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Technical Areas: Air Quality and Public Health
Technical Leads:  William Walters and Dr. Alvin Greenberg 

WORKSHOP REQUEST 

40. Subsequent to the Workshop, CEC staff requested a summary of the refinements 
that have occurred to the modeling for air quality and public health since the 
submittal of the AFC Amendment, details on how the emissions from each source 
changed, and a DVD of the modeling files. 

RESPONSE 

The information is provided in Attachment 40-1 and on the accompanying DVD. 
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1 Section 1 ONE Introduction 

During the process of developing the San Joaquin Valley Air Pollution Control District (SJVAPCD) air 
permit, Hydrogen Energy California (HECA) engineers revised a few of the Project operating conditions 
described in the Revised Application for Certification (AFC) and subsequent Amendment to the Revised 
AFC.  This document outlines how these Project refinements affect the air quality emissions and 
subsequent air quality impact analysis.  These refinements are reflected in the air permit preliminary 
determination of compliance (PDOC) created by the SJVAPCD. 

The refinements primarily reflect the need for more startups and shutdowns to account for offline turbine 
washing that are recommended by General Electric (GE) for maintenance, along with ancillary activities 
during those washes. 

This document provides a detailed discussion of the refinements.  Tables and figures that have been 
changed as a result of these refinements are included in this document. 

These refinements modify emissions rates, but do not fundamentally alter the nature of the Project, nor do 
they affect the proposed capture and sequestration of Project carbon emissions.  This attachment describes 
the Project refinements and analyzes whether or not they result in any new significant impacts.  The 
emissions of criteria pollutants, toxic air contaminants, and greenhouse gases (GHG) increase as a result 
of Project refinements.  However, the AERMOD and HARP modeling results demonstrate that the 
Project refinements are expected to remain less than significant. 
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2 Section 2 TWO Project Description Change 

The Project refinements primarily consist of modifications associated with the need for more startups and 
shutdowns to account for the offline turbine washing that is recommended by GE for maintenance. 

The refinements would not result in changes to the amount of power produced, the plot plan, schedule, 
workforce, traffic, or construction equipment use. 

The Project refinements examined in this document are outlined below for each affected source. 

2.1 COMBUSTION TURBINE GENERATOR/HEAT RECOVERY SYSTEM 
GENERATOR
To account for the combustion turbine generator (CTG) washes and other possible maintenance, 10 hot 
startups were added.  Thus, the number of startups and shutdowns was refined to: 

• Cold startups = 10 per year 
• Hot startups = 20 per year 
• Shutdowns = 30 per year 
• Normal Operations with Duct Burning = 8,257 hours per year 
• Total Hours of operations = 8,322 hours per year (95 percent) 

In the Revised AFC and subsequent Amendment to the Revised AFC, a duct burner heating value of 
500 million British thermal units (MMBtu) per hour (hr) was incorrectly used as the higher heating value 
[HHV] in the emission calculations.  However, that value is actually the lower heating value (LHV).  The 
calculations have been revised to use the correct duct burner heating value of 550 MMBtu/hr HHV.  This 
resulted in the CTG/heat recovery system generator (HRSG) hourly emissions to increase slightly for 
sulfur dioxide (SO2) when firing natural gas, and all pollutants except for particulate matter less than 
10 microns in diameter (PM10)/particulate matter less than 2.5 microns in diameter (PM2.5) when cofiring 
natural gas and syngas. 

The worst-case daily emissions were estimated based on a maximum of one cold startup, one hot startup, 
and one shutdown, with the remainder of the time at maximum normal operating emissions.  To account 
for the increase in CTG startups and shutdowns, the annual emissions increase slightly for all pollutants 
except ammonia and particulate matter. 

2.2 GASIFICATION FLARE 
During the turbine washes, hydrogen-rich fuel will be diverted to the gasification flare.  A turbine wash is 
expected to take 12 hours, during which time the gasifier will operate at a reduced capacity (70 percent).  
Four turbine washes are planned annually, which add up to approximately 81,400 MMBtu per year (yr) of 
flaring.  The total planned usage of the gasifier flare is expected to be 196,600 MMBtu/yr of flaring; this 
includes turbine washes and gasifier startups and shutdowns. 

Each CTG wash is expected to take 12 hours, although 24 hours was assumed to estimate worst-case daily 
emissions.  It is expected that up to 1,695 MMBtu/hr of syngas could be flared during a turbine wash. 

2.3 SULFUR RECOVERY UNIT FLARE 
To more accurately account for the time expected to startup the gasifier, the sulfur recovery unit (SRU) 
may flare for up to 40 hours per year.  This is an increase from the 6 hours per year previously proposed 
in the Revised AFC.  Maximum daily flaring is based on a gasifier startup of 12 hours. 

2.4 GASIFIER REFRACTORY HEATERS 
Based on operations from similar facilities, it was determined that each refractory heater should be 
permitted to operate up to 1,200 hours per year; this is an increase in operations previously proposed in 
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the Revised AFC.  For estimating worst-case hourly and daily emissions, two heaters may operate at full 
load for the entire period.  When gasifiers are switched, for gasifier maintenance purposes, two may 
operate at the same time.  The vendor provided emission factors for nitrogen dioxide (NO2) and carbon 
dioxide (CO) are higher than the U.S. Environmental Protection Agency (U.S. EPA) AP-42 emission 
factors previously used to estimate these emissions. 

2.5 AUXILIARY BOILER 
SJVAPCD determined that selective catalytic reduction (SCR) was the best available control technology 
(BACT) for the auxiliary boiler.  This reduces the nitrogen oxide (NOx) emissions from the boiler.  The 
boiler will now also have some ammonia slip. 

2.6 TAIL GAS THERMAL OXIDIZER 
No modifications were made to the operation of the Tail Gas Thermal Oxidizer (TGTO), although the 
emission calculations were updated to ensure the examination of incineration from one stream at a time.  
Annual emissions are slightly lower due to new calculations. 

2.7 DIESEL EMERGENCY GENERATORS 
The maintenance operation schedule was changed to 52 hours per year for each engine.  Emission factors 
for U.S. EPA Offroad Tier 4 engines were used as discussed in the response to California Energy 
Commission (CEC) Set One Data Request No. 30. 

2.8 DIESEL EMERGENCY FIRE WATER PUMP 
Emission factors for U.S. EPA Offroad Tier 4 engines were used as discussed in the response to CEC Set 
One Data Request No. 30. 

2.9 CARBON DIOXIDE VENT 
Upon further examination it was determined that the concentration of carbonyl sulfide (COS) in the 
carbon dioxide (CO2) stream should not exceed 43 parts per million by volume (ppmv); this reduces the 
COS emissions from the emergency CO2 venting. 

2.10 FUGITIVE EMISSIONS 
In response to CEC Set One Data Request Nos. 17 and 89, emissions from fugitive leaks in the piping and 
components were included in the total facility inventory.  These emissions were included in the criteria 
pollutant and toxic air contaminants (TAC) modeling analyses presented in this document. 

2.11 OPERATIONS AND MAINTENANCE VEHICLES 
In response to CEC Set One Data Request Nos. 23 and 24, emissions from 10 light heavy-duty gasoline trucks 
and 10 light heavy-duty diesel trucks used for onsite maintenance were included in the modeling analyses. 

2.12 RECTISOL FLARE, COOLING TOWERS, MATERIAL HANDLING, AND 
FEEDSTOCK DELIVERY 
No revisions were made to the operation or emissions from the rectisol flare, cooling towers, or the 
handling of materials. 
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3 Section 3 THREE Environmental Consequences 

This section discusses emission changes associated with potential environmental impacts associated with 
the Project refinements.  The emission sections discuss the changes associated with the Project 
refinements.  All other emission calculation techniques remained the same as presented in the Revised 
AFC, Amendment to the Revised AFC, and responses to CEC Data Requests.  Operational criteria 
pollutant emission calculations for all sources are presented in Appendix A of this document.  The Project 
refinements do not affect the either the construction or commissioning emissions; thus, these emissions 
are not discussed in this document, although modeling was conducted to show compliance with the new 
federal 1-hour NO2 standard. 

3.1 AIR QUALITY 

3.1.1 Construction Emissions 

No changes to the construction activities are expected from the Project refinements.  Therefore, the 
construction emissions calculated and modeled in the Applicant’s response to CEC Set One Data Request 
No. 6 accurately characterize the potential air quality impacts during construction with the Project 
refinements incorporated.  The Project refinements would not change the conclusions in Section 5.1 of the 
Revised AFC or the response to CEC Set One Data Request No. 6, and potential air quality impacts 
during construction are expected to remain less than significant. 

Construction modeling was conducted to show compliance with the new federal 1-hour NO2 standard.  
The modeling techniques used in the analysis are discussed in Section 3.1.3 and the results are discussed 
in Section 3.1.4. 

3.1.2 Operational Emissions 

Operational Emissions – Stationary Sources 

An overview of the Project refinements as they affect each source is provided above in Section 2.  This 
section describes details regarding emission changes to affected sources.  The updated emission rates are 
presented in Table 1, Total Combined Annual Criteria Pollutant Emissions. 

CTG/HRSG Operating Emissions 

As presented in the Revised AFC and Amendment to the Revised AFC, the maximum short-term 
operational emissions from the CTG/HRSG were determined from a comparative evaluation of potential 
emissions corresponding to normal operating conditions (including HRSG duct-firing), and CTG startup/
shutdown conditions.  The long-term operational emissions from the CTG/HRSG were estimated by 
summing the emissions contributions from normal operating conditions (including hours with duct-firing) 
and CTG/HRSG startup/shutdown conditions.  Estimated annual emissions of air pollutants for the CTG/
HRSG have been calculated based on the expected operating schedule for the CTG/HRSG presented in 
Table 2, Maximum CTG/HRSG Operating Schedule.  Although the number of startups and shutdowns 
was revised, the technique for calculating the emissions associated with these activities did not change. 

The change of the duct burner heating value to 550 MMBtu/hr HHV caused the CTG/HRSG emissions to 
increase slightly for SO2 when firing natural gas, and all pollutants but PM10 when cofiring natural gas 
and syngas.  These revised duct burner emissions were calculated by Project engineers and then added to 
the CTG emissions, which did not change. 
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Table 1 
Total Combined Annual Criteria Pollutant Emissions 

Pollutant
Total

Annual

CTG/HRSG 
Stack 

Maximum1
Cooling
Towers 2

Auxiliary
Boiler

Emergency 
Generators3

Fire Water 
Pump4

Gasifica-
tion Flare 

SRU
Flare

Rectisol
Flare

Tail Gas 
Thermal
Oxidizer 

CO2
Vent

Gasifier
Refractory

Heaters
Feed-
stock5

Fugiti
ves5

NOX 195.1 168.0 -- 0.9 0.2 0.1 7.2 0.2 0.2 10.5 -- 7.8 -- --

CO 406.9 155.7 -- 5.8 0.9 0.2 111.2 0.2 0.1 8.8 106.9 11.3 -- 6.0

VOC 59.1 33.8 -- 0.6 0.10 0.01 0.003 0.003 0.002 0.3 2.4 2.3 -- 19.7

SO2 37.7 28.3 -- 0.3 0.001 0.0003 0.118 0.372 0.003 8.5 -- 0.07 -- --

PM10 111.4 82.3 24.1 0.8 0.02 0.001 0.007 0.006 0.004 0.4 -- 0.3 3.6 --

PM2.5
6 99.2 82.3 14.5 0.8 0.02 0.001 0.007 0.006 0.004 0.4 -- 0.3 1.0 --

NH3 76.3 75.8 -- 0.3 -- -- -- -- -- -- -- -- -- 0.2

H2S 3.7 -- -- -- -- -- -- -- -- -- 1.3 -- -- 2.4

Source:  HECA Project 
Notes:
1 Total annual HRSG emissions represent the maximum emissions rate from firing hydrogen-rich fuel, natural gas, or co-firing. 
2 Includes contributions from all three cooling towers. 
3 Includes contributions from both emergency generators. 
4 VOC emissions for fire pump engine are combined with NOX.
5 Feedstock emissions are shown as the contribution of all dust collection points. 
6 Where PM10 = PM2.5 it is assumed all PM10 is PM2.5.
CO = carbon monoxide 
H2S = hydrogen sulfide 
HRSG = heat recovery system generator 
NH3 = ammonia 
NOX = nitrogen oxide 
PM2.5 = particles less than 2.5 micrometers in diameter 
PM10 = particles less than 10 micrometers in diameter 
SO2 = sulfur dioxide 
VOC = volatile organic compound
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Table 2 
Maximum CTG/HRSG Operating Schedule 

Operating Conditions Annual Numbers 

Total Hours of Operation 8,322 

Total Number of Cold Starts 10

Cold Start Duration (hour) 3

Total Number of Hot Starts 20

Hot Start Duration (hour) 1

Total Number of Shutdowns 30

Shutdown Duration (hour) 0.5 

Duct Burner Operation (hour) 8,257 

Source:  HECA Project 
Notes:
CTG = combustion turbine generator 
HRSG = heat-recovery steam generator 

CTG/HRSG Emissions Scenarios for Modeling 

Reasonable worst-case short-term emissions from the turbines were calculated for use in the air quality 
modeling.  These scenarios form the basis for the air dispersion modeling analyses presented in 
Section 3.1.3, Dispersion Modeling. 

Worst-case 8-hour and 24-hour emissions were based on a maximum of one cold startup, one hot startup, 
and one shutdown, with the remainder of the time at maximum normal operating emissions. 

Table 3, Criteria Pollutant Sources and Emission Totals for the Worst-Case CTG Emissions Scenario for 
All Averaging Times, summarizes the worst-case emissions scenarios adopted to assess maximum 
impacts to air quality and air quality–related values in the modeling analyses presented in Section 3.1.3. 

Estimated annual emission totals for all pollutants incorporate the maximum anticipated emissions related 
to startups and shutdowns, as well as the maximum steady-state operating emissions with duct firing.  
Estimated maximum annual emissions for the GE 7FB turbine are presented in Table 4, Average Annual 
Emissions per Turbine Operating Scenario.  Emissions calculations for all scenarios, including revisions, 
are contained in Appendix A. 

Auxiliary Boiler Emissions 

SJVAPCD determined that SCR was BACT for the auxiliary boiler; therefore, the NOx emissions from 
the boiler were reduced.  NOX emissions are based on 5 parts per million volumetric dry (ppmvd) at 
3 percent O2, with installation of SCR. 

A summary of the annual auxiliary boiler emissions is presented in Table 1.  Emissions and calculations 
are included in Appendix A. 

Gasification Flare 

During the turbine washes, hydrogen-rich fuel will be diverted to the gasification flare.  A turbine wash is 
expected to take 12 hours, during which time the gasifier will operate at a reduced capacity (70 percent).   
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Table 3 
Criteria Pollutant Sources and Emission Totals for

the Worst-Case CTG Emissions Scenario for All Averaging Times 

Emissions in Pounds – Entire Period  Averaging 
Time

Worst-Case Emission Scenarios by 
Operating Equipment Pollutant CTG/HRSG Fuel 

NOX: Hot startup hour NOX 167.0 All fuels 
CO:  Cold startup hour CO 1,679.7 All fuels 1 hour 
SOX: Full-load turbine operation 
with duct firing at peak fuel use SOX 6.8 Hydrogen-Rich Fuel 

3 hour SOX: Full-load turbine operation 
with duct firing at peak fuel use SOX 20.5 Hydrogen-Rich Fuel 

8 hour 

CO:  One cold start, one hot start, 
one shutdown and remainder of 
period at full load operation with 
duct firing at peak fuel use

CO 5,671.0 Co-firing 

NOX: One cold start, one hot start, 
one shutdown and remainder of 
period at full load operation with 
duct firing at peak fuel use

NOX 1,275.9 Hydrogen-Rich Fuel 

PM10 = PM2.5 475.2 Natural Gas or Co-firing 
24 hour 

SOX, PM10/PM2.5: Continuous full-
load turbine operation with duct 
firing at peak fuel use SOX 163.8 Hydrogen-Rich Fuel 

NOX 336,053 Hydrogen-Rich Fuel 
CO 311,417 Co-firing 

PM10 = PM2.5 164,607 Natural Gas or Co-firing 
Annual 

NOX, CO, PM10/PM2.5 and SOX:
10 cold starts, 20 hot starts, 30 
shutdowns and 8,257 hours of 
turbine operates at full load with duct 
firing SOX 56,690 Hydrogen-Rich Fuel 

Source:  HECA Project 
Notes:
CO = carbon monoxide 
CTG = combustion turbine generator 
oF = degrees Fahrenheit 
HRSG = heat recovery steam generator 
NOX = nitrogen oxides 
PM10: = particulate matter less than 10 microns in diameter, and is assumed to equal PM2.5 = particulate matter less than 2.5 microns in 

diameter
SOX = sulfur oxides 
VOC = volatile organic compounds 
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Table 4 
Average Annual Emissions per Turbine Operating Scenario 

Pollutant 

HRSG Stack – 
Natural Gas 
(tons/yr/CT) 

HRSG Stack – 
(Hydrogen-Rich 

Fuel)
(tons/yr/CT) 

HRSG Stack – 
Co-Firing 

(tons/yr/CT) 
Maximum

(tons/yr/CT) 

NOX 148.0 168.0 167.8 168.0 

CO 141.2 105.9 155.7 155.7 

VOC 30.5 19.6 33.8 33.8 

SO2 20.5 28.3 24.7 28.3 

PM10 = PM2.5 74.9 82.3 82.3 82.3 

NH3 66.9 75.8 75.7 75.8 

Source:  HECA Project 
Notes:
CO = carbon monoxide 
CT = combustion turbine 
HRSG = heat recovery steam generator 
NH3 = ammonia 
NOX = nitrogen oxides 
PM2.5 = particulate matter less than 2.5 microns in diameter (PM2.5 is assumed to equal PM10)
PM10 = particulate matter less than 10 microns in diameter 
SO2 = sulfur dioxide
VOC = volatile organic compounds

During a turbine wash, the maximum hourly flaring rate of shifted hydrogen-rich fuel will be 
1,695 MMBtu/hr.  To estimate the worst-case daily emissions, 24 hours of flaring at this rate was 
assumed, although it should be noted that this is not expected to occur.  Maximum daily PM10/PM2.5
emissions from the gasification flare are based on 24 hours of pilot operation, since during a turbine wash 
hydrogen-rich fuel, which contains negligible amounts of PM, will be flared.  Four turbine washes are 
planned annually. 

