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Leonard Scandura

Permit Services Manager

San Joaquin Valley Air Pollution Control District
Southern Regional Office

34946 Flyover Court

Bakersfield, CA 93308

Subject: Submittal of Application for Authority to Construct — Hydrogen Energy
California

Dear Mr. Scandura:

Hydrogen Energy International LLC (HEI) proposes to build a nominally rated

250 (approximate) net megawatt (MW) integrated gasification combined cycle power
generation unit at a site in Kern County, California. The attached document is an
Authority to Construct / Permit to Operate Application to the San Joaquin Valley Air
Pollution Control District (STVAPCD) for the “HECA” project.

HECA will be a state-of-the-art integrated gasification combined cycle gas turbine power
plant, will produce low-carbon baseload electricity by capturing carbon dioxide (CO,)
and transporting to Elk Hills Oil Field for enhanced oil recovery (EOR) and
sequestration, and will utilize the best available technology for environmental
performance.

A Revised Application for Certification for this unit was filed with the California Energy
Commission (Docket # 08-AFC-8 filed on May 28, 2009). A Prevention of Significant
Deterioration (PSD) application will be filed with the United States Environmental
Protection Agency, Region IX.

The attached application includes completed STVAPCD forms and supporting
information. Please contact me at (562) 276-1511 or Mark Strehlow at (510) 874-3055 if
you have any questions or require additional information.
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SECTIONONE Introduction

Hydrogen Energy International LLC (HEI) propose®told and operate an Integrated
Gasification Combined Cycle (IGCC) project callegdrbgen Energy California (the “Project”).
The facility will gasify 100 percent petroleum cofa blends of petroleum coke and coal, as
needed) to produce hydrogen to fuel a combustidorte operating in combined cycle mode to
produce 390 gross megawatts (MW) of electricityl Bgointly owned by BP Alternative
Energy North America Inc. and Rio Tinto Hydrogerekgy LLC.

The Project will produce low carbon electricity Whsubstantially reducing greenhouse gas
emissions by capturing carbon dioxide (,@ransporting it by pipeline for enhanced oll
recovery (EOR) and sequestration. This documegm i&uthority to Construct/Permit to Operate
Application to the San Joaquin Valley Air Polluti@ontrol District (SJVAPCD) for the HECA
project. The proposed HECA project is classifie@d asajor facility and will apply for a new

Title V permit.

1.1 OVERVIEW

The Project Site is located near an oil produciregan Kern County, California, known as the
Elk Hills Field. The 473-acre Project Site is laxhin a predominantly agricultural area,
approximately 7 miles west of the outermost edgghefcity of Bakersfield and 1.5 miles
northwest of the unincorporated community of Tupnmawestern Kern County, California. The
legal description is as follows: Section 10 of TeWwip 30 South, Range 24 East in Kern County
and the Assessor’s Parcel Numbers (APN) are pd5®i040-16 and part of 159-040-18. HEI is
also acquiring an additional 628 acres of land@a)ato the Project Site, herein referred to as
the “Controlled Area.” HEI will own this propertynd have control over public access and future
land use. For the purposes of the Air Quality asialyympacts were determined outside of both
the Project Site and the Controlled Area. The aasett APNs of the Controlled Area are as
follows: 159-040-02, 159-040-04, 159-040-11, Renmemt of 159-040-16, Remnant part of
159-040-18, and 159-190-09.

The vicinity map and the artist’s rendering of greposed Project, and “Controlled Area” site
Plan are shown on Figure 1-1 and Figure 1-2, réisqede The entire Project Site is presently
used for agricultural purposes, including cultigatof cotton, alfalfa, and onions. Existing
surface elevations vary from about 282 feet to f2@1 above mean sea level.

The Project is designed to operate with 100 pengetmbleum coke from California refineries,
and has the flexibility to operate with up to 7%q@nt thermal input (HHV) western bituminous
coal. The net electrical generation output fromghe/er plant will provide a nominal 250
megawatts (MW) of low carbon base load power togitd: feeding major load sources to the
north and to the south. In addition, approximafi€® MW of natural gas generated peaking
power will be available from the power plant thrbuge operation of the GE LMS1®8imple
cycle auxiliary combustion turbine

The feedstock will be gasified to produce a synthgas (syngas) that will be processed and
purified to produce a hydrogen-rich gas, which wélused to fuel the combustion turbine for
electric power generation. A portion of the prod{igtdrogen-rich gas) will also be used to
supplementally fire the heat recovery steam geoe(BtRSG) that produces steam from the
combustion turbine exhaust heat. At least 90 periethe carbon in the raw syngas will be
captured in a high-purity carbon dioxide streamdysteady-state operation, which will be
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SECTIONONE Introduction

compressed and transported by pipeline off siténjection into deep underground oil reservoirs
for enhanced oil recovery and sequestration.

Project greenhouse gas emissions (e.gp) @ad sulfur emissions will be reduced throughestat
of-the-art emission control technology and carbmxide sequestration. The power produced by
the power plant will have a low-carbon emissiorfipgaignificantly lower than would

otherwise be produced by traditional fossil-fuededrces, including natural gas.

The water source for the Project will be brackisbugdwater supplied by the Buena Vista
Water Storage District (BVWSD), and treated on ®iteneet Project standards. Potable water
will be supplied by West Kern Water Bank for sanjtaurposes. There will be no direct surface
water discharge of industrial wastewater or storabew Process wastewater will be treated on
site and recycled within the gasification and poplant systems. Other wastewaters from
cooling tower blowdown and raw water treatment Wwélcollected and directed to one of two
on-site plant wastewater Zero Liquid Discharge (ZlbDits.

The Project is designed with state-of-the-art elmrssontrol technology. The gasification
process will feature near zero sulfur emissiongngusteady-state operation. The Project is also
designed to avoid flaring during steady-state dp@raand to minimize flaring and sulfur
emissions during startup and shut down operations.

Construction of the new power generation facilggkpected to occur over a 44-month overall
construction period (37 months of site preparatind construction and up to 10 months of
commissioning and startup, with overlap). Estimadsed disturbance for major construction
activities is summarized in Table 1-1, Project Dibed Acreage.

The Project Site and linear facilities comprise dfffected study area and are entirely located in
Kern County, California. Major on-site Project commgnts, as shown on Figure 1-3, Preliminary
Plot Plan, are described below:

» Solids Handling, Gasification, and Gas Treatment
— Feedstock delivery, handling and storage
— Gasification
— Sour shift/gas cooling
— Mercury removal
- Acid gas removal
» Power Generation
— Combined-cycle power generation
— Auxiliary combustion turbine generator

— Electrical switching facilities

m \\S021EMC2\_XDRIVES\X_ENV\HECA 2\HECA ATC\HECA_ATC_061909.DOC\19-JUN-09\\ 1'2



SECTIONONE Introduction

e Supporting Process Systems
— Natural gas fuel systems
— Air separation unit (ASU)
— Sulfur recovery unit/Tail Gas Treating unit
— ZLD units for process and plant waste water streams
— Carbon dioxide compression
- Raw water treatment plant

— Other plant systems
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SECTIONONE

Table 1-1 Project Disturbed Acreage
Approx. Linear ROW ROW Temporary

Project Component Size Length (miles) Construction Permanent Disturbance Permanent Disturbance
Project Site 473 acres NA NA NA 473 acres 250
Electrical 25-foot diameter

ST structural base 8 175 FT 150 FT 24 acres 0.67
transmission line

(60 structures total)
Natural gas pipeline| ~ 16-inch diameter 8 50 FT 25 FT 50° 0.33
Process Water 20-inch diameter 15 50 FT 25 FT 03 0.29
pipeline
Accounted for in Accounted for in | Accounted for .

P_otaple Water 6-inch diameter 7 Natural Gas Line Natural Gas Line | in Natural Gas Accou_nted for in Natural
pipeline ROW ROW Line ROW Gas Line ROW
CO, pipeline 12-inch diameter 4 50 FT 25 FT 325 0.17
Temporary Accounted for in Accounted for
Construction Areas | Project Site NA NA NA in Project Site None
Total Project 665 251 4

Disturbance

Source: HECA Project

Notes:

CO,
ROW
1

approximately
carbon dioxide
right of way

This is a maximum width required in areas whemecstires will be installed. However, total tempgrdisturbance along the entire route is calculateskd on the following:

(1) 150 FT x 150 FT area is required for each ef@f structures, equaling 31 acres, and (2) 25téoaporary roadway is required along the entirdl8 lime, equaling

24 acres.

~N o o &~ WwN

Consists of permanent ground disturbance assdoidtk the base of the 60 new structures.
Acreage includes the area required for the entist/@its.
Acreage includes permanent disturbance occupid¢debgas metering station located within the CdletioArea southeast of the Project Site.
Acreage includes the 100 by 150 foot temporaiigyuibed area required for the construction of ezdive groundwater wells.
Acreage includes the 50 by 50 foot permanent distliarea required for each of five groundwatetswel
Acreage includes two 50 by 50 valve boxes postibalong the pipeline route.

URS
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SECTIONONE Introduction

The Project also includes the following off-siteifgies, as shown on Figure 1-4, Project
Location Map:

» Electrical Transmission Line — An electrical transmission line will interconhéte Project
to Pacific Gas & Electric’s (PG&E) Midway Substatiorwo alternative transmission line
routes are proposed; both alternatives are appaigign8 miles in length.

* Natural Gas Supply— A natural gas interconnection will be made veitther PG&E or
Southern California Gas Company natural gas pipslieach of which are located southeast
of the Project Site. The natural gas pipeline {grapimately 8 miles in length.

* Water Supply Pipelines— The Project will utilize brackish groundwatepplied from the
BVWSD located to the northwest. The raw water sypgbeline will be approximately 15
miles in length. Potable water for drinking anditay use will be supplied by West Kern
Water District to the southeast. The potable wstgply pipeline is approximately 7 miles in
length.

» Carbon DioxidePipeline — The carbon dioxide pipeline will transfer thelbzn dioxide
captured during gasification from the Project Siethwest to the custody transfer point.
Two alternative carbon dioxide pipeline routes@a@posed; each alternatives is
approximately 4 miles in length

Details of the emissions increases as a resutteobh-site Project components and offsets are
discussed in Section 4.0 and Section 6.0, respgtiVhe proposed Project will trigger Best
Available Control technology (BACT) requirements fotrogen oxides (NQ), sulfur oxides
(SQ)), volatile organic compounds (VOCS), particulatetter (PM), and carbon monoxide (CO).
Appendix D.2 describes the BACT analysis and pregdechnologies that will be included to
meet BACT as proposed in this application, basethemrmost current industry data and
manufacturers’ information.

Dispersion modeling was conducted to determingttential impacts of criteria pollutant and
hazardous air pollutant (HAP) emissions. The imp&cim the Project will not exceed any of
the California state or Federal Ambient Air Qual8tandards (AAQS). However, the Project
will trigger Prevention of Significant DeterioratigPSD) Review. Section 7.0 details the AAQS
standards and the PSD analysis. The Project wiltaose any exceedance of PSD significant
ground level concentrations. The modeled healthaigoxic air emission increases are below
significance levels as discussed in Section 8.0

1.2 APPLICANT BACKGROUND INFORMATION

1.2.1 Business Name/Location
Hydrogen Energy International LLC — Hydrogen Ene@gfifornia

The Project will be located approximately 7 milessivof the outermost edge of the city of
Bakersfield and 1.5 miles northwest of the uninooaped community of Tupman in western
Kern County, California. The legal description ssfallows: Section 10 of Township 30 South,
Range 24 East in Kern County and the associatedsAdP®lpart of 159-040-16 and part of 159-
040-18. HEI is also acquiring an additional 628aaf land adjacent to the Project Site, herein
referred to as “Controlled Area.” HEI will own thsoperty and have control over public access
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SECTIONONE Introduction

and future land use. For the purposes of the Aali@uanalysis, impacts were determined
outside of both the Project Site and the Controlegh. The associated APNs of the Controlled
Area are as follows: 159-040-02, 159-040-04, 159-02, Remnant part of 159-040-16,
Remnant part of 159-040-18, and 159-190-09.

HEI is jointly owned by BP Alternative Energy Nodmerica Inc. and Rio Tinto Hydrogen
Energy LLC, HEI's prime objective is producing hgden for low-carbon power generation.
HEI proposes to be the owner and operator of tl@&d@&acilities and has the option to purchase
the 473-acre Project Site, as defined below, frioensite owner. HEI also has the option to
purchase the 628 acres that comprise the Contraliea.

The transmission line will be owned by HEI up te foint of interconnect (Midway Substation)
as stipulated by the California Independent Sy<tgrarator (CAISO). HEI will own the CO
pipeline up to the custody transfer point. Natgiad supply lines will be owned by PG&E or
Southern California Gas Company. The process veaigply line will be owned by Buena Vista
Water District. The potable water supply line viné owned by West Kern Water District.

