






















































































































































































































































































 
 

Appendix B 
 
 

Certain information contained in this appendix constitutes Trade Secret and/or 
Confidential Proprietary Information as defined in the Pennsylvania Right to Know Law 
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Emissions Estimates 
 
 

Certain information contained in this appendix constitutes Trade Secret and/or 
Confidential Proprietary Information as defined in the Pennsylvania Right to Know Law 
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1.0 GENERAL DISCUSSION 
For purposes of evaluating applicability of PSD and NSR nonattainment and determining the 
potential to emit of the “as built” updates to the proposed facility, the methodology used for 
evaluating emissions increases is the actual-to-potential test described at 40 CFR § 
52.21(a)(2)(d) and incorporated by reference at 25 Pa. Code §127.83.  For a project at an existing 
major stationary source that includes new emission units, the source must estimate the change in 
the potential to emit of the NSR pollutants. 
 
The following discussion provides a summary of the methodology used to determine the 
potential to emit from all units to be constructed and/or modified. 
 

1.1 Emissions Units  
Table 1-1 lists the categories of emissions units to be constructed or modified as part of the 
project and identifies the general methodology used to estimate the potential to emit for each unit 
type.  Not listed are equipment identified in this Plan Approval Application in Section 2.0 that 
are being removed.  Refer to the February 2015 Plan Approval Application for emissions 
associated with these units.  A specific discussion of each of the calculation methodologies is 
provided in the following subsections.  An index of the detailed calculation in Appendix B-2 is 
also provided. 

 
Table 1-1.  List of Affected Emissions Units and Emissions Estimation Methods 

EU Description Project Description Methodology 
Calculation 
Location in 
Appendix 

B-2 

Natural Gas-fired 
Emergency Engines 

Addition of four new 
units 

(Emission Factor/Proposed 
Limit) x (Capacity) x (Op. 
Hours) 

B-1, B-3 

Diesel-fired Emergency 
Engines 

Addition of two new 
units 

(Emission Factor/Proposed 
Limit) x (Capacity) x (Op. 
Hours) 

B-1, B-2 

Tanks VOC (not vented to 
flare) 

Addition of four new 
diesel storage units  

(TANKS 4.09d) x (1 – Ctrl. 
Efficiency) B-4 

Talc Transport1 Inclusion of railcar 
delivery  B-5 

C3+ Loading 

Inclusion of loading C3+ 
and other LPG materials 
and correction to 
emission factor to more 
accurately reflect loading 
configuration 

(Emission Factor) x 
(Throughput) B-6 

PE3 Particulate Emissions PE3 intermittent 
particulate vents 

(Emission Factor/Proposed 
Limit) x (Capacity/Flowrate) x 
(Op. Hours) 

B-7 
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EU Description Project Description Methodology 
Calculation 
Location in 
Appendix 

B-2 
activated catalyst vent 
emissions 

Fire Water Pump Engine Decrease rating from 700 
to 488 bhp 

(Emission Factor/Proposed 
Limit) x (Capacity) x (Op. 
Hours) 

B-8 

Caustic and LP TI Decrease loading from 8 
to 2.5 tonnes/hr (Emission Factor) x (Capacity) B-9, B-

19 

Cooling Tower PM 
Decrease process cooling 
water tower rate from 
305 to 295.9 Mgal/min 

AP-42 Methodology; PSD from 
Reisman & Frisbie 

B-10, B-
11, B-16, 

B-17 

Cooling Tower VOC 
Decrease process cooling 
water tower rate from 
305 to 295.9 Mgal/min 

(Proposed Limit) x (Circulation 
Rate) 

B-10, B-
11 

PE Handling, Storage & 
Loading PM 

Decrease in blending silo 
emissions (0.01 to 0.005 
gr/dscf) and deduster 
vent removal.  Increase 
in railcar and truck 
storage and handling PE 
rates. 

(Emission Factor) x 
(Throughput-Based Air Flows) B-12 

Organic Liquid Loading 

Decrease in light 
gasoline loading rate.  
Increase in pyrolysis fuel 
oil loading. 

AP-42 Methodology (Chapter 
5, Section 2) B-13 

Combustion Turbines 

Combustion turbines heat 
input (475 to 481.4 
MMBtu/hr, each) and  
duct burner heat input 
(189 to 234 MMBtu/hr, 
each) 

(Emission Factor/Proposed 
Limit) x (Firing Rate) B-14 

WWTP Units (not vented 
to TI) 

 Recovered oil &flow 
equalization & removal 
tank capacity 

EPA WATER9 Model B-15 

Flares 

Flare gas composition 
changes, and sweep gas 
rate change of location 
and decreases  

(Emission Factor) x (Maximum 
Expected Flaring Rate) B-18 

1 Shell’s original estimate of emissions from talc transfer to surge bins is based on 24 hours/day, 333 days/yr 
operation for both surge bins. Transfer can only occur to one bin at a time. As a result, the original estimate is 
high by a factor of two. Thus, the emissions associated with transfer from railcar to truck are already accounted 
for. 

 
1.2 Natural Gas-Fired Emergency Engines 
A total of four (4) new emergency natural gas-fueled internal combustion engines will be 
constructed.  Normal (i.e., non-emergency) operation of these units is limited to 100 hours per 
year or less.  Potential emissions from these units are estimated based on proposed BACT/LAER 
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limits applied to the maximum firing rate assuming 100 hours per year of operation.  See Tables 
B-1 and B-3 for complete documentation of the emissions factors used as well as the calculation 
methodology. 
 

1.3 Diesel-fired Emergency Engines 
Two (2) new emergency diesel-fueled internal combustion engines will be constructed and the 
four (4) emergency generators in the original design will be removed.  The size of all new 
emergency combustion engines is less than those being removed.  Normal (i.e., non-emergency) 
operation of these units is limited to 100 hours per year or less.  Potential emissions from these 
units are estimated based on proposed BACT/LAER limits applied to the maximum firing rate 
assuming 100 hours per year of operation.  See Tables B-1 and B-2 for complete documentation 
of the emissions factors used as well as the calculation methodology.   
 

1.4 Storage Tank Emissions 
Two (2) new emergency engine diesel storage tanks and two (2) new vehicle fuel diesel storage 
tanks will be constructed.  The four (4) emergency generator diesel storage tanks in the original 
design will be removed.  The size and throughputs of the new tanks are significantly less than 
those being removed.  Emissions from the new tanks were estimated by scaling the throughputs 
of the original tanks by that of the new tanks.  Table B-4 provides the revised estimates.  In 
addition, one firewater pump engine diesel storage tank will also be removed. Refer to the 
February 2015 Plan Approval Application for further details of the original estimates. 
 