The total planned gasifier flare usage is outlined in Table 5.  This flaring includes turbine washes and 
gasifier startups and shutdowns.  Annual emissions were based on the flaring outlined in Table 5. 

Table 5 
Planned Annual Gasifier Flare Usage 

Event 

Maximum 
Gas Flared 

(MMBtu/yr) Event/yr 
Percentage 
Unshifted 

Unshifted 
Gas

(MMBtu/yr) 
Shifted Gas 
(MMBtu/yr) 

Cold plant startup: 30,000 1 20% 6,000 24,000 

Plant shutdown: 500 1 100% 500 0 

Gasifier outages: 60,000 24 100% 60,000 0 

Gasifier hot restarts: 25,000 12 100% 25,000 0 

Off-line CTG wash: 81,400 12 0% 0 81,400 

Totals (MMBtu/yr): 196,900   91,500 105,400 
Notes:
CTG = combustion turbine generator 
MMBtu/yr = million British thermal units per year 



SECTIONTHREE Environmental Consequences 

 3-8 R:\10 HECA\DRs\WRs\Attachment 40-1.doc

SRU Flare 

To more accurately account for the time expected to be needed for gasifier startup, the SRU may flare for 
up to 40 hours per year.  Estimates of daily flare emissions were based on a maximum of 12 hours of flare 
operation, although this is expected to be an overestimate.  Emissions for the SRU flare were calculated 
using the same emission factors and techniques outline in the Revised AFC. 

Gasifier Refractory Heaters 

The gasifier refractory heaters operate at 18 million MMBtu/hr, firing natural gas for 1,200 hours per year 
each, for a total of 3,600 hours per year.  Emission factors for NO2 and CO were revised to reflect vendor 
guaranteed rates.  Table 6 outlines these emission factors and the associated emissions.  Worst-case 
hourly and daily emissions were estimated assuming two heaters may operate simultaneously at full load 
for the entire period. 

Table 6
Emissions Factors for NO2 and CO and Associated Emissions

Pollutant 

Gasifier Pollutant 
Emission Factors 

(lb/MMBtu, 
HHV)

Maximum 
Hourly Emissions 

Total Heaters 
(lb/hr)

Maximum Daily 
Emissions Total 
Heaters (lb/day) 

Maximum 
Annual 

Emissions Total 
Heaters (ton/yr) 

NOx 0.24 8.64 207.36 7.78 

CO 0.35 12.60 302.40 11.34 

VOC 0.07 2.52 60.48 2.27 

SO2 0.00 0.07 1.76 0.07 

PM10 = PM2.5 0.01 0.29 6.91 0.26 

Notes: 
CO = carbon monoxide 
HHV = higher heating value 
lb = pounds 
MMBtu = million British thermal units 
NOX = nitrogen oxides 
PM2.5 = particulate matter less than 2.5 microns in diameter 
PM10 = particulate matter less than 10 microns in diameter 
SO2 = sulfur dioxide 
VOC = volatile organic compound 

Tail Gas Thermal Oxidizer 

No revisions were made to the operation of the TGTO., It is expected to incinerate SRU startup waste gas 
for up to 300 hours per year, and the remainder of the year (8,460 hours) it will incinerate process vent 
gas.  During incineration of either gas there will be 10 MMBtu/hr of natural gas assist gas.  In the Revised 
AFC the assist gas emissions were counted twice for the 300 hours of SRU startup waste gas disposal.  
Emission factors are based on previous project engineering data and U.S. EPA AP-42 for natural gas 
external combustion. 

Diesel Emergency Generators 

The maintenance operation schedule was changed to 52 hours per year for each engine.  Emission factors 
for U.S. EPA Offroad Tier 4 engines were used as discussed in the response to CEC Set One Data 
Request No. 30. 
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Diesel Emergency Fire Water Pump 

Emission factors for U.S. EPA Offroad Tier 4 engines were used as discussed in the response to CEC Set 
One Data Request No. 30.The maintenance schedule for testing the fire water pump remains 100 hours 
per year. 

CO2 Vent 

Criteria pollutant emissions from the CO2 vent are unchanged from those presented in the Revised AFC. 

Fugitive Emissions 

In response to CEC Set One Data Request Nos. 17 and 89, emissions from fugitive leaks in the piping and 
components were included in the total facility inventory. 

Potential fugitive VOC emissions from piping components were estimated using the U.S. EPA guidance, 
Protocol for Equipment Leak Emission Estimates (1995).  The emission factors used in the calculations 
are for the Synthetic Organic Chemical Manufacturing Industry (SOCMI) factors and are presented in 
Table 7.  A leak detection and repair (LDAR) program will be implemented on select process areas with 
the largest TAC and VOC fugitive emissions.  The LDAR program implemented will meet the National 
Emission Standard for Hazardous Air Pollutants (NESHAPS) regulations. 

Because the fugitive emission factors were based on factors for SOCMI facilities, the LDAR program 
implemented at this facility will meet the NESHAPS regulations, which are traditionally used at SOCMI 
facilities.  The control efficiencies for such a program are presented in Table 7. 

Table 7 
Fugitive Emission Factors, Control Efficiencies for LDAR Program and Component Count 

Component Type Service Type 

TOC Emission 
Factor

(kg/hr/source) 
Control 

Efficiency

Total 
Componen

t Count 

Gas 5.97E-03 92% 1,156 

Light Liquid 4.30E-03 88% 1,141 Valves

Heavy Liquid 2.30E-04 0% 840 

Light Liquid 1.99E-02 75% 17 
Pump Seals 

Heavy Liquid 8.62E-03 0% 26 

Compressor Seals Gas 2.28E-01 0% 3 

Connectors All 1.83E-03 93% 9,293 

Notes:
Emission factors and control efficiencies are from EPA's 1995 "Protocol for Equipment Leak Emission Estimates" from Table 2-1 (SOCMI 
Average Emission Factors) and Table 5-2 (Control Effectiveness for an LDAR Program at a SOCMI Process Unit). 
kg/hr/source = kilogram per hour per source 
SOCMI = Synthetic Organic Chemical Manufacturing Industry  
TOC = total organic compounds 

The Applicant proposes to apply the LDAR program to Area # 1(methanol), Area # 5 (propylene), 
Area # 7 (H2S-laden methanol), Area #8 (CO2-laden methanol), Area # 9 (acid gas), and Area # 10 
(ammonia-laden gas).  These areas were selected because they had the largest uncontrolled emissions for 
methanol, propylene, and H2S.  The following compounds were included as VOCs (not all compounds are 
found in the gas in each process area):  methanol (CH3OH), propylene (C3H6), COS, hydrogen cyanide 
(HCN), and methyl diethanolamine (MDEA). 
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Table 1 presents the annual fugitive emissions that were calculated for the Project. 

Total Combined Facility-Wide Emissions 

The total combined annual emissions from all emission sources of the Project are shown in Table 1, Total 
Combined Annual Criteria Pollutant Emissions. 

Commissioning

The Project refinements consist of minor changes to operating schedules for the equipment.  No changes 
to the commissioning schedule are expected to result from these revisions.  Therefore, the commissioning 
emissions calculated and modeled in the Revised AFC accurately characterize the potential air quality 
impacts during commissioning with the Project refinements incorporated.  As noted in the Amendment to 
the Revised AFC, PM10 emission rates are expected to be lower when commissioning the CTG/HRSG on 
hydrogen-rich fuel; therefore, the analysis in the Revised AFC provides a conservative overestimate.  The 
Project refinements would not change the conclusions in Section 5.1 of the Revised AFC, and potential 
air quality impacts during construction are expected to remain less than significant. 

Commissioning modeling was conducted to show compliance with the new federal 1-hour NO2 standard.  
The modeling techniques are discussed in Section 3.1.3, and the results are presented in Section 3.1.4. 

Greenhouse Gas Emissions 

Total facility greenhouse gas emissions estimates were revised to incorporate Project refinements.  These 
emissions are presented in Appendix B.  The total onsite plant GHG emissions from both stationary and 
mobile sources are expected to be 529,911 metric tons (tonnes) per year. 

The Project’s GHG emissions will be approximately 500 pounds per megawatt hour (lb/MWh), well 
below the 1,100 lbs/MWh threshold requirement of Senate Bill 1368. 

Operational Emissions – Mobile Sources – Onsite 

Material Handling and Feedstock Delivery 

No revisions were made to the operation or emissions from the handling of materials associated with the 
HECA Project. 

Operations and Maintenance Vehicles 

In response to CEC Set One Data Request Nos. 23 and 24, emissions from 10 light heavy-duty gasoline 
trucks and 10 light heavy-duty diesel trucks used for onsite maintenance were included in the modeling 
analyses.  It was assumed that each vehicle would travel 10,000 miles per year, up to of 27 miles per day.  
Emissions from these trucks were estimated using emission factors from the EMFAC2007 model for year 
2015 for light heavy-duty gasoline trucks and light heavy-duty diesel trucks driving 15 miles per hour.  
This is consistent with the technique used to estimate the onsite feedstock delivery truck emissions.  
Vehicle emissions are presented in Appendix A. 

3.1.3 Dispersion Modeling 

The purpose of the air quality impact analyses is to evaluate whether criteria pollutant emissions resulting 
from the Project will cause or contribute significantly to a violation of California or national Ambient Air 
Quality Standards (AAQS) or contribute significantly to degradation of air quality-related values in 
Class I areas.  The air quality impact analyses were performed using the same model and model option 
selections, and receptor locations as in the Revised AFC and Amendment to the Revised AFC.  Copies of 
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the revised modeling files are included on the Revised Air Quality Modeling DVD, June 2010 included 
with this document. 

Meteorological Data 

The meteorological data set was updated at the request of the SJVAPCD.  Data for the years 2004 to 2008 
from the Bakersfield Airport meteorological station were used in the revised analyses presented in this 
document.  This is the same meteorological station used for all previous analyses.  These data were issued 
by the SJVAPCD and are provided on the Revised Air Quality Modeling DVD, June 2010. 

Turbine Impact Screening Modeling 

Turbine impact screening modeling was not revised.  The stack parameters that were determined to be 
associated with these maximum predicted impacts from the screening modeling conducted for the 
Amendment to the Revised AFC were used in all subsequent simulations of the refined AERMOD 
analyses.  These stack parameters were associated with Case 2C, 60 percent load burning natural gas and 
had the lowest exhaust temperature and exit velocity. 

Refined Modeling 

A refined modeling analysis was performed to estimate offsite criteria pollutant impacts from operational 
emissions of the Project.  The CTG/HRSG was modeled assuming the worst-case emissions 
corresponding to each averaging time and the turbine stack parameters that were determined in the turbine 
screening analysis.  The maximum mass emission rates that will occur for any averaging time, whether 
during turbine startups, normal operations, turbine shutdowns, or a combination of these activities, were 
used in all refined modeling analyses.  Emissions from all Project sources, including the CO2 vent, were 
included in the AERMOD modeling to ensure maximum impacts from the Project were examined. 

Modeling for Compliance with NO2 1-hour National Ambient Air Quality Standards 

Applicant has been working with SJVAPCD to conduct the NO2 modeling in a manner consistent with the 
new U.S. EPA NO2 1-hour standard.  SJVAPCD has developed techniques to conduct the NO2 modeling 
analyses that have been approved by U.S. EPA Region 9.  On April 12, 2010 SJVAPCD published the 
draft guidance document “Modeling Procedure to Address the New Federal 1 Hour NO2 Standard.” This 
guidance discusses a three-tier modeling approach and outlines the U.S. EPA criteria for determining 
appropriate background data.  The tiered approach was developed to streamline the modeling process, 
with each tier requiring more refined modeling techniques.  The SJVAPCD recommends the using the 
AERMOD model with either the ozone-limiting method (OLM) or plume volume molar ratio method 
(PVMRM) algorithm for all analyses.  HECA used the OLM algorithm in the AERMOD NO2 modeling 
analysis. 

The Tier I analysis consists of combining the maximum 1-hour predicted NO2 concentration from 
AERMOD with the 98th percentile background concentration.  In the guidance document, SJVACPD has 
determined the 98th percentile background NO2 concentration at all San Joaquin Valley monitoring 
stations for the years 2006 to 2008. 

The Tier II analysis requires AERMOD to be run to predict the eighth highest 1-hour concentration for 
each year.  The highest eighth high 1-hour concentration predicted for any year over the modeling period 
shall be combined with the 98th percentile background NO2 concentration to estimate the peak offsite NO2
concentration.

The Tier III analysis requires that the modeling be conducted per the procedures outlined by U.S. EPA in 
“Notice Regarding Modeling for New Hourly NO2 NAAQS”, dated February 25, 2010.  In this approach, 
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AERMOD is run to produce an output file with NO2 concentrations at every receptor for every hour in the 
meteorological data set using the hourly POSTFILE option.  From the hourly AERMOD POSTFILE, the 
maximum 1-hour concentration for each day of the data period at each receptor is determined using a 
FORTRAN post-processing program designed for this purpose.  The post–processor then determines the 
eighth highest daily maximum 1-hour concentration from the daily 1-hour maximum concentrations at 
each receptor for each year modeled.  The eighth highest concentration is representative of the 98th

percentile concentration from the distribution of daily 1-hour maximum values.  At each receptor, the 
eighth highest daily 1-hour maximum concentrations are averaged across the modeled years.  The highest 
of the average eighth highest (98th percentile) concentrations among the values for all receptors plus the 
98th percentile background NO2 concentration from a representative monitoring location is used to 
represent the peak offsite NO2 concentration for comparison with the National Ambient Air Quality 
Standards (NAAQS). 

Through discussions with SJVAPCD modeling staff, a fourth-tier modeling analysis technique was 
developed.  The Tier IV AERMOD modeling is conducted in the same manner as the Tier III AERMOD 
modeling to produce an output file with NO2 concentrations at every receptor for every hour in the 
meteorological data set using the hourly POSTFILE option.  Concurrent hourly NO2 background data 
from the most representative monitoring station are then added to the modeled NO2 concentrations to 
obtain the total NO2 concentration for each hour.  Then the 98th percentile (eighth highest) of the daily 
maximum 1-hour concentrations for each year of meteorological data at each receptor are determined.  
The eighth highest daily 1-hour maximum concentrations at each receptor are then averaged across the 
five modeled years and the maximum of these averaged values from all receptors is used to represent the 
peak predicted offsite NO2 concentration for comparison with the NAAQS. 

The hourly monitoring NO2 data used in the Tier IV analysis were provided by SJVAPCD.  SJVAPCD 
provided hourly NO2 data from the Bakersfield, California Avenue monitoring station for 2004 and from 
the Bakersfield Golden State Highway monitoring station for years 2005 to 2008.  Data for 2004 at the 
Bakersfield Golden State Highway monitoring station had too many missing values to be considered a 
valid data set. 

SJVAPCD has developed a protocol for filling in missing data that involves linearly interpolating data 
when one hour of data is missing.  If data for two or more sequential hours are missing, the missing 
values are filled in with the highest recorded 1-hour NO2 concentration from the appropriate calendar 
quarter.  Although this technique is conservative, it overly skews the total concentration as the highest 
quarterly background concentration dominates the total impact.  It was found that for more than 
95 percent of all receptors, the filled-in background data dominated the total NO2 concentration, thus 
causing the predicted NO2 concentration to be significantly higher than expected if actual data were 
available for that hour. 

A post-processor program was developed by URS to process the Tier III and IV AERMOD POSTFILE 
output files.  The post-processor calculates the 98th percentile of the daily maximum 1-hour 
concentrations for each year of meteorological data at each receptor.  The post-processor has the option to 
add concurrent NO2 background to the AERMOD output prior to calculating the 98th percentile 
concentrations, which is consistent with the Tier IV analysis described above. 

HECA has used the tiered analysis approach outlined above to show compliance with the new NO2 1-hour
standard.  The maximum averaged 98th percentile NO2 concentration predicted for offsite receptors using 
any of the tiered analyses will be compared with the federal NO2 1-hour standard of 100 parts per billion 
(ppb), which is equivalent to 188.68 micrograms per cubic meter (µg/m3), to determine whether 
compliance will be achieved. 

NO2 emissions from construction activities and commissioning will also be modeled to show compliance 
wit the federal NO2 1-hour standard. 
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3.1.4 Compliance with Ambient Air Quality Standards 

Air dispersion modeling was performed according to the methodology described in Revised AFC 
Section 5.1.2.3 and Section 3.1.3 above.  This was done to evaluate the maximum increase in ground 
level pollutant concentrations resulting from Project emissions based on the Project refinements, and to 
compare the maximum predicted impacts, including background pollutant levels, with applicable short-
term and long-term California Ambient Air Quality Standards (CAAQS) and NAAQS. 

Construction Impacts 

Compliance with the federal 1-hour NO2 standard was demonstrated using a Tier IV analysis as described 
in the modeling techniques above.  The average of the 98th percentile daily maximum 1-hour 
concentration for the years 2004 to 2008 was predicted to be 163 µg/m3 (this value includes the 
background concentration).  The predicted concentration is below the NAAQS of 188.68 µg/m3 therefore 
emissions from construction activities are expected to have a less-than-significant impact. 

Operations Impacts 

The emissions used for each pollutant and averaging time are explained and quantified in Section 3.1.2, 
Operations.