1.2.2 Nature of Business
The proposed HECA facility is an electric power gextion facility.

1.2.3 Person to Contact Regarding Application

Mark Strehlow Gregory D. Skannal

Leader, Air Quality and Public Health, HSSE Manager

URS Corporation Hydrogen Energy International

1333 Broadway, Suite 800 One World Trade Center, Suite 1600
Oakland, CA 94612 Long Beach, CA 90831-1600
Phone: (510)893-3600 Phone: (562)276-1511

Fax: (510)874-3268 gregory.skannal@hydrogenenergy.com

Mark Strehlow@urscorp.com

1.2.4 Type of Entitlement

This document is an application for an AuthorityGonstruct /Permit to Operate for the Project
to be issued by the SIVAPCD. The Project includesgasification block (consisting of two
main gasifiers and one spare gasifier), a singla fyas processing and clean up system, one
power generation block (one GE 7FB in combined-&ysbde and one simple cycle auxiliary
combustion turbine GE LMS-100), and other plantpawpng process systems as listed in
Section 3.0.

1.2.5 Estimated Construction and Completion Dates

Construction of the new power generation facilggxpected to occur over a 44-month overall
construction period (37 months of site preparaéind construction and up to 10 months of
commissioning and startup, with overlap), from Deber 2011 through August 2015.
Commercial full scale operation for the Projeatxpected by September 2015.
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SECTIONONE Introduction

1.2.6 Application Status
This document is an original Authority to ConstriRérmit to Operate application.

1.2.7 Operating Schedule

» Combustion Turbine (GE 7FB) is expected to opeatiespecific operating schedule as
specified in Section 4.3.

« Auxiliary CTG (GE LMS100) is expected to operate at a specific operatihgduale as
specified in Section 4.9.

» Cooling Towers (power block, ASU, and gasificatiang expected to operate 8,322 hours
per year for each source.

» Gasifier Refractory Heaters are expected to hasa@ined operating duration of 1,800
hours per year.

* Auxiliary Boiler is expected to operate at full tbor no more than 2,190 hours per year, or
to consume the equivalent amount of fuel per ygar a longer period of operation.

» Gasification Flare is expected to have 8,760 hparsyear of pilot operation and
approximately 134 hours per year of flaring events.

* SRU Flare is expected to have 8,760 hours perofgaitot operation and approximately 6
hours per year of flaring events.

* Redctisol Flare is expected to have 8,760 hourygar of pilot operation.
» Tail Gas Thermal Oxidizer is expected to operat€® hours per year.

» Carbon Dioxide Vent is expected to have at mostlfl4s of venting per year (21 days), or
venting the equivalent quantity of gas over a lormgiod.

» Diesel Generator is expected to have 50 hoursgrargperation (non emergency) for each
of the two generators.

» Fire Pump Engine is expected to have 100 operatigs (non emergency) per year.

1.2.8 Compliance Certification

HEI certifies that all facilities owned or operateglthe Hydrogen Energy International LLC
within the state are in compliance with applicdlel@eral, state, and SJVAPCD emission limits
and applicable environmental standards.
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SECTIONTWO Project Description

2.1 EQUIPMENT

The Project is a nominal 250 MW IGCC power genatptacility consisting of a gasification
block/syngas production with carbon capture capggldahd a combined-cycle power block. The
gasification block will feature GE Quench gasifiensh sour shift, and a Rectisol acid gas
removal (AGR) unit to remove sulfur components esabver carbon dioxide. The power block
will feature one General Electric (GE) 7FB combuostiurbine-generator (CTG) that can be
fueled with hydrogen-rich syngas from the gasifmafplant, natural gas, or a mixture of the
two; a heat recovery steam generator (HRSG) with fiing of hydrogen-rich syngas or natural
gas; a condensing steam turbine-generator; and BMER.00 simple cycle CTG fueled with
natural gas as an auxiliary combustion turbine.

The operational emissions from the Project are ip@enerated from the combustion of the
hydrogen-rich syngas. Other emission sources iectadling towers, solids handling, and an
auxiliary boiler and auxiliary CTG. For emissioriadation purposes, each emission source is
categorized as power block, gasification blockamcillary equipment. The classification of the
criteria pollutant emission sources from the Proigas follows.

Power Block Gasification Block Ancillary Equipment
»  Combustion Turbine (GE 7FB) » Gasifier Refractory Heaters » Diesel Generator
«  Auxiliary CTG (GE LMS106) » Auxiliary Boiler » Emergency Diesel Firewater
e Power Block Cooling Tower e Gasification Flare Pump
* SRU Flare

» Rectisol Flare
e Tail Gas Thermal Oxidizer

e ASU and Gasification Cooling
Towers

» Carbon Dioxide Vent

» Dust collection (Feedstock)

Table 2-1 Representative Heat and Material Balances

IGCC
PG7321 (EB)
Hydrogen-Rich Gas from:
75 % Coal/
100% 25% Combined Cycle Auxiliary CTG
Petroleum | Petroleum PG7321 (FB) LMS100°
Operating Case: Coke Coke Blend?® Natural Gas Natural Gas
Ambient Temperature, °F 65 65* 20 65 115 | 20 65 115
Feeds:
Feedstock, stpd (AR) 2,820 3,197 0 0 0 0 0 0
Feedstock, MMBtu/hr [HHV] 3,240 3,255 0 0 0 0 0 0
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SECTIONTWO Project Description
IGCC
PG7321 (EB)
Hydrogen-Rich Gas from:
75 % Coal/
100% 25% Combined Cycle Auxiliary CTG
Petroleum | Petroleum PG7321 (FB) LMS100°
Operating Case: Coke Coke Blend?® Natural Gas Natural Gas
Fluxant, stpd 60 32 0 0 0 0 0 0
Natural Gas, MMBtu/hr [HHV]| 0 0 2,560 2,41p 12,3108 | 910 860
Water, gpm 2,900 2,810 1,080 1,450 2,130 16D 240 0 39
Products & By-Products:
Hydrogen, mmscfd 177 177 0 0 0 0 0 0
Carbon Dioxide, stpd 7,400 7,300 0 0 0 0 0
Sulfur, stpd 130 40 0 0 0 0 0 0
Gasification Solids, stpd (wet) 140 470 0 0 0 0 0
Power Balance:

Combustion Turbine, MW 232 232 201 183 169 101 10396
Steam Turbine, MW 160 156 148 146 142 0 0 0
H,-Rich Fuel Expander, MW 2 2 0 0 0 0 0 0
Gross Power, MW 394 390 349 329 311 101 108 94
Total Aux Load, MW 143 142 16 18 18 3 3 4
- Air Separation Unit, 74 75 0 0 0 0 0
- CO, Compression, 27 27 0 0 0 0 0
- Other Internal Users, 42 40 16 18 18 3 3 4
Net Power, MW 251 248 333 311 293 98 10( 92

Source: HECA Project

Notes:
1

Ambient temperature variations have minimal effatthydrogen-rich gas fueled combustion turbinesgatior output and

gasification operation. Results are nearly condtarplant output across the ambient temperaturgea

2

3

AR = as received

CTG = combustion turbine generator
°F = degrees Fahrenheit

gpm = gallons per minute

HHV = higher heating value

IGCC

MMBtu/hr =

hour

Mmscfd

MW
stpd

Hydrogen contained in the hydrogen rich gas usddel power generation equipment.
Percentage is by thermal input (HHV) basis

= integrated gasification combined cycle

megawatt

short tons per day

million British thermal units per

million standard cubic feet per day
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SECTIONTWO Project Description

Table 2-2 Maximum Feeds and Products

Maximum
Feeds

Amounts
Feedstock (AR) 3,600 stpd
Fluxant 140 stpd
Water (High Ambient) 4,100 gpm
Products/By-products:
Maximum Net Power
Normal Baseload Low Carbon Power 250 MW
Maximum Peak Power Capability 400 MW
Carbon dioxide 8,400 stpd
Sulfur 180 stpd
Gasification Solids (wet) 750 stpd
Source: HECA Project
Notes:
! Maximum peak power capacity as submitted in theSIAInterconnection Request
AR = as received
gpm = gallons per minute
MW = megawatt
stpd = short tons per day

Further discussion of the on-site Project compa)arsource input, and product output are
discussed in Section 2.3, Section 2.4, and Seg2tiprespectively.

2.2 SITE PLAN ACCESS, AND CHARACTERISTIC

Figure 1-3, Preliminary Plot Plan, presents a sGaleerall plot plan for the Project. The
Preliminary Plot Plan also identifies the primaitg @iccess, which will be from Adohr Road on
the northern side of the Project Site.

Table 2-3, Project Linear Tie-in Location on Pléar provides a list of the currently anticipated
Project pipelines, communication, and electricirifaces at the site boundaries.

Table 2-4, Site Characteristics, summarizes siteonelogy and other characteristics upon
which the Project design has been based.
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Project Description

Table 2-3

Project Linear Tie-In Location on Plot Pan

Interface Description

Tie-In Location

Communications Conduit

Within other linear facilegsements

Water Supply

South side of Plot

Potable Water Supply

Southeast side of Plot

Plant Wastewater Discharge

None (ZLDs)

Natural Gas Supply

Southeast side of Plot

Carbon Dioxide Export

Southwest side of Plot

Transmission Line

West side of Plot

Source: HECA Project

Table 2-4 Site Characteristics
General site elevation varies slightly from thethppint
Elevation grade elevation of 291 ft above mean sea level)(msl
Dry Bulb Relative Humidity
Design Ambient Temperature & Humidity (F) (%)
Average Ambient 65° 55
Summer Design 97° 20
Winter 39° 82
Extreme Minimum Ambient 20 85
Extreme Maximum Ambient 115° 15
Design Ambient Barometric Pressure 14.54 psia
Rainfall
Average Precipitation per year 5.7 inches (av§020 2006)
24-hour Max Precipitation (50-year storm) 1.8 ieeh
Prevailing Wind Direction & Ave. Speed Wind Rose

Source: Computed from Annual and Monthly Summa(year span) of Bakersfield, CA Meteorological
Data, NOAA, National Climate Data Center, AsheviNe.

Notes:

The 25-year, 24-hour maximum precipitation is héhies

oF = degrees Fahrenheit
msl = mean sea level
psia = pounds per square inch absolute
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2.3 ON-SITE PROJECT COMPONENTS PROCESS DESCRIPTION

2.3.1 Solids Handling, Gasification, and Gas Treatment

Gasification typically involves two distinct proses, namely pyrolysis and gasification. In
practice, the processes may either occur in twiergifit reactors or be combined in one reactor.
Definitions of pyrolysis and gasification are:

* Pyrolysis— The thermal degradation of carbon-based masehabugh the use of an
indirect, external source of heat, typically at pamatures of 750 degrees Fahrenheit (°F) to
1,650°F, in the absence or almost complete abs#rfoee oxygen (@). This thermally
decomposes and drives off the volatile portiontheforganic materials, generating syngas
composed primarily of hydrogen £+ carbon monoxide (CO), carbon dioxide ({@nd
methane (Ch).

» Gasification — The thermal conversion of carbon-based mateandlse presence of
internally produced heat, typically at temperatwe$,400°F to 3,000°F, and in a limited
supply of air/oxygen (less than stoichiometricless than is needed for complete
combustion) to produce syngas composed primarityydfogen and carbon monoxide.

Overall gasification reactions are shown in Tabk Primary Gasification Reactions. Some of
these reactions are actually endothermic, requimemg input to go forward - unlike combustion,
which is completely exothermic.

Table 2-5 Primary Gasification Reactions

Devolatilization/Pyrolysis = ClH+ CO + Oils + Tars + C (char)

C+0,—-CO Oxidation — exothermic — rapid

C+»Q—CO Partial oxidation — exothermic — rapid
C+HO—-CO+H Water/gas reaction — endothermic — slower thadaiion
C+ CO— 2CO Boudouard reaction — endothermic — slower thadation
CO+HO—-CO,+H, Water gas shift reaction — exothermic — rapid

CO + 3H — CH, + H20 Methanation — exothermic

C + 2H— CH, Direct methanation — exothermic

Source: Multiple Publicly Available Sources

Notes:

C = carbon

CH, = methane

CcO = carbon monoxide
CcO, = carbon dioxide
H, = hydrogen

H,0O = water

O, = oxygen

Gasification is a chemical conversion processabatirs in a reducing environment.
Gasification differs from combustion in that gasdfiion produces syngas, an intermediate
product that can then be used for other purposes &sigenerating electricity or producing
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chemicals. Typical components of syngas from argeryblown gasifier are shown in
Table 2-6, Components of Syngas from Oxygen-Blowasifgation.