1.5 Talc Transport 
The original design provided that talc, which is used as a comonomer in the polyethylene 
polymerization process, would be delivered to the site via trucks. The proposed changes will 
allow talc to also be delivered to the site via railcar. Once onsite, talc will be offloaded to a truck 
and then transported across the site to the already approved talc storage bins. Talc will be moved 
through pneumatic transfer and all transfer points controlled by fabric filter with outlet grain 
loading not to exceed 0.005 gr/dscf. Shell’s original estimate of emissions from talc transfer to 
surge bins was based on 24 hours/day, 333 days/yr operation for both surge bins. Transfer can 
only occur to one bin at a time. As a result, the original estimate is high by a factor of two. Thus, 
the emissions associated with transfer from railcar to truck are already included. See Table B-5 
for documentation of the calculation methodology used to estimate emissions. 
 

1.6 C3+ Liquid Loading 
Emissions estimates for C3+ liquid loading have been revised to include the loading of LPG 
materials other than C3+ (i.e., butene, hexene, isobutane, isopentane, and C3+ refrigerant) that 
were identified as part of the 2015 Plan Approval Application as stored materials but not loaded.  
Additionally, the estimates have been revised to more accurately portray the current loading 
configuration.  VOC emissions from these operations have been estimated based on a study of 
LPG loading conducted by the South Coast Air Quality Management District (SCAQMD) in 
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California.1  An  emissions factor was derived from the SCAQMD study and applied to the 
maximum expected volume of C3+ that will be shipped from the proposed plant.  The factor of 
13.3 lb VOC per railcar loaded used in the 2015 Plan Approval Application assumed emissions 
from bleeder valves which are not present in Shell’s loading configuration.  Residual liquid in 
loading lines will be cleared by flow of nitrogen to the thermal oxidizer, and low-leak couplings 
will be used on each hose.  The emission factor has been corrected to 1.22 lb VOC per railcar 
loaded.  Additional factors were developed to estimate other LPG materials.  See Table B-6 for 
documentation of the calculation methodology used to estimate emissions. 
 
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 that working and breathing losses do not occur.  Emissions from storage tanks 
with vents routed to the flare headers are accounted for in the estimated emissions from the LP 
Thermal and Spent Caustic Vent Thermal Incinerators. 
 

1.7 Polyethylene Unit 3 Intermittent Particulate Vent Emissions 
A small quantity of particulate will be emitted from operations within the three PE production 
units. Particulate and polyethylene fines will be controlled by fabric, sintered metal, or HEPA 
filter before discharge to the atmosphere with outlet grain loading not to exceed 0.005 gr/dscf.   
 
Additional intermittent particulate matter vents associated with intermittent particulate vents in 
PE3 were not included as part of the 2015 plan approval application.  Estimates of these 
emissions are summarized in Table B-7.   
 
Improved vendor information regarding the activated catalyst vent emissions for PE3 have been 
used to revise the particulate emissions estimates from this unit.  Estimates of these emissions are 
also summarized in Table B-7.   
 

1.8 Firewater Pump Engines 
One (1) firewater pump engine will be removed.  The remaining two engines will be resized 
from 700 to 488 bhp.  Normal (i.e., non-emergency) operation of these units is limited to 100 
hours per year or less.  Potential emissions from these units are estimated based on proposed 
BACT/LAER limits applied to the maximum firing rate assuming 100 hours per year of 
operation.  See Table B-8 for complete documentation of the emissions factors used as well as 
the calculation methodology. 
 

1.9 Thermal Incinerators 
Two thermal incinerators will be used to control certain VOC emissions sources within the 
proposed plant:  1) a spent caustic vent thermal incinerator (SCVTI); and, 2) a low pressure 
thermal incinerator (LPTI).  Emissions from these incinerators are estimated based on the 

 
1 See Final Staff Report Proposed Rule 1177 – Liquefied Petroleum Gas Transfer and Dispensing, South Coast Air 

Quality Management District, June 2012; available at: 
 http://www.aqmd.gov/hb/attachments/2011-2015/2012Jun/2012-Jun1-031.pdf; (see Attachment F) 
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expected maximum vent rates to the control devices, the design VOC destruction efficiency of 
the controls, and emissions factors for various pollutants produced during the combustion 
process.  Emissions consist of products of combustion (e.g., NOx) along with unoxidized VOC 
and non-VOC organic compounds (e.g., CH4).  Changes to these units are: 1) the capacity of the 
SCVTI will reduce from 8 to 2.5 tonnes per hour; and 2) changes to the composition of the gas 
controlled by the LPTI, as well as, sweep gas rate changes.  See Tables B-9 and B-19 for 
documentation of the emissions factors as well as the calculation methodology used to estimate 
emissions from these control devices. 
 

1.10 Process and Cogen Cooling Towers 
Particulate emissions for the Process and Cogen Cooling Towers are estimated based on the 
design drift rate, the cooling water recirculation rate, the TDS of the cooling water, an estimated 
dry particle size distribution, and assumed full-time operation (i.e., 8,760 hours per year) of the 
towers.  The “Reisman and Frisbie” methodology for determining the PM10 and PM2.5 size 
distribution of the PM emissions is used to estimate fine particulate emissions.2   
 
VOC emissions from the process cooling tower are estimated based on the existing VOC LAER 
limit and the design cooling water circulation rate. 
 
There will be slight changes to the circulation rates for both cooling towers. See Tables B-10 
through B-11 and Tables B-16 through B-17 for documentation of the calculation methodology 
used to estimate emissions from the Process and Cogen Cooling Towers. 
 

1.11 PE Pellet Handling, Storage, and Loadout 
A small quantity of particulate will be emitted from operations involving handling, storage, 
blending, and loadout of the product PE pellets.  In general, these operations are relatively dust-
free.  However, some particulate is created in the processing and handling of the PE pellets.  
Particulate emissions from these operations are estimated based on an assumed particulate mass 
loading multiplied by an estimate of the ratio of exhaust air flows required or created by these 
operations to the potential PE pellet production capacity of the proposed plant.  Changes to the 
emissions estimates include the increase in control of the blending silo emissions, removal of a 
deduster vent, and increases to the handling and storage rates.  See Table B-12 for complete 
documentation of the emissions factors used as well as the calculation methodology. 
 

1.12 Organic Liquid Loading 
VOC emissions from loading of organic liquids (Recovered Oil, Coke Residue/Tar, Light 
Gasoline, and Pyrolysis Fuel Oil) into transport trucks and/or railcars are estimated using the 
methodology found in AP-42, Chapter 5, Section 2.  The VOC emissions estimates from loading 
of low vapor pressure liquids are based on an assumed VOC vapor pressure of 0.5 psia, a 
surrogate VOC vapor molecular weight, and the use of submerged loading.  Vapors from 
Pyrolysis Fuel Oil and Light Gasoline loading are controlled by the Low Pressure Thermal 

 
2 See “Calculating Realistic PM10 Emissions from Cooling Towers,” Joel Reisman and Gordon Frisbie, 

Environmental Progress (Vol. 21, No. 2), July 2002, p. 127 – 129. 
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Incinerator.  Changes to the emissions estimates from Organic Liquid Loading address an 
increase in pyrolysis fuel oil loading from 1.5 MMgal/yr to 5.3 MMgal/yr and a decrease in light 
gasoline loading rate from 8.0 MMgal/yr to 6.0 MMgal/yr.  See Table B-13 for documentation of 
the calculation methodology used to estimate emissions. 
 