Table 8, AERMOD Modeling Results for Project Operations (All Project Sources Combined), 
summarizes the maximum predicted criteria pollutant concentrations due to Project emissions.  The 
incremental impacts of Project emissions will be below the federal Prevention of Significant Deterioration 
(PSD) Significant Impact Levels (SILs) for all attainment pollutants, despite the use of worst-case 
emissions scenarios for all pollutants and averaging times.  Although maximum predicted values for PM10
are below the SILs, these thresholds do not apply to this pollutant because the San Joaquin Valley Air 
Basin is designated as being in non-attainment with respect to the federal ambient standards.  No SILs 
have been established yet for PM2.5.

Table 8 also shows that the modeled impacts due to the Project emissions, in combination with 
conservative background concentrations, will not cause a violation of any NAAQS and will not 
significantly contribute to the existing violations of the federal and state PM10 and PM2.5 standards.  In 
addition, as described later, all of the Project’s operational emissions of non-attainment pollutants and 
their precursors will be offset to ensure a net air quality benefit. 

Compliance with the federal 1-hour NO2 standard was demonstrated using a Tier IV analysis as described 
in the modeling techniques above.  The average of the 98th percentile daily maximum 1-hour 
concentration for the years 2004 to 2008 is presented in Table 8, this value includes the background 
concentration.

The locations of predicted maximum impacts will vary by pollutant and averaging time.  The peak 
24-hour PM10 and PM2.5 are predicted to occur on the southwestern boundary of the Project Site, while the 
peak annual NO2, SO2, PM10, and PM2.5 concentrations are predicted to occur on the eastern boundary of 
the Project Site. 

The peak 1-hour NO2 concentrations are predicted to occur approximately 4 kilometers southwest of the 
Project Site.  Peak 1-hour, 3-hour, and 24-hour SO2 concentrations are predicted to occur approximately 
7.5 kilometers southeast, 3 kilometers south, and 5.5 kilometers west of the Project Site, respectively. 

Carbon monoxide 1-hour impacts from the all sources including the CO2 vent were predicted to be 
2,180 µg/m3 at a point off of the Project Site and Controlled Areas approximately 4.5 kilometers  



SECTIONTHREE Environmental Consequences 

 3-14 R:\10 HECA\DRs\WRs\Attachment 40-1.doc

Table 8 
AERMOD Modeling Results for Project Operations (All Project Sources Combined) 
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(µg/m3) (µg/m3)   (µg/m3)   (µg/m3) (µg/m3) (µg/m3)

1-hour 
(OLM) (1,3) 133.71 NA NA 143.4 1 339 NA 277 

1-hour 
(OLM) (1,3)

NAAQS 176.98 NA NA NA(2) 6 NA 188.68 177 

NO2
(1)

Annual 
(OLM) (1) 0.66 1 87% 39.6 1 57 100 40 

1-hour (3) 2179.70 2,000 71% 4,025 2 23,000 40,000 6,205 

CO 8-hour (3) 576.12 500 43% 2,444 2 10,000 10,000 3,020 

1-hour (3) 26.50 NA NA 340.6 3 655 NA 367 

3-hour (3) 15.89 25 31% 195 3 NA 1300 211 

24-hour (3) 1.79 5 18% 81.38 3 105 365 83 

SO2 Annual 0.13 1 14% 26.7 3 NA 80 27 

24-hour (3) 4.08 5 58% 267.4 4 50 150 - 

PM10 Annual 0.57 1 59% 56.5 4 20 Revoked - 

24-hour (3) 2.64 - 44% 154 5 NA 35 - 

PM2.5
(4) Annual 0.41 - 45% 25.2 5 12 15 - 

H2S 1-hour 20.47 NA NA NA NA 42 NA 20 

Source:  HECA Project 
Notes:
1 The Ozone Limiting Method (OLM) was applied using hourly O3 data. 
2 Background NO2 concentrations are included in the federal NO2 1-hour analysis. 
3 For short-term (1-, 3-, 8-, and 24-hour) modeling, only one emergency generator will be operational at any one time, and the current assumption 
is that two gasifier heaters are expected to be operational at any one time. 
4 Monitoring station for the maximum background concentration is described below: 

1. CARB, Maximum of last three years (2006-2008), Bakersfield Golden State Highway, 2006 
2. CARB, Maximum of last three years (2006-2008), Bakersfield Golden State Highway, 2007 
3. CARB, Maximum of last three years (2006-2008), Bakersfield Golden State Highway, 2008 
4. CARB, Maximum of last three years (2006-2008), Shafter-Walker Street, 2007 
5. CARB, Maximum of last three years (2006-2008), Fresno – 1st Street, 2007 
6. 98th percentile of daily 1-hour maximum concentrations averaged over last three years (2006-2008), Bakersfield Golden State Highway

CAAQS = California Ambient Air Quality Standards NO2 = nitrogen dioxide 
CARB = California Air Resources Board OLM = ozone limiting method 
CO = carbon monoxide PM2.5 = particulate matter less than 2.5 microns in diameter 
H2S = hydrogen sulfide PM10 = particulate matter less than 10 microns in diameter 
µg/m3 = micrograms per cubic meter SIL = Significant Impact Level 
NA = not applicable. SO2 = sulfur dioxide 
NAAQS = National Ambient Air Quality Standards 
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southwest of the site, and 576 µg/m3 for the 8-hour averaging time approximately 3 kilometers southwest 
of the site.  These values are above the CO SIL.  Since the predicted 1-hour and 8-hour CO concentrations 
plus background concentration are below the CAAQS and NAAQS, impacts from CO are less than 
significant.

Hydrogen sulfide impacts from the carbon dioxide vent and fugitive emissions were predicted to be 
20 µg/m3 at the maximum impact point off of the Project Site and Controlled Area approximately 
3 kilometers southwest from the site.  This value is below the 1-hour CAAQS of 42 µg/m3.

Turbine Commissioning 

Compliance with the federal 1-hour NO2 standard was demonstrated using a Tier IV analysis as described 
in the modeling techniques above.  The average of the 98th percentile daily maximum 1-hour 
concentration for years 2004 to 2008 from commissioning was predicted to be 184 µg/m3.  This value 
includes the background concentration.  The predicted concentration is below the NAAQS of 
188.68 µg/m3; therefore, emissions from commissioning are expected to have a less-than-significant 
impact. 

Impacts for Non-Attainment Pollutants and their Precursors 

The emission offset program described in the SJVAPCD Rules and Regulations was developed to 
facilitate net air quality improvement when new sources locate within the District.  Project impacts of 
non-attainment pollutants (PM10, PM2.5, and O3) and their precursors (NOX, SO2, and VOC) will be fully 
mitigated by emission offsets.  The emission reductions associated with these offsets have not been 
accounted for in the modeled impacts noted above.  Thus, the impacts indicated in the foregoing 
presentation of model results for the Project may be significantly overestimated. 

Effects on Visibility from Plumes 

There will be no changes to the effects on visibility from plumes, since there are no changes to the 
cooling tower emissions due to Project refinements. 

3.1.5 Impacts on Air Quality Related Value in Class I Areas 

In response to U.S. Forest Service comments about the Class I area analyses, and to reflect emission 
changes due to Project refinements, the CALPUFF modeling analysis for impacts to Air Quality Related 
Values (AQRV) was updated.  Appendix D contains the revised Class I Area analysis report, which 
includes a discussion of the emissions from each source and how the U.S. Forest Service comments are 
addressed in the revised analysis. 

The objectives of the modeling were to demonstrate whether air emissions from the Project will cause or 
contribute to a PSD increment exceedance or cause a significant impact on visibility, regional haze, or 
sulfur or nitrogen deposition in any Class I area.  Since the Project location has not changed, the same 
Class I area (San Rafael Wilderness Area) was included in the revised AQRV analysis.  The CALMET 
data were not changed from previous analyses. 

The PSD increment analysis for the San Rafael Wilderness Class I area is shown in Table 9, PSD Class I 
Increment Significance Analysis – CALPUFF Results.  No Class I PSD increments will be exceeded. 
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Table 9 
PSD Class I Increment Significance Analysis – CALPUFF Results 

Class I Area 

Pollutant 
Unit

Threshold

Annual 
NOx

µg/m3

0.1 

3-hour 
SO2

µg/m3

1

24-hour 
SO2

µg/m3

0.2 

Annual 
SO2

µg/m3

0.08 

24-hour 
PM10
µg/m3

0.32 

Annual 
PM10

Annual 
0.16 

2001 3.93E-03 2.34E-01 5.27E-02 7.36E-04 8.70E-02 3.33E-03 

2002 4.27E-03 2.46E-01 5.05E-02 8.65E-04 7.72E-02 3.80E-03 
San Rafael 
Wilderness 
Area

2003 4.44E-03 2.70E-01 4.42E-02 8.71E-04 9.33E-02 3.78E-03 

Exceed?  No No No No No No 

Source:  HECA Project 
Notes: 
µg/m3 = micrograms per cubic meter 
NOX = nitrogen oxides 
PM10 = particulate matter less than 10 microns in diameter 
SO2 = sulfur dioxide

Effects on Visibility.  This revised analysis was conducted using the same model (CALPUFF).  The same 
3-year meteorological data set for 2001 to 2003 was used in the revised analysis. 

Visibility impact results for the San Rafael Wilderness Class I area are shown in Table 10, Visibility Analysis 
– CALPUFF Results.  No maximum extinction change exceeds 10 percent with only 1 to 3 days of exceedance 
of 5 percent despite the conservative operating emission scenario.  Therefore, the Project successfully passed 
all screening criteria. 

Table 10 
Visibility Analysis – CALPUFF Results 

Class I Area 

Pollutant 
Unit

Threshold

No. of Days > 
5% 

Days 
0

No. of Days 
>10% 
Days 

0

Maximum 
Extinction Change 

%
10

Day of Maximum 
Extinction Change

Julian Day 

2001 3 0 9.48 308 

2002 4 0 8.07 287 San Rafael Wilderness 
Area

2003 2 0 6.65 247 

Exceed?    No  
Source:  HECA Project. 

Terrestrial Resources.  This revised analysis was conducted using the same model (CALPUFF).  
Table 11, Total Nitrogen and Sulfur Deposition Analysis – CALPUFF Results, summarizes the maximum 
modeled impacts versus the National Park Service and the U.S. Forest Service significance criteria.  All 
impacts are below the significance criteria. 
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Table 11 
Total Nitrogen and Sulfur Deposition Analysis – CALPUFF Results 

Class I Area 

Pollutant 
Unit

Threshold

Deposition Nitrogen 
g/m2/s

1.59E-11 

Deposition Sulfur 
g/m2/s

1.59E-11 

2001 9.75E-13 3.85E-13 

2002 1.23E-12 5.04E-13 San Rafael Wilderness Area 

2003 1.25E-12 4.54E-13 

Exceed?  No No 

Source:  HECA Project 
Notes: 
g/m2/s = grams per square meter per second.

Aquatic Resources.  A significant effect of NOX and SO2 emissions on aquatic resources is nitrogen and 
sulfur deposition and subsequent acidification.  However, because any increased nitrogen and sulfur 
deposition due to the Project will be minimal, impacts to water acid neutralizing capacity and pH, and, 
therefore, acidification or eutrophication, are not likely to occur. 

The revised CALPUFF air impact modeling analysis for Class I areas is presented in selected revised tables, 
provided in Appendix D. 

3.2 PUBLIC HEALTH 

3.2.1 Construction Emissions 

The Project refinements would not result in a change to construction emissions; therefore, there is no 
change to the construction impact analysis that was previously conducted.  In the response to CEC Set 
One Data Request No. 85, the health risks due to diesel particulate matter (DPM) concentration from 
construction equipment were examined and found to be less than significant. 

3.2.2 Operations Emissions 

The Project refinements would cause a slight increase in emissions of TACs during operation than those 
presented in the response to CEC Set One Data Request No. 86.  Therefore, a revised Health Risk 
Assessment (HRA) was conducted. 

The HRA presented in this document was conducted using the same techniques and emission factors 
outlined in the Revised AFC and responses to CEC Data Requests. 

The Project refinements that changed TAC emissions from those presented in the response to CEC Set 
One Data Request Nos. 86 through 90 are outlined below.  TAC emissions and calculation techniques for 
all sources are presented in Appendix C. 

CTG/HRSG

No modification to TAC emissions for the CTG/HRSG are needed, because full load operations for 
8,322 hours were already considered while burning syngas. 
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Gasification Flare 

Additional flaring was added to account for the offline turbine washes.  The maximum hourly emissions 
were based on 1,695 MMBtu/hr of syngas flaring and the maximum annual emissions were based on 
196,600 MMBtu/yr of flaring. 

SRU Flare 

To more accurately account for the time expected to startup the gasifier, the SRU flare may flare for up to 
40 hours per year, this is an increase from 6 hours per year previously proposed in the Revised AFC.  
Annual emissions are based on 40 hours of operation. 

Rectisol Flare 

No revisions were made to the operation or emissions from the rectisol flare.  The rectisol flare operation 
remains for emergency purposes only. 

Gasifier Refractory Heaters 

Each of the three gasifier refractory heaters operate at 18 MMBtu/hr, firing natural gas for 1,200 hours 
per year each.  Hourly emissions are based on the operation of two heaters and annual emissions are 
based on the operation of all three heaters for 1,200 hours each. 

Auxiliary Boiler 

The hours of operation associated with the auxiliary boiler did not change due to the Project refinements, 
although due to the use of SCR, ammonia will now be emitted from the auxiliary boiler.  Ammonia slip 
will be limited to 5 ppmv at 3 percent O2 or 0.0022 lb/MMBtu or 0.31 lb/hr. 

Tail Gas Thermal Oxidizer 

No refinements were made to the emissions estimated for the Tail Gas Thermal Oxidizer, since the 
emissions are based on 8,760 hours per year of 10 MMBtu/hr natural gas assist gas. 

CO2 Vent 

Project engineering refinement determined that the concentration of COS in the CO2 stream is not 
expected to exceed 43 ppmv; thus, the COS emissions from the emergency CO2 venting will be reduced.  
Although COS is a hazardous air pollutant, it does not have an associated Office of Environmental Health 
Hazard Assessment health risk; thus, emissions from the CO2 vent did not change in the HRA modeling. 

Diesel Emergency Generators 

The maintenance operation schedule was changed to 52 hours per year for each engine.  The DPM 
emission factors for U.S. EPA Offroad Tier 4 engines used in the response to CEC Set One Data Request 
Nos. 30 and 86 were used in this HRA. 

Diesel Emergency Fire Water Pump 

The DPM emission factors for U.S. EPA Offroad Tier 4 engines used in the response to CEC Set One 
Data Request Nos. 30 and 86 were used in this HRA; therefore, there is no change to the emissions from 
the fire pump engine. 
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Fugitive Emissions 

In response to CEC Set One Data Request Nos. 17 and 89, emissions from fugitive leaks in the piping and 
components were included in the total facility inventory.  These emissions have not changed due to the 
Project refinements described in this document.  TACs included in the HRA from the fugitive emissions 
include H2S, methanol, propylene, hydrogen cyanide, and ammonia. 

Cooling Towers 

No revisions were made to the operation or emissions from the cooling towers. 

Material Handling and Feedstock Delivery 

No revisions were made to the operation or emissions from the handling of materials associated with the 
HECA Project. 

Operations and Maintenance Vehicles 

DPM Emissions from the 10 light heavy-duty diesel trucks used for onsite maintenance were included in 
the HRA.  The DPM emissions were estimated using EMFAC2007 for fleet year 2040.  A described in 
the Revised AFC, this is a representative vehicle fleet year, to characterize the 70-year cancer risk. 

3.2.3 HRA Modeling 

The HRA was conducted using the same techniques described in the Revised AFC and response to CEC Set 
One Data Request No. 86.  The AERMOD model was run for all sources with unit emission rate (1 g/s).  
Using HARP On-Ramp, the output from AERMOD and the source emissions were converted into a format 
for input into the HARP model.  The HARP was run to predict the acute and chronic health index and the 
cancer risk. 

As described in the response to CEC Set One Data Request No. 86, the AERMOD/HARP modeling 
included all grid receptors used in the criteria pollutant modeling, the sensitive receptor located at the Elk 
Hills School in Tupman, the residence along the northwestern property boundary, the residence at the 
intersection of Station Road and Tule Park Road, plus one offsite worker at the Tule Elk State Reserve 
ranger station, approximately 1 kilometer east of the property boundary. 

The risk calculation for the maximally exposed individual worker (MEIW) assumed that the worker 
would be present at that location for 8 hours per day, 5 days per week, 49 weeks per year, for 40 years 
(default HARP worker adjustment). 

At the request of SJVAPCD, the meteorological data set was updated to include years 2004 to 2008 from 
the Bakersfield Airport meteorological station, which is consistent with the criteria pollutant analysis.  
These data were issued by SJVAPCD and are provided on the Revised Air Quality Modeling DVD, June 
2010 along with all HRA modeling files. 

3.2.4 HRA Model Results 

The results of the HRA for Project operations are presented below in Table 12 for the point of maximum 
impact (PMI) and at the MEIW outside the property boundary and the maximally exposed individual 
resident (MEIR).  The MEIR for all health risks occurs at the residence along the northwestern property 
boundary.  The health risks at the residence at the intersection of Station Road and Tule Park Road are 
also shown for informational purposes in Table 12.  As shown in this table, all health risks were predicted 
to be below the significance thresholds. 