Table 2-6 Components of Syngas from Oxygen-Blown G#ication

Constituent Percent by Volume
Hydrogen 24-40
Carbon monoxide 35-50
Carbon dioxide 2-30
Water 0.4-23
Methane 0-4
Hydrogen Sulfide 0.2-2.0
Carbonyl sulfide 0-0.1
Nitrogen+ Argon 0.2-7
Ammonia + Hydrogen cyanide 0-0.3
Higher Heating Value ~200-300 Btu/scf

Notes:
Btu
scf

British thermal unit
standard cubic foot

2.3.1.1  Feedstock Delivery, Handling & Storage

A simplified process flow diagram of the Feedstddkndling, and Storage system is shown in
Figure 2-2, Flow Diagram Feedstock Handling and&fe.

The primary feedstocks for this Project are petnoieoke from California refineries and
western bituminous coal. The feedstock will be $ported via enclosed conveyors to one of
three cone-bottom feedstock storage silos. Feddstataimed from the silos will be transported
via an enclosed conveyor to a pre-crushing systairtlzen to the feedstock bins in the Grinding
and Slurry Prep building. Feedstock blending (wteguired) will be accomplished by
reclaiming appropriate amounts of feedstock sinmaltaisly from multiple feedstock storage
silos.

Tramp metal removal will be accomplished using nedgiand metal detectors. A dust collection
system consisting of hoods and baghouses will obparticulate emissions.

Fluxant is added to the petroleum coke feedsto@chieve the proper molten flow
characteristics of the gasification solids at ataiele gasifier operating temperatures. Fluxant
will be delivered to the Project Site via truckrfraegional sources. The fluxant trucks will be
unloaded using a pneumatic transport system it dltixant storage bins. A dust collection
system consisting of hoods and baghouses will obpérticulate emissions.
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2.3.1.2 Gasification

Gasification Technology Selection

GE quench gasification technology was identifiedh&sbest fit to meet the specific
requirements of the proposed Project, when takit@account key decision criteria, including
the lifecycle cost of electricity and reducing teology risk through demonstrated commercial
operation with similar (petcoke and coal) feedstpek similar capacity and operating
conditions. As part of the design evaluation, baftGE’s gasification designs were evaluated,
these are referred to as radiant and quench. @Hiant design has been incorporated in their
IGCC reference plant, and GE considers it to beptkéerred choice for IGCC power plants that
do not require high levels of carbon capture. Gftiench design is simpler and has been applied
widely in syngas generation for chemical productimarticularly where sour shift is used to
increase syngas hydrogen (and carbon dioxide) sbntee Project uses GE'’s quench
gasification technology because of the synergidis thie sour shift process that increases
hydrogen production and facilitates high levelp@-combustion carbon capture (carbon
dioxide removal).

GE’s quench gasifier design routes the hot gasdfituent directly into a water bath at the

bottom of the gasifier without any high-level heatovery. Molten gasification solids in the
gasifier effluent are solidified in the water baiid removed, and the resultant gas is scrubbed to
remove fine particulates. Both designs also havdasi grinding and slurry preparation systems
and gasification solids handling systems. FiguBs &asification Process Sketch for Permits,
shows a schematic process sketch of GE’s quendiicgtien technology.

Grinding and Slurry Preparation

Feedstock is continuously delivered from feed binthe grinding mills. Fluxant is also
continuously conveyed from feed bins to the grigdimills. The grinding mills crush the
feedstock, fluxant, and recycled gasifier solidsgfslag/ash and unconverted carbon) with water
to form slurry. The slurry is pumped into slurrynka, which are sized to provide about 8 hours
of storage.

Gasifiers

GE’s quench gasifier is a slurry-fed, pressurizsdrained flow, slagging downflow gasifier,
consisting of a refractory-lined pressure vesspabke of withstanding the required gasification
process temperature and pressure range. For tlieatas reaction, slurry and oxygen are
introduced into the gasifier through a specialtyipment item called the feed injector.

All slagging gasifiers require that the mineral taatn the feedstock melt and flow by gravity
out the bottom of the gasifier reaction chambereWising petroleum coke feedstock and/or
coal feedstocks containing ash that melts at hegiperatures, the addition of a fluxant is
required to achieve the proper molten “gasificagohds” flow characteristics at acceptable
gasifier operating temperatures, and thus faaligatwvity flow. Both the type and quantity of
fluxant required is dependent upon the feedstoekatteristics.

The slurry is pumped from the slurry tanks to egasifier by a slurry charge pump. This high
pressure metering pump supplies a steady, cordridtiey of slurry to the feed injector. The
slurry and a measured amount of high pressure oxiygen the Air Separation unit (ASU) react
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in the gasifier reaction chamber at high tempeesttio produce syngas. The feedstock is almost
totally gasified in this environment to form syngamsisting principally of hydrogen, carbon
monoxide, carbon dioxide, and water.

Hot syngas, along with ash, fluxant, and uncondectgbon from the gasifier reaction chamber
flow down into the water-filled quench chamber l@chbelow the gasifier. The syngas is cooled
in this water pool, and exits the quench chambéetéurther washed. Molten ash and fluxant
are solidified in the water pool. Coarse slag apariion of the unconverted carbon settle to the
bottom of the quench pool, where they enter thessoslag handling section.

Syngas Scrubbing

The syngas from the gasifier enters the syngadvberuwhere solids are removed from the
syngas. Raw syngas from the overhead of the syswyabber is routed to the downstream sour
shift and low-temperature gas-cooling section.

Water condensed from the syngas in the downstreams$ift and low-temperature gas cooling
section is returned as process condensate to tigasgcrubber. The syngas scrubber bottoms
water contains solids removed from the raw syngésg the quench pool.

Gasification Solids and Water Handling

Gasification solids (slag as defined by GE) are mased of ash and unconverted carbon that
exit the gasifier. The coarse slag handling seatomoves coarse solid material from the
gasifier. Coarse solid material exiting the bottoihthe gasifier quench chamber flows into the
lockhopper. After the solids enter the lockhoppleg, particles settle to the bottom. The solids
that have accumulated in the lockhopper are wadshéd into the slag collection sump, using
process water return from the fine slag handlirajice.

In the slag collection sump, the gasification sobale separated from the water. The gasification
solids are washed and the discharged washed |dwrt@asification solids are transported by
truck off-site for sale or disposal. The fine stagycle from the slag collection sump is pumped
to the fine slag handling section

Most or all of the settler bottoms are pumped #ghnding and slurry preparation section to
recycle fines. Some of the settler bottoms canradtesely be sent to a fine gasification solids
filter to produce filter cake, which can be eithecycled to the grinding and slurry preparation
section or transported by truck off-site for displos

Gasifier Refractory Heaters

Natural gas-fired gasification refractory heataesr@quired to preheat the gasifier refractory
prior to startup if starting from cold conditionsdaalso to keep the refractory warm when the
gasification train is in hot standby. The combustwoducts from the gasification refractory
heaters are released through vent stacks locatezpayf the gasifier structures.
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2.3.1.3  Sour Shift/Low Temperature Gas Cooling
The Sour Shift/Low Temperature Gas Cooling (LTGG@Iit performs several functions:

* Substantially increases the syngas hydrogen congémg a 2-stage carbon monoxide shift
process

» Cools the shifted syngas by generating steam fditiadal power production and for internal
plant consumption

» Collects hot process condensate formed duringhified syngas cooling process for recycle
to the gasifier syngas scrubbing section

» Collects additional process condensate formed duhe shifted syngas cooling process for
recycle to Gasification and/or discharge to SoutaN&tripping

* Removes ammonia from the cooled syngas

The carbon monoxide shift process converts wateorvand carbon monoxide to hydrogen and
carbon dioxide using the water-gas shift (a.k.a.9b{@) reaction, which can be expressed as
follows:

CO + HO < CO, + H, + Heat

The reaction is highly exothermic (i.e., releaseath High reaction rates are favored by high
temperatures; however, high conversion is favoselbwer temperatures.

In addition to increasing the hydrogen contenhefsyngas, the carbon monoxide shift process
substantially increases the fraction of carbongmeas carbon dioxide in the syngas, and
consequently the extent of pre-combustion carbpiuca (e.g., as carbon dioxide removal) that
can be achieved.

Selection of the carbon monoxide shift technolaggiependent upon whether the process gas is
essentially sulfur-free (“sweet”) or contains appable qualities of sulfur compounds (“sour”).
Iron/chrome oxides (at higher temperatures) anghedpinc oxides (at lower temperatures) are
used as catalysts with sulfur-free gas streamste@secobalt-molybdenum oxides are used as
catalysts if sulfur tolerance is required.

Sulfur-tolerant, sour shift technology was seledtedhe Project because the sour syngas
produced by GE’s quench gasification process astains a substantial amount of water vapor,
which drives the carbon monoxide shift reactioméar completion, maximizing the potential for
carbon capture. The many synergies between théemtmologies yield a simple and cost
effective means of achieving high carbon captuté wnly a single carbon dioxide absorption
step. Additionally, the low concentration of carbmonoxide in the shifted syngas allows
production of a carbon dioxide by-product gas wittearbon monoxide content of less than 800
parts per million by volume (ppmv). Examples ofstixig gasification plants with GE’s quench
gasification and sour shift technology include 8tell Convent Refinery Hydrogen Plant in
Louisiana and the Coffeyville Resources AmmoniaPia Kansas.

The Sour Shift unit for the Project will be designeith two sour shift reactors in series to
achieve a residual carbon monoxide concentratidhearcooled, shifted syngas of about one
volume percent. As a co-benefit, the carbon morexzlhft process will also substantially reduce
carbonyls, formates, cyanides, and other impuritighe syngas.
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Simplified process flow sketches of the Sour ShitGC unit are included in Figure 2-4, Flow
Diagram Sour Shift System and Figure 2-5, Flow aagLow Temperature Gas Cooling. The
following discussion provides a brief descriptidrtite processing steps in this unit.

Scrubbed syngas from the Gasification unit is leeatginst hot reactor effluent and fed to the
two sour shift reactors in series. The sour shatalyst also promotes conversion of most of the
carbonyl sulfide (COS) present in the syngas tadgen sulfide (HS) via the following

reaction:

COS + HO < CO, + H,S

The shift reactions are highly exothermic, andhibesyngas is cooled in-between the two shift
reactors by feed/effluent exchange and by raisiegns for generating additional power and
internal plant consumption.

The shifted syngas from the second shift reactoo@ed by generating steam at multiple
pressure levels, and by heating boiler feedwaténvacsuum condensate to efficiently utilize the
available but relatively low-temperature heat. Fowoling of the shifted syngas to near ambient
temperature is achieved with air and water coolers.

Water condenses from the shifted syngas as itakedoThe majority of the ammonia (MHand

a small portion of the carbon dioxide and hydrogelfide present in the syngas are absorbed in
this condensed water. A fraction of this processdemsate is reheated against shifted syngas and
returned as hot process condensate to the syngdibecs in the Gasification unit, and the rest is
routed to the Sour Water Stripping unit.

The cooled shifted syngas is washed with cold wiatartrayed column to remove residual
ammonia, and then fed to the Mercury Removal unit.

A simplified process flow sketch of the Mercury Raral System is shown in Figure 2-6, Flow
Diagram Wash Column and Mercury Removal.

2.3.1.4  Mercury Removal

Tests of petroleum coke sources show occasiored tewvels of mercury in the elemental
analyses. Western bituminous coals typically conti@ce levels of mercury as well. In order to
minimize potential mercury emission, the Projec bkected to incorporate mercury capture
technology. The petroleum coke and coal procurementires purchase of spot market supplies,
effectively limiting the potential for controllintpe supplier's processes. However, the mercury
capture technology will also ensure that spot ntaskpplies do not introduce mercury
emissions.

Downstream of the shift reactors and low-tempegagias cooling, the syngas passes through
fixed beds of activated carbon that are preparéh syecial impregnate additives to remove
mercury, if any is present. Multiple beds are umedbtain optimized adsorption. After mercury
removal, the product syngas is treated in the &Bad Removal (AGR) unit.

2.3.1.5  Acid Gas Removal System

The term “acid gas” refers to materials contairsignificant concentrations of acidic gases such
as hydrogen sulfide. This section describes hod gas will be removed from the shifted syngas
to produce the hydrogen-rich fuel for the powercklo
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Rectisol Process Description

The Rectisol process is shown in Figure 2-7, FlaagEam Rectisol Acid Gas Removal/Fuel

Gas Supply Systems. Shifted, hydrogen-rich sougayrieed is chilled and enters the pre-wash
section of the hydrogen sulfide absorber columnre/tendensed or dissolved impurities are
removed. The gas then flows up the column whaeedbntacted with carbon dioxide-laden
methanol solvent for absorption of hydrogen suldé other sulfur compounds. The solvent
preferentially absorbs sulfur while releasing carbl@xide in the process. The now hydrogen
sulfide-laden solvent is withdrawn from the chimniy of the column and flashed, with the
flash gas being recycled to the hydrogen sulfidsodter column and the separated liquid solvent
is sent to a hot regenerator.

