was designed such that maximum facility impacts fall within

the 50m spacing of receptors. The receptor grid spacing is presented in Table 3.
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Table 22. Receptor Grid Spacing

| Distance from Facility
Fence (m)
1,000
100 3,000
500 5,000

The second grid was used for assessment of chronic impacts. This grid did not include
receptors located on the Ohio River, facility property adjacent to the river, the Vanport
Bridge, or the railroad that transects the facility. These receptors were excluded from
the assessment of chronic impacts as exposure in these areas is limited to the short

term.

The proposed Shell facility will be located in western Pennsylvania. Terrain within 10km
of the site is gently rolling; however, there is terrain in excess of stack top elevation.
Receptor elevations and hill height scale factors were calculated with AERMAP (11103).
The elevation data will be obtained from the USGS 1 arc second National Elevation
Data (NED) obtained from the USGS. Locations were based upon a NAD83, UTM
Zone 17 projection. The receptor grids used in the acute and chronic assessments are

shown in Figures 8 and 9, respectively.
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4.5 Meteorological Data

Data Selection and Representativeness

The 2006-2010, 5-year sequential hourly surface meteorological data collected at the
First Energy Beaver Valley Nuclear Generating Station (Beaver Valley) and secondary
surface and upper air data from the Pittsburgh International Airport (KPIT, WBAN
94823) were used in the analysis. The First Energy surface data were collected as part
of a continuous data collection program required by the U.S. Nuclear Regulatory
Commission (NRC). For the reasons discussed below, RTP believes the
meteorological data adequately represent atmospheric boundary layer conditions within
the Shell analysis domain for AERMOD to properly characterize the transport and
dispersion of the Shell emissions plumes. A profile base elevation of 228.6m was

employed which corresponds to the base elevation of the Beaver Valley tower.

The First Energy station is located approximately 8km downstream of the proposed

- Shell site, also on the Ohio River. The Beaver Valley meteorological station and
proposed Shell site also share a similar orientation in relation to the Ohio River. As can
be seen in Figure 10, the river flows from the northeast to southwest relative to both the
proposed Shell site and the Beaver Valley meteorological station. The topography is
also similar at each location. The wind patterns are therefore likely similar at each
location (see the wind rose Figure 11). Wind speed, direction and standard deviation of
the horizontal wind direction are measured at three levels at the Beaver Valley station
(10.7m, 45.7m, and 152.4m). Temperature is also measured at the 10.7m level. These
three levels will provide adequate representation of plume behavior at the various

release heights to be seen at the proposed Shell site.

The Pittsburgh International Airport is located approximately 21km southeast of the

facility (Figure 12). Station pressure, cloud cover, and twice daily sounding data from
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Figure 11. Beaver Valley Windrose 2006-2010
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A

Pittsburgh were used. These meteorological parameters are of synoptic scale and are

adequately representative of the Beaver Valley area.

According to the EPA’s AERMOD Implementation Guide®, the surface characteristics
should be similar for the meteorological station and the study site. RTP compared the
surface characteristics at the First Energy station and the proposed site. The
AERSURFACE program was run to determine the characteristics for comparison. The
results of the surface roughness comparison, by season, are shown in Figure 13. As
can be seen, the surface characterisitics values for the two sites, when compared on a

seasonal and sector basis, are similar.
Data Processing

The meteorological data were provided to RTP Environmental by the DEP. The DEP
processed the Beaver Valley surface data, Pittsburgh International Airport (KPIT)
surface data and KPIT upper air data using the meteorological preprocessor AERMET
(Ver. 14134). In AERMET Stage 1, KPIT surface meteorological data in the Integrated
Surface Data (ISD) format were extracted. KPIT upper air meteorological data in the

Forecast Systems Laboratory (FSL) format were also extracted.

Also, the MODIFY keyword was entered to fill missing temperatures in the upper air
data with interpolated values. In AERMET Stage 3, values of the surface characteristics
(noon-time albedo, Bowen ratio, and surface roughness length) representative of the

Beaver Valley surface meteorological site, were entered.

SAERMOD Implementation Guide, EPA, September 27, 2005.
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Figure 13. Meteorological Data Representativeness Analysis Results
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These surface characteristics values were calculated by AERSURFACE 13016 using
USGS National Land Cover Data (NLCD) for 1992. The following options were selected
in AERSURFACE: defauit 1-km radius and default twelve 30-degree sectors for surface
roughness length, seasonal temporal resolution, non-airport site and non-arid region.
AERSURFACE was executed for each surface moisture condition (average, dry, and
wet), assuming both no continuous snow cover and continuous snow cover during the
winter (i.e., AERSURFACE was executed six times). AERMET Stage 3 was then
executed for each set of surface characteristics to produce six surface (.sfc) files. The
final AERMET surface file was assembled by season, based on actual estimates of
surface moisture condition and snow cover during the meteorological data period.
Estimates of surface moisture condition were based on precipitation data for
Pennsylvania Climate Division 9. Snow cover was based on National Climatic Data
Center (NCDC) Local Climatological Data from KPIT.