The AERMOD modeling files and risk calculation reports from HARP are included on a DVD with this 
document.  The files include the Chi/Q in µg/m3 per gram per second from each source at each receptor. 
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Table 12 
Estimated Cancer Risk, Acute and Chronic Non-Cancer Total Hazard Index 

Due to HECA Operations 

Location Cancer Risk Chronic Hazard Index Acute Hazard Index 

Point of maximum impact 
3.45 

excess risk in 1 million 
0.31 

total hazard index 
0.81 

total hazard index 

Coordinates of PMI in 
UTM NAD83 (m) 

283,960E 
3,911,650N 

283,960E 
3,911,650N 

282,362E 
3,912,769N 

Peak risk at off-site worker 
MEIW 

0.52 
excess risk in 1 million 

0.05 
total hazard index 

0.25 
total hazard index 

Coordinates of MEIW in 
UTM NAD83 (m) (Tule 
Elk State Reserve Ranger 
Station) 

285,170E 
3,912,389N 

285,170E 
3,912,389N 

285,170E 
3,912,389N 

Peak risk at MEIR 
0.95 

excess risk in 1 million 
0.06 

total hazard index 
0.64 

total hazard index 

Coordinates of MEIR in 
UTM NAD83 (m) 
(Residence at the northwest 
corner of the property) 

282,408 E 
3,913,181 N 

282,408 E 
3,913,181 N 

282,408 E 
3,913,181 N 

Risk at Residence at Station 
Road and Tule Park Road 

0.70 
excess risk in 1 million 

0.06 
total hazard index 

0.36 
total hazard index 

Coordinates in UTM 
NAD83 (m) (Residence at 
Station Road and Tule Park 
Road) 

284,396 E 
3,912,529 N 

284,396 E 
3,912,529 N 

284,396 E 
3,912,529 N 

Peak risk at nearest 
Sensitive Receptor (Elk 
Hills School, Tupman, 
California) 

0.48 
excess risk in 1 million 

0.04 
total hazard index 

0.11 
total hazard index 

Coordinates of Sensitive 
Receptor NAD83 (m) 

285,878E 
3,908,605N 

285,878E 
3,908,605N 

285,878E 
3,908,605N 

Significance threshold 10 in 1 million 1 1 

Below significance? Yes Yes Yes 

Source:  HECA Project 
Notes:
1. MEIW cancer risk is conservatively based on a residential risk calculation, i.e., a 70 year exposure. 
m = meters 
MEIR = maximally exposed individual resident 
MEIW = maximally exposed individual worker 
NAD83 = Geographic coordinate system North American datum 83 
PMI = point of maximum impact 
UTM = Universal Transverse Mercator 
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GHG Emissions Summary by Source Emissions Summary
Hydrogen Energy California LLC 6/18/2010
HECA Project

Natural Gas GHG Emission Factors Diesel GHG Emission Factors
CO2 = 52.78 kg/MMBtu = 116.36 lb/MMBtu CO2 = 10.15 kg/gal = 22.38 lb/gal
CH4 = 0.0059 kg/MMBtu = 0.013 lb/MMBtu CH4 = 0.0003 kg/gal = 0.001 lb/gal
N2O = 0.0001 kg/MMBtu = 0.00022 lb/MMBtu N2O = 0.0001 kg/gal = 0.0002 lb/gal

HRSG Stack
Operating Hours 832 hr/yr
HRSG Heat Input 2,548 MMBtu/hr

CO2 = 111,921 tonne/yr
CH4 = 13 tonne/yr = 263 tonne CO2e/yr
N2O = 0.21 tonne/yr = 66 tonne CO2e/yr Total tonne CO2e/yr = 112,249
During mature operation of the HRSG, the unit will fire only syngas, except during periods of startup and shutdown.

HRSG heat input rate is assumed to be the maximum heat input rate firing natural gas with duct burner, which corresponds to winter minimum (20 F).

HRSG Stack - Burning Hydrogen-Rich Fuel
Operating Hours 7,490 hr/yr
HRSG Heat Input 2,422 MMBtu/hr CO2 = 28.1 lb/MMBtu

CO2 = 231,144 tonne/yr Total tonne CO2e/yr = 231,144
During mature operation of the HRSG, the unit will fire only syngas, except during periods of startup and shutdown.
HRSG heat input rate is assumed to be the maximum heat input rate firing syngas with duct burner.

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

CO2, CH4, and N2O emission factors are taken from Appendix C of the California Climate Action Registry (CCAR) General Reporting Protocol Version 2.2 (March 2007)

Syngas GHG Emission Factors

Startup and shutdown of the HRSG will be accomplished using natural gas.  The total operating hours, including startup and shutdown  are estimated at 823 hr/yr for the worst 
case GHG emissions from natural gas combustion in the HRSG. The total startup and shutdown duration are estimated at 65 hr/yr for the worst case criteria pollutant.
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GHG Emissions Summary by Source Emissions Summary
Hydrogen Energy California LLC 6/18/2010
HECA Project

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

Auxiliary Boiler
Operating Hours 2,190 hr/yr

142 MMBtu/hr

CO2 = 16,418 tonne/yr
CH4 = 2 tonne/yr = 39 tonne CO2e/yr
N2O = 0.03 tonne/yr = 10 tonne CO2e/yr Total tonne CO2e/yr = 16,466

Emergency Generators (2)
Operating Hours 52 hr/yr

2,800 Bhp

CO2 = 3,201 lb/hr = 76 tonne CO2/yr
CH4 = 0.09 lb/hr = 0.047 tonne CO2e/yr
N2O = 0.03 lb/hr = 0.2307 tonne CO2e/yr Total tonne CO2e/yr* = 152
The following conversions were used to convert from lb/gallon to lb/hp-hour; and then multiplying by the rated horsepower rating:  1 gallon/137,000 Btu; and 7,000 Btu/hp-hour.
* Total tonnes CO2e per year represent the contributions from both generators.

Fire Water Pump
Operating Hours 100 hr/yr

556 Bhp

CO2 = 636 lb/hr = 29 tonne CO2/yr
CH4 = 0.02 lb/hr = 0.018 tonne CO2e/yr
N2O = 0.01 lb/hr = 0.0881 tonne CO2e/yr Total tonne CO2e/yr = 29
The following conversions were used to convert from lb/gallon to lb/hp-hour; and then multiplying by the rated horsepower rating:  1 gallon/137,000 Btu; and 7,000 Btu/hp-hour.

Heat Input

Heat Input

Heat Input

R:\10 HECA\DRs\WRs\App B GHG Emissions.xls 2 of 10



GHG Emissions Summary by Source Emissions Summary
Hydrogen Energy California LLC 6/18/2010
HECA Project

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

Gasification Flare
Pilot Operation
Operating Hours 8,760 hr/yr

0.5 MMBtu/hr

CO2 = 231 tonne/yr
CH4 = 0.03 tonne/yr = 0.5 tonne CO2e/yr
N2O = 0.0004 tonne/yr = 0.1 tonne CO2e/yr Total tonne CO2e/yr = 232

Flaring Events
Total Operation 196,900 MMBtu/yr

CO2 = 10,395 tonne/yr
CH4 = 1.2 tonne/yr = 24 tonne CO2e/yr
N2O = 0.02 tonne/yr = 6 tonne CO2e/yr Total tonne CO2e/yr = 10,426
GHG emissions from flaring events are conservatively estimated using GHG emission factors for natural gas combustion.

Rectisol Flare
Pilot Operation
Operating Hours 8,760 hr/yr

0.3 MMBtu/hr

CO2 = 139 tonne/yr
CH4 = 0.02 tonne/yr = 0.3 tonne CO2e/yr
N2O = 0.0003 tonne/yr = 0.08 tonne CO2e/yr Total tonne CO2e/yr = 139

Heat Input

Heat Input
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GHG Emissions Summary by Source Emissions Summary
Hydrogen Energy California LLC 6/18/2010
HECA Project

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

SRU Flare
Pilot Operation
Operating Hours 8,760 hr/yr

0.3 MMBtu/hr

CO2 = 139 tonne/yr
CH4 = 0.02 tonne/yr = 0.3 tonne CO2e/yr
N2O = 0.0003 tonne/yr = 0.08 tonne CO2e/yr Total tonne CO2e/yr = 139

Flaring Events (natural gas assist)
Operating Hours 40 hr/yr

36 MMBtu/hr

CO2 = 76 tonne/yr
CH4 = 0.008 tonne/yr = 0.18 tonne CO2e/yr
N2O = 0.00014 tonne/yr = 0.045 tonne CO2e/yr Total tonne CO2e/yr = 76

Throughput (inerts)
H2S = 25 %
CO2 (inerts) = 75 %
H2S = 72 lbmol/hr
CO2 (inerts) = 216 lbmol/hr
CO2 (inerts) = 9,488 lb/hr
Operating Hours 40 hr/yr

Total tonne CO2e/yr = 172
Throughtput (inerts) amount calculated from the relationship of CO2 to H2S in the SRU Flare.

Heat Input

Heat Input
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GHG Emissions Summary by Source Emissions Summary
Hydrogen Energy California LLC 6/18/2010
HECA Project

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

Tail Gas Thermal Oxidizer
Process Vent Disposal Emissions
Operating Hours 8,460 hr/yr

10 MMBtu/hr

CO2 = 4,466 tonne/yr
CH4 = 0.50 tonne/yr = 10.5 tonne CO2e/yr
N2O = 0.0085 tonne/yr = 2.6 tonne CO2e/yr Total tonne CO2e/yr = 4,480

SRU Startup Waste Gas Disposal
Operating Hours 300 hr/yr

10 MMBtu/hr

CO2 = 158 tonne/yr
CH4 = 0.018 tonne/yr = 0.37 tonne CO2e/yr
N2O = 0.00030 tonne/yr = 0.093 tonne CO2e/yr Total tonne CO2e/yr = 159
GHG emissions from thermal oxidizer are estimated using GHG emission factors for natural gas combustion for the assist gas.

Gasifier Refractory Heaters
Operating Hours 3,600 hr/yr

18 MMBtu/hr

CO2 = 3,421 tonne/yr
CH4 = 0 tonne/yr = 8 tonne CO2e/yr
N2O = 0.01 tonne/yr = 2 tonne CO2e/yr Total tonne CO2e/yr *= 3,431
*Assumed 3,600 hours of annual normal operation (3 heaters with 1,200 hr/yr of operation for each gasifier)

Heat Input

Heat Input

Heat Input
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GHG Emissions Summary by Source Emissions Summary
Hydrogen Energy California LLC 6/18/2010
HECA Project

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

Intermittent CO2 Vent
Operating Hours 504 hr/yr
CO2 Emission Rate 656,000 lb/hr

Total tonne CO2e/yr = 150,011
Assumes 504 hours per year venting at full rate.

Fugitives
Operating Hours 8,760 hr/yr
CO2 = 40 tpy 38.60 tonne CO2e/yr
CH4 = 0.02 tpy 0.46 tonne CO2e/yr

Total tonne CO2e/yr = 39
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GHG Emissions Summary by Source Emissions Summary
Hydrogen Energy California LLC 6/18/2010
HECA Project

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

230 kV Circuit Breakers
Number of Circuit Breakers 10

216 lb/breaker
1%

SF6 = 0.010 tonne/yr = 234 tonne CO2e/yr Total tonne CO2e/yr = 234

18 kV Circuit Breakers
Number of Circuit Breakers 2

73 lb/breaker
1%

SF6 = 0.001 tonne/yr = 16 tonne CO2e/yr Total tonne CO2e/yr = 16

SF6 GWP = 23,900  http://www.epa.gov/electricpower-sf6/faq.html)
Sources: SF6 inventory and maximum leakage rates from electrical equipment suppliers

Annual Leakage rate

Annual Leakage rate

SF6 GWP = 23,900  http://www.epa.gov/electricpower-sf6/faq.html)
Sources: SF6 inventory and maximum leakage rates from electrical equipment suppliers

SF6 capacity

SF6 capacity
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GHG Emissions Summary by Source Emissions Summary
Hydrogen Energy California LLC 6/18/2010
HECA Project

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

Onsite LHD Gasoline Trucks
Number of Onsite Trucks 10 trucks EF CO2 = 1,175 g/mi
Total Annual VMT 10,000 miles/ truck EF CH4 = 0.012 g/mi

EF N2O = 0.0101 g/mi

CO2 = 118 tonne/yr
CH4 = 1.20E-03 tonne/yr = 3.E-02 tonne CO2e/yr
N2O = 1.01E-03 tonne/yr = 3.E-01 tonne CO2e/yr Total tonne CO2e/yr = 118

Onsite LHD Diesel Trucks
Number of Onsite Trucks 10 trucks EF CO2 = 519 g/mi
Total Annual VMT 10,000 miles/ truck EF CH4 = 0.004 g/mi

EF N2O = 0.0015 g/mi

CO2 = 52 tonne/yr
CH4 = 4.00E-04 tonne/yr = 8.E-03 tonne CO2e/yr
N2O = 1.50E-04 tonne/yr = 5.E-02 tonne CO2e/yr Total tonne CO2e/yr = 52
Running emission Factor for N2O is based on Table C.4, California Climate Action Registry General Reporting Protocol Version 3.1, Jan 2009 for 2010 model 
year light trucks. 

Running emission Factor for N2O is based on Table C.4, California Climate Action Registry General Reporting Protocol Version 3.1, Jan 2009 for 2010 model 
year light trucks. 
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GHG Emissions Summary by Source Emissions Summary
Hydrogen Energy California LLC 6/18/2010
HECA Project

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

Coal and Coke Trucks
Number of Truck loads 35,500 truck loads EF CO2 = 3,165 g/mi
Distrance Travelled Onsite 1 mi/ load EF CH4 = 0.064 g/mi
Truck Idle Time 0.117 hr/load EF N2O = 0.0048 g/mi

EF CO2 = 6,542 g/ idle hr
EF CH4 = 0.360 g/ idle hr
EF N2O = 0.027 g/ idle hr

CO2 = 140 tonne/yr
CH4 = 3.77E-03 tonne/yr = 8.E-02 tonne CO2e/yr
N2O = 2.83E-04 tonne/yr = 9.E-02 tonne CO2e/yr Total tonne CO2e/yr = 140

Running emission Factor for N2O is based on Table C.4, California Climate Action Registry General Reporting Protocol Version 3.1, Jan 2009 for 2010 model 
year diesel heavy duty vehicles. Idling emission Factor for N2O was extrapolated based on the ratio of CH4 emission factor for running and idling.
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GHG Emissions Summary by Source Emissions Summary
Hydrogen Energy California LLC 6/18/2010
HECA Project

GHG emissions are numerically depicted as metric tons (tonne) of carbon dioxide equivalents (CO2e).  CO2e represents CO2 plus the additional warming 
potential from CH4 and N2O.  CH4 and N2O have 21 and 310 times the warming potential of CO2, respectively.

Onsite Gasifier Solids Handling
Number of Truck loads 2,900 truck loads EF CO2 = 3,845 g/mi
Distrance Travelled Onsite 0.5 mi/ load EF CH4 = 0.118 g/mi
Truck Idle Time 0.083 hr/load EF N2O = 0.0048 g/mi

EF CO2 = 6,542 g/ idle hr
EF CH4 = 0.360 g/ idle hr
EF N2O = 0.015 g/ idle hr

CO2 = 7 tonne/yr
CH4 = 2.58E-04 tonne/yr = 5.E-03 tonne CO2e/yr
N2O = 1.05E-05 tonne/yr = 3.E-03 tonne CO2e/yr Total tonne CO2e/yr = 7

Total tonne CO2e/yr for Stationary Sources= 529,594
Total tonne CO2e/yr for Mobile Sources= 317
Total tonne CO2e/yr for All Operations= 529,911

Running emission Factor for N2O is based on Table C.4, California Climate Action Registry General Reporting Protocol Version 3.1, Jan 2009 for 2010 model 
year diesel heavy duty vehicles. Idling emission Factor for N2O was extrapolated based on the ratio of CH4 emission factor for running and idling.
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Area Speciation

Methanol Syn Gas Flash Gas - 
Gasification Shifted Syn Gas Propylene Sour Water

H2S Laden 
Methanol

CO2 Laden 
Methanol

Acid Gas Ammonia-
Laden Gas Sulfur

TGTU
Process
Gas

TGTU
Amine

CO2 0.00% 16.24% 55.89% 90.43% 0.00% 2.50% 44.68% 35.81% 60.32% 68.32% 0.00% 64.65% 1.98%
CO 0.00% 29.93% 22.31% 1.48% 0.00% 0.001% 0.03% 0.04% 0.06% 0.36% 0.00% 0.31% 0.00%
CH4 0.00% 0.04% 0.03% 0.06% 0.00% 0.00% 0.003% 0.003% 0.002% 0.002% 0.00% 0.00% 0.00%
H2S 0.00% 1.71% 9.86% 2.05% 0.00% 0.18% 1.73% 0.0001% 39.04% 5.98% 0.03% 1.86% 0.32%
COS 0.00% 0.14% 0.23% 0.01% 0.00% 0.00% 0.01% 0.00% 0.51% 0.02% 0.00% 0.03% 0.00%
CH3OH 100.00% 0.00% 0.00% 0.00% 0.00% 0.00% 53.51% 64.10% 0.03% 0.00% 0.00% 0.00% 0.00%
C3H6 0.00% 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
NH3 0.00% 0.06% 0.01% 0.00% 0.00% 0.25% 0.00% 0.00% 0.00% 7.36% 0.00% 0.00% 0.00%
HCN 0.00% 0.003% 0.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.05% 0.00% 0.00% 0.00%
MDEA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 43.96%
WFTOC

 1 100.00% 48.12% 88.39% 94.03% 100.00% 2.93% 99.96% 99.95% 99.98% 82.10% 0.03% 66.85% 46.25%

Conversion Note:
1 kg = 2.20 pound

Note:
(1) WFTOC does not always equal 100% due to the presence of inerts in the area not listed in table above.