Overhead gas from the hydrogen sulfide absorbessfto the carbon dioxide absorber where it
is contacted with cold regenerated solvent for @ardioxide removal. The treated hydrogen-rich
gas, now very low in hydrogen sulfide and carbaxitie, exits the top of the carbon dioxide
absorber and is heated before flowing to a turlaeser for energy conservation. The
hydrogen-rich product gas is then heated and uséakehin the combined cycle power block.

Carbon dioxide-laden solvent flows from the bottohthe carbon dioxide absorber column
where a portion is diverted to the hydrogen sul&ideorber for hydrogen sulfide removal. The
remainder is flashed, with the separated gaseslextyo the hydrogen sulfide absorber, and
chilled before being routed to the flash regenerdtothe flash regenerator, absorbed carbon
dioxide is removed from the solvent by sequentid#greasing the pressure in multiple steps.
Separated carbon dioxide flows to carbon dioxidam®ssion equipment for transportation to
the Elk Hills Field for CQ EOR and sequestration.

Carbon dioxide-free solvent from the bottom of filash regenerator combines with solvent from
the hydrogen sulfide absorber and flows to therbgénerator where hydrogen sulfide and other
sulfur compounds are released from the solvenhbreasing the temperature and stripping with
methanol vapor generated in a reboiler. The segdaatid gas undergoes further processing for
recovery of the sulfur. Most of the regeneratedy rarbon dioxide- and hydrogen sulfide-free,
solvent is cooled by heat exchange with cool sdlvanlled, and returned to the carbon dioxide
absorber for reuse. A small portion of the regeteeraolvent and the bottom liquid of the
hydrogen sulfide absorber column which containewftom the feed gas are sent to the
methanol-water column for separation of dissolvedewand impurities from the methanol by
distillation. The methanol overhead is retunechhot regenerator and the separated column
bottoms water is cooled and sent to the gasifinadiea.

2.3.2 Power Generation

The major equipment is described in the followiegtens, covering the topics of fundamental
operation and the function within the power blookl averall facility. Equipment highlights are
provided. An overall sketch of the power block systis shown in Figure 2-8, Flow Diagram
Power Block Systems.

2.3.2.1  Combined-cycle Power Generation

The combined cycle portion of the power block mitar to a state-of-the-art combined cycle
power plant. Major equipment consists of a heawy das turbine, a steam turbine and an
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HRSG. Other power block equipment includes a coselertooling tower, deaerator, boiler
feedwater, and condensate pumps.

Power is produced by the consumption of hydrogehnfuel and/or natural gas to meet the
parasitic load for the accompanying gasificaticanpland for export to the PG&E electrical grid.
Natural gas can be co-fired with hydrogen rich fmken only one gasifier is operating. Natural
gas firing also serves as a backup fuel to allomtinoed electrical power export when hydrogen
rich fuel is not available. The power block integsathe process heat generated within the
gasification plant by the exothermic water-gastgiiction and the SRU hydrogen sulfide
oxidation reaction. Boiler feedwater from the powkack deaerator is supplied to generate
saturated steam at multiple pressure levels utdithis heat. Excess high pressure (HP),
intermediate pressure (IP) and low pressure (L&gmstand that generated in the HRSG with gas
turbine exhaust heat and duct burner heat releassuperheated in the HRSG before being
admitted to the reheat steam turbine generator {STG

The STG exhausts into a water cooled condensergwhe heat is rejected to a multi-cell
mechanical draft wet cooling tower via a circulgtimater system. The condensate leaving the
condenser hot well is heated and deaerated befanmning to the HRSG LP system and
integrated process heat exchangers.

The power block also includes a single naturalfged auxiliary gas turbine, an aeroderivative
simple cycle machine, to provide backup power togasification plant during forced outage
periods and to provide beneficial spot market pgweduction to the grid.

Heavy Duty Gas Turbine

The heavy duty combustion turbine generator (CEG)ade up of an axial flow air compressor,
diffusion-flame combustion system, an axial flowbine, and a hydrogen cooled generator.
Ambient air is filtered and cooled in an evaporatooler before entering the compressor
section. The compressor is multi-stage design, lwhearly adiabatically compresses the air
through a process of transferring the energy ingololy the rotating blade to pressure rise in the
diffusing stationary blade. This compression precdso raises the air temperature before
discharging to the combustion system. The comprdssoair extraction ports on the outer
stationary shell and the inner rotor.

During startup, air is extracted from the shelksid balance the flow passing ability of the front
stages with the later stages. During normal opanatir is extracted for cooling the hot gas path
parts that make up the turbine section. Air exa@d¢hrough the outer shell is used to cool the
stationary turbine parts, including the nozzlegKet stationary shrouds, and the turbine shell.
Air extracted inward through the rotor supplieslogpair for the inner passages and rotating
parts, including the buckets, the rotors, and theal/'spaces between the rotors.

Air leaves the compressor at elevated pressureéeamperature, and enters the combustion
section. The combustion system is made up of melapmbustion cans (chambers) that equally
divide the flow, allowing for controlled combustio@action zones. Each combustor can have a
set of hydrogen fuel and natural gas fuel nozassyell as nitrogen and steam diluent injection
nozzles. Dilution holes in the combustion liners designed to control the combustion zone air,
fuel, and diluent mixing in such a way as to suppithe combustion temperatures and thus limit
the amount of nitrogen oxides formed. The hot costibn gases leave the combustion system
through the transition piece and enter the turbation.
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The high pressure and temperature gas enterintgrhi@e passes through the stationary nozzle
to the rotating bucket. There are three such stagiee turbine which extracts energy from the
expanding gases; providing the torque that driiesaial compressor and the generator. The
machine is a cold-end drive design, where the sbejftie generated in the turbine section is
transmitted through the compressor shaft to themggor. This allows for the turbine exhaust gas
leaving the last rotating bucket to enter a lorfeuder, where velocity or kinetic energy is
converted to pressure or potential energy. Thergdga of the diffuser is that it allows the
turbine to operate at a lower back pressure, isanggpower generation. Flow exiting the
diffuser enters the HRSG transition duct upstreéathefirst superheater coils.

The hydrogen cooled generator shaft is connecredigih a coupling to the CTG shatft at the
compressor end of the machine. The generator tjpimanverts mechanical energy to electrical
energy, with additional auxiliary loads requirecettergize the excitation system, operate the
lubricating oil system, and other support systevtechanical losses from the bearings also take
away from the net electrical generation. Hydrogeunsed as the coolant, which requires carbon
dioxide and compressed air purging systems to rdeglgenerator for safe maintenance.

The CTG operation is supported by separate skatshibuse the lube oil system, the fuel, and
diluent metering systems, and other services, @wetufire detection and protection, control
system, and compressor wash system, etc. The enelasound the CTG has a controlled
operating environment, with a ventilation systersigieed to protect against undesirable outside
temperatures and maintain safe conditions, withdetection and protection.

Heat Recovery Steam Generator

The CTG exhausts into the HRSG after a short ttiansiluct. The HRSG is a triple pressure
level reheat design. The HRSG is comprised of i@sef heat exchangers that utilize the CTG
exhaust energy to heat boiler feedwater to satmraibnditions, then vaporize and superheat the
steam. Also, HP STG exhaust steam is reheate@iHRESG before being returned to the
intermediate pressure (IP) section of the STG.HR&G includes a duct burner to elevate the
exhaust gas temperature, a selective catalyticteu(SCR) system to control the stack
nitrogen oxide emissions and a carbon monoxiddysitsystem to control the stack carbon
monoxide emissions.

Each HRSG pressure level system consists of ecamugnievaporating, and superheating
sections. The LP economizer is fed from the deaesatd the IP and HP economizers are fed
from the LP drum. Condensate enters the HRSG faed\waater section after leaving the
condenser hotwell, combined with the make-up waer heated with process heat. The
feedwater heater heats the feedwater to within 20tRe deaerator saturation temperature at the
deaerator operating pressure of 30 pounds perequar absolute (psia). The off-base deaerator
utilizes stripping steam from the LP drum to remewérained oxygen before supplying the
HRSG and the process LTGC system with boiler fe¢eva

The LTGC system transfers heat from the hot syrgasing the shift converters to a multi-
pressure level system that generates saturatau §tea deaerated feedwater. This steam
satisfies the requirements of the gas processiitg and other users, with the excess HP, IP, and
LP saturated steam sent to augment HRSG steamqti@ralu
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Emissions Controls Systems

The Project is designed with state-of-the-art elmissontrol technology. Emissions control
systems will be designed to meet the BACT levelsimbgen oxides, carbon monoxide, sulfur
dioxide, and volatile organic compounds (VOCs)pagposed in this application, based on the
most current industry data and manufacturers’ médron. Project emission control systems are
described in detail below.

SCR Emissions Control System

The SCR system reduces nitrogen oxide emissions tihe HRSG stack gases by up to about 83
percent. Diluted 19 percent aqueous ammonia istegeinto the stack gases upstream of a
catalytic system which converts nitrogen oxide amanonia to nitrogen and water.

The expected components in the SCR system ardlasso

Agqueous Ammonia Storage TarklThe aqueous ammonia storage tank is a horizontadrtical
vessel which stores 16,000 gallons of 19 weightgr@raqueous ammonia for the SCR system.
The storage tank will be complete with relief vaykevel gauges, local audio alarms, and will
also be located inside a containment area.

Agqueous Ammonia Forwarding Punpshe aqueous ammonia forwarding pumps will transf
agueous ammonia from the storage tank to the agueumonia vaporizer.

Ammonia Vaporizer The aqueous ammonia vaporizer atomizes and izegdhe ammonia
and water solution. Plant air or steam will atontize agueous ammonia to assist in the
vaporization. The energy to vaporize the agueousn@me will come from a slip stream of hot
stack gas or by heating ambient air with a heaglegient.

Vaporizer Blower The vaporizer blower delivers fresh air or reegdhot stack gas from the
HRSG into the agueous ammonia vaporizer.

Ammonia Injection Grid- Once the aqueous ammonia is properly vaporthedammonia is
sent to an injection grid where the ammonia streadivided into various injection points
upstream of a catalyst. The flow of ammonia to eafgction point can be balanced to provide
optimum nitrogen oxide reduction.

SCR Catalyst The SCR catalyst provides the surface arealandatalyst to react ammonia and
nitrogen oxide to form nitrogen and water. The S2Ralyst will be installed in a reactor
housing located within the HRSG at the proper jae temperature-point for good nitrogen
oxide conversion.

CO Oxidation System

A carbon monoxide catalyst will be installed in tHRSG casing upstream of the SCR ammonia
injection location to reduce carbon monoxide emissi The carbon monoxide catalyst will
oxidize the carbon monoxide and VOCs produced filoenCTG.

Continuous Emissions Monitoring System

The Continuous Emissions Monitoring System (CEM&)prds the emissions out of the HRSG
stack to comply with local, state, and federal ainis requirements. The CEMS monitors the
nitrogen oxide, oxygen, and carbon monoxide levelsses control system signals for CTG
power output and fuel gas to the CTG to calculagetdtal mass rate of emissions released, and
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may also be used as part of the ammonia injectiotrals for the SCR system. The CEMS will
be designed, installed, and certified in accordavitle the applicable San Joaquin Valley Air
Pollution Control District (SJVAPCD) and USEPA stands for analyzer performance, data
acquisition, and data reporting.

Steam Turbine Generator

The STG is a 160 MW (nominal) sliding-pressure etltkesign, with the HP section discharge
steam sent back to the HRSG to be reheated bedarssion to the IP section. The IP section
discharges into the cross-over pipe where LP steamthe HRSG is admitted before entering
the double flow LP section. The flow splits and axgs through separate LP turbines before
exhausting downward into the condenser. The turB@otions are on a common shaft, which
connects through a coupling to a hydrogen cooleeiggor.

The STG has supporting systems, including a gléeehs condenser, a steam seal regulator, lube
oil and hydraulic oil systems, and control systd@ime steam seal system manages the use of
leakages from the HP section seals to providersgpédir the lower pressure sections, as well as
provide excess steam to the gland seal condenser.

Heat Rejection System

The excess thermal energy in the steam exhausted timndenser is dissipated in the heat
rejection system. This system is comprised of aleoger, a circulating water system, and a
multi-cell cooling tower.

The condenser is a shell and tube heat exchangfethvei steam condensing on the shell side
under a vacuum and the cooling water flowing thtotige tubes in a single or double pass
design. The condensate collects in the condenseelpwhere it supplies the condensate
pumps that feed the HRSG. The heat in the condénpaked up by the circulating water
system and transferred to the cooling tower. Anlauy cooling water system also transfers
heat to the cooling tower from the cooling dutiéshe hydrogen-cooled generators, the
auxiliary CTG, and other power block equipment.