1.13 Combustion Turbine/Cogen Units 
Changes to the three Cogen Units include a change in heat input from 475 to 481.4 MMBtu/hr 
each and an increase in each duct burner heat input from 189 to 234 MMBtu/hr.  These units are 
expected to operate at or near maximum capacity for most of the year.  With the exception of 
NOx and CO, potential emissions from these units are estimated based on existing BACT/LAER 
limits applied to the maximum firing rate assuming full-time (i.e., 8,760 hours per year) 
operation at that rate.  In the case of NOx and CO, emissions during startup are expected to be 
significantly higher (on a pound per hour basis) than emissions during normal full-load 
operation.  Thus, for purposes of estimating potential emissions of these pollutants, the 
maximum startup emissions rates were assumed to occur for 7 hours per year, with the remaining 
hours per year (i.e., 8,753) assumed to be at full-load.  See Table B-14 for the complete 
documentation of the emissions factors used as well as the calculation methodology. 
 

1.14 Wastewater Treatment Plant Emissions 
The recovered oil and flow equalization and removal tank capacities will increase from 24 to 
521kgal and 742 to 878 kgal, respectively. Uncontrolled emissions from the wastewater 
treatment unit operations are estimated using EPA’s WATER9 air emissions model. Emissions 
from certain controlled WWTP tanks were estimated using EPA’s TANKS software. These 
emissions are accounted for in the controlled emissions estimates from the Spent Caustic Vent 
Thermal Incinerator. A summary of the emissions estimate is presented in Table B-15.  As 
shown, this change does not result in a quantifiable increase in VOC emissions. 
 

1.15 Flares 
Changes to the four flares to be constructed to control VOC emissions from the proposed plant 
include changes to the flare gas composition and decreases in the sweep gas rates. Emissions 
from the flares are estimated based on the expected maximum vent rates to the flares, the VOC 
destruction efficiency of the flares, and emissions factors for various pollutants produced during 
the combustion process. Emissions consist of products of combustion (e.g., NOx) along with 
unoxidized VOC and non-VOC organic compounds (e.g., CH4).  For the most part, these flares 
are only used for short periods during startup, shutdown, or emergency events.  Potential 
emissions from these control devices are estimated based on a number of worst-case assumptions 
about the flaring rates expected to occur during routine, foreseeable operations.  See Table B-18 
for documentation of the emissions factors as well as the calculation methodology used to 
estimate emissions from the flares. 
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Certain information contained in this appendix constitutes Trade Secret and/or 
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David Keen

From: Phil May [may@rtpenv.com]
Sent: Thursday, October 30, 2014 10:43 AM
To: Binder, Alan; Andrew Fleck
Cc: David Keen; Shari Keller
Subject: Basis for In-Stack Ratios - First Energy and AES
Attachments: 8-NO2-Measurements- M Carpenter.pdf

This email is in response to questions raised by the Department in regards to the in-stack NO2/Nox ratios 
used for purposes of modeling the emissions from First Energy and Bruce Mansfield.  The basis for these 
ratios is briefly discussed on Page 5-6 of Appendix C in the application for plan approval.  The following 
provides some additional perspective to that discussion and the basis for the in-stack ratios.    

The  coal fired boilers located at First Energy�s Bruce Mansfield Station have a permitted NOx emissions 
rates of 0.5 lb/MMBtu (RACT).  Each of these units is equipped with an SCR that is used to reduce NOx 
emissions in accordance with the CAIR program.  Because the SCR systems is not required to operate year 
round, the starting point for the total amount of NOx that was modeled from these  units was 0.5 lb/MMBtu 
and the permitted heat input for the three units of 7914 MMBtu/hr (each).  The molar ratio of NO2 to total 
NOx in the stack was determined based upon information included in AP-42 Table 1.1-3 for coal fired boilers. 
 Footnote �c� which is located on the NOx column header states the following: 
 

Expressed as NO2. Generally, 95 volume % or more of NOx present in combustion exhaust will be in the 
form of NO, the rest NO2 (Reference 6).  To express factors as NO, multiply factors by 0.66. All 
factors represent emissions at baseline operation (i. e., 60 to 110% load and no NOx control measures). 

This ratio is further supported by the information contained in the attached on page 13.   
 
Using this basis a 0.05 ratio was derived.  
 
The  coal fired boilers located at AES Beaver Valley Plant have a permitted NOx emissions rates of 0..7 
lb/MMBtu (Units 032, 033, and 034) and 0.77 lb/MMBtu (Unit 035).  Compliance with the limit is achieved 
through the use of a selective non catalytic reduction system (SNCR).  SNCR systems inject ammonia (a 
selective reactant) into the exhaust gas path where the exhaust temperature is around 2100F.  The injected 
ammonia selectively reacts with the NOx in the exhaust gas.  A review of the reaction mechanisms associated 
with SNCR indicates that the predominant reaction pathway involves the reaction of NH3 with NO, not NO2. 
 A well operated SNCR system is able to achieve a total NOx reduction of 40%.  To determine the in-stack 
ratio if uncontrolled exhaust concentration of NOx is 100 parts NOx, then using the AP-42 reference 
identified above the concentration of Nox species in the exhaust is 5 parts NO2 and 95 parts NO.  If the 
SNCR achieves a 40% reduction by reacting with NO then the exit gas concentration of NOx in the exhaust 
when the SNCR is operating is 5 parts NO2 and 55 parts NO (i.e., only NO is reduced via the selective 
reaction with ammonia).  The in-stack ratio of NO2/NOx is 5/60 = 0.08.  For purposes of the modeling 
performed in support of the Shell Project a ratio of 0.17 was conservatively assumed.       
 
 
Phillip May 
RTP Environmental Associates 
304-A West Millbrook Road 
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David Keen

From: Shepherd, Don [don_shepherd@nps.gov]
Sent: Wednesday, February 12, 2014 2:39 PM
To: David Keen
Cc: Rick Graw (rgraw@fs.fed.us); Melanie Pitrolo (mpitrolo@fs.fed.us); David Keen 

(keen@rtpenv.com); James Schaberl; Jalyn Cummings; Holly Salazer
Subject: Re: FW: Request for Applicability of Class I Area Modeling Analysis

David,

Please note that, when calculating Q, you should annualize the maximum hourly emission rate. Nevertheless, 
based upon the information provided in the attachment, NPS does not request an AQRV analysis. However, 
please keep us in the loop by providing electronic copies of the complete application, public notice, draft 
permit, and PA staff analysis. 

thanks.

On Tue, Feb 11, 2014 at 3:14 PM, David Keen <keen@rtpenv-nc.com> wrote: 

Rick and Don,

We are preparing a PSD permit application for Shell for an ethane cracking facility to be located in Beaver 
County, PA.  I sent the attached notification to Melanie Pitrolo last week, but seem to recall that she may be on 
leave.  I wanted to make sure that you guys were aware of this project, so am resending the notification to you.
Please let me know if you have any questions or need additional information.