4.6 Qutput Options

The output options were specified to generate graph files of concentrations for each
pollutant and averaging period. The chronic impacts for each pollutant were based
upon the five year average. Acute impacts were calculated as the maximum 1-hour

concentrations from the five years of meteorology.
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5.0 RESULTS

5.1 Turbine Load Analysis Results

The results of the load analysis are presented in Table 4. As shown, the 100% load
scenario for each turbine was found to generate the highest impacts. The 100% load

case was therefore used in the remainder of the modeling analysis.

Table 23. Turbine Load Analysis Results

AMﬂdele(‘lﬁgi 18
Concentration |
{ug/m?®) Source Descri
CTL 100 | 204 Turbine 1, 100% load
CT1 75 1.82 Turbine 1, 75% load
CTi_45 1.09 Turbine 1, 45% load
CT2 100 2.06 Turbine 2, 100% load
1-hr CT2_75 1.74 Turbine 2, 75% load
CT2_45 1.09 Turbine 2, 45% load
CT3_100 2.05 Turbine 3, 100% load
CT3 75 1.58 Turbine 3, 75% load
CT3_45 1.06 Turbine 3, 45% load
CT1_100 0.02 Turbine 1, 100% load
CT1_75 0.02 Turbine 1, 75% load
CT1 45 0.01 Turbine 1, 45% load
CT2_100 0.02 Turbine 2, 100% load
Annual CT2 75 0.02 Turbine 2, 75% load
CT2 45 0.01 Turbine 2, 45% load
CT3 100 0.02 Turbine 3, 100% load
CT13 75 0.02 Turbine 3, 75% load
CT3 45 0.01 Turbine 3, 45% load
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5.2 Acute Pollutant Results

Table 5 presents the results of the acute COPC modeling. The maximum 1-hr impact
from the five years of meteorology is presented for each pollutant. All model input and

output files are provided on the attached CD.

5.3 Chronic Pollutant Results

To calculate the ambient concentrations used in the chronic cancer and non-cancer
risks, a unit emission rate of 1 Ib/hr was modeled for each source. An AERMOD
concentration file (graph file) was generated containing the unit impacts by source and
by receptor. The graph file, Shell Franklin HRA_5yrs_Unit. GRF is provided on the
attached CD. The impacts resulting from the proposed project for each COPC were
then calculated by multiplying the annual average hourly emission rate (in Ib/hr) for each
source by the modeled unit concentration for that source and receptor. To determine
the total exposure concentration, the concentrations for all facility sources at each
receptor for each COPC were then summed. An example of the calculation of the total
concentration at each receptor for benzene is provided in the spreadsheet,

benzene annual_impact xreceptor.xlsx, on the attached CD. A summary of the total
concentration of all COPCs at each receptor is provided in the spreadsheet,

COPC_annual_impact_xreceptor.xlsx on the attached CD.
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~ Inhalation Risk Assessment

1.0 General Discussion

This inhalation risk assessment for the proposed Shell Chemical Appalachia LLC Petrochemicals
Complex to be constructed in Beaver County, Pennsylvania evaluated the potential cancer and
non-cancer inhalation risks from the compounds of potential concern (COPC) emitted from the
proposed facility. The approach used to conduct the assessment is based on guidance provided by the
Pennsylvania Department of Environmental Protection (PaDEP) as outlined in the approved Inhalation
Risk Assessment Protocol.!

1.1 Chronic Cancer and Non-cancer Risks

Chronic cancer and non-cancer impacts were estimated for each COPC at approximately 10,000
habitable points on a receptor grid surrounding the proposcd facility. As detailed in Attachment B,
exposure concentrations at each receptor were determined by modeling a unit emissions rate
(i.e., 1 Ib/hr) from each cmissions unit at the proposed facility. The resulting concentration was then
scaled based on the estimated annual hourly average emission rate for each COPC from each emissions
unit. As referenced in Attachment B, a summary of the total concentration of all COPCs at each
receptor is provided in the spreadsheet, COPC_annual impact_xreceptor.xlsx on the attached CD. For
the chronic excess lifetime cancer risk (ELCR), the exposure concentration of each pollutant at each
receptor was multiplied by the compound specific unit risk factor. The compound specific unit risk
7\ factors used in the ELCR calculation are presented in Table 1. The aggregate ELCR was then
determined for each receptor by summing the individual COPC ELCR. (The ELCR for each COPC
and the aggregate ELCR at each receptor is provided in the spreadsheet, COPC_ELCR_xreceptor.xlsx
on the attached CD. As shown in Figure 1, the receptor with the highest ELCR is located southwest of
the proposed facility’s fence line. The ELCR at this receptor is 0.79 in 100,000 (i.e., 7.9E-6) which
does not exceed PaDEP’s inhalation risk management facility-wide target level of cancer risk of 1 in
100,000 (i.e., leE-5).