2.3.2.2  Auxiliary CTG

The auxiliary CTG is a natural gas fired GE LMSI®A in a simple cycle configuration,
equipped with water injection for nitrogen oxidentrol. Post combustion emissions controls
will include SCR and carbon monoxide Catalyst syst¢o meet the permitted stack emissions
requirements.

Unlike the 7FB heavy duty design, the LMS®a¢ a multi-shaft machine, with the LP
compressor (LPC) and the IP turbine (IPT) on a comshaft, the HP compressor (HPC) and
HP turbine (HPT) on a common shaft and an indeparna®@ver turbine on a common shaft with
the generator. The LPC is derived from an exidtiegvy duty frame machine design with
several years of field experience. The HPC, HPW, B sections, referred to as the super-core,
are based on proven aeroderivative technology mvdahy millions of operating hours. The

power turbine, a new design optimized to operatstimer the 50 Hz or 60 Hz market, is
pneumatically coupled to the super-core and traisspawer to the generator.

Featured also is an intercooler, between the LRIl HPC, which cools the air entering the
HPC, reducing compressor power demand, and inoigasi flow and pressure ratio capability.
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The intercooler rejects heat to the auxiliary coglsystem and ultimately to the power block
cooling tower.

A single annular combustor system, a common aera@tee design, is utilized, with water
injection to control nitrogen oxide emissions. Pamhbustion emission controls include an SCR
and carbon monoxide catalyst.

The auxiliary CTG is equipped with the followingcassories to provide safe and reliable
operation: evaporative coolers, inlet air filtergtal acoustical enclosure, duplex shell; and tube
lube oil coolers for the turbine and generator, poeasor water wash system, fire detection and
protection system, hydraulic starting system, andressor variable bleed valve vent.

2.3.2.3  Major Electrical Equipment and Systems

The Project will have a 230 kV air insulated swytaid using a breaker and a half scheme with
redundant 230 kV transmission lines for intercomioecto the PG&E Midway Substation. The
breaker and a half scheme allow each breaker isoksted and also each 230 kV bus to be
isolated without affecting the reliability of thedpect.

The combined cycle power block has two prime mavikies GE Frame 7FB (CTG-1) and the
associated steam turbine generator (STG-1). CT@dISTG-1 each have 18 kV generator
breakers. The auxiliary simple cycle (CTG-2) pr@gdhn independent source of generation
when the combined cycle gas turbine CTG-1 is netajng, or when additional peaking power
is needed.

Startup power for the plant will be obtained bylb&eding from the 230 kV grid through the
main transformer to the unit auxiliary transformetsch are tap connected to the CTG-1 and
STG ISO phase buses.

2.3.3 Supporting Process Systems
2.3.3.1  Natural Gas Fuel System

Natural Gas Metering Station

The natural gas fuel system provides natural gadl tbe Project components at the required
pressure, temperature, and flow rates. The nagasabystem is shown on Figure 2-9, Flow
Diagram Natural Gas System.

High Pressure Natural Gas

The power block combined cycle CTG (GE Frame 7EBhe largest high pressure natural gas
user, although hydrogen rich gas is the primaryflarethis unit. All of the combined cycle
startups are on natural gas and the power blocloparate independently on natural gas when
hydrogen-rich fuel is not available. The combingdle CTG requires natural gas at about 400
psig which is near the pipeline minimum operatingsgure. The auxiliary simple cycle CTG
(GE LMS10¢) requires a booster compressor to increase theatafas pressure to about 960
psig at the fuel control skid. The heat of compssvill ensure the gas is above the dew point
and a filter separator is included to make surg oldan dry natural gas enters the CTG.
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Low Pressure Natural Gas

Low pressure natural gas will be supplied fromtddern station located in the power block. A
separate pressure reduction station and knockaut dre provided to supply the Project’s other
low pressure natural gas users. A list of the lo@spure natural gas users follows:

 HRSG duct burners (when combined cycle plant isaipey on natural gas fuel)
* Auxiliary boiler

* SRU reaction furnace (for refractory preheating siagtup)

» Gasifier preheat burners (for refractory preheatingng startup)

* Tail gas thermal oxidizer

» Gasification, Rectisol and SRU flare pilots

* Building space heating and miscellaneous users

2.3.3.2  Air Separation Unit

High purity oxygen and nitrogen are supplied frédva ASU, which separates and purifies
oxygen and nitrogen from the ambient air. The amtlaér is filtered, compressed, dried, and
cooled to cryogenic temperatures, and is then aggghinto purified oxygen and nitrogen
streams.

Most of the high purity oxygen is supplied at hjgiessure to the gasification process as one of
its feeds. The rest is supplied at low pressutbamxygen-blown SRU as one of its feeds.

High-purity nitrogen (<1% oxygen) is supplied atdinem pressure as a diluent to the
combustion turbine, which uses it to reduce themitabgen oxide formation when combusting
the hydrogen-rich gas. Ultra-high purity nitrogen100 ppmv oxygen) is used for purging and
blanketing throughout the Project.

The oxygen and nitrogen are then separated by enyodglistillation within a heavily insulated
“cold box.” Because operating temperatures fos@paration are at cryogenic levels, distillation
equipment is enclosed within cold boxes and insdlfitom heat leakage. A simple process flow
diagram for the ASU is presented as Figure 2-10 S&paration unit.

High pressure gaseous oxygen for gasification isnatly supplied from the ASU by pumping
liquid oxygen (LOX) to the required pressure anehtlraporizing the oxygen. A LOX storage
system provides a backup oxygen supply to theigesidluring short-term trips of the ASU. The
LOX system consists of a LOX storage tank, LOX puam LOX vaporizer. The gaseous
oxygen exiting the vaporizer is at a pressure blgtéor delivery to the gasifier without
additional compression.

Gaseous nitrogen for combustion turbine nitrogedexontrol is compressed to delivery
pressure in the ASU and sent to the power block. ddmpressor discharge is not cooled.

Gaseous ultra-high purity nitrogen for purging ametting of equipment is normally supplied
directly to the Project’s nitrogen distribution s®. A liquid nitrogen (LIN) storage system
provides a backup supply of ultra-high purity nifem to the plant during ASU trips. The LIN
system consists of a LIN tank, LIN pump, and LINb@gazer. The gaseous nitrogen exits the
vaporizer at a pressure suitable for feeding ineoRroject’s nitrogen distribution system.
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2.3.3.3  Sulfur Recovery Unit

Sulfur is removed from the processing facility tingb a sulfur complex which consisting of a
Claus unit (thermal stage) plus catalytic convert#herwise known as the Sulfur Recovery unit
(SRU), a Tail Gas Treatment unit (TGTU), and adas thermal oxidizer. The sulfur process
facility consists of 2 by 50 percent SRUs, 1 by p@écent TGTU, and 1 by 100 percent thermal
oxidizer. The Claus unit and TGTU give an overalfw recovery efficiency in the range of
99.8 to 99.9+ percent. The following is a processcdption of the SRU Claus unit, TGTU, and
thermal oxidizer:

Claus Section

The acid gas stream from the Rectisol AGR units pldow concentration acid gagam from

the gasification section and the carbon dioxide/amalhydrogen sulfide stripped from sour
water, are fed to two identical, parallel ClausetygRUs. The total sulfur concentration in the
SRU feed (HS plus COS) from the AGR will be 45 mol % (minimurRyessure at the boundary
limit will be 30 psia (minimum).

In the SRU, the hydrogen sulfide carried in thelagas streams is converted to elemental sulfur
and water vapor based on the industry-standards@leacess. Each unit consists of a thermal
stage and two catalytic reaction stages. The sidfselectively condensed and collected in
molten form in the sulfur pits. The SRU is desigf@dboth air and oxygen-blown Claus
technologies. Figure 2-11, Flow Diagram Sulfur Rerg Unit, presents a simplified process
flow sketch of the SRU.

The Rectisol AGR acid gas and recycle acid gas ttenT GTU regenerator enter the SRU
through the Acid Gas Wash Drum to remove any lidtodh operating upsets of upstream units
to protect the Claus reaction furnace and cataBystilarly, low concentration acid gas from the
gasification section and sour water stripper gas@uted to a Sour Water Stripper (SWS) Acid
Gas Knockout Drum.

The resulting acid gas streams are preheated osidgum-pressure steam; the oxygen feed is
pre-heated using medium-pressure stream priotettirig the reaction furnace. All of the acid
gas from the SWS Acid Gas Knockout Drum and thegeryis sent to the main reaction furnace
to ensure complete destruction of ammonia.

One-third of the hydrogen sulfide is combusted witlggen to produce the proper ratio of
hydrogen sulfide and sulfur dioxide, which thenctea produce elemental sulfur vapor in a
reaction furnace (246 + SQ - 3S + 2HO). A waste heat boiler is used to recover heaireef

the furnace off-gas is cooled to condense theifisement of sulfur. Gas exiting the first sulfur
condenser is fed to a series of heaters, catabagiction stages, and sulfur condensers, where the
hydrogen sulfide and sulfur dioxide are increméptabnverted to elemental sulfur and
condensed.

Sulfur Storage

Liquid sulfur from the SRU is collected in two fykénclosed subsurface sulfur storage pits
(SSP). To provide for containment, the SSPs arstoacted with structural concrete with a solid
roof, built in accordance with applicable LORS. Tiggiid sulfur drains into the SSP which
contain a pump well and Sulfur Transfer Pumps. $vaeis introduced into the SSP to prevent
the accumulation of hydrogen sulfide, and to cdrtrgitive emissions. The sweep air inlet and
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outlet are located at opposite ends of the SSRdore proper sweep of the vapor space. The
sweep air is drawn through the SSP and will beewblack to the reaction furnace through the
SSP ejector.

Liquid sulfur is pumped from sulfur storage to #wudegassing unit. The sulfur degassing unit
strips dissolved hydrogen sulfide out of the ligsidfur. The degassed sulfur is routed from the
degassing unit to the sulfur storage SSP. Thepsttiinydrogen sulfide stream is routed to the
Claus reaction furnace.

Sulfur loading involves pumping liquid sulfur frothne sulfur storage to trucks. The sulfur
loading equipment will have vapor recovery systéonsontrol fugitive emissions by returning
displaced vapors to the SRU. The SRU is a totadblased process with no discharges to the
atmosphere.

Tail Gas Treating Unit

A process flow sketch for this unit is shown in g 2-12, Flow Diagram Tail Gas Treating
Unit. The tail gas from the SRU is composed mastlgarbon dioxide, water vapor, and sulfur
vapor with trace amounts of hydrogen sulfide, caysulfide, and sulfur dioxide. The tail gas
from both SRU trains is sent to a single TGTU, vehiers first preheated using high-pressure
steam and then catalytically hydrogenated in tidrdyenation reactor to convert the remaining
sulfur species to hydrogen sulfide. The resultiag stream is then cooled, washed with caustic
for unconverted sulfur dioxide removal, and finatiyntacted with lean amine in the absorber,
where hydrogen sulfide is preferentially absorbéte rich amine leaving the bottom of the
absorber is pumped to the regenerator, where hgdrsglfide and carbon dioxide are stripped
from the amine. Overhead gas from the regenerataaming the separated hydrogen sulfide
and carbon dioxide is recycled to the front of @laus SRU section. The lean solvent from the
bottom of the regenerator is cooled and pumpebdabsorber.

The treated TGTU vent gas from the absorber overbeatains mostly carbon dioxide and trace
levels of sulfur compounds. The treated tail gasisnally compressed, dried, and blended with
the much larger product carbon dioxide from the A@GR. The combined carbon dioxide
stream is compressed for transportation to theHilk Field for EOR and sequestration.

Sour Water Stripper (SWS)

The stripped gasses from the SWS containing ammbpdogen sulfide, and carbon dioxide
are sent to the Claus unit for sulfur recovery amamonia destruction. The SWS is shown
schematically in Figure 2-13, Flow Diagram Sour @&tripper.

The majority of the SWS feed is produced in ther&hift/ Low Temperature Gas Cooling unit.
Numerous other small sour water streams are cetldeom within the Project and sent to the
SWS feed tank along with the cold condensate fiogrshifted syngas knockout drums.

The SWS feed pumps, which take suction from thd faek, deliver sour water to the SWS. The
stripper is injected with low pressure steam athbbgom of the column. The rising steam strips
ammonia, carbon dioxide, and hydrogen sulfide dtth@ sour water. The overhead vapors are
cooled in an air-cooler condenser. The condensatfluxed back to the column and the
overhead non-condensable gases are sent to the @lauThe stripped condensate is drawn off
the bottom of the column and pumped to the GasiinaBlock for reuse.
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Tail Gas Thermal Oxidizer

Associated with the operation of the sulfur recgv@ocess is the integral use of a thermal
oxidizer as a control device to provide for theesaifid efficient destruction of the hydrogen
sulfide contained in the TGTU vent gas during siadnd shutdown. The miscellaneous
oxidizing streams from the gasification area (eagmospheric tank vents and miscellaneous
equipment vents) are directed to the thermal ogidiluring normal operation to prevent
nuisance odors.