1 2 3 4 5 6 7 8 9 10 11 12 13

Methanol Syn Gas Flash Gas - 
Gasification Shifted Syn Gas Propylene Sour Water

H2S Laden 
Methanol

CO2 Laden 
Methanol

Acid Gas Ammonia-
Laden Gas Sulfur

TGTU
Process
Gas

TGTU
Amine

Valves - Gas 50 108 49 198 188 0 94 79 161 157 0 72 0
Valves - Light Liquid 416 0 0 0 288 0 358 79 0 0 0 0 0
Valves - Heavy Liquid 0 0 0 0 0 508 0 0 0 0 68 0 264
Pumps - Light Liquid 7 0 0 0 3 0 7 0 0 0 0 0 0
Pumps - Heavy Liquid 0 0 0 0 0 17 0 0 0 0 4 0 5
Compressors 0 0 1 1 1 0 0 0 0 0 0 0 0
Connectors 1225 372 151 632 1432 1410 1323 516 492 407 297 290 746

1698 480 201 831 1912 1935 1782 674 653 564 369 362 1015

1 2 3 4 5 6 7 8 9 10 11 12 13

Methanol Syn Gas Flash Gas - 
Gasification Shifted Syn Gas Propylene Sour Water

H2S Laden 
Methanol

CO2 Laden 
Methanol

Acid Gas Ammonia-
Laden Gas Sulfur

TGTU
Process
Gas

TGTU
Amine Total

Compound
CO2 2.08 4.30 22.41 0.69 1.82 0.49 0.81 0.84 6.00 0.28 39.72
CO 3.83 1.72 0.37 0.00 0.00 0.00 0.00 0.00 0.03 5.95
CH4 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.02
H2S 0.22 0.76 0.51 0.05 0.07 0.00 0.53 0.07 0.00 0.17 0.04 2.42
COS 0.02 0.02 0.00 0.00 0.01 0.00 0.00 0.05
CH3OH 4.02 2.18 0.88 0.00 7.09
C3H6 6.33 6.33
NH3 0.01 0.00 0.07 0.09 0.17
HCN 0.00 0.00 0.00 0.01
MDEA 6.24 6.24
Total VOC 4.02 0.02 0.02 0.00 6.33 0.00 2.18 0.88 0.01 0.00 0.00 0.00 6.24 19.70
Total percentage of 
VOC content of gas in 
each process area

100.00% 0.14% 0.29% 0.01% 100.00% 0.00% 53.51% 64.10% 0.54% 0.07% 0.00% 0.03% 43.96%

Note: The following compounds are included as VOCs, although not all compounds are found in the gas in each process area.
CH3OH, C3H6, COS, HCN, and MDEA

Comound

Wt % (WFTOC)

Annual Fugitive Emissions with LDAR Application (ton/yr)

Process Area

Component Count

Process Area
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1.0 BACKGROUND
In accordance with comments received from the U.S. Forest Service (USFS), National Park 
Service (NPS) and U.S. Environmental Protection Agency (U.S. EPA) Region 9 regarding far-
field air quality modeling analysis for the proposed Hydrogen Energy California (HECA) 
Project, a refined CALPUFF modeling analysis was performed in conjunction with the 
CALMET diagnostic meteorological model.  HECA submitted a CALPUFF air quality modeling 
impact analysis report in September 2009 to USFS, California Energy Commission (CEC) and 
U.S. EPA.  On May 7, 2010, the USFS requested additional air dispersion modeling to address 
the following comments. 

• Use the background ammonia concentration of 20 parts per billion (ppb), as recom-
mended by the USFS for other projects in the San Joaquin Valley.

• Set the regulatory default switch (MREG = 1) of the CALPUFF model to force all model 
inputs to the U.S. EPA-approved regulatory settings.

• Correct the application of the particle speciation data.  Overall, the speciation between 
sulfate, Secondary Organic Aerosol (SOA), and Elemental Carbon (EC) appears to be 
correct.  However, the Applicant applied the recommended particle size information to 
the SOA component of the emissions, which are condensible particulate matter less than 
10 microns in diameter (PM10) emissions.  The published particle size data should have 
been applied only to the filterable portion of the PM10 emissions, which were modeled as 
EC.  The use of the particle size information is voluntary and is not required for 
CALPUFF.  However, if applied, the particle size information needs to be input correctly.  

• Use the correct extinction coefficient in CALPOST for particulate matter.  If the 
Applicant can accurately define the particulate matter less than 2.5 microns in diameter 
(PM2.5) fraction for any source category, these emissions should be assigned as PMF, 
with an extinction coefficient of 1.0.  Any remaining PM10, which is larger than 
2.5 microns, can be modeled as PMC, with an extinction coefficient of 0.6.  If the 
Applicant cannot accurately define the PM2.5 and smaller fraction for a particular source 
category, then all PM10 emissions for that source should be modeled as PMF as a 
conservative assumption.  It is not acceptable to model PM10 as PMC as this assumes that 
zero emissions occur in the PM2.5 fraction and results in underestimating the resulting 
visibility impact.  

• Clearly state in the Class I modeling report what visibility calculation methods were used, 
i.e., Method 2.  The visibility calculation method used was not clear from the Applicant's 
earlier data submittal.  An analysis of visibility impacts using Method 2 is required.  Data 
using other methods may be included at the Applicant's discretion.   

• Include Dome Land Wilderness receptors in the modeling analysis.  The 100-kilometer 
(km) cut-off used by the Applicant is arbitrary and excludes impacts to Class I areas just 
beyond 100 km that may be impacted more frequently by plant emissions.  It appears that 
Dome Land can be included in the modeling without modifying the current modeling 
domain.  Applicant may forgo the standard 50-km buffer around CALPUFF receptors as 
necessary to include the Dome Land receptors.  Impacts should be listed separately for 
Dome Land vs. San Rafael.  
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Based upon a conversation with Mr. Howard Gebhart, the USFS’s consultant, on May 28, 2010, 
and further discussion with Mr. Mike McCorision, USFS, on June 2, 2010, HECA revised the 
CALPUFF modeling to incorporate all of the USFS suggestions, except the inclusion of Dome 
Land Wilderness Area.  Since the original CALMET domain does not extend far enough to cover 
the receptors in Dome Land Wilderness Area, it was determined that the CALMET analysis 
would have to be completely redone to incorporate that Class I Area.  Therefore, based upon the 
comments from USFS, NPS and U.S. EPA, the refined CALPUFF modeling considered only San 
Rafael Wilderness Class I PSD area for the analysis.   

1.1 Model Selection and Setup 
The CALPUFF air dispersion model is the preferred model for long-range transport 
recommended by the Federal Land Managers’ Air Quality Related Value Workgroup (FLAG) 
guidance and the Interagency Working Group on Air Quality Modeling (IWAQM) Phase 2 
Summary Report.  To estimate air quality impacts at distances greater than 50 km, the 
CALPUFF model was used in conjunction with the CALMET diagnostic meteorological model.  
CALPUFF is a puff-type model that can incorporate three-dimensionally varying wind fields, 
wet and dry deposition, and atmospheric gas and particle-phase chemistry. 

The CALMET model is used to prepare the necessary gridded wind fields for use in the 
CALPUFF model.  CALMET can accept as input mesoscale meteorological data (MM5 data), 
surface, upper air, precipitation, cloud cover, and over-water meteorological data (all in a variety 
of input formats).  These data are merged and the effects of terrain and land cover types are 
estimated.  This process results in the generation of gridded three-dimensional (3-D) wind field 
that accounts for the effects of slope flows, terrain blocking effects, flow channelization, and 
spatially varying land use types. 

The development of model inputs and options for CALMET/CALPUFF processor was based on 
guidance provided in following references: 

• Federal Land Managers’ (FLM)’s comments received in March, May and June 2010; 

• FLM’s Air Quality Related Values Workgroup (FLAG) Phase I Report (December 
2000);

• Inter-agency Working Group on Air Quality Modeling (IWAQM) Phase 2 Summary 
Report and Recommendations for Modeling Long Range Transport Impacts (December 
1998);

• CALMET/CALPUFF Protocol for BART Exemption Screening Analysis for Class I 
Areas in the Western United States (August 15, 2006);

• CALPUFF Reviewer’s Guide (DRAFT) prepared for the United States Department of 
Agriculture (USDA) Forest Service and NPS (September 2005); and 

• Permit application PSD particulate matter speciation methodology developed by Don 
Shepherd, NPS (2009).

Key input and model options selected are discussed in the following sections. 
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The most recent U.S. EPA-approved version of the CALMET, CALPUFF, CALPOST system 
(version 5.8, version 5.8 and version 5.6394, respectively) was used.

1.2 Domain
The same CALMET/CALPUFF modeling domain used in previous analyses was used in this 
revised analysis. The CALMET/CALPUFF modeling domain was specified using the Lambert 
Conformal Conic (LCC) Projection system in order to capture the earth curvature of the large 
modeling domain more accurately for this Project.  The false easting and northing at the 
projection origin were both set to zero.  The latitude and longitude of the projection origin were 
set to 35.057 N and 119.643 W, respectively.  Matching parallels of latitude 1 and 2 were 
defined as 34.38 N and 35.67 N, respectively.  The choice of the matching parallels was made 
according to the latitudinal extent of the modeling domain, and therefore the parallels should be 
contained within the modeling domain in order to minimize distortion.  An accepted rule-of-
thumb is the rule of sixths which calls for one parallel to be placed 1/6th of the domain’s north-
south extent south of the domain’s north edge, and an identical distance north of the domain’s 
south edge (WDEQ, 2006).  The modeling domain was defined using a grid-cell arrangement 
that is 52 cells in X (easting) direction and 54 cells in Y (northing) direction.  The grid-cells are 
4 kilometers wide.  Therefore, the southwest corner of the gird cell (1,1) were set to -101 km and 
-110 km.  

At least 50 km of buffer distance was set between the outermost boundary of the San Rafael 
Wilderness Area and the Project in order to prevent the loss of mass outside the boundary under 
some meteorological scenarios that might be associated with transport to the Class I area.  The 
total CALMET/CALPUFF modeling domain is shown in Revised Figure 1.  The entire MM5 
data set domain is shown for information only in Figure 2. 
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Revised Figure 1 
CALMET/CALPUFF Modeling Domain 
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Figure 2 
MM5 and CALMET/CALPUFF Modeling Domain 
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2.0 CALMET PROCESSING 
The CALMET data and processing presented below remain the same as outlined in the 
previously submitted analyses. 

2.1 MM5 Data 
A MM5 data set was used in conjunction with the actual surface and precipitation meteorological 
data observations.  Three years (2001-2003) of MM5 data were obtained from Western Regional 
Air Partnership (WRAP).  This MM5 data were used for Utah and Nevada’s Best Available 
Retrofit Technology (BART) analysis by WRAP (WRAP, 2006).  The MM5 data had a 36 km 
resolution.  Initial-guess wind fields based on hourly 36-km MM5 meteorological fields for 
2001, 2002 and 2003 (IPROG =14) was used.  MM5 domain is shown in Figure 2. 

2.2 Hourly Surface and Precipitation Data 
CALMET pre-processed hourly surface data were obtained from WRAP’s CALPUFF BART 
website (WRAP, 2008).  WRAP used approximately 190 different surface meteorological data 
stations for 3-year period (2001 through 2003) for BART analysis.  Although thirteen stations 
are located within the HECA CALPUFF modeling domain, all surface stations were used for this 
modeling analysis. 

This modeling analysis considered the effects of chemical transformations and deposition 
processes on ambient pollutant concentrations; therefore, observation of precipitation was 
included in the CALMET analysis.  CALMET pre-processed precipitation data was also 
collected from WRAP’s BART website (WRAP, 2008).  The precipitation stations are co-located 
with surface meteorological data stations.  The inverse-distance-squared interpolation scheme 
was used to generate a gridded precipitation field with hourly precipitation data.  The radius of 
influence for the interpolation method was set to 100 km. 

The locations of both surface and precipitation stations used in this analysis are illustrated in 
Figure 3. 

2.3 Upper Air Data 
There are three upper air stations located in the modeling domain.  Point Mugu (WBAN 93111, 
WMO ID 72391, Lat 34.10, Long -119.12); Vandenberg (WBAN 93214, WMO ID 72393, 
Lat 34.75, long -120.57); and Vandenberg AFB (WBAN 93223, WMO ID 74606, Lat 34.67, 
Long -120.58).  For Point Mugu station, no data are available for the time period of MM5 
meteorological data (2001 through 2003).  Vandenberg and Vandenberg AFB stations have very 
spotty and incomplete data.  Therefore, no upper-air meteorological observations were used in 
the CALMET/CALPUFF modeling analysis as they are not available in the modeling domain. 

In addition, Western Regional Air Partnership (WRAP) explains that the twice daily upper-air 
meteorological observations are used as input with the MM5 model estimates nudged to the 
observations as part of the Four Dimensional Data Assimilation (FDDA) in the application of the 
MM5.  This results in higher temporal (hourly vs. 12-hour) and spatial (36 km vs. approximately 
300 km) resolution upper-air meteorology in the MM5 field that is dynamically balanced than 
contained in the upper-air observations.  Therefore, the use of the upper-air observations with 
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CALMET may upset the dynamic balance of the meteorological fields potentially producing 
spurious vertical velocities (WRAP, 2006).   

2.4 CALMET ZFACE and ZIMAX Settings 
Eleven vertical layers were used with vertical cell face (ZFACE) heights at 0; 20; 100; 200; 350; 
500; 750; 1,000; 2,000; 3,000; 4,000; and 5,000 meters.  Maximum mixing height (ZIMAX) was 
set to 4,500 meters based on the WRAP modeling analysis.  WRAP introduced Colorado 
Department of Public Health and Environment (CDPHE) analyses of soundings for summer 
ozone events in the Denver area (CDPHE, 2005).  The CDPHE analysis suggests mixing heights 
in the Denver area are often well above the CALMET default value of 3,000 meters during the 
summer.  A 3,000-meter AGL maximum mixing height might be appropriate in the eastern U.S., 
however in the western U.S. in the summer, mixing heights may exceed this value.  WRAP 
expected that mixing heights in excess of the 3,000-meters-above-ground-level CALMET 
default maximum would occur in the western States (WRAP, 2006).  

2.5 Wind Field Model Options 
In general, CALMET involves two steps in developing the final wind field.  First, the prognostic 
wind field (such as MM5) is introduced into CALMET as the initial guess field.  CALMET then 
adjusts this field by accounting for the kinematic terrain effects, slope flows, blocking effects, 
and 3-D divergence minimization.  The wind field resulting from this step is called the Step 1 
wind field.  Second, CALMET further adjusts the Step 1 wind field by applying an objective 
analysis procedure with observational data from selected surface, upper air, and precipitation 
stations.  This step generates the final (Step 2) wind field.  The “Diagnostic Wind Module” 
(DWM) option follows this two-step procedure.  In this analysis, the DWM option was chosen in 
order to reflect the terrain effects in the wind field.  Because several mountain ranges occur 
within the modeling domain, it was expected that terrain effects would be significant.

The MM5 data were used as the initial guess wind field.  The extrapolation of the surface wind 
data aloft (IEXTRP =-4) was used as recommended by U.S. EPA.  

Wind speed and wind direction data from observation stations were only allowed to influence the 
Step 1 wind field at a distance determined by setting the radius-of-influence parameter.  The 
radius of influence for the surface (RMAX1) was set to 100 km as FLM recommended.  The 
distance from a surface observation station at which the observations and Step 1 wind field were 
weighted was set to 50 km, which is within the FLM’s recommended range of 20 to 80 km.  
Radius of influence for terrain features was set to 10 km.  All of these radius-of-influence 
parameters were set based on CALPUFF Reviewer’s Guide (2005).

2.6 LULC and TERREL Processing 
The CALMET and CALPUFF models incorporate assumptions regarding land-use classification, 
leaf-area index, and surface roughness length to estimate deposition during transport.  These 
parameters were calculated with a 4-km grid spacing for the modeling domain.  U.S. Geological 
Survey (USGS) 1:250,000 scale digital elevation models (DEMs) and Land Use Land Cover 
(LULC) classification files were obtained and used to develop the geophysical input files 
required by the CALMET model.  U.S. Geological Survey (USGS) 1:250,000 scale (1-degree) 
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DEMs data with 90 meters resolution were obtained from the USGS ftp site: http://
edcftp.cr.usgs.gov/pub/data/DEM/250/.  Using nine (9) 1-degree DEM data files obtained, 
terrain pre-processor (TERREL) was processed to produce gridded fields of terrain elevation in 
the formats compatible with the CALMET.  The names of 1 degree DEM quadrangles are as 
follows:  Bakersfield-e, Bakersfield-w, Fresno-e, Fresno-w, Los_angeles-e, Log_angeles-w, 
Monterey-e, San_luis_obispo-e, Santa_maria-e.  Figure 4 shows the elevation contours 
calculated within the model domain.   

LULC data (*.gz) were obtained from USGS 250K site, http://edcftp.cr.usgs.gov/pub/data/
LULC/.  Land Use Data Preprocessors, CTGCOMP and CTGPROC were processed to compress 
six 250K LULC data files.  After processing, the data were quality checked to ensure land use 
was accurately represented.  USGS land use data contains 38 land use categories.  These were 
mapped to 14 categories read by CALMET.  The names of 250K LULC quadrangles are as 
follows:  Bakersfield, Fresno, Los_Angeles, Monterey, San_luis_obispo, and Santa_maria.  
Figure 5 shows the plot of land use data. 

The outputs of TERREL and CTGPROC were combined in the geo-physical preprocessor 
(MAKEGEO) to prepare the CALMET geo-physical input file.  These inputs include land use 
type, elevation, surface parameters (surface roughness, length, albedo, bowen ratio, soil heat flux 
parameter, and vegetation leaf area index) and anthropogenic heat flux. 
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Figure 3 
Locations of Surface and Precipitation Data Stations 
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Figure 4 
3-D Terrain Elevation Contours 
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Figure 5 
Land Use Land Cover 

-100 -80 -60 -40 -20 0 20 40 60 80 100
LCC East (km)

-100

-80

-60

-40

-20

0

20

40

60

80

100

LC
C

 N
or

th
 (k

m
)

34.5N

35.0N

35.5N

36.0N120.5W 120.0W 119.5W 119.0W 118.5W

Snow/Ice

Tundra

Barren

Wetland

Water

Forest

Range

Agriculture

Urban/Built-Up

Land Use
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100

.

..