For the chronic non-cancer risk, the exposure concentration of each pollutant at each receptor was
divided by the compound specific reference concentration (RfC) to determinc the hazard quotient (HQ)
for that COPC. The reference concentrations used for this analysis are presented in Table 1. The
aggregate health index (HI) was determined for each receptor by summing the individual COPC HQ
values. The HQ for each COPC and the aggregate HI at each receptor is provided in the spreadsheet,
COPC_HQ xreceptor.xlsx on the attached CD. As shown in Figure 1, the receptor with the highest HI
is located southwest of the proposed facility’s fence line. The facility HI at this receptor is 0.075,
which does not exceed PaDEP’s inhalation risk management facility-wide target level for non-cancer
HI of 0.25.

1.2 Acute Non-cancer Risks

The acute health risks were determined for the one hour average exposure to each COPC at all points in
the receptor grid. For each pollutant, the highest modeled exposure concentration was divided by
compound-specific RfC values derived from short term exposure levels to determine the HQ for each

' Email from A. Binder, PaDEP to P. May, RTP Environmental Assoc., January 12, 2015
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~ pollutant. The compound specific RfC values are presented in Table 1. Each HQ was then compared

' to the threshold of 1.0, the level at which no adverse effect would be expected from the exposure per
PaDEP guidance. As presented in Table 2, no COPC has an HQ above 1. The pollutant with the
highest HQ is benzene with an HQ of 0.2.
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Table 2. Risks from COPCs at Receptor with the Highest Aggregate Chronic Risk

Saenss Chronic Non-

Compound of Potential Concern Lifetime cancsr HQ
Cancer Risk

1,3-Butadiene 1.1E-06 1.9E-02
2-Methylnaphthalene - -
3-Methylchloranthrene 4.2E-11 -
7,12-Dimethylbenz(a)anthracene 4.3E-09 -
Acenaphthene S
Acenaphthylene -
Acetaldehyde 3.3E-11 1.7E-06
Acrolein - 1.5E-04
Anthracene - -
Arsenic 3.2E-09 4.9E-05
Benzene 2.0E-06 8.7E-03
Benzo(a)anthracene 1.2E-11 -
Benzo(a)pyrene 5.2E-11 -
Benzo(b)fluoranthene 2.1E-11 -
Benzo(g,h,i)perylene - -
Benzo(g,h,l)perylene - -
Benzo(k)fluoranthene 4.8E-12 -
Beryllium 1.1E-10 2.2E-06
Biphenyl - -
Cadmium 7.4E-09 4.1E-04
Chromium? 3.0E-07 2.4E-04
Chrysene 2.9E-12 -
Cobalt 2.8E-09 5.2E-05
Dibenzo(a,h)anthracene 7.5E-11 -
Dichlorobenzene 4.9E-11 5.5E-09
Ethylbenzene 2.0E-08 7.8E-06
Ethylene Oxide - -
Fluoranthene - -
Fluorene - -
Formaldehyde 6.3E-09 4.9E-05
Hexane - 1.6E-03
Indeno(1,2,3-cd)pyrene 8.4E-12 -
Manganese - 2.8E-05
Mercury - 3.2E-06
Methanol - 8.5E-06
Naphthalene 4.3E-06 4.2E-02
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Excess

Compound of Potential Concern Lifetime Shmic Mo
» cancer HQ
Cancer Risk
Nickel 3.8E-09 8.6E-05
PAH? 4.3E-08 B
Phenanthrene - £
Phenol - 3.0E-08
Propylene Oxide 2.9E-11 2.6E-07
Pyrene - -
Selenium - 4.4E-09
Styrene - 4.8E-05
Toluene - 1.8E-05
Xylenes - 3.0E-05
Lead 2.2E-11 1.2E-05
Pentane - -
Propane - -
Barium - 2.9E-05
Copper - -
Molybdenum . -
Vanadium - E
Total Risk at Receptor with
Highest Risk= 7.9E-06 7.3E-02