In the thermal oxidizer, the TGTU tail gas and othedizing streams are subjected to a high
temperature and a sufficient residence time toecansessentially complete destruction of
reduced sulfur compounds such as hydrogen sulfide thermal oxidizer uses natural gas to
reach the necessary operating temperature for aptirarmal destruction.

2.3.3.4  Zero Liquid Discharge

A small fraction of the process water in the Gastiion unit is blown down to the Process
Wastewater Treatment/ZLD unit to maintain the geatfon unit water chemistry within
corrosion limits. The process wastewater from tlasification unit will be treated (if required)
and routed to a ZLD system which will include a imemaical vapor compression evaporator and
crystallization unit. The pure distillate produdeoim the evaporator will be returned to the
gasification unit for reuse. The solid materialgwoed will be trucked to an approved off-site
material disposal facility in accordance with apable LORS.

2.3.3.5  Carbon Dioxide Compression and Pipeline

At least 90 percent of the carbon in the raw synglse captured, resulting in a high purity
carbon dioxide stream during steady-state operaiiba carbon dioxide is transported by
pipeline to the custody transfer point at Elk HHigld for CQ EOR and Sequestration. The
Carbon Dioxide Compression System is shown in E@ui4, Flow Diagram Carbon Dioxide
Compression and Venting Systems. In order for #tban dioxide to be transported, it must first
be compressed. The carbon dioxide that will be cesged comes from two sources: (1) the
bulk of the carbon dioxide comes from the AGR uaitd (2) a small portion comes from the
TGTU absorber. After processing by the AGR unig ¢tarbon dioxide is very dry, which avoids
pipeline and equipment corrosion.

The AGR removal unit produces high purity carbooxdie at two pressure levels: (1) the lower
pressure level is near atmospheric pressure; grididigher pressure carbon dioxide is
available at about three atmospheres. The Reglisokss contacts the syngas with refrigerated
methanol so the product carbon dioxide is dry atcbmpressor suction.

The TGTU carbon dioxide stream is near atmosplpggssure and contains moisture. It is
compressed to the just above the higher carbond#igressure from the AGR unit, dried, and
then combined with the higher carbon dioxide presstream from the AGR unit.

The maximum pressure requirement for the carboxiadigpipeline is about 2,800 psig at the
compressor discharge. Once the carbon dioxide ymessaches approximately about 1,200 psig
it becomes super-criticalThe significance of this is that at high pressuhe carbon dioxide

! Super-critical refers to a material at a tempeeaaind pressure above its critical temperaturespres At these conditions there
is no defined phase difference between liquid ayubv.
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exists as a dense single phase. Heating or colenfiuid will change its density, but it will not
develop into a separate liquid phase. So whiletmpression to high pressure is needed for
carbon dioxide injection operations, it is alsodetto keep the carbon dioxide in a super-
critical phase throughout the carbon dioxide pipeliMulti-stage centrifugal compressors have
been selected for the Project. The compressorsit@recooled between stages and provided with
inlet guide vane capacity controls.

The captured and compressed carbon dioxide wiltdsesported by pipeline at a pressure greater
than 1,500 psig, but no greater than 2,800 psig.stteam will be approximately 97 percent

pure carbon dioxide. The pipeline facilities widiresist of a pipeline 12 inches in diameter, one
metering facility at the pipeline origin and term#icustody transfer point, one pig launcher, one
pig receiver, cathodic protection system, two mmdotk valves and two additional emergency
shutdown valves, as specified by the CaliforniaeSkare Marshal.

2.3.3.6  Other Plant Systems

Heat Rejection Systems

Waste heat (i.e., low-grade thermal energy themactical to recover and reuse) from the
Project will be rejected to the atmosphere. Twasypf heat rejection systems are used
depending on the process requirements. Air codliersan exchangers) are used for direct heat
rejection to the atmosphere where low process towgtheperatures are not critical to efficiency.
Mechanical draft cooling towers are used wherer@utliheat rejection is required and/or where
low process outlet temperatures are critical ta@Velant efficiency.

Air coolers are dedicated to specific services prily within the Shift/LTGC, TGTU, and SWS
units. Mechanical draft cooling towers serve mistipeat loads in more than one process unit.
The Project has three mechanical draft cooling tewshich are described below. Figure 2-15,
Flow Diagram Cooling Water System, shows the pdeck cooling water system. The
configuration shown in this figure is similar teetASU and gasification cooling towers.

Power Block Cooling Tower

The largest heat rejection load in the Projedhéssteam turbine surface condenser in the
combined cycle power block. The main cooling watemps supply water from the cooling
tower basin and pump it through the surface coretembes and back to the top of the cooling
tower cells. The return water flows into distrilmstipiping below high efficiency drift
eliminators and above the cooling tower fill magérElectric motor driven induced draft fans
move air up through the tower fill material, cortag the cooling water with air and promoting
evaporative cooling. A separate set of auxiliarglicy pumps supply water from the cooling
tower basin and pump it through plate type closmalieg water (CCW) exchangers and return
the water to the cooling tower fill material. Th€®W pumps circulate higher purity water
through the CCW exchangers which cool the wateoreat removes heat from the closed circuit
cooling water users. The closed circuit coolingevaisers include the CTG and STG generator
coolers and lube oil coolers. The use of a sepatased cooling water system also reduces the
electric power load by enabling the shutdown ofl#ige, main circulating pumps when the
power block is in standby, ready to start, or failog an STG shutdown.

A chemical feed system will supply water conditimpichemicals to the circulating water to
minimize corrosion and control the formation of emal scale and biofouling. Sulfuric acid will
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be fed into the circulating water system for alikiyi reduction to control the tendency for
scaling. The acid feed system will consist of gjerand two full-capacity metering pumps. A
polyacrylate solution is also fed into the circulgtwater system as a sequestering agent to
further inhibit scale formation. This system alsquires storage and two full-capacity metering
pumps. To prevent biofouling in the circulating erasystem, sodium hypochlorite is added to
the system. The system requires storage and tivodphcity metering pumps.

Gasification Block Cooling Tower

The gasification block cooling water system desgysimilar to the power block, only the duty is
substantially lower. The major heat rejection daiaee from the carbon dioxide compressor and
the AGR refrigeration unit. Cooling water is alsgplied to the gasification, Shift/LTGC, SRU,
TGTU, SWS units and some other miscellaneous uSemmpressor lube oil systems, large
motor cooling, and other services that require @igiurity cooling water are supplied by the
closed circuit cooling water loop.

Air Separation Unit Cooling Tower

The ASU cooling water system design is also sintdahe power block and the duty is also
substantially lower. The major heat rejection dutiee from the main air compressor intercooler
and aftercooler, the booster air compressor intdecpand the nitrogen compressor intercooler.
Compressor lube oil systems, large motor cooling, @her services that require higher purity
cooling water are supplied by the closed circudlicw water loop, which rejects heat to the

ASU cooling tower. The ASU cooling tower is locaiadhe ASU unit near the cooling loads.
The ASU cooling tower has separate pumps and pgystems and is operated independently of
the other cooling water systems.

Auxiliary Boiler

The auxiliary boiler is a pre-engineered packagkebthat will provide steam for pre-startup
equipment warm-up and for other miscellaneous mepavhen steam from the gasification
process or HRSG is not available. During normakatpen, the auxiliary boiler may be kept in
warm standby (steam sparged, no firing) or coldditg (no sparging), and will not have
emissions. The boiler will produce a maximum of@it00,000 pounds per hour of steam and
will be fueled only by pipeline natural gas. Thel&owill be equipped with low nitrogen oxide
burners and flue gas recirculation to minimize eiss.

Flares

Although the Project is designed to avoid flaringidg steady state operations, flares are needed
to protect the Project operators and equipment.Prbgect employs three pressure relief systems
and their corresponding flares (Gasification, Redtiand SRU) for this purpose. All three flares
are conventional pipe flares. The Rectisol and $IRtds are provided with natural gas assist.
Vessels, towers, heat exchangers, and other eqont@areconnected to piping systems that will
discharge gases and vapors to a relief systentder ¢o prevent excessive pressure from

building up in the equipment and to allow safe renbf equipment during routine startup,
shutdown, or emergency operations.
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During normal, non-startup plant operation the ¢htares will be operated in a standby mode
with only “de minimis” emissions from the naturagypilot flames. As explained below, two of
the flares will be also be used to occasionallpalse of excess startup gases in a safe manner.

2.3.3.7 Gasification Flare

The gasification block will be provided with a eflisystem and associated gasification flare to
safely dispose of gas streams during gasifierigtaghutdown, and unplanned upsets or
emergency events; syngas during AGR startup; hytregh gas during short-term emergency
combustion turbine outages; or other various steeaithin the Project during other unplanned
upsets or equipment failures. The power blocktsaifd gasification unit vents are collected in a
HP flare header. A simplified process flow sketthhe gasification flare system is shown in
Figure 2-16, Flow Diagram Gasification & Rectisddule Systems.

Reduced-pressure sour gas vents from the gasifircatid shift units during shutdown
depressurizing operations are first scrubbed irgtsgfication amine absorber to remove
essentially all the sour sulfur compounds and fedrto an LP flare header. Both the HP and LP
flare headers are routed to a common flare knocttauh to remove condensed moisture and
any potentially entrained liquids.

2.3.3.8  Sulfur Recovery Unit Flare

SRU flare will be used to safely dispose of gasastrs containing sulfur during startup and
shutdown (as described further in this section) gasistreams containing sulfur during
unplanned upsets or emergency events. Acid gagedefiom the AGR, gasification unit, and
SWS overhead is normally routed to the SRU forvecpas elemental sulfur. During cold plant
startup of the gasifiers, AGR, and Shift units sthacid-gas streams will be diverted to the SRU
flare header for a short time. To reduce the emnssof sulfur compounds to the environment
during SRU or TGTU shutdown, the acid gas is rouiteithe emergency caustic scrubber, where
the sulfur compounds are absorbed with caustidisoluAfter scrubbing, the gas is then routed
to the elevated SRU flare stack via the SRU flareckout drum. Fresh and spent caustic tanks
and pumps are provided to allow delivery of freahstic and disposal of spent caustic. A
simplified process flow sketch of the SRU flareteys is shown in Figure 2-17, Flow Diagram
SRU Flare System.

2.3.3.9 Rectisol Flare

A Rectisol Flare will be used to safely disposéosf temperature gas streams during startup,
shutdown, and unplanned upsets or emergency eeuitsreliefs and vents from the AGR unit
and its associated Refrigeration unit are colleatetie Rectisol flare header. The Rectisol flare
header is used only in emergencies or upsets antdine gases that can be below the freezing
point of water. For this reason the Rectisol flaeader gases are segregated from the wet gases
in the gasification flare header. A simplified pess flow sketch of the Rectisol flare system is
shown in Figure 2-16, Flow Diagram Gasification &d®sol Flare Systems.
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Emergency Engines

Diesel Generator

Two 60 Hz, 3-Phase, 2,000 kW, 0.8 PF standby dggmsérator(s) in an outdoor enclosure will
be connected to the 480 V switchgear to supply gem&ty essential service power to critical
lube oil and cooling pumps, gasification and aaxiylisteam systems, gasification quench
system, station battery chargers, UPS, heat tracorgrol room, and emergency exit lighting,
and other critical plant loads.

A Local Control Panel (LCP) will be located on bag#h standard microprocessor-based engine
and generator controls, interlocks, metering, atamnd synchronizing system. Remote control
of the diesel generator shall be from DCS operatiara fiber optic cable to Sellers control
system.

Emergency Diesel Firewater Pump
One approximately 600 horsepower (hp), 415 kilosvetW) standby firewater pump, located
adjacent to the firewater tank.

Emission Monitoring Systems

CEMS will be installed on several stack emissionrses as required by applicable regulations
and permit conditions. These analyzers will beglesil, installed, certified, and calibrated in
accordance with the applicable LORS. In gener#, éixpected that these systems will sample,
analyze, and record stack emission data for sespedified pollutants. CEMS will incorporate
data handling and acquisition systems to autonibtiganerate emissions data logs and
compliance documentation. Alarms will alert operstib stack emissions exceed specified
limits. Each CEMS system will undergo periodic bedition, audits, and testing to verify
accuracy. It is anticipated that the following CEg\tems will be required for the indicated
emissions:

 HRSG - nitrogen oxide, carbon monoxide, and oxygen

* Auxiliary CTG —nitrogen oxide, carbon monoxide, and oxygen
» Tail Gas Thermal Oxidizer — sulfur dioxide and oggg

* Hydrogen-rich Fuel — Total sulfur

In addition to continuous monitoring, the Projedi yerform periodic stack emission tests to
verify compliance with emission limits as required.