Thanks,

David Keen

From: David Keen [mailto:keen@rtpenv-nc.com]
Sent: Thursday, February 06, 2014 2:42 PM 
To: Melanie Pitrolo (mpitrolo@fs.fed.us)
Cc: Andrew Fleck; Phillip May; Shari Keller (shari.keller@shell.com); David Keen (keen@rtpenv.com)
Subject: Request for Applicability of Class I Area Modeling Analysis

Melanie,
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Shell Chemical Appalachia, LLC ("Shell") is proposing to construct a ethylene and polyethylene 
production facility in Beaver County Pennsylvania on the site of the zinc smelter currently owned by 
the Horsehead Corporation.  Please find attached our "Request for Applicability of Class I Area 
Modeling".  Should you have any questions about our request or need additional information, please 
do not hesitate to contact me at (919) 845-1422 x41.  Please let me know when you have 
successfully received this request.

Thanks very much,

David Keen

__________________

David Keen

RTP Environmental

keen@rtpenv.com

(919) 845-1422 x41

(919) 845-1424 fax

(919) 906-6016 mobile

Note:  This message originates from RTP Environmental Associates Inc.  It contains information that may be confidential or privileged and is intended 
only for the individual or entity named above.  It is proh bited for anyone else to disclose, copy, distr bute, or use the contents of this message.  All 
personal messages express views solely of the sender, which are not to be attributed to RTP Environmental, and may not be copied or distributed 
without this disclaimer.  If you received this message in error, please notify me immediately at: keen@rtpenv.com or 919-845-1422 x41.

--
Don Shepherd 
National Park Service 
Air Resources Division 
12795 W. Alameda Pkwy. 
Lakewood, CO 80228 
Phone: 303-969-2075 
Fax: 303-969-2822 
E-Mail: don shepherd@nps.gov
"the man who really counts in the world is the doer, not the mere critic" TR 1891 
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David Keen

From: Pitrolo, Melanie -FS [mpitrolo@fs.fed.us]
Sent: Tuesday, February 11, 2014 6:19 PM
To: David Keen
Subject: RE: Request for Applicability of Class I Area Modeling Analysis

Hi David. Thanks for sending this again to me.

Based on the information contained in your email, we do not anticipate that emissions from the proposed facility will
cause an adverse impact to any of the air quality related values at Forest Service Class I Areas. Therefore, we are not
requesting that an AQRV modeling analysis be included in the application. Should emissions from the project increase,
please let me know so that I can re evaluate the proposed facility.

Thanks again for keeping the USDA Forest Service informed about PSD applications that may potentially impact Class I
Areas managed by us. Should you have any questions about this determination, please feel free to call or email me.

Melanie

Melanie Pitrolo, Air Quality Specialist
USDA Forest Service
160 Zillicoa Street
Asheville, NC 28801
(828) 257 4213
mpitrolo@fs.fed.us

From: David Keen [mailto:keen@rtpenv-nc.com]
Sent: Tuesday, February 11, 2014 5:14 PM 
To: Graw, Rick -FS; Don Shepherd (Don Shepherd@nps.gov)
Cc: Pitrolo, Melanie -FS; David Keen (keen@rtpenv.com)
Subject: FW: Request for Applicability of Class I Area Modeling Analysis 

Rick and Don,

We are preparing a PSD permit application for Shell for an ethane cracking facility to be located in Beaver County, PA. I
sent the attached notification to Melanie Pitrolo last week, but seem to recall that she may be on leave. I wanted to
make sure that you guys were aware of this project, so am resending the notification to you. Please let me know if you
have any questions or need additional information.

Thanks,
David Keen

From: David Keen [mailto:keen@rtpenv-nc.com]
Sent: Thursday, February 06, 2014 2:42 PM 
To: Melanie Pitrolo (mpitrolo@fs.fed.us)
Cc: Andrew Fleck; Phillip May; Shari Keller (shari.keller@shell.com); David Keen (keen@rtpenv.com)
Subject: Request for Applicability of Class I Area Modeling Analysis 
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Melanie,

Shell Chemical Appalachia, LLC ("Shell") is proposing to construct a ethylene and polyethylene 
production facility in Beaver County Pennsylvania on the site of the zinc smelter currently owned by 
the Horsehead Corporation.  Please find attached our "Request for Applicability of Class I Area 
Modeling".  Should you have any questions about our request or need additional information, please 
do not hesitate to contact me at (919) 845-1422 x41.  Please let me know when you have 
successfully received this request. 

Thanks very much, 

David Keen

__________________
David Keen
RTP Environmental
keen@rtpenv.com
(919) 845-1422 x41
(919) 845-1424 fax
(919) 906-6016 mobile

Note:  This message originates from RTP Environmental Associates Inc.  It contains information that may be confidential or privileged and is intended 
only for the individual or entity named above.  It is proh bited for anyone else to disclose, copy, distr bute, or use the contents of this message.  All 
personal messages express views solely of the sender, which are not to be attributed to RTP Environmental, and may not be copied or distributed 
without this disclaimer.  If you received this message in error, please notify me immediately at: keen@rtpenv.com or 919-845-1422 x41.

This electronic message contains information generated by the USDA solely for the intended recipients. Any 
unauthorized interception of this message or the use or disclosure of the information it contains may violate the 
law and subject the violator to civil or criminal penalties. If you believe you have received this message in error, 
please notify the sender and delete the email immediately.  



1

David Keen

From: O'Dea, Claire B -FS [cbodea@fs.fed.us]
Sent: Thursday, February 13, 2014 9:44 AM
To: David Keen
Cc: Don Shepherd (don_shepherd@nps.gov); Salazer, Holly (holly_salazer@nps.gov); Pitrolo, 

Melanie -FS; Perron, Ralph -FS; keen@rtpenv.com; jim_schaberl@nps.gov; 
jalyn_cummings@nps.gov; Phillip May; David Keen (keen@rtpenv.com)

Subject: RE: FW: Request for Applicability of Class I Area Modeling Analysis

Hi David,

Thank you for your reply. Melanie just informed me that she had already responded to your request, so I will just echo
her response that the Forest Service does not anticipate that any air quality related values (AQRVs) at Forest Service
Class I Areas will be adversely impacted by the proposed project, based on the information submitted. We will therefore
not be requesting that an AQRV modeling analysis be completed. Please do keep us both posted when electronic copies
of the complete application, public notice, etc. are available.

Thank you,

Claire O�Dea, Ph.D.
Air Quality Specialist, USDA Forest Service Eastern Region
1400 Independence Ave., SW, Mailstop: 1121
Washington, DC 20250
(202) 205 1686
(919) 368 6879 (c)
cbodea@fs.fed.us

From: David Keen [mailto:keen@rtpenv-nc.com]  
Sent: Wednesday, February 12, 2014 7:16 PM 
To: O'Dea, Claire B -FS 
Cc: Don Shepherd (don_shepherd@nps.gov); Salazer, Holly (holly_salazer@nps.gov); Pitrolo, Melanie -FS; Perron, Ralph 
-FS; keen@rtpenv.com; jim_schaberl@nps.gov; jalyn_cummings@nps.gov; Phillip May; David Keen (keen@rtpenv.com) 
Subject: RE: FW: Request for Applicability of Class I Area Modeling Analysis 

Thank you Claire. We will keep you informed of any changes to the proposed emissions. The facility will use natural gas
with very low sulfur as its primary feedstock. In addition, the facility will be located in a SO2 non attainment area. So
there should be little to no sulfuric acid mist emitted from the facility.