'Emissions of chromium conservatively assumed to be in

hexavalent form

2AP-42 factors for stationary combustion turbines are not available
for individual PAH compounds. For this assessment, PAH emissions
from CTs were conservatively assumed to be benzo(a)pyrene

- Denotes no available risk factor
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Table 3. Acute Non Cancer Risk Assessment

_Concern | Impact | hrimpact | CancerRfC' | HQ
(ng/m3 (mg/m3) (mg/m3)

1,3-Butadiene 2.30785 | 0.00230785 0.275 | 0.008195
2-Methylnaphthalene 0.00014 | 0.00000014 . -
3-Methylchloranthrene 0.00001 | 0.00000001 - -
7,12-
Dimethylbenz(a)anthracene 0.00009 | 0.00000009 i i
Acenaphthene 0.01197 | 0.00001197 - -
Acenaphthylene 0.02359 | 0.00002359 - -
Acetaldehyde 0.06436 | 0.00006436 4.5 | 1.43E-05
Acrolein 0.0201 | 0.0000201 0.025 | 0.000804
Anthracene 0.00314 | 0.00000314 0.03 | 0.000105
Arsenic 0.00114 | 0.00000114 0.0002 0.0057
Barium 0.01422 | 0.00001422 0.075 0.00019
Beryllium 0.00007 | 0.00000007 0.00025 | 0.00028
Benzo(a)pyrene 0.00066 | 0.00000066 0.03 | 0.000022
Benzo(a)anthracene 0.00159 | 0.00000159 0.03 | 0.000053
Benzo(b)fluoranthene 0.00284 | 0.00000284 - -
Benzo(g,h,i)perylene 0.00001 | 0.00000001 - -
Benzo(g,h,l)perylene 0.00142 | 0.00000142 - -
Benzo(k)fluoranthene 0.00056 | 0.00000056 - -
Biphenyl 0.00138 | 0.00000138 0.15 9.2E-06
Benzene 16.84422 | 0.01684422 0.08 | 0.209819
Cadmium 0.0063 | 0.0000063 0.0003 0.021
Chrysene 0.0039 | 0.0000039 0.03 | 0.00013
Cobalt 0.00048 | 0.00000048 0.003 | 0.00016
Chromium? 0.01026 | 0.00001026 0.00075 | 0.01368
Copper 0.00275 | 0.00000275 0.0025 0.0011
Dibenzo(a,h)anthracene 0.00089 | 0.00000089 - -
Dichlorobenzene 0.00683 | 0.00000683 16.875 | 4.05E-07
Ethylbenzene 0.20395 | 0.00020395 3.25 | 6.27E-05
Fluoranthene 0.03266 | 0.00003266 - -
Fluorene 0.0103 | 0.0000103 - -
Formaldehyde 0.42977 | 0.00042977 0.0625 | 0.006876
Hexane 49.34828 | 0.04934828 27 | 0.001828
Mercury 0.00148 | 0.00000148 0.01 | 0.000148
Indeno(1,2,3-cd)pyrene 0.00106 | 0.00000106 - -
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0.00286786

Methanol 2.86786 8.125 | 0.000309
Manganese 0.00217 | 0.00000217 0.075 | 2.89E-05
Molybdenum 0.00355 | 0.00000355 0.45 | 7.89E-06
Naphthalene 3.30265 | 0.00330265 2 | 0.001562
Nickel 0.01196 | 0.00001196 0.00225 | 0.005316
PAH3 0.00087 | 0.00000087 0.019 | 4.58E-05
Lead 0.00285 | 0.00000285 0.0075 | 0.00038
Pentane 8.40833 | 0.00840833 270 | 3.11E-05
Phenol 0.00116 | 0.00000116 2.85 | 4.07E-07
Phenanthrene 0.10449 | 0.00010449 0.03 | 0.003483

Propane 5.17277 | 0.00517277 270 | 1.92E-05
Pyrene 0.00951 | 0.00000951 0.03 | 0.000317

Selenium 0.00014 | 0.00000014 0.03 | 4.67E-06
Styrene 1.14256 | 0.00114256 10.625 | 0.000107
Toluene 2.37996 | 0.00237996 14 | 0.000169
Vanadium 0.00744 | 0.00000744 1.75 | 4.25E-06

Xylenes 0.49281 | 0.00049281 16.275 | 3.03E-05

Reference concentrations developed using short term exposure limits as per PaDEP
guidance. Refer to Table 1 for more information.
2Emissions of chromium conservatively assumed to be in hexavalent form
3AP-42 factors for stationary combustion turbines are not available for individual PAH
compounds. For this assessment, PAH emissions from CTs were conservatively
assumed to be benzo(k)fluoranthene
- Denotes no available risk factor
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