24 RESOURCE INPUT

Unlike most power plants in California, this Prdjeses domestic supplies of solid feedstock.
The feedstocks for the Project include the follogvamd are discussed below in more detail:

* Petroleum coke and western bituminous coal
* Fluxant (crushed aggregate, rock, or sand)

* Natural gas
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»  Water
* Oxygen and Nitrogen

241 Petroleum Coke and Western Bituminous Coal

2.4.1.1 Petcoke

Petcoke is expected to be the lowest cost feedsteamikable to the Project. Approximately
16,350 tpd (6.0 million tons per year [tpy]) of Fggade petcoke are produced by major
California refineries, including BP. Five of thagdineries are located in the Los Angeles area,
three are in the San Francisco area, and two areninal California. At steady state operation
feeding 100% petcoke, the Project would consumetabd of this total production (around
2,820 tpd, or 1.0 million tpy).

24.1.2  Bituminous Coal

The Project expects to obtain its necessary webirminous coal from the Uinta Basin located
in Utah and Colorado. Approximately 0.5 million tplyUinta Basin coal is delivered to a
transloading facility in the Bakersfield area f@elby small cogeneration facilities. Several
western bituminous coal mines that can supply s#ting Project technology requirements in
terms of ash composition and other characteribe® already been identified. The Project is in
the process of discussing possible contractualdevith the relevant entities.

24.1.3  Feedstock Quality and Plant Operations

Feedstock Flexibility

To maximize the number of potential fuel suppli@nsl to minimize fuel costs, the Project is
designed to accept a range of feedstock blendsdtporates a fluxant injection system to allow
operation on 100% petcoke, but can also operateldend of as much as 75 percent thermal
input (HHV) coal, with petcoke.

Sulfur Content

The sulfur recovery system will handle feedstoanbls whose average sulfur content is within
the range of the different assumed feedstocks. &uebituminous coal has an average sulfur
content of approximately 1.0%. The average sulfuntent of California’s fuel grade petcoke is
approximately 3.4% today, but is expected to cltmB.5% by 2020.

A representative feedstock analysis is providedwédor each of the feedstocks. The
representative feedstock analysis for petroleune ¢éekrovided in Table 2-7, Petroleum Coke
Design Range. The representative feedstock andbysigestern bituminous coal is provided in
Table 2-8, Typical Analysis for Western BitumindDeal.

24.2 Fluxant

Slagging gasifiers require that the mineral mattehe feedstock melt and flow by gravity out of
the bottom of the gasifier reaction chamber. Whangupetroleum coke feedstock and/or coal
feedstocks containing ash that melts at high teatpegs, the addition of a fluxant is required to
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achieve the proper molten “gasification solidsWloharacteristics at acceptable gasifier
operating temperatures; thus facilitating gravioji. Both the type and quantity of fluxant
required are dependent upon the feedstock chaisiter

Table 2-7 Petroleum Coke Design Range
Ultimate Analysis, wt% (dry)
Carbon 84 -91
Hydrogen 3-5
Nitrogen 1-4
Sulfur 0.8-6.0
Oxygen <1.0
Ash 0.3-1.0
Moisture, wt% (AR) 5-15
Chloride Content, ppmw (dry) 100 - 300

Gross Heating Value, Btu/lb (dry)

14,500 —- 15,500

Bulk Density, Ib/ft3 (AR)

40 -50

Ash Analysis, ppmw (dry)

Vanadium 900 - 1,200
Nickel 700 - 1,250
Iron 500 - 1,000
Chromium <10

Sodium 50 - 500
Calcium 50 - 500

Source: HECA Project

Notes:
AR = as received
ppmw = parts per million by weight
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Table 2-8 Typical Analysis for Western Bituminous @al
Ultimate Analysis, wt% (dry)

Carbon 70-76

Hydrogen 4.4-6.7

Nitrogen 06-1.6

Sulfur 0.1-20

Oxygen 7.0-145

Ash 48-11.2

Moisture, wt% (AR) 5.0-12.0

Gross Heating Value, Btu/lb (dry)

11,300 - 13,600

Ash Analysis, ppmw (dry)

Vanadium 8-9
Nickel 4-12
Chromium 7-12
Mercury 0.02 -0.08

Source: HECA Project
Notes:
AR

ppmw

as received (with delivered free moisture)
parts per million by weight
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Table 2-9 Example Fluxant Composition

Constituent Dry wt%
Silicon Dioxide (SiQ) 47
Aluminum Oxide (AbO3) 14
Iron Oxide (FgOs) 16
Calcium Oxide (CaO)
Magnesium Oxide (MgO) 4
Sodium Oxide (NzO) 4

Potassium Oxide (}O)
Titanium Dioxide (TiQ)

Manganese Dioxide (Mn{p 0.4

Phosphorus Pentoxide (B) 2

Strontium Oxide (SrO) 0.1

Barium Oxide (BaO) 0.1

Sulfur Trioxide (SQ) 0.3

Balance 11

Total (dry) 100.00

Water, wt% 0.70 (normal) — 3 (max)

Source: HECA Project

24.3 Natural Gas

The natural gas supply meter station will be lodatéhin the Controlled Area, southeast of the
Project Site. Two large natural gas pipelines systPG&E and SoCalGas) are available to
supply natural gas to the Project. The distancevdsst the main pipeline system headers and the
Project Site is approximately 8 miles. The estirdatenimum delivery pressure of the PG&E

line is between a minimum of 335 pounds per squmete gauge (psig) and a maximum of 600
psig.

* The estimated minimum delivery pressure of the Bemt California Gas Company pipeline
is 350 psig. Historical data from 2008 shows thatpipeline pressure was at 500 psig or
higher for 95.8 percent of the time which is suéfic for operation of the GE 7FB
combustion turbine.

The interconnect will consist of one tap off théséirg transmission line, one meter set, one
service pipeline service connection, and a predsurtng station located on the Project Site.
The pipeline route is shown on Figure 1-4, Projextation Map.

Southern California Gas Company is proposed toskee by the Project.

Typical yearly averages for the natural gas commwsand physical properties are given below
in Table 2-10, Typical Natural Gas Composition.
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Table 2-10  Typical Natural Gas Composition

Pressure, psig (for CTG startup and as a backup fue350 psig
Specific Gravity 0.588
Higher Heating Value, Btu/scf 1,035
Composition, mol%
Hydrogen (H) 0.00
Methane (CHor C) 95.165
Ethane (§) 2.52
Propane (g 0.58
iso-Butane (i-G) 0.115
normal Butane (n-£ 0.1
iso Pentane (i-§} 0.035
normal Pentane (n<L 0.025
Hexanes plus higher carbon compounds-{C 0.025
Carbon Monoxide (CO) 0.00
Carbon Dioxide (Cg 0.885
Nitrogen (N) 0.565
Hydrogen Sulfide (bB) <1/4 grain/100 scf
Total Sulfur <3/4 - 1 grain/100 scf
Source: Southern California Gas Company
Notes:
Btu = British thermal units
CTG = combustion turbine generator
psig = pounds per square inch gauge
mol% = mole percent
N> = nitrogen
scf = standard cubic feet

244 Water

It is estimated that the Project will use abou0R,9pm (4.2 million gallons a day) of brackish
water on an average annual basis. This increasssota 4,100 gpm (5.9 mgd) during average
summer afternoon conditions. The Project will méliocal brackish groundwater treated on-site
to meet Project standards. The brackish groundwatieoe supplied from the BVWSD, which

is a local water district with impaired groundwaseurces not suitable for agricultural or potable
use. BVWSD has stated that it will be able to pdeviorackish groundwater with an average
TDS concentration of approximately 2,000 mg/L, vathacceptable range from about 1,000 to
4,000 mg/L, to the Project for the estimated lifehe Project. Potable water will be supplied by
West Kern Water District located near the SR 11pffian Road intersection, southeast of the
Project Site.
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245 Oxygen and Nitrogen

The gasification process requires high pressugh purity oxygen (95 volume percent). The
oxygen is supplied from the ASU, which separatesmrrifies oxygen and nitrogen from the
ambient air. The ambient air is filtered, compresskied, and cooled to cryogenic temperatures.
The resultant oxygen is sent to the gasifier asabriiee feeds. The ASU also supplies oxygen to
the SRU.

The ASU supplies compressed nitrogen to the cordsusirbine. The nitrogen is used as a
diluent which reduces thermal nitrogen oxide (N@roduced when hydrogen-rich gas is
combusted. The ASU also provides high purity nigrodor purging equipment, piping and
instrumentation.

2.5 PRODUCT OUTPUT

Unlike a typical power plant, an IGCC produces savgroducts including the following which
are discussed below in more detail:

» Electricity

» Carbon dioxide

* Molten sulfur

» Gasification solids

» Wastewater discharge

2.51 Electricity and Transmission Line

An electrical transmission line will interconnehbetProject Site to PG&E Midway Substation.
The interconnection voltage is expected to be 280 be verified by California Independent
System Operator (CAISO). Each potential route gaxmately 8 miles in length. While a
preferred alternative has not been selected, ttiside criteria for selecting the preferred route
will include: environmental impact; engineering id@sand construction considerations; land
availability; transmission loss; and future operatand maintenance requirements.

Table 2-11, Electrical Specification, describesdbaeral specification for electricity delivery.

Table 2-11  Electrical Specification

Terminal Point 230 kV Plant Switchyard

Utility Interconnection Location PG&E Midway 230 kSubstation
Line Voltage 230 kv

Frequency 60 Hz

Switchyard Outdoor Switchyard

Source: HECA Project

Notes:

Hz = Hertz

kv = kilovolts
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2.5.2 Carbon Dioxide

Carbon dioxide will be compressed and transporiepifeline to a custody transfer point in the
Elk Hills Oil Field for enhanced oil recovery anggsiestration. Two possible custody transfer
points and associated pipeline routes are beinly@eal in this ATC. Each route extends
predominantly southwest to the respective custmatyster point and parallels existing private
roads. The potential routes are approximately it length. The preferred custody transfer
point will be determined by Occidental of Elk Hjllec. (Oxy) Elk Hills. Based on the
determined custody transfer point, only one pipeloute will be developed.

2.5.3 Molten Sulfur

As part of the gasification process, the Projeditproduce molten sulfur; which will be sold and
transported by truck off-site for agricultural apither uses. Table 2-12, Sulfur Specification,
describes the sulfur specification.

Table 2-12  Sulfur Specification

Maximum Quantity 180 stpd
Quality Commercial Grade Degassed Liquid Sulfur
Degassed 8 Content <10 ppmw

Source: HECA Project
Notes:

H,S = hydrogen sulfide
ppmw = parts per million by weight
stpd = short tons per day

254 Gasification Solids

The estimated production of gasification solidesimated to average 140 stpd (wet) on a plant
feedstock of 100% petcoke and is estimated to geet@0 stpd (wet) on a plant feedstock of
75% coal/25% petcoke (thermal input HHV basis). teximum gasification solids production
rate is estimated to be 750 stpd (wet). The widgeaf production estimates is due to the
variability of the feed ratios and the resultingiagon in the unreacted carbon content of the
solids.

The exact composition of the gasification solidsrea be determined until the Project is in
operation and typical gasification solids are gatest. However, the composition can be
projected, based on feed materials. Other operathd feed gasification plants generate
gasification solids for beneficial use. These daare generally similar to the Project, with
respect to gasification equipment, process spetifios, and feed material blends. For this
reason, Table 2-13, Example Composition Range sffi@ation Solids, presents a typical range
of compositions for the gasification solids. Opsdor potential uses of the gasifier solids are
being evaluated by the Project and include appdinatin the cement industry, aggregate or road
base industry, metal recovery (for vanadium an#alicecovery), and/or blending with
petroleum coke to form a saleable solid fuel.
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Table 2-13  Example Composition Range of GasificatinSolids

Example Weight %, Wet
Compound MIN AVG MAX

Vanadium Pentoxide ()Ds) 0.16 1.23 2.68
Nickel Sulfide (NiS) 0.03 0.09 0.23
Nickel (111) Oxide (Ni,Os) 0.00 0.80 1.86
Iron (1) Sulfide (FeS) 0.02 1.22 4.59
Iron (111) Oxide (FeOs) 0.00 3.65 7.46
Chromium (lI) Oxide (C30O5) 0.00 0.02 0.05
Sodium Oxide (NzD) 0.54 121 2.00
Calcium Oxide (Ca0) 1.61 2.69 3.71
Mercury (Hg) 0.00 0.00 0.00
Silicon Dioxide (SiQ) 8.97 15.70 21.46
Aluminum Oxide (AbOs) 2.59 6.26 12.82
Magnesium Oxide (MgO) 0.35 1.00 1.75
Potassium Oxide (¥O) 0.15 0.32 0.51
Titanium Dioxide (TiQ) 0.23 0.55 0.93
Manganese Dioxide (Mn{p 0.00 0.07 0.14
Phosphorus Pentoxide(Bt) 0.20 0.53 0.91
Strontium Oxide (SrO) 0.00 0.03 0.05
Barium Oxide (BaO) 0.00 0.02 0.05
Sulfur Trioxide (SQ) 0.00 0.00 0.00
Unknowns 0.11 0.50 1.42
Water (HO) 49.84 52.57 57.93
Carbon (C) 1.42 11.54 25.99

Source: HECA Project

2.5.5 Wastewater Discharge

The Project has been designed for ZLD and therefiom@nates off-site discharge of surface
water or wastewater. Project wastewater will pritgaesult from cooling tower blowdown,
water supply treatment, and gasification processlensate blowdown. The cooling tower
circulation water and the process condensate frasifigation will be recycled to the maximum
practical extent. Cooling tower blowdown that cano@ recycled and reject water from the
water treatment plant will be sent to a plant waster zero liquid discharge (ZLD) unit.
Gasification blowdown that cannot be recycled Wwélsent to a separate process wastewater
ZLD unit. Sanitary wastewater from the Project m@stns, showers, and kitchens will be
conveyed by an underground gravity collection syséed discharged to a private on-site
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sewage disposal system consisting of a conventsaplc tank and leach fieldlo municipal
system is available in the immediate area to sérwd’roject.
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SECTIONTHREE Equinment Specifications

3.1

EQUIPMENT LIST

This section summarizes specifications regardiegalowing criteria pollutant emitting
equipment comprising the Hydrogen Energy Califofiaject.