LCC Origin: 35.06N, 119.64W

Datum: NAS-C

Matching Parallels: 34.38N, 35.67N
False Easting: 0.0
False Northing: 0.0



REVISED
CALMET/CALPUFF
AIR QUALITY MODELING IMPACT ANALYSIS FOR FAR-FIELD CLASS I AREAS  

 D-12 R:\10 HECA\DRs\WRs\App D CALPUFF.doc

3.0 Receptors of Class I Areas 
Receptors for all refined CALPUFF modeling of each Class I area were obtained from NPS’ 
Class I Areas Receptor database (NPS, 2008).  No modifications to the receptor locations or 
heights, as provided in the database, were made.  Latitude/Longitude of the Class I receptor 
coordinates were converted to Lambert Conformal Conic (LCC) coordinate based on domain 
setup described in Section 1.2.

Three Class I areas are located within the region of the Project site: Dome Land Wilderness 
Area, Sequoia National Park, and San Rafael Wilderness Area.  Table 1 lists the distances from 
the Project Site to the closest and farthest points of each Class I area.   

Table 1 
Class I Areas near the Project Site 

Class I Areas 
Distance from the 
Project Site (km) Model Included? 

Closest 63 Yes 
San Rafael Wilderness Area 

Farthest 84 Yes 

Closest 110 No 
Dome Land Wilderness Area 

Farthest 169 No 

Closest 123 No 
Sequoia National Park 

Farthest 177 No 

NPS does not anticipate any significant air quality impact at Sequoia National Park, based on the 
distance (123 km) from the Project Site, and the low emissions from proposed Project.  Dome 
Land Wilderness Area is located in the range of 110 km to 169 km from the Project Site.  Based 
on the distance, the low emissions from proposed Project, and the dominant wind direction at 
Bakersfield monitoring station (dominant wind is blowing from northwest, while the Dome Land 
Wilderness Area is located northeast of the Project Site), it was not anticipated that there will be 
any significant air quality impact at Dome Land Wilderness Area.  Consequently, the original 
2009 Project analysis did not include these two Class I areas.  The closest parts of the San Rafael 
Wilderness are located beyond 31.1 miles (50 km) and within 62.1 miles (100 km) from the 
Project Site; thus, only San Rafael Wilderness Class I area was included in the Air Quality 
Relative Values (AQRV) analysis.  On June 2, 2010, U.S. Forest Service agreed that this revised 
Project analysis may include only the San Rafael Wilderness Area.  Therefore, Dome Land 
Wilderness Area and Sequoia National Park were not included in this revised Project analysis. 

3.1 Sources Included in CALPUFF Modeling 
Required emissions in CALPUFF correspond with the needed analysis and include maximum 
short-term rates for increment and visibility impacts, as well as maximum annual emissions for 
species deposition and increment comparison.  Because of the various operations involved and 
potential occurrence during a specific period, the CALPUFF modeled sources and emissions 
included potential overlapping operations. 
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The maximum Potential-to-Emit (PTE) emission rate for each averaging time period is shown in 
Revised Table 2.  The maximum emission rates shown in Revised Table 2 in units of grams per 
second were converted from the corresponding maximum emission rates expressed in units of 
either pounds per hour, pounds per day or tons per year contained in the emissions inventory.  
The maximum PTE rates are conservatively estimated based on simultaneous worst-case 
operation of all sources at the facility (please note that the auxiliary boiler was excluded in the 
short-term modeling analysis because the auxiliary boiler will not operate when the HRSG 
turbine is operating). 

The stack parameters used in the CALPUFF modeling for all sources are shown in Revised 
Table 3. 

The 3-hour averaged emission rate was used for the 3-hour SO2 impact analysis.  The 24-hour 
averaged emission rate was used for the 24-hour SO2 and 24-hour PM10 impact analyses, and 
visibility impairment impact analysis.  The annual emission rate was used for the annual NOx,
annual SO2, and annual PM10 impact analyses as well as nitrogen and sulfur deposition analyses.

Since last submittal of the CALPUFF modeling report in August 2009, the emission rates of the 
Project sources have been modified.  The Project refinements primarily consists of revisions 
associated with the need for more startups and shutdowns to account for offline turbine washing 
that is recommended by GE for maintenance.   

The Project would still produce about 250 megawatts (MW) of baseload power and 390 gross 
MW from the combined cycle plant that is fed by the Gasification Block.  The Project 
refinements are within the 473-acre Project Site and do not result in any additional disturbed 
areas beyond the Site that were not previously evaluated.  In addition, the refinements are not 
expected to result in any substantial changes to the schedule, costs, workforce, or traffic during 
construction or operations, or equipment use during construction, as presented in the Revised 
AFC.

The Project refinements examined in this document are outlined below for each affected source.  

Cooling Towers 
No revisions were made to the operation or emissions from the cooling towers.  For 24-hour 
analysis, the hourly maximum PTE rate was used.  For annual analysis, the annual averaged 
emission rates were used based on 8,322 hours of operation. 

It was assumed that 60 percent of PM10 emission rate is equal to PM2.5 emission rate.  Therefore, 
40 percent of PM emissions were modeled as PM10 (Coarse Particulate Matter, PMC) and 
60 percent of PM emissions were modeled as PM2.5 (Fine Particulate Matter, PMF). 

Diesel Emergency Generators 
The maintenance operation schedule was changed to 52 hours per year for each engine.  
Emission factors for U.S. EPA Offroad Tier 4 engines were used, as discussed in the Applicant 
response to CEC Data Request 30.

For 1-hour averaging period, the maximum, PTE 1-hour emission rate was used.  For 3-hour and 
24-hour averaging periods, the analysis assumed that the emergency generator is operated for 
two hours; therefore, the analysis used the suspended emission rates during the 3-hour and 
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24-hour averaging periods, respectively.  Only one emergency generator will be operated for 
these short-term averaging periods.  For annual analysis, the annual averaged emission rates was 
used based upon 52 hours per year of operation per engine, and emissions from both engines 
were included in the annual analysis.

It was assumed that 100 percent of PM10 emission rate is equal to PM2.5 emission rate.  
Therefore, total PM emissions were modeled directly as PM2.5 (PMF). 

CTG/HRSG
To account for the CTG washes and other possible maintenance, 10 hot startups were added, thus 
the number of startups and shutdowns was revised to: 

• Cold startups = 10 per year

• Hot startups = 20 per year 

• Shutdowns = 30 per year 

• Normal Operations with Duct Burning = 8,257 hours per year 

• Total Hours of operations = 8,322 hours per year (95 percent)

In the Revised AFC and subsequent AFC Amendment, a duct burner heating value of 
500 million British thermal units (MMBtu) per hour (hr) was incorrectly used as the higher 
heating value (HHV) in the emission calculations.  However, that value is actually the lower 
heating value (LHV).  The calculations have been revised to use the correct duct burner heating 
value of 550 MMBtu/hr HHV. This resulted in the CTG/heat recovery system generator (HRSG) 
hourly emissions increasing slightly for sulfur dioxide (SO2) when firing natural gas, and all 
pollutants except for PM10/PM2.5 when cofiring natural gas and syngas.

The worst 1-hour emissions were taken from the maximum rates of cold startup, hot startup, 
shutdown, or normal operation during 1-hour period.  The worst 3-hour and 24-hour SO2
emissions were taken from 3-hours and 24-hours of normal operation, respectively (calculation 
assumes that startup and shutdown SO2 emissions will always be lower than the normal 
operational maximum SO2 emissions).  The 24-hour averaged emissions for NOx and PM10 were 
estimated based on a maximum of 1 cold startup, 1 hot startup, 1 shutdown, with the remainder 
of the time at maximum normal operating emissions.  HRSG used maximum emissions from 
either natural gas, synthetic gas, co-firing scenarios based on maximum startups and shutdowns 
in any given period of time.  For annual analysis, the maximum annual averaged emission rates 
from either natural gas, synthetic gas, co-firing scenarios was used.

The CALPUFF modeling included speciation of emissions according to the NPS’ Particulate 
Matter Speciation (PMS) method for natural gas combustion turbines.  Although the CTG/HRSG 
will primarily burn hydrogen-rich fuel, no speciation data are available for the hydrogen-rich 
fuel, thus it is expected that the speciation should be similar to that for natural gas.  Also the 
worst-case emissions used in the modeling were mostly from cases involving natural gas 
combustion.  Applying the PMS methodology, 67 percent of total SO2 was speciated into SO2
and 33 percent of total SO2 was speciated into SO4.  Also, the total PM emissions from 
CTG/HRSG were speciated into EC and SOA.  The EC was speciated again into PM0.05, PM0.01,
PM0.15, PM0.20, PM0.25, and PM1.0 (indicated as PM0005, PM0010, PM0015, PM0020, PM0025, 
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and PM0100 in the modeling, respectively).  Direct emissions of the remaining species, nitric 
acid (HNO3) and nitrate (NO3), were assumed to be zero for the natural gas and hydrogen-rich 
fuel burning sources of the Project.  The modeled emissions are shown in Revised Table 4 
(3-hour averaged), Revised Table 5 (24-hour averaged), and Revised Table 6 (annual averaged).
The EC size distribution is shown in Table 7.  In addition, total PM emissions were separately 
modeled as INCPM without speciation for incremental PM analysis.  The INCPM was modeled 
using the same control file that the speciated PM was modeled.  

Diesel Emergency Fire Water Pump 
Emission factors for U.S. EPA Offroad Tier 4 engines were used as discussed in the response to 
CEC data request 30.

For 1-hour averaging period, the maximum, Potential-to-Emit (PTE) 1-hour emission rate was 
used.  For 3-hour and 24-hour averaging periods, the analysis assumed that the emergency fire 
water pump is operated for two hours; therefore, the analysis used the suspended emission rates 
during the 3-hour and 24-hour averaging periods, respectively. For annual analysis, the annual 
averaged emission rate was used based upon 100 hours per year of operation. 

It was assumed that 100 percent of PM10 emission rate is equal to PM2.5 emission rate.  
Therefore, total PM emissions were modeled directly as PM2.5 (PMF).

Auxiliary Boiler 
SJVAPCD determined that SCR was BACT for the auxiliary boiler; therefore, the NOx
emissions from the boiler were reduced.  The boiler is now a source of ammonia.

The auxiliary boiler was exempted for the short-term averaging period analysis because the 
auxiliary boiler (AUX_BOIL) will not operate on the same day that the HRSG turbine 
(HRSGSTK) operates.  For annual analysis, the annual averaged emissions were estimated based 
on 2,190 hours per year of operation, and the modeling analysis included annual emissions from 
the auxiliary boiler with the HRSG emissions. 

It was assumed that 100 percent of PM10 emission rate is equal to PM2.5 emission rate.  
Therefore, total PM emissions were modeled directly as PM2.5 (PMF).

Tail Gas Thermal Oxidizer 
No revisions were made to the operation or emissions from the tail gas thermal oxidizer, 
although the emission calculations were updated to ensure incineration from one stream at a time 
was examined.  Annual emissions are slightly lower due to new calculations. 

The analysis used the hourly maximum PTE emission rate for each averaging time period.  For 
annual analysis, the annual averaged emission rates were used based on 8,460 hours of normal 
operation and 300 hours of startup scenario. 

It was assumed that 100 percent of PM10 emission rate is equal to PM2.5 emission rate.  
Therefore, total PM emissions were modeled directly as PM2.5 (PMF).
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CO2 Vent 
Criteria pollutant emissions from the CO2 vent did not change from those presented previously. 
There are no emissions of criteria pollutants except CO from the source; therefore, the 
CALPUFF analysis did not need to include any emissions from the source. 

SRU Flare 
To more accurately account for the time expected to startup/shutdown the gasifier, the SRU flare 
may flare for up to 40 hours per year.  The worst-case 1-hour and 3-hour emission rates were 
taken from 1 hour and 3 hours of Startup/Shutdown flaring, respectively.  The worst-case 
24-hour emission rates were estimated based on approximately 12 hours of Startup/Shutdown 
flaring and the remainder in pilot operation.  For annual analysis, the emission rates were 
estimated based on 40 hours of Startup/Shutdown flaring and 8,760 hours of pilot operation.

It was assumed that 100 percent of PM10 emission rate is equal to PM2.5 emission rate.  
Therefore, total PM emissions were modeled directly as PM2.5 (PMF).

Gasification Flare 
During the turbine washes, hydrogen-rich fuel will be diverted to the gasification flare.  It is 
expected to take 12 hours for a turbine wash, during which time the gasifier will operate at a 
reduced capacity (70 percent).  Four turbine washes are planned annually, which add up to 
81,400 MMBtu/yr of flaring.  The total planned usage of the gasifier flare is expected to be 
196,600 MMBtu/yr of flaring. 

Each CTG wash is expected to take 12 hours, although 24 hours were considered for worst-case 
daily emission estimation.  It is expected that up to 1,695 MMBtu/hr of shifted syngas could be 
flared during a turbine wash.  The worst-case short-term emission rates were taken from 
maximum emission rates either from offline CTG wash operation, startup/shutdown operation, or 
pilot operation during the corresponding averaging period.  For annual analysis, the emission 
rates were estimated based on summation of offline CTG wash operation, startup/shutdown 
operation and 8,760 hours of pilot operation. 

It was assumed that 100 percent of PM10 emission rate is equal to PM2.5 emission rate.  
Therefore, total PM emissions were modeled directly as PM2.5 (PMF).

Gasifier Refractory Heaters  
Based on operations from similar facilities, the Applicant determined that each refractory heater 
needs to be permitted to operate up to 1,200 hours per year.  For estimating worst-case hourly 
and daily emissions, two heaters may operate at full load for the entire period.  The analysis used 
gasifier warming vent stacks A and B, which have worst dispersion characteristics.  For annual 
analysis, the emissions from all three heaters (A, B, and C) were included (total 3,600 hours per 
year of operation).  The vendor-provided emission factors for NO2 and CO are higher than the 
U.S. EPA AP-42 emission factors previously used to estimate these emissions. 

It was assumed that 100 percent of PM10 emission rate is equal to PM2.5 emission rate.  
Therefore, total PM emissions were modeled directly as PM2.5 (PMF).
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Feed Stock - Dust Collection 
No revisions were made to the operation or emissions from the dust collection. 

Maximum dust collector PM emission rate was estimated based on expected supplier guarantee 
of 0.005 grain/scf outlet loading.  For 24-hour analysis, the maximum 24-hour averaging 
emission rate was used.  For annual analysis, the maximum annual averaged emission rate was 
used.

It was assumed that 29.2 percent of PM10 emission rate is equal to PM2.5 emission rate.  
Therefore, 70.8 percent of PM emissions were modeled as PM10 (PMC) and 29.2 percent of PM 
emissions were modeled as PM2.5 (PMF). 

Rectisol Flare 
No revisions were made to the operation or emissions from the rectisol flare.  The rectisol flare 
operation remains for emergency purposes only.  However, the analysis used maximum emission 
rates for each averaging period based on pilot operation.  For annual analysis, the annual 
averaged emission rates were estimated based on 8,760 hours per year of pilot operation.

It was assumed that 100 percent of PM10 emission rate is equal to PM2.5 emission rate. 
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Revised Table 2 
Maximum Emission Rates of Each Averaging Time Period 

3-hr (g/s) 24-hr (g/s) Annual (g/s) 
Source

SO2 NOx SO2 PM2.5 PM10 NOx SO2 PM2.5 PM10

ASUCOOL1 - - - 0.01710 0.02849 - - 0.01624 0.02707 
ASUCOOL2 - - - 0.01710 0.02849 - - 0.01624 0.02707 
ASUCOOL3 - - - 0.01710 0.02849 - - 0.01624 0.02707 
ASUCOOL4 - - - 0.01710 0.02849 - - 0.01624 0.02707 
PWCOOL1 - - - 0.02290 0.03816 - - 0.02175 0.03626 
PWCOOL2 - - - 0.02290 0.03816 - - 0.02175 0.03626 
PWCOOL3 - - - 0.02290 0.03816 - - 0.02175 0.03626 
PWCOOL4 - - - 0.02290 0.03816 - - 0.02175 0.03626 
PWCOOL5 - - - 0.02290 0.03816 - - 0.02175 0.03626 
PWCOOL6 - - - 0.02290 0.03816 - - 0.02175 0.03626 
PWCOOL7 - - - 0.02290 0.03816 - - 0.02175 0.03626 
PWCOOL8 - - - 0.02290 0.03816 - - 0.02175 0.03626 
PWCOOL9 - - - 0.02290 0.03816 - - 0.02175 0.03626 

PWCOOL10 - - - 0.02290 0.03816 - - 0.02175 0.03626 
PWCOOL11 - - - 0.02290 0.03816 - - 0.02175 0.03626 
PWCOOL12 - - - 0.02290 0.03816 - - 0.02175 0.03626 
PWCOOL13 - - - 0.02290 0.03816 - - 0.02175 0.03626 
GASCOOL1 - - - 0.01799 0.02998 - - 0.01709 0.02848 
GASCOOL2 - - - 0.01799 0.02998 - - 0.01709 0.02848 
GASCOOL3 - - - 0.01799 0.02998 - - 0.01709 0.02848 
GASCOOL4 - - - 0.01799 0.02998 - - 0.01709 0.02848 

EMERGEN1 a  0.00235 0.03382 0.00029 0.00473 0.00473 0.00241 2.09E-05 0.00034 0.00034 
EMERGEN2 a  - - - - - 0.00241 2.09E-05 0.00034 0.00034 

HRSGSTK 0.85996 6.93283 0.85996 2.49475 2.49475 4.83355 0.81539 2.36760 2.36760 
FIREPUMP  0.00047 0.01931 5.88E-05 0.00019 0.00019 0.00264 8.05E-06 2.64E-05 2.64E-05 
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Revised Table 2 
Maximum Emission Rates of Each Averaging Time Period (Continued) 