Again, thank you and please let me know if you have any other questions or need additional information.

David

From: O'Dea, Claire B -FS [mailto:cbodea@fs.fed.us]
Sent: Wednesday, February 12, 2014 3:58 PM 
To: David Keen 
Cc: Don Shepherd (don shepherd@nps.gov); Salazer, Holly (holly salazer@nps.gov); Pitrolo, Melanie -FS; Perron, Ralph 
-FS; keen@rtpenv.com; jim schaberl@nps.gov; jalyn cummings@nps.gov
Subject: RE: FW: Request for Applicability of Class I Area Modeling Analysis 

Hi David,
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Thank you for sending out this �Request for Applicability of Class I Area Modeling� form. Please include me in future
correspondence with the US Forest Service regarding Dolly Sods and Otter Creek Class I Areas.

With respect to this proposed facility and the completed form that you sent out, I wanted to verify whether there will be
any sulfuric acid mist emissions. This row of the table was left empty and I wanted to make sure that was intentional,
and not that the row was overlooked due to being pushed onto the next page. I also wanted to agree with Don that
annualized maximum hourly emissions should be used to calculate Q for Q/D analysis.

Once I hear from you regarding confirmation of sulfuric acid mist emissions I will respond with the FS determination.

Thank you for keeping us in the loop and for using this Request for Determination form.

Best,

Claire O�Dea, Ph.D.
Air Quality Specialist, USDA Forest Service Eastern Region
1400 Independence Ave., SW, Mailstop: 1121
Washington, DC 20250
(202) 205 1686
(919) 368 6879 (c)
cbodea@fs.fed.us

---------- Forwarded message ---------- 
From: Shepherd, Don <don shepherd@nps.gov>
Date: Wed, Feb 12, 2014 at 2:39 PM 
Subject: Re: FW: Request for Applicability of Class I Area Modeling Analysis 
To: David Keen <keen@rtpenv-nc.com>
Cc: "Rick Graw (rgraw@fs.fed.us)" <rgraw@fs.fed.us>, "Melanie Pitrolo (mpitrolo@fs.fed.us)"
<mpitrolo@fs.fed.us>, "David Keen (keen@rtpenv.com)" <keen@rtpenv.com>, James Schaberl 
<jim_schaberl@nps.gov>, Jalyn Cummings <jalyn_cummings@nps.gov>, Holly Salazer 
<holly_salazer@nps.gov>

David,

Please note that, when calculating Q, you should annualize the maximum hourly emission rate. Nevertheless, 
based upon the information provided in the attachment, NPS does not request an AQRV analysis. However, 
please keep us in the loop by providing electronic copies of the complete application, public notice, draft 
permit, and PA staff analysis. 

thanks.

On Tue, Feb 11, 2014 at 3:14 PM, David Keen <keen@rtpenv-nc.com> wrote: 

Rick and Don,

We are preparing a PSD permit application for Shell for an ethane cracking facility to be located in Beaver 
County, PA.  I sent the attached notification to Melanie Pitrolo last week, but seem to recall that she may be on 
leave.  I wanted to make sure that you guys were aware of this project, so am resending the notification to you.
Please let me know if you have any questions or need additional information.
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Thanks,

David Keen

From: David Keen [mailto:keen@rtpenv-nc.com]
Sent: Thursday, February 06, 2014 2:42 PM 
To: Melanie Pitrolo (mpitrolo@fs.fed.us)
Cc: Andrew Fleck; Phillip May; Shari Keller (shari.keller@shell.com); David Keen (keen@rtpenv.com)
Subject: Request for Applicability of Class I Area Modeling Analysis

Melanie,

Shell Chemical Appalachia, LLC ("Shell") is proposing to construct a ethylene and polyethylene 
production facility in Beaver County Pennsylvania on the site of the zinc smelter currently owned by 
the Horsehead Corporation.  Please find attached our "Request for Applicability of Class I Area 
Modeling".  Should you have any questions about our request or need additional information, please 
do not hesitate to contact me at (919) 845-1422 x41.  Please let me know when you have 
successfully received this request.

Thanks very much,

David Keen

__________________

David Keen

RTP Environmental

keen@rtpenv.com

(919) 845-1422 x41

(919) 845-1424 fax

(919) 906-6016 mobile
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Note:  This message originates from RTP Environmental Associates Inc.  It contains information that may be confidential or privileged and is intended 
only for the individual or entity named above.  It is proh bited for anyone else to disclose, copy, distr bute, or use the contents of this message.  All 
personal messages express views solely of the sender, which are not to be attributed to RTP Environmental, and may not be copied or distributed 
without this disclaimer.  If you received this message in error, please notify me immediately at: keen@rtpenv.com or 919-845-1422 x41.

--
Don Shepherd
National Park Service 
Air Resources Division 
12795 W. Alameda Pkwy. 
Lakewood, CO 80228 
Phone: 303-969-2075 
Fax: 303-969-2822 
E-Mail: don shepherd@nps.gov
"the man who really counts in the world is the doer, not the mere critic" TR 1891 

--
_______________________________
Holly  Sharpless  Salazer
Air Resources Coordinator
Natural Resources Program
National Park Service - Northeast Region

Phone: (814) 865-3100
Fax: (814) 863-7217
Cell: (814) 321-3309
______________________________

Mailing Address:
National Park Service
207 Buckhout Lab
University Park, PA 16802
______________________________

This electronic message contains information generated by the USDA solely for the intended recipients. Any 
unauthorized interception of this message or the use or disclosure of the information it contains may violate the 
law and subject the violator to civil or criminal penalties. If you believe you have received this message in error, 
please notify the sender and delete the email immediately.  





304-A West Millbrook Road,  
Raleigh, North Carolina 27609 

Tel:  (919) 845-1422 x41   Fax:  (919) 845-1424 

February 4, 2014 

Mr. Andrew Fleck 
Environmental Group Manager 
Department of Environmental Protection 
Rachel Carson State Office Building 
400 Market Street | Harrisburg PA 17101 

Subject: Justification for Use of the Plume Volume Molar Ratio Method in 
Calculation of Ambient Impacts for the Proposed Ethane Cracker and 
Polyethylene Plant, Shell Chemical Appalachia, LLC in Beaver County 

Dear Mr. Fleck, 

Shell Chemical Appalachia, LLC ("Shell") has proposed to construct an Ethane 
Cracking/Polyethylene Manufacturing and energy production facility near Monaca, 
Pennsylvania.  The proposed project will result in a significant increase in emissions of 
nitrogen oxides ("NOx") as well as other pollutants which will require evaluation under 
the Prevention of Significant Deterioration ("PSD") regulations of 40 CFR § 52.21.  The 
PSD regulations are incorporated in their entirety in 25 Pa. Code § 127.83 and the 
Commonwealth's State Implementation Plan codified at 40 CFR § 52.2020.  Shell 
submitted a modeling protocol to the Pennsylvania Department of Environmental 
Protection (DEP) in January of 2014 .  The modeling protocol outlined Shell's plans to 
employ either the Plume Volume Molar Ratio Method ("PVMRM") or Ozone Limiting 
Method ("OLM") in modeling of NOx emissions to account for the conversion of NOx to 
NO2.  The PVMRM and OLM methods are currently implemented through a non-
regulatory default option in AERMOD.  As a result, AERMOD is not considered a 
"preferred" model and its use must be justified and approved on a case-by-case basis.
On behalf of Shell, RTP Environmental requests approval of the PVMRM method 
described below for the NO2 modeling analysis. 