Source # Source Description

1 Air Separation Unit Cooling Tower: 40,000 gallgres minute Multi-cell Mechanical-draft Cooling
Towers with high efficiency drift eliminators; sémng the Air Separation Unit.

2 Power Block Cooling Tower: 175,000 gallons penuté Multi-cell Mechanical-draft Cooling Towers
with high efficiency drift eliminators; serving thewer block

3 Gasification Cooling Tower: 42,000 gallons penuatée Multi-cell Mechanical-draft Cooling Towers
with high efficiency drift eliminators; serving th&r Separation Unit.

4 Standby Diesel Generator 1: 60 Hz, 3-Phase, X0000.8 PF standby diesel fueled emergency
generator

5 Standby Diesel Generator 2: 60 Hz, 3-Phase, X0000.8 PF standby diesel fueled emergency
generator

6 Combined-cycle Combustion Turbine (CTG/HRSG): Than power block unit consists of a
Hydrogen-rich fuel and/or Natural Gas-fired Genétigictric (GE) 7FB Combustion Turbine
Generator (CTG) with a Heat Recovery Steam Gener@ttRSG) and one condensing Steam
Turbine-Generator (STG) operating in combined cyotele. The HRSG includes a duct burner, a
selective catalytic reduction (SCR) system, andra@n monoxide catalyst system.

Firewater Pump: a 600 hp, 415 kW diesel fueladdiy firewater pump.

8 Auxiliary Boiler: a 142 MMBTU/hour natural gaséd boiler equipped with low nitrogen oxide
burners and flue gas recirculation; with maximugast production of 100,000 pounds per hour.

9 Sulfur Recovery System: A sulfur recovery systamsists of a Sulfur Recovery Unit (SRU), a Tall
Gas Treatment Unit (TGTU), and a tail gas thernxadiaer (10 MMBtu/hr).

10 CO2 Vent: Alternative (intermittent, infrequernting system serving the release stream of CO
from the Acid Gas Removal Unit and the Tail gasafiment Unit.

11 Gasification Flare: Elevated flare with 0.5 MMBtr natural gas pilot.

12 SRU Flare: Elevated flare with 0.3 MMBtu/hr matgas pilot and 36 MMBtu/hr natural gas assist.

13 Rectisol Flare: Elevated flare with 0.3 MMBtufiatural gas pilot.

14 Gasifier Refractory Heater 1: 18 MMBtu/hr retiay heater serving the gasification block.

15 Gasifier Refractory Heater 2: 18 MMBtu/hr retiay heater serving the gasification block.

16 Gasifier Refractory Heater 3: 18 MMBtu/hr retiay heater serving the gasification block.

17 Auxiliary Combustion Turbine GE LMS188imple cycle CTG fueled with natural gas. Post
combustion emissions controls will include SCR ariflation catalyst systems to meet the specified
emission limits.

18 Feedstock Handling System: Series of enclosadeyors, feedstock storage silos, and feedstock

preparation buildings equipped with six dust cdltat system consisting of hoods and baghouses.
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SECTIONTHREE

3.2 COOLING TOWERS
Power Block | Process Area ASU Basis
Cooling water (CW) circulation rate, gpn 175,000 42,300 40,200 Typical plant
performance
CW circulation rate (million Ib/hr) 88 21 20
CW dissolved solids (ppmw) 9,000 9,000 9,000 (See note)
Drift, fraction of circulating CW 0.0005% 0.0005% 0.0005% Expected BACT
Note:

Assumed maximum 9,000 ppm TDS in circulating caplivater, normally TDS will be less.
Each tower assumed to operate 95% of the yeaB32® Brs/yr at full capacity.

3.3 EMERGENCY ENGINES
Emergency Generator, Emergency Generator, Emergency Fire Water
Unit 1 Unit 2 Pump Engine
2,800 Bhp 2,800 Bhp 556 Bhp
3.4 COMBINED CYCLE COMBUSTION TURBINE (CTG/HRSG)
CTG/HRSG
Quantity One Unit
Model GE PG7321 (FB) w/IGCC Combustor
Fuels H-Rich Fuel, Natural Gas, Co-Firing
Emissions Control Diluent Nitrogen for,Hich fuel, Steam Injection for Natural Gas
Ambient Temperature Range 20°F to 115°F, Averag€ 65
Source: General Electric
Control System
Diluent Injection
Quantity: One Unit
Mfg: General Electric
Tvpe: Injection of nitrogen (hydrogen rich fuel)
ype: Injection of steam (natural gas)
Performance:
15 ppmvd at 15 percent,@hydrogen-rich fuel)
NO, Reduction @ the CTG exhaust 25 ppmvd at 15 percent,@natural gas or a
combination of hydrogen-rich fuel and natural gas).
Differential Pressure TBD
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SECTIONTHREE

3.5

Selective Catalytic Reduction

Quantity: One Unit
Type: Diluted 19 percent aqueous ammonia
4 ppmvd at 15 percent oxygen (hydrogen-rich fuel,
NO, Reduction @ HRSG Stack natural gas, or a combination of hydrogen-rich fred

natural gas)

Differential Pressure

TBD

Catalyst Life

7 to 10 years

CO Oxidation Catalyst

Quantity:

One Unit

Mfg:

TBD

Type:

CO Oxidation Catalyst

CO Reduction

3.0 ppmvd at 15 percent,@hydrogen-rich fuel)
5.0 ppmvd CO at 15 percent (hatural gas)

Differential Pressure

TBD

AUXILIARY CTG

Model

GE LMS10¢ PA

Fuel

Natural Gas

Inlet Air Cooling

Evaporative Coolers, 85% Effeeess

Emissions Control Diluent

Water Injection

Ambient Temperature Range

20°F to 115°F, Averagé€ 65

Exhaust Pressure Loss @ ISO

1200

Compressor Intercooler

100°F Return Air Temperature

Base Load Generator Output

103.1 MW @ 65°F Ambient

Stack Emissions Control

SCR for NOx and CO Catdys€O & VOCs

Min Output in Compliance

50% of Base Load

Notes:
ISO = International Standards Organization standartient conditions (1 atm, 59 F, 60% relative Hlity)
SCR = selective catalytic reduction
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SECTIONTHREE Equinment Specifications

Selective Catalytic Reduction

Quantity: One Unit

Mfg: TBD

Type: TBD

Performance:
NO, Reduction 2.5 ppmvd at 15 percent @atural gas)
Catalyst Life 7 to 10 years

CO Oxidation Catalyst

Quantity: One Unit

Mfg: TBD

Type: CO Oxidation Catalyst

Performance:
CO Reduction 6.0 ppmvd at 15 percent @atural gas)
VOC Reduction 2.0 ppmvd at 15 percent (@atural gas)
Differential Pressure TBD

3.6 AUXILIARY BOILER

Quantity: One Unit
Steam Generation 100,000 pounds per hour
Maximum Heat Release 142 MMBTU/hour
Performance:
Gas Flow 480 acfs
Gas Temperature 300 F
NO, Reduction gueﬁgnr.liﬁ)daégé)ercent @(natural gas) with low No

3.7 TAIL GAS THERMAL OXIDIZER

Process Vent Disposal
Operating Hours 8,760 hrlyr
Firing Rate 10 MMBtu/hr
SRU Startup Gas Disposal
Operating Hours 300 hr/yr
Firing Rate 10 MMBtu/hr
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SECTIONTHREE

3.8

3.9

3.10

3.1

3.12

CO2 VENT
Quantity One Unit
Total Days of Operation* 21 daylyr
Total Hours of Operation* 504 hriyr

Total Flow

656,000 Ib/hr

Total Flow

15,150 Ibmol/hr

* Or for longer duration at reduced flowrates.

GASIFICATION FLARE
Quantity One Unit
Total Hours of Operation (pilot) 8,760 hr/yr
Gasification Flare Pilot Fuel Use 0.5 MMBtu/hr
Approximate Operating Hours for Startup Relief Gag 134 hriyr
SRU FLARE
Quantity One Unit
Total Hours of Operation 8,760 hrlyr

SRU Flare Pilot Firing Rate

0.3 MMBtu/hr

Natural Gas Heat Rate (assist gas)

36.0 MMBtu/hr

Approximate Operating Hours for Startup Relief Gag

6.0 hr/yr

Approximate control efficiency of scrubber

99.6 percent

Gas Flow Rate

4,600 Ib/hr S@

RECTISOL FLARE
Quantity One Unit
Total Hours of Operation 8,760 hr/yr

Rectisol Flare Pilot Firing Rate

0.3 MMBtu/hr

GASIFIER REFRACTORY HEATERS

Quantity

Three Units

Total Hours of Operation (combined)

1,800 hrlyr

Gasifier Firing Rate (for each heater)

18 MMBtu/hr
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SECTIONTHREE Equinment Specifications

3.13 FEEDSTOCK HANDLING SYSTEM

Quantity of Baghouses 6 Units
Outlet Dust Loading 0.005 grain/scf
Dust Collector | Max Feed Handling | Air Flow to Collector
Description No. Rate (ton/hr) (acfm)

Truck Unloading DC-1 900 6,467
Coke/coal Silos (filling) DC-2 900 16,376
Mass Flow Bins (in/out) DC-3 170 7,620
Coke/coal Silos (loadout) DC-4 170 4,872
Crusher Inlet/Outlet DC-5 170 4,673
Fluxant Bins (filling) DC-6 100 1,234
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SECTIONFOUR Expected Emissions

This section discusses the expected emissionstirerproposed Project. Emissions of both
criteria pollutants were estimated for each engtsource listed on Section 3.0. Hazardous air
pollutant emissions for each emitting source asewtised in Section 8.0. These emission rates
will be used to show that the Project will not caas exceedance of PSD increments, California
or Federal AAQS, or significant heath risk measures

The total combined annual emissions from all emarssiources of the Project are shown in
Table 4-1, Total Combined Annual Criteria Pollut&missions.

4.1 COOLING TOWERS CRITERIA POLLUTANT EMISSIONS

411 Power Block Cooling Tower

Power cycle heat rejection will consist of a steanface condenser, cooling tower, and cooling
water system. The heat rejection system receiviesust steam from the low pressure (LP)
steam turbine and condenses it to water for reAygeroximately 175,000 gallons per minute
(gpm) of water will be circulated in the power btamoling tower with an hourly circulation

rate of 88 million pounds per hour.

The cooling water will circulate through a mechahraft-cooling tower, which uses electric
motor-driven fans to move the air into contact with flow of the cooling water. The heat
removed in the condenser will be discharged tathesphere by heating the air and through
evaporation of some of the cooling water. Maximunift,dhat is, the fine mist of water droplets
entrained in the warm air leaving the cooling towetl be limited to 0.0005 percent of the
circulating water flow. Circulating water could gafrom 3,000 to 9,000 ppm total dissolved
solids (TDS) depending on makeup water quality tameer operation. Therefore, RM
emissions would vary proportionately. For emissialtulation purposes, it is assumed that
9,000 ppm TDS are dissolved in the circulating oaplvater. A summary of the power block
cooling tower emissions is presented in Table #etal Combined Annual Criteria Pollutant
Emissions. Emissions and calculations are includégppendix D.

4.1.2 ASU and Gasification Cooling Towers

The ASU and gasification block cooling water systdsigns are similar to the power block
cooling design, but they have substantially lowaties. The ASU cooling tower is located in the
ASU unit near the cooling loads. The ASU coolingéo has separate pumps and piping systems
and is operated independently of the 