3-hr (g/s) 24-hr (g/s) Annual (g/s) 
Source

SO2 NOx SO2 PM2.5 PM10 NOx SO2 PM2.5 PM10

AUX_BOIL b - - - - - 0.02684 0.00913 0.02237 0.02237 
TAIL_TO 0.25200 0.30240 0.25200 0.01008 0.01008 0.30240 0.24346 0.01008 0.01008 

CO2_VENT - - - - - - - - - 
SRUFLARE 2.32766 0.27443 1.16387 0.00686 0.00686 0.00702 0.01071 0.00018 0.00018 
GF_FLARE 0.59800 14.94990 0.59800 0.00019 0.00019 0.20581 0.00341 0.00019 0.00019 

GASVENTA c 0.00463 0.54432 0.00463 0.01814 0.01814 0.07456 0.00063 0.00249 0.00249 
GASVENTB c 0.00463 0.54432 0.00463 0.01814 0.01814 0.07456 0.00063 0.00249 0.00249 
GASVENTC c - - - - - 0.07456 0.00063 0.00249 0.00249 

DC1 - - - 0.00878 0.03007 - - 0.00170 0.00582 
DC2 - - - 0.02224 0.07615 - - 0.00430 0.01474 
DC3 - - - 0.01202 0.04115 - - 0.01060 0.03631 
DC4 - - - 0.00768 0.02631 - - 0.00678 0.02321 
DC5 - - - 0.00737 0.02523 - - 0.00650 0.02227 
DC6 - - - 0.00078 0.00267 - - 0.00012 0.00040 

RC_FLARE 7.72E-05 0.00454 7.72E-05 0.00011 0.00011 0.00454 7.72E-05 0.00011 0.00011 
Notes:
a.  The analysis assumed that only one generator operates at any short-term period.  The emission is from EMERGEN1, which results worst impact among 2 emergency generators during 

short-term period. 
b.  Auxiliary boiler is not fired at the same time that the HRSG is operating. 
c.  There are three gasifiers.  Up to two gasifiers warming will be operational at any one time.  The emission is from GASVENTA and GASVENTB, which result worst impact among three 

gasifiers.  
g/s = grams per second 
NOx = oxides of nitrogen 
PM10 = particulate matter 10 microns or less in diameter 
PM2.5  = particulate matter 2.5 microns or less in diameter 
SO2  = sulfur dioxide 
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Revised Table 3 
Source Location and Parameters 

UTM 
Easting 

UTM 
Northing LCC X LCC Y Base 

Elevation 
Stack

Height 
Stack

Temperature 
Stack

Velocity 
Stack

Diameter Source ID Source Description 
(m) (m) (km) (km) (m) (m) (K) (m/s) (m) 

ASUCOOL1 ASU Cooling Tower 282891.3 3912002.1 23.21883 30.06171 87.93 16.76 299.9 7.98 9.14 
ASUCOOL2 ASU Cooling Tower 282906.2 3912002.4 23.23371 30.06243 87.93 16.76 299.9 7.98 9.14 
ASUCOOL3 ASU Cooling Tower 282922.2 3912002.1 23.24975 30.06254 87.93 16.76 299.9 7.98 9.14 
ASUCOOL4 ASU Cooling Tower 282937.3 3912001.4 23.26486 30.06224 87.93 16.76 299.9 7.98 9.14 
PWCOOL1 Power Block Cooling Tower 283031.9 3912001.1 23.35941 30.06445 87.93 16.76 299.9 7.98 9.14 
PWCOOL2 Power Block Cooling Tower 283046.3 3912000.9 23.37385 30.06469 87.93 16.76 299.9 7.98 9.14 
PWCOOL3 Power Block Cooling Tower 283061.6 3912001.0 23.38915 30.06519 87.93 16.76 299.9 7.98 9.14 
PWCOOL4 Power Block Cooling Tower 283076.9 3912000.0 23.40443 30.06463 87.93 16.76 299.9 7.98 9.14 
PWCOOL5 Power Block Cooling Tower 283092.1 3912000.0 23.41960 30.06494 87.93 16.76 299.9 7.98 9.14 
PWCOOL6 Power Block Cooling Tower 283107.9 3912000.0 23.43540 30.06545 87.93 16.76 299.9 7.98 9.14 
PWCOOL7 Power Block Cooling Tower 283122.7 3911999.4 23.45019 30.06518 87.93 16.76 299.9 7.98 9.14 
PWCOOL8 Power Block Cooling Tower 283137.8 3911999.3 23.46529 30.06555 87.93 16.76 299.9 7.98 9.14 
PWCOOL9 Power Block Cooling Tower 283153.5 3911999.5 23.48100 30.06609 87.93 16.76 299.9 7.98 9.14 
PWCOOL10 Power Block Cooling Tower 283168.8 3911999.2 23.49627 30.06622 87.93 16.76 299.9 7.98 9.14 
PWCOOL11 Power Block Cooling Tower 283183.7 3911999.6 23.51118 30.06702 87.93 16.76 299.9 7.98 9.14 
PWCOOL12 Power Block Cooling Tower 283199.5 3911999.0 23.52698 30.06690 87.93 16.76 299.9 7.98 9.14 
PWCOOL13 Power Block Cooling Tower 283275.2 3911998.1 23.60261 30.06800 87.93 16.76 299.9 7.98 9.14 
GASCOOL1 Gasification Cooling Tower 283214.6 3911999.4 23.54206 30.06768 87.93 16.76 299.9 7.98 9.14 
GASCOOL2 Gasification Cooling Tower 283228.6 3911998.4 23.55610 30.06699 87.93 16.76 299.9 7.98 9.14 
GASCOOL3 Gasification Cooling Tower 283244.7 3911998.9 23.57215 30.06791 87.93 16.76 299.9 7.98 9.14 
GASCOOL4 Gasification Cooling Tower 283259.1 3911998.1 23.58660 30.06755 87.93 16.76 299.9 7.98 9.14 
EMERGEN1 Emergency Generator1 282948.3 3912172.0 23.27130 30.23302 87.93 6.10 677.6 67.38 0.37 
EMERGEN2 Emergency Generator2 282948.3 3912172.0 23.27130 30.23302 87.93 6.10 677.6 67.38 0.37 
HRSGSTK HRSG Stack 282940.0 3912211.5 23.26200 30.27232 87.93 65.00 344.3 11.55 6.10 

FIREPUMP 
Fire Water Pump Diesel 

Engine 282770.9 3912535.5 23.08432 30.59164 87.93 6.10 727.6 47.52 0.21 
AUX_BOIL Auxiliary Boiler 282955.1 3912273.0 23.27539 30.33414 87.93 24.38 422.0 9.20 1.37 
TAIL_TO Tail Gas Thermal Oxidizer 283049.1 3912112.7 23.37362 30.17650 87.93 50.29 922.0 7.45 0.76 
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Revised Table 3 
Source Location and Parameters (Continued) 

UTM 
Easting 

UTM 
Northing LCC X LCC Y Base 

Elevation 

Stack
Heigh

t

Stack
Temperature 

Stack
Velocity 

Stack
Diameter Source ID Source Description 

(m) (m) (km) (km) (m) (m) (K) (m/s) (m) 
CO2_VENT CO2 Vent 283045.7 3912389.7 23.36286 30.45327 87.93 79.25 291.5 55.92 1.07 
SRUFLARE SRU Flare 283042.4 3912097.7 23.36739 30.16128 87.93 76.20 1273.0 20.00 1.09 
GF_FLARE Gasification Flare 283064.5 3912472.6 23.37946 30.53658 87.93 76.20 1273.0 20.00 5.47 
GASVENTA Gasifier Warming Vent A 283212.0 3912340.0 23.53038 30.40798 87.93 64.01 338.7 26.39 0.30 
GASVENTB Gasifier Warming Vent B 283212.0 3912316.0 23.53102 30.38400 87.93 64.01 338.7 26.39 0.30 
GASVENTC Gasifier Warming Vent C 283212.0 3912292.0 23.53166 30.36001 87.93 64.01 338.7 26.39 0.30 

DC1 FeedStock-DustCollection 283318.3 3913064.3 23.61730 31.13474 87.93 13.87 291.9 15.06 0.51 
DC2 FeedStock-DustCollection 283322.2 3912661.6 23.63192 30.73237 87.93 51.97 291.9 14.90 0.81 
DC3 FeedStock-DustCollection 283150.4 3912310.2 23.46956 30.37655 87.93 53.80 291.9 14.66 0.56 
DC4 FeedStock-DustCollection 283240.8 3912679.7 23.55013 30.74824 87.93 51.97 291.9 15.70 0.43 
DC5 FeedStock-DustCollection 283147.0 3912671.2 23.45654 30.73726 87.93 24.23 291.9 15.06 0.43 
DC6 FeedStock-DustCollection 283145.7 3912324.0 23.46453 30.39022 87.93 53.80 291.9 14.19 0.23 

RC_FLARE Rectisol Flare 283064.7 3912479.1 23.37950 30.54304 87.93 76.20 1273.0 20.00 0.10 
Notes:
Assumed that the temperature of cooling tower is 8K degree higher than the annual averaged temperature value from the AERMET meteorological data at Bakersfield monitoring station. 
Assumed that the temperature of dust collection is the annual averaged value from the AERMET meteorological data at Bakersfield monitoring station.. 
K = Kelvin 
km = kilometer 
LCC = Lambert Conformal Conic 
m = meter 
m/s = meters per second 
UTM = Universal Transverse Mercator
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Revised Table 4 
3-hour Averaged Emission Inventory for CALPUFF (3-hour SO2 Increment Analysis) 

ECSources 
(g/s) SO2 SO4 NOx HNO3 NO3 INCPM 

PMC
(PM10)

PMF
(PM2.5) PM0005 PM0010 PM0015 PM0020 PM0025 PM0100 SOA

EMERGEN1 2.35E-03 - 4.06E-01 - - 4.73E-03 - 4.73E-03 - - - - - - - 
HRSGSTK 5.73E-01 4.30E-01 2.10E+01 - - 2.49E+00 - - 9.36E-02 1.56E-01 1.43E-01 9.36E-02 6.86E-02 6.86E-02 1.44E+00 
FIREPUMP 4.70E-04 - 2.32E-01 - - 1.93E-04 - 1.93E-04 - - - - - - - 
TAIL_TO 2.52E-01 - 3.02E-01 - - 1.01E-02 - 1.01E-02 - - - - - - - 

SRUFLARE 2.33E+00 - 5.44E-01 - - 6.86E-03 - 6.86E-03 - - - - - - - 
GF_FLARE 5.98E-01 - 1.49E+01 - - 1.89E-04 - 1.89E-04 - - - - - - - 
GASVENTA 4.63E-03 - 5.44E-01 - - 1.81E-02 - 1.81E-02 - - - - - - - 
GASVENTB 4.63E-03 - 5.44E-01 - - 1.81E-02 - 1.81E-02 - - - - - - - 
RC_FLARE 7.72E-05 - 4.54E-03 - - 1.13E-04 - 1.13E-04 - - - - - - - 

Notes:
(g/s) = grams per second 
EC = Elemental Carbon 
HNO3 = nitric acid 
INCPM  = total particulate matter emission 
NOx = oxides of nitrogen 
NO3 = nitrate 
PM0005  =  particulate matter 0.05 microns or less in diameter  
PM0010  = particulate matter 0.1 microns or less in diameter 
PM0015  = particulate matter 0.15 microns or less in diameter 
PM0020  = particulate matter 0.2 microns or less in diameter 
PM0025  = particulate matter 0.25 microns or less in diameter 
PM0100  = particulate matter 1 microns or less in diameter 
PM2.5 = particulate matter 2.5 microns or less in diameter 
PM10 = particulate matter 10 microns or less in diameter 
PMC  = Coarse Particulates 
PMF  = Fine Particulates 
SO2 = sulfur dioxide 
SO4 = sulfate compound 
SOA = Secondary Organic Aerosol 
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Revised Table 5 
24-hour Averaged Emission Inventory for CALPUFF (24-hour NOx, SO2, and PM10 Increment and Visibility Analyses) 

SOASources 
(g/s) SO2 SO4 NOx HNO3 NO3 INCPM 

PMC
(PM10)

PMF
(PM2.5) PM0005 PM0010 PM0015 PM0020 PM0025 PM0100 EC

ASUCOOL1 - - - - - 2.85E-02 1.14E-02 1.71E-02 - - - - - - - 
ASUCOOL2 - - - - - 2.85E-02 1.14E-02 1.71E-02 - - - - - - - 
ASUCOOL3 - - - - - 2.85E-02 1.14E-02 1.71E-02 - - - - - - - 
ASUCOOL4 - - - - - 2.85E-02 1.14E-02 1.71E-02 - - - - - - - 
PWCOOL1 - - - - - 3.82E-02 1.53E-02 2.29E-02 - - - - - - - 
PWCOOL2 - - - - - 3.82E-02 1.53E-02 2.29E-02 - - - - - - - 
PWCOOL3 - - - - - 3.82E-02 1.53E-02 2.29E-02 - - - - - - - 
PWCOOL4 - - - - - 3.82E-02 1.53E-02 2.29E-02 - - - - - - - 
PWCOOL5 - - - - - 3.82E-02 1.53E-02 2.29E-02 - - - - - - - 
PWCOOL6 - - - - - 3.82E-02 1.53E-02 2.29E-02 - - - - - - - 
PWCOOL7 - - - - - 3.82E-02 1.53E-02 2.29E-02 - - - - - - - 
PWCOOL8 - - - - - 3.82E-02 1.53E-02 2.29E-02 - - - - - - - 
PWCOOL9 - - - - - 3.82E-02 1.53E-02 2.29E-02 - - - - - - - 

PWCOOL10 - - - - - 3.82E-02 1.53E-02 2.29E-02 - - - - - - - 
PWCOOL11 - - - - - 3.82E-02 1.53E-02 2.29E-02 - - - - - - - 
PWCOOL12 - - - - - 3.82E-02 1.53E-02 2.29E-02 - - - - - - - 
PWCOOL13 - - - - - 3.82E-02 1.53E-02 2.29E-02 - - - - - - - 
GASCOOL1 - - - - - 3.00E-02 1.20E-02 1.80E-02 - - - - - - - 
GASCOOL2 - - - - - 3.00E-02 1.20E-02 1.80E-02 - - - - - - - 
GASCOOL3 - - - - - 3.00E-02 1.20E-02 1.80E-02 - - - - - - - 
GASCOOL4 - - - - - 3.00E-02 1.20E-02 1.80E-02 - - - - - - - 
EMERGEN1 2.94E-04 - 3.38E-02 - - 4.73E-03 - 4.73E-03 - - - - - - - 
HRSGSTK 5.73E-01 4.30E-01 6.93E+00 - - 2.49E+00 - - 9.36E-02 1.56E-01 1.43E-01 9.36E-02 6.86E-02 6.86E-02 1.44E+00 
FIREPUMP 5.88E-05 - 1.93E-02   1.93E-04 - 1.93E-04        
TAIL_TO 2.52E-01 - 3.02E-01 - - 1.01E-02 - 1.01E-02 - - - - - - - 

SRUFLARE 1.16E+00 - 2.74E-01 - - 6.86E-03 - 6.86E-03 - - - - - - - 
GF_FLARE 5.98E-01 - 1.49E+01 - - 1.89E-04 - 1.89E-04 - - - - - - - 
GASVENTA 4.63E-03 - 5.44E-01 - - 1.81E-02 - 1.81E-02 - - - - - - - 
GASVENTB 4.63E-03 - 5.44E-01 - - 1.81E-02 - 1.81E-02 - - - - - - - 

DC1 - - - - - 3.01E-02 2.13E-02 8.78E-03 - - - - - - - 
DC2 - - - - - 7.61E-02 5.39E-02 2.22E-02 - - - - - - - 
DC3 - - - - - 4.11E-02 2.91E-02 1.20E-02 - - - - - - - 
DC4 - - - - - 2.63E-02 1.86E-02 7.68E-03 - - - - - - - 
DC5 - - - - - 2.52E-02 1.79E-02 7.37E-03 - - - - - - - 
DC6 - - - - - 2.67E-03 1.89E-03 7.78E-04 - - - - - - - 

RC_FLARE 7.72E-05 - 4.54E-03 - - 1.13E-04 - 1.13E-04 - - - - - - - 
Notes:
(g/s) = grams per second 
EC = Elemental Carbon 
HNO3 = nitric acid 
INCPM   =   total particulate matter emission 
NOx = oxides of nitrogen 
NO3 = nitrate 
PM0005  =  particulate matter 0.05 microns or less in diameter 
PM0010  =  particulate matter 0.1 microns or less in diameter 
PM0015  =  particulate matter 0.15 microns or less in diameter 

PM0020  = particulate matter 0.2 microns or less in diameter 
PM0025  = particulate matter 0.25 microns or less in diameter 
PM0100  = particulate matter 1 microns or less in diameter 
PM2.5 = particulate matter 2.5 microns or less in diameter 
PM10 = particulate matter 10 microns or less in diameter 
PMC  = Coarse Particulates 
PMF  = Fine Particulates 
SO2 = sulfur dioxide 
SO4 = sulfate compound 
SOA = Secondary Organic Aerosol 
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Revised Table 6 
Annual Averaged Emission Inventory for CALPUFF (Annual NOx, SO2, and PM10 Increment and Deposition Analyses) 

SOASources 
(g/s) SO2 SO4 NOx HNO3 NO3 INCPM 

PMC
(PM10)