The NOX emissions will be subject to the source impact analysis requirements of 40 
CFR 52.21(k).  As required by IDAPA 58.01.01,202.02, estimates of ambient NO2

concentrations needed to assess compliance with these requirements will be based on 
the applicable air quality models, databases, and other requirements specified in 
Appendix W of 40 CFR Part 51.  When EPA finalized the ambient standard for NO2, the 
agency did not include a revision to Appendix W for the required analysis.
Consequently, a non-regulatory application of the model will need to be employed to 
accomplish the required review.  Shell therefore plans to employ AERMOD in the non-
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regulatory mode using the PVMRM in modeling of NOX emissions to account for the 
conversion of NOX to NO2.

Use of PVMRM is considered a non-regulatory application of AERMOD and use of the 
method changes the status of the model.  As stated in Section 3.1.2(c) of 40 CFR Part 
51, Appendix W,

A preferred model should be operated with the options listed in Appendix 
A as "Recommendations for Regulatory Use.’’  If other options are 
exercised, the model is no longer ‘‘preferred."  Any other modification to a 
preferred model that would result in a change in the concentration 
estimates likewise alters its status as a preferred model.  Use of the model 
must then be justified on a case-by-case basis.   

If non-regulatory options are to be used for regulatory purposes, justification must be 
made pursuant to five criteria presented at Section 3.2.2(e) of 40 CFR 51 Appendix W.
The five Section 3.2.2(e) criteria are: 

i. The model has received a scientific peer review;  
ii. The model can be demonstrated to be applicable to the problem on a theoretical 

basis;
iii. The data bases which are necessary to perform the analysis are available and 

adequate;
iv. Appropriate performance evaluations of the model have shown that the model is 

not biased toward underestimates; and
v. A protocol on methods and procedures to be followed has been established. 

The use of PVMRM meets these five criteria as discussed below:1

3.2.2(e)(i), "The model has received a scientific peer review" 

As noted in the memorandum from Tyler Fox on June 28, 2010;2 “Since AERMOD is the 
preferred model for dispersion for a wide range of applications, the focus of the 
alternative model demonstration for use of the OLM/PVMRM options within AERMOD is 
on the treatment of NOx chemistry within the model, and does not need to address 
basic dispersion algorithms within AERMOD.” Therefore, the following will address the 
basic chemistry of the non-regulatory option.

1 The justification is adapted from a document prepared by the San Joaquin Valley Air Pollution Control District 
document, "Assessment of Non-Regulatory Options in AERMOD Specifically OLM and PVMRM", September 16, 
2010.
2 "Applicability of Appendix W Modeling Guidance for the 1-hour NO2 National Ambient Air Quality Standard", June 
28, 2010. 
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Basic PVMRM Chemistry: 
The PVMRM determines the conversion rate for NOx to NO2 based on a 
calculation of the NOx moles emitted into the plume, and the amount of O3 moles
contained within the volume of the plume between the source and receptor.  The 
dispersion algorithms in AERMOD and other steadystate plume models are 
based on the use of total dispersion coefficients, which are formulated to 
represent the time-averaged spread of the plume.  A more appropriate definition 
of the volume of the plume for purposes of determining the ozone moles 
available for conversion of NOx is based on the instantaneous volume of the 
plume, which is represented by the use of relative dispersion coefficients, (Cole 
and Summerhays, 1979; Bange, 1991).  The implementation of PVMRM in 
AERMOD is based on the use of relative dispersion coefficients to calculate the 
plume volume. Weil (1996 and 1998) has defined formulas for relative dispersion 
that are consistent with the AERMOD treatment of dispersion, and which can be 
calculated using meteorological parameters available within AERMOD. 

The chemistry for PVMRM has been peer-reviewed as noted by the documents 
posted on EPA’s Support Center for Regulatory Air Modeling (SCRAM) web site: 

Cole, H.S. and J.E. Summerhays, 1979. A Review of Techniques Available for 
Estimation of Short-Term NO2 Concentrations, Journal of the Air Pollution Control 
Association, 29(8):812-817. 

Hanrahan, P.L., 1999a.  The Plume Volume Molar Ratio Method for Determining 
NO2/NOx Ratios in Modeling - Part I: Methodology. Journal of the Air & Waste 
Management Association, 49, 1324-1331. 

Hanrahan, P.L., 1999b.  The Plume Volume Molar Ratio Method for Determining 
NO2/NOx Ratios in Modeling - Part II: Evaluation Studies. Journal of the Air & 
Waste Management Association, 49, 1332-1338. 

MACTEC, 2005.  Evaluation of Bias in AERMOD-PVMRM. Final Report, Alaska 
DEC Contract No. 18-9010-12. MACTEC Federal Programs, Inc., RTP, NC. 

These documents demonstrate that the models have received appropriate 
scientific peer review. 

3.2.2(e)(ii), "The model can be demonstrated to be applicable to the problem on a 
theoretical basis" 

The EPA's June 28, 2010 memorandum states that satisfaction of this criterion is "a 
case-by-case determination based on an assessment of the adequacy of the ozone 
titration mechanism utilized by these options [OLM and PVMRM ] to account for NOx 
chemistry within the AERMOD model based on the 'chemical environment into which 
the source's plume is to be emitted (Appendix W, Section 5.1.j)."  PVMRM is based on 
the same simple chemical mechanism of titration to account for the conversion of NO 
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emissions to NO2.  The EPA notes that both the OLM and PVMRM methods will suffer 
from the same limitations for application in which other mechanisms, such as 
photosynthesis, contribute significantly to the overall process of chemical 
transformation.  Sources located in areas with high levels of VOC emissions may be 
subject to such limitations.  However, since titration is generally a much faster 
mechanism for converting NOx to NO2 than photosynthesis, it is likely to be appropriate 
for characterizing peak 1-hour NO2 impacts in many cases.  The location of the Shell 
site is not subject to elevated levels of VOC emissions.  In fact, out of the 67 counties in 
Pennsylvania, Beaver County ranks 56 with a total VOC emission rate of 7,748 tons per 
year.  Allegheny County ranks number one with a total VOC emission rate of 30,349 
tons per year (2011 National Emissions Inventory from the EPA's Technology Transfer 
Network).  RTP therefore believes that the titration method employed by PVMRM is 
appropriate for the Shell NO2 analysis. 