PMF
(PM2.5) PM0005 PM0010 PM0015 PM0020 PM0025 PM0100 EC

ASUCOOL1 - - - - - 2.71E-02 1.08E-02 1.62E-02 - - - - - - - 
ASUCOOL2 - - - - - 2.71E-02 1.08E-02 1.62E-02 - - - - - - - 
ASUCOOL3 - - - - - 2.71E-02 1.08E-02 1.62E-02 - - - - - - - 
ASUCOOL4 - - - - - 2.71E-02 1.08E-02 1.62E-02 - - - - - - - 
PWCOOL1 - - - - - 3.63E-02 1.45E-02 2.18E-02 - - - - - - - 
PWCOOL2 - - - - - 3.63E-02 1.45E-02 2.18E-02 - - - - - - - 
PWCOOL3 - - - - - 3.63E-02 1.45E-02 2.18E-02 - - - - - - - 
PWCOOL4 - - - - - 3.63E-02 1.45E-02 2.18E-02 - - - - - - - 
PWCOOL5 - - - - - 3.63E-02 1.45E-02 2.18E-02 - - - - - - - 
PWCOOL6 - - - - - 3.63E-02 1.45E-02 2.18E-02 - - - - - - - 
PWCOOL7 - - - - - 3.63E-02 1.45E-02 2.18E-02 - - - - - - - 
PWCOOL8 - - - - - 3.63E-02 1.45E-02 2.18E-02 - - - - - - - 
PWCOOL9 - - - - - 3.63E-02 1.45E-02 2.18E-02 - - - - - - - 

PWCOOL10 - - - - - 3.63E-02 1.45E-02 2.18E-02 - - - - - - - 
PWCOOL11 - - - - - 3.63E-02 1.45E-02 2.18E-02 - - - - - - - 
PWCOOL12 - - - - - 3.63E-02 1.45E-02 2.18E-02 - - - - - - - 
PWCOOL13 - - - - - 3.63E-02 1.45E-02 2.18E-02 - - - - - - - 
GASCOOL1 - - - - - 2.85E-02 1.14E-02 1.71E-02 - - - - - - - 
GASCOOL2 - - - - - 2.85E-02 1.14E-02 1.71E-02 - - - - - - - 
GASCOOL3 - - - - - 2.85E-02 1.14E-02 1.71E-02 - - - - - - - 
GASCOOL4 - - - - - 2.85E-02 1.14E-02 1.71E-02 - - - - - - - 
EMERGEN1 2.09E-05 - 2.41E-03 - - 3.37E-04 - 3.37E-04 - - - - - - - 
EMERGEN2 2.09E-05 - 2.41E-03 - - 3.37E-04 - 3.37E-04 - - - - - - - 
HRSGSTK 5.44E-01 4.08E-01 4.83E+00 - - 2.37E+00 - - 8.88E-02 1.48E-01 1.36E-01 8.88E-02 6.51E-02 6.51E-02 1.37E+00 
FIREPUMP 8.05E-06 - 2.64E-03 - - 2.64E-05 - 2.64E-05 - - - - - - - 
AUX_BOIL 9.13E-03 - 2.68E-02 - - 2.24E-02 - 2.24E-02 - - - - - - - 
TAIL_TO 2.43E-01 - 3.02E-01 - - 1.01E-02 - 1.01E-02 - - - - - - - 

SRUFLARE 1.07E-02 - 7.02E-03 - - 1.76E-04 - 1.76E-04 - - - - - - - 
GF_FLARE 3.41E-03 - 2.06E-01 - - 1.89E-04 - 1.89E-04 - - - - - - - 
GASVENTA 6.34E-04  7.46E-02   2.49E-03 - 2.49E-03        
GASVENTB 6.34E-04 - 7.46E-02 - - 2.49E-03 - 2.49E-03 - - - - - - - 
GASVENTC 6.34E-04 - 7.46E-02 - - 2.49E-03 - 2.49E-03 - - - - - - - 

DC1 - - - - - 5.82E-03 4.12E-03 1.70E-03 - - - - - - - 
DC2 - - - - - 1.47E-02 1.04E-02 4.30E-03 - - - - - - - 
DC3 - - - - - 3.63E-02 2.57E-02 1.06E-02 - - - - - - - 
DC4 - - - - - 2.32E-02 1.64E-02 6.78E-03 - - - - - - - 
DC5 - - - - - 2.23E-02 1.58E-02 6.50E-03 - - - - - - - 
DC6 - - - - - 4.00E-04 2.83E-04 1.17E-04 - - - - - - - 

RC_FLARE 7.72E-05 - 4.54E-03 - - 1.13E-04 - 1.13E-04 - - - - - - - 
Notes:
(g/s) = grams per second 
EC = Elemental Carbon 
HNO3 = nitric acid 
INCPM   =   total particulate matter emission 
NOx = oxides of nitrogen 
NO3 = nitrate 

PM0005  =  particulate matter 0.05 microns or less in diameter 
PM0010 =  particulate matter 0.1 microns or less in diameter 
PM0015  =  particulate matter 0.15 microns or less in diameter 
PM0020  =  particulate matter 0.2 microns or less in diameter 
PM0025  =  particulate matter 0.25 microns or less in diameter 
PM0100  =  particulate matter 1 microns or less in diameter 
PM2.5 = particulate matter 2.5 microns or less in diameter 

PM10 = particulate matter 10 microns or less in diameter 
PMC  = Coarse Particulates 
PMF  = Fine Particulates 
SO2 = sulfur dioxide 
SO4 = sulfate compound 
SOA = Secondary Organic Aerosol 
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Table 7 
Size Distribution of EC (NPS, 2009) 

Species Name Size Distribution (%) 

Geometric Mass 
Mean Diameter 

(microns) 

Geometric Std. 
Deviation 
(microns) 

SO4 100 0.48 0.50 
NO3 100 0.48 0.50 

PM0005 15 0.05 0.00 
PM0010 40 0.10 0.00 
PM0015 63 0.15 0.00 
PM0020 78 0.20 0.00 
PM0025 89 0.25 0.00 
PM0100 100 1.00 0.00 

Notes:
NO3 = nitrate 
NPS = National Park Service 
PM0005  =  particulate matter 0.05 microns or less in diameter  
PM0010  =  particulate matter 0.1 microns or less in diameter 
PM0015  =  particulate matter 0.15 microns or less in diameter 
PM0020  =  particulate matter 0.2 microns or less in diameter 
PM0025  =  particulate matter 0.25 microns or less in diameter 
PM0100  =  particulate matter 1 microns or less in diameter 
SO4 = sulfate compound 
EC = Elemental Carbon 

3.2 CALPUFF Parameters 
The CALPUFF options were selected to follow U.S. EPA’s recommended settings for regulatory 
modeling or WRAP’s BART modeling, along with suggestions from USFS.  USFS suggested 
that a background concentration for ammonia in the San Joaquin Valley of 20 ppb should be 
used in the CALPUFF analysis.   

Based upon the comments from USFS, the CALPUFF modeling analysis sets the regulatory 
default switch (MREG = 1) to force all model inputs to the U.S. EPA-approved regulatory 
settings.

Size parameters for dry deposition of nitrate, sulfate, and PM10 particles were based on default 
CALPUFF model options.  Chemical parameters for gaseous dry deposition and wet scavenging 
coefficients were based on default values presented in the CALPUFF User’s Guide.  Calculation 
of total nitrogen deposition includes the contribution of nitrogen resulting from the ammonium 
ion of the ammonium sulfate compound.  For the CALPUFF runs that incorporate deposition and 
chemical transformation rates (i.e. deposition and visibility), the full chemistry option of 
CALPUFF was turned on (MCHEM = 1).  The nighttime loss for SO2, NOx and HNO3 was set at 
0.2 percent per hour, 2 percent per hour and 2 percent per hour, respectively.  CALPUFF was 
also configured to allow predictions of SO2, sulfate (SO4), NOx, HNO3, NO3 and PM10 using the 
MESOPUFF II chemical transformation module. 

Hourly ozone concentration files (OZONE.DAT) were obtained from the WRAP’s BART 
modeling website for the same years (2001 through 2003) as the meteorological data.  Monthly 
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background ozone concentration for missing data from hourly ozone concentration file was set to 
80 ppb.  The monthly background ammonia concentration was set to 20 ppb, as recommended by 
the USFS for other projects in the San Joaquin Valley. 

As described in Section 3.2, emissions were speciated in accordance with the NPS’ PMS 
guideline (http://www2.nature.nps.gov/air/permits/ect/index.cfm).  In doing so, the sulfur 
emissions were speciated to relative sulfur constituents of SO2 and SO4 to better account for gas 
to particulate conversion and visibility effects.

3.3 PSD Class I Increment Significance Analysis 
CALMET/CALPUFF (Refined CALPUFF) was used to model ambient air impacts of NO2,
PM10, and SO2 from the emission sources, and the modeling results were compared to PSD 
Class I Increment modeling significance thresholds.  Modeling techniques for comparison with 
the PSD Class I Increments in this analysis are the same as in previous analyses for the HECA 
Project. The sources were modeled at full PTE for this analysis.  The full chemistry option of 
CALPUFF was turned on (MCHEM =1, MESOPUFF II scheme), and a deposition option was 
turned on (MWET = 1 and MDRY = 1).  The 3-hour averaged maximum SO2 emission rate were 
modeled for 3-hour SO2 increment analysis.  Emission of total SO2 from the natural gas 
combustion turbines was speciated based on NPS’ PMS guideline.  The 24-hour averaged 
maximum emission rates were modeled for 24-hour SO2 and PM10 increment analyses.  The 
annual averaged emission rates were modeled for annual averaged NOx, SO2, and PM10
increment analyses.  For 24-hour and annual PM incremental analyses, the total PM emission 
(“INCPM” in the modeling) was modeled without speciation, and the INCPM was treated as fine 
particulate matter in terms of geometric characteristics. 

3.4 Class I Area Visibility Reduction Analysis 
Refined CALPUFF was used to evaluate the potential for visibility reduction.  Emissions from 
all sources are described in Section 3.2 above, including the speciation of emissions. 

The emissions of fourteen chemical species, SO2, SO4, NOx, HNO3, NO3, PM10, PM2.5, PM0.05,
PM0.01, PM0.15, PM0.20, PM0.25, PM1.0, and SOA, were modeled in CALPUFF to predict the 
visibility impact based on PMS for natural gas turbine.  Because only SO2 emissions estimates 
were provided, one-third of the estimated SO2 emission was assumed to be SO4 emissions, and 
the remaining two-thirds remained as SO2 emissions.  For CTG/HRSG, the total PM emissions 
were speciated into EC and SOA. The EC is speciated again into PM0.05, PM0.01, PM0.15, PM0.20,
PM0.25, and PM1.0 (indicated as PM0005, PM0010, PM0015, PM0020, PM0025, and PM0100 in 
the modeling, respectively).  For the other sources such as cooling towers, the total PM 
emissions were modeled as PM2.5 (PMF) and PM10 (Coarse Particulates, PMC). 

CALPOST was used to post-process the estimated 24-hour averaged ammonium nitrate, 
ammonium sulfate, EC, SOA, PM2.5 (PMF) and PM10 (PMC) concentrations into an extinction 
coefficient value for each day at each modeled receptor, using the three years of CALMET 
meteorological data.  To do so, it required the use of extinction efficiency values. 

All the PM species (PM0.05, PM0.01, PM0.15, PM0.20, PM0.25, and PM1.0) were grouped as EC.
Default extinction efficiencies of PM2.5 (PMF), PM10 (PMC), SOA, EC, soil, ammonium sulfate, 
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and ammonium nitrate were used.  PM2.5 emission was assigned as PMF, with an extinction 
coefficient of 1.0.  Any remaining PM10, which is larger than 2.5 microns, was modeled as PMC, 
with an extinction coefficient of 0.6.

The CALPUFF modeling analysis used visibility calculation Method 2 (MVISBK = 2). 

Background visibility and extinction coefficient values from the FLAG Phase I Report 
(December 2000) were used for the visibility reduction analysis.  Background values for 
hygroscopic concentration, without adjustment for relative humidity (RH), (0.6 μg/m3) and the 
non-hygroscopic concentration (4.5 μg/m3) are reported for western wilderness areas.  Therefore, 
BKSO4 = hygroscopic 0.6/3 = 0.2 and BKSOIL = non-hygroscopic = 4.5 were used.  Modeled 
visibility reductions for each modeled year were compared to the level of acceptable change 
(LAC) of 5.0 percent and 10.0 percent. 

3.5 Total Nitrogen and Sulfur Deposition Analysis 
Refined CALPUFF was used to evaluate the potential for nitrogen and sulfur deposition; the 
techniques presented below are the same as those used in previous analyses.  All sources were 
modeled at full PTE for this analysis.  The annual average emission rates were used for the 
annual averaged nitrogen and sulfur deposition analyses.  The NPS’s PMS for natural gas 
combustion turbines was applied to speciate the emissions of SO2 and PM from HRSG and 
turbine as it was done for increment and visibility analyses.

The total deposition rates for each pollutant were obtained by summing the modeled wet and/or 
dry deposition rates as follows. 

For sulfur (S) deposition, the wet and dry fluxes of sulfur dioxide and sulfate are calculated, 
normalized by the molecular weight of S, and expressed as total S.  Total nitrogen (N) deposition 
is the sum of N contributed by wet and dry fluxes of HNO3, NO3

-, ammonium sulfate 
((NH4)2SO4), and ammonium nitrate (NH4NO3) and the dry flux of oxides of nitrogen (NOx).

The total modeled nitrogen and sulfur deposition rates were compared to the National Park 
Service (NPS)/Fish and Wildlife Service (FWS) Deposition Analysis Threshold (DAT) for 
western states.  The DAT for nitrogen and sulfur are each 0.005 kilogram per hectare per year 
(kg/ha-yr), which is equal to 1.59E-11 g/m2-s.
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4.0 CALPUFF MODELING RESULTS 
Three years of CALPUFF modeling results are provided in Revised Table 8 through Revised 
Table 10.  The model-predicted criteria pollutant increment concentrations were compared to the 
proposed Class I area Significant Impact Levels (SIL).  Each criteria pollutant concentration is 
less than the corresponding SIL for the San Rafael Wilderness Class I area.   

Modeled visibility reductions for each modeled year were compared to the level of acceptable 
extinction change (LAC) of 5.0 percent.  The visibility impact is greater than 5 percent, but less 
than 10 percent of cumulative modeling threshold.  The number of days that exceeds 5 percent of 
extinction change is 3 days for 2001, 4 days for 2002, and 2 days for 2003.

The visibility modeling analysis was performed based on emission rates of conservative 
operating scenario.

• It was assumed that the gasification flare operate for 24-hours of offline CTG wash 
operation.  It is expected to take 12 hours for a turbine wash and only four turbine washes 
are planned annually.  For example, NOx emission from offline CTG wash is approxi-
mately 2,000 times greater than pilot operation.  However, the model conservatively 
assumed that a full 24-hours of this event happens everyday.

• SRU Flare emission for 24-hour period was estimated based on 12 hours of startup/
shutdown flaring and remaining in pilot operation.  This startup/shutdown is anticipated 
to occur only 40 hours of total per year. However, the model conservatively assumed 
that a full 24-hour of this event happens everyday.

• Emergency generator and firewater pump will be operated for 52 hours per year and 
100 hours per year, respectively.  However, the model conservatively assumed that a full 
24-hours of this event happens everyday.

• HRSG NOx emission was estimated based on 1 cold startup, 1 hot startup, and 
1 shutdown for 24-hour period.  The model conservatively assumed that a full 24-hour of 
this event happens everyday.

Not only each source emission rates was estimated based on worst-case scenario, the model 
conservatively assumed that all the sources will be operated at the same time everyday.  Based 
on this conservative emission rates, it is expected that no significant visibility impact would 
occur due to the proposed Project.

Deposition thresholds of total N and total S are both 0.005 kg/ha/yr, which is equal to 1.59E-11 
g/m2-s.  Total N and S deposition impact do not exceed the threshold.  

None of the results of criteria pollutant increment and deposition analyses exceeded the 
threshold, and the maximum visibility impact was less than 10 percent with only 2 to 4 days of 
exceedance of 5 percent despite of conservative operating scenario; therefore, the proposed 
Project sources will not have a significant impact on ambient air quality of the San Rafael 
Wilderness Class I area.  Since the criteria pollutant concentration and deposition is less than its 
corresponding significance level, the Project sources will not have a significant impact on either 
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terrestrial resources such as soil and vegetation or aquatic resources.  Therefore, no further 
analyses, including additional AQRV impacts were conducted. 
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Revised Table 8 
PSD Class I Increment Significance Analysis – CALPUFF Results 

Pollutant Annual 
NOx

3-hr SO2
24-hr 
SO2

Annual 
SO2

24-hr 
PM10

Annual 
PM10

Unit µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 Annual Class I Area 

Threshold 0.1 1 0.2 0.08 0.32 0.16 
2001 3.93E-03 2.34E-01 5.27E-02 7.36E-04 8.70E-02 3.33E-03 
2002 4.27E-03 2.46E-01 5.05E-02 8.65E-04 7.72E-02 3.80E-03 

San Rafael 
Wilderness 
Area 2003 4.44E-03 2.70E-01 4.42E-02 8.71E-04 9.33E-02 3.78E-03 
Exceed?  No No No No No No 
Notes:
µg/m3 = micrograms per cubic meter 
NOx = oxides of nitrogen 
PM10 = particulate matter 10 microns or less in diameter 
PSD = Prevention of Significant Deterioration 
SO2 = sulfur dioxide 

Revised Table 9 
Visibility Analysis – CALPUFF Results 

Pollutant No.of Days > 
5% 

No.of Days 
>10% 

Max Extinction 
Change 

Day of Maximum 
Extinction Change 

Unit Days Days % Julian Day Class I Area 

Threshold 0 0 10  
2001 3 0 9.48 308 
2002 4 0 8.07 287 San Rafael 

Wilderness Area 2003 2 0 6.65 247 
Exceed?    No  

Revised Table 10 
Total Nitrogen and Sulfur Deposition Analysis – CALPUFF Results 

Pollutant Deposition N Deposition S 
Unit g/m2/s g/m2/sClass I Area 

Threshold 1.59E-11 1.59E-11 
2001 9.75E-13 3.85E-13 
2002 1.23E-12 5.04E-13 San Rafael Wilderness Area 
2003 1.25E-12 4.54E-13 

Exceed?  No No 
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