As noted in the document entitled “Sensitivity Analysis of PVMRM and OLM in 
AERMOD”, “This report presents results of a sensitivity analysis of the PVMRM and 
OLM options for NOx to NO2 conversion in the AERMOD dispersion model.  Several 
single source scenarios were examined as well as a multiple-source scenario.  The 
average conversion ratios of NO2/NOx for the PVMRM option tend to be lower than for 
the OLM option and for the Tier 2 option or the Ambient Ratio Method which has a 
default value of 0.75 for the annual average.  The sensitivity of the PVMRM and OLM 
options to emission rate, source parameters and modeling options appear to be 
reasonable and are as expected based on the formulations of the two methods.  For a 
given NOx emission rate and ambient ozone concentration, the NO2/NOx conversion
ratio for PVMRM is primarily controlled by the volume of the plume, whereas the 
conversion ratio for OLM is primarily controlled by the ground-level NOx concentration.
Overall the PVMRM option appears to provide a more realistic treatment of the 
conversion of NOx to NO2 as a function of distance downwind from the source than OLM 
or the other NO2 screening options (Hanrahan, 1999a; Hanrahan, 1999b).  No 
anomalous behavior of the PVMRM or OLM options was identified as a result of these 
sensitivity tests.”  Based on this report, both PVMRM and OLM methods are applicable 
to the problem of NO2 formation and as noted by the author and provide a better 
estimation of the NO2 impacts compared to other screening options. 

3.2.2(e)(iii), "The data bases which are necessary to perform the analysis are 
available and adequate" 

The data needed to conduct an PVMRM run are 1) hourly meteorological data, 2) hourly 
ozone data, and 3) in-stack NO2/NOx ratio.  Shell proposes to use the 2006-2010, 5-
year sequential hourly surface meteorological data collected at the First Energy Beaver 
Valley Nuclear Generating Station (Beaver Valley) and upper air data from the 
Pittsburgh International Airport (KPIT, WBAN 94823).  The First Energy surface data 
were collected as part of a continuous data collection program required by the U.S. 
Nuclear Regulatory Commission (NRC).  The First Energy station is located 
approximately 8km downstream of the proposed Shell site, also on the Ohio River.
Shell proposes to use representative hourly ozone data for 2006-2010 from the DEP's 



Mr. Andrew Fleck   
February 4, 2014 
Page 5 of 6 

Brighton Township monitor, on Sebring Road (AQS #42-007-0005), which is located just 
across the river from the site 2km to the north.  Missing data values will be substituted 
from data collected at the Beaver Falls monitor (AQS #42-007-0014), located 9km from 
the site, as well as the Harrison and Lawrenceville monitors in Pittsburgh (AQS #s 42-
007-002 and 42-003-0008, respectively).  Shell proposes to use the default NO2/NOx 
value of 0.5 for all sources in the absence of source-specific information.  This default 
value is recommended in the EPA's March 1, 2011 memorandum.3  If source-specific 
information becomes available, Shell will use these more appropriate in-stack ratios.
Shell also proposes to use the default NO2/NOx ambient equilibrium ratio of 0.9.  Shell 
believes the meteorological, ozone, in-stack and equilibrium ratio values are available 
and adequate. 

3.2.2(e)(iv), "Appropriate performance evaluations of the model have shown that 
the model is not biased toward underestimates" 

As noted in the document entitled “Evaluation Of Bias In AERMOD-PVMRM” prepared 
by Roger W. Brode, “This report presents results of an analysis of evaluation results to 
determine whether the AERMOD-PVMRM algorithm produces biased or unbiased 
estimates of the NO2/NOx ratio.  Evaluation results from two aircraft studies and two 
long-term field studies were examined, as well as comparisons between AERMOD-
PVMRM and other refined chemically reactive plume models.  Comparisons between 
predicted and observed NO2/NOx ratios were based on results paired in time and space, 
providing a more rigorous assessment than is commonly used in evaluating the 
performance of air dispersion models.  While there does not appear to be a clear and 
objective criterion established by EPA for determining whether a model is biased or 
unbiased, a general “rule of thumb” that is commonly used as a benchmark in judging 
the performance of air dispersion models is agreement with observations within a factor 
of two.  In all cases, the average ratio between predicted and observed NO2/NOx ratios
showed agreement within a factor of two, and in most cases within about a factor of 1.5. 
 Based on all of the data available, the AERMOD-PVMRM algorithm is judged to 
provide unbiased estimates of the NO2/NOx ratio based on criteria that are comparable 
to, or more rigorous than, evaluations performed for other dispersion models that are 
judged to be refined, implying unbiased performance.”  As noted in the above report, it 
has been determined that PVMRM has been judged to provide unbiased estimates 
based on criteria that are comparable to, or more rigorous than, evaluations performed 
for other dispersion models.

3.2.2 (e)(v), "A protocol on methods and procedures to be followed has been 
established"

Shell has prepared and submitted a modeling protocol that will be followed in 
conducting the analysis. 

3 "Additional Clarification Regarding Application of Appendix W Modeling Guidance for the 1-hour NO2 National 
Ambient Air Quality Standard", March 01, 2011. 
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Conclusion:

Based on the information provided above, Shell believes the method for determining 
hourly NO2 concentrations using AERMOD in conjunction with the non-regulatory 
PVMRM option is acceptable based on the requirements in 40 CFR Part 51, Appendix 
W, Section 3.2.2(e).  We request PADEP concurrence with our determination.

Should you have any questions or require additional information in assessing our 
request, please do not hesitate to contact me at (919) 845-1422 x41. 

Sincerely,

David Keen 
RTP Environmental 

cc: Shari Keller, Shell 
Phil May, RTP 
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David Keen

From: David Keen [keen@rtpenv-nc.com]
Sent: Thursday, March 20, 2014 4:03 PM
To: Andrew Fleck; leon-guerrero.tim@epa.gov
Cc: Phillip May; Shari Keller (shari.keller@shell.com); James Red (jred@oris-solutions.com); 

Dmitriy Shnayder (dshnayder@oris-solutions.com); David Keen (keen@rtpenv.com)
Subject: BEEST Software
Attachments: Comparisons.xlsx

Andrew,

As discussed, I spoke with James Red of Oris Solutions regarding the changes they make to AERMOD. The following is
from an email he sent to me describing the changes, " What we do with AERMOD (and other components like BPIP
Prime, AERMAP, etc) is change the input and output file naming convention to give the user flexibility. That is, the input
file name is not limited to something like "AERMOD.INP". We do not in any way, shape or form alter or modify the core
code of any of these programs. As a general rule, when we compile the model/processor code for inclusion with BEEST,
we use the compiler that EPA uses."

Oris also sent me the results of a model equivalency analysis they performed to demonstrate that the modified version
of AERMOD generates results that are within 2% (the criterion in Section 3.2.2.c of Appendix W) of the EPA version of
AERMOD. Oris ran all of the EPA AERMOD test cases from SCRAM and the results for all cases are well below the 2%
difference criterion. The maximum difference they found was 0.00024%. The attached spreadsheet summarizes their
results. I also obtained all of the input and output files from the test case runs. You can download these files from our
ftp server.  You can access the site via Windows Explorer at the following address "XXXX" The user name
is "ftpuser" and the password is XXXXXXXXXX . The filesare located inthe "XXXXX".

Please let me know if you have any questions or require additional information.

Thanks very much,
Dave
__________________
David Keen
RTP Environmental
keen@rtpenv.com
(919) 845-1422 x41
(919) 845-1424 fax
(919) 906-6016 mobile

Note:  This message originates from RTP Environmental Associates Inc.  It contains information that may be confidential or privileged and is intended 
only for the individual or entity named above.  It is proh bited for anyone else to disclose, copy, distr bute, or use the contents of this message.  All 
personal messages express views solely of the sender, which are not to be attributed to RTP Environmental, and may not be copied or distributed 
without this disclaimer.  If you received this message in error, please notify me immediately at: keen@rtpenv.com or 919-845-1422 x41.

































               Visual Effects Screening Analysis for
                 Source: Shell
                 Class I Area: Racoon Creek

                 ***   Level-1 Screening   ***
 Input Emissions for 

    Particulates    62.87  LB /HR 
    NOx (as NO2)   118.42  LB /HR 
    Primary NO2      0.00  LB /HR 
    Soot             0.00  LB /HR 
    Primary SO4      0.00  LB /HR 

     **** Default Particle Characteristics Assumed

               Transport Scenario Specifications:

     Background Ozone:                 0.04 ppm
     Background Visual Range:         20.00 km
     Source-Observer Distance:        16.00 km
     Min. Source-Class I Distance:    16.00 km
     Max. Source-Class I Distance:    23.00 km
     Plume-Source-Observer Angle:     11.25 degrees
     Stability:   6
     Wind Speed:   1.00 m/s

                            R E S U L T S

 Asterisks (*) indicate plume impacts that exceed screening criteria

          Maximum Visual Impacts INSIDE  Class I Area
             Screening Criteria ARE Exceeded
                                     Delta E       Contrast
                                   ===========   ============
 Backgrnd Theta Azi Distance Alpha Crit  Plume   Crit  Plume
 ======== ===== === ======== ===== ====  =====   ====  =====
  SKY      10. 115.   18.0    54.  2.00  2.793*  0.05  0.018 
  SKY     140. 115.   18.0    54.  2.00  0.810   0.05 -0.017 
  TERRAIN  10.  84.   16.0    84.  2.00  2.042*  0.05  0.025 
  TERRAIN 140.  84.   16.0    84.  2.00  0.372   0.05  0.016 

          Maximum Visual Impacts OUTSIDE Class I Area
             Screening Criteria ARE Exceeded
                                     Delta E       Contrast
                                   ===========   ============
 Backgrnd Theta Azi Distance Alpha Crit  Plume   Crit  Plume
 ======== ===== === ======== ===== ====  =====   ====  =====
  SKY      10.  25.   11.4   144.  2.00  3.247*  0.05  0.021 
  SKY     140.  25.   11.4   144.  2.00  0.835   0.05 -0.020 
  TERRAIN  10.   1.    1.0   168.  2.00  3.127*  0.05  0.034 
  TERRAIN 140.   1.    1.0   168.  2.00  0.863   0.05  0.033 



               Visual Effects Screening Analysis for
                 Source: Shell
                 Class I Area: Racoon Creek

               *** User-selected Screening Scenario Results ***
 Input Emissions for 

    Particulates    62.87  LB /HR 
    NOx (as NO2)   118.42  LB /HR 
    Primary NO2      0.00  LB /HR 
    Soot             0.00  LB /HR 
    Primary SO4      0.00  LB /HR 

     **** Default Particle Characteristics Assumed

               Transport Scenario Specifications:

     Background Ozone:                 0.04 ppm
     Background Visual Range:         20.00 km
     Source-Observer Distance:        16.00 km
     Min. Source-Class I Distance:    16.00 km
     Max. Source-Class I Distance:    23.00 km
     Plume-Source-Observer Angle:     11.25 degrees
     Stability:   6
     Wind Speed:   2.00 m/s

                            R E S U L T S

 Asterisks (*) indicate plume impacts that exceed screening criteria

          Maximum Visual Impacts INSIDE  Class I Area
           Screening Criteria ARE NOT Exceeded
                                     Delta E       Contrast
                                   ===========   ============
 Backgrnd Theta Azi Distance Alpha Crit  Plume   Crit  Plume
 ======== ===== === ======== ===== ====  =====   ====  =====
  SKY      10. 120.   18.4    49.  2.00  1.436   0.05  0.009 
  SKY     140. 120.   18.4    49.  2.00  0.411   0.05 -0.009 
  TERRAIN  10.  84.   16.0    84.  2.00  1.055   0.05  0.013 
  TERRAIN 140.  84.   16.0    84.  2.00  0.189   0.05  0.008 

          Maximum Visual Impacts OUTSIDE Class I Area
              Screening Criteria ARE Exceeded
                                     Delta E       Contrast
                                   ===========   ============
 Backgrnd Theta Azi Distance Alpha Crit  Plume   Crit  Plume
 ======== ===== === ======== ===== ====  =====   ====  =====
  SKY      10.  20.   10.5   149.  2.00  1.698   0.05  0.011 
  SKY     140.  20.   10.5   149.  2.00  0.420   0.05 -0.011 
  TERRAIN  10.   1.    1.0   168.  2.00  2.030*  0.05  0.022 
  TERRAIN 140.   1.    1.0   168.  2.00  0.550   0.05  0.022 
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Emission Estimates for Shell Polymers Monaca Site Inhalation Risk Assessment 
1.0 General Discussion 

The methodologies used by this updates analysis to estimate emissions rates for the compounds 
of potential concern (COPC) are consistent with the methodologies previously used.1  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 emissions rate estimates used in the chronic and acute 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 to hazardous air pollutants (HAP) 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 facilities 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.  Hexavalent 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 estimate 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.  

 
1 See the February 2015 Application for Plan Approval submitted to the Pennsylvania Department of Environmental 
Protection (PaDEP) and the September 23, 2014, Technical Supplement. 



A-2 
 

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 
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 are 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 WATER9 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 12.  The short term and annualized hourly emissions rates for 
the low pressure thermal incinerator and the spent caustic vent 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 in support of the February 2015 application for 
Plan Approval, 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 
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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 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 Concern1 

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 III2 Styrene 
Chrysene Toluene 
Cobalt Vanadium 
Copper Xylenes 
Dibenzo(a,h)anthracene Ammonia 
1  Compounds of Potential Concern were identified from EPA’s Compilation of AP-

42 Emission Factors for combustion of natural gas and from process knowledge. 
2  For purposes of this analysis, all chromium emissions were conservatively 
assumed to be in the form of Chromium VI. 





























































































Source Characterization  

















Load/Operating Conditions 

Good Engineering Practice Stack Height Analysis 













Data Selection and Representativeness 









Data Processing 


























































































