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December 31, 2007

Chad Schlichtemeier
Wyoming Department ofEnvironmental Quality
Air Quality Divisien / NSR Program Manager
Herschler Building
122 West 25th Street"
Cheyenne, WY 82002

Subject: Transmittal for Medicine Bow Fuel & ~ower LLC
Revised PSD Air Quality Permit Application (APw5873) for Medicine Bow
Indu~trial Gasification and Liquefaction Plant

Dear J:v.f:r. Sclilichtemeier:

Enclosed please find eight hardcopies and' one electronic copy ofa revised Prevention of
Significant Deterioration (PSD) permit application for the proposed underground coal mine and
indu.strial gasification'&" liquefaction':(IGL)facilitY; to be owneda1idoperated-by MedicmifBow'," ,:' .' :C'. ,', ':.:

Fuel & Power LLC (MJ3FP) and lOGated near Medicine Bow, WY.

As discussed in our meeting on November 29, 2007, several key aspects ofthe proposed facility
have changed. This amended PSD peIIDit application provides comprehensively revised
infonnation based on the new process. The remainder ofthis transmittal letter provides a
summary ofthe process design. change, effects <;>n potential emission rates, and issues relating to
air quality mode~g.'

Process Design Change
Under the,previous design, the proposed facility produced commercial diesel fuel and naphtha
using the Rentech Fischer-Tropsch (FT) conversion process. The process design has been
revised to produce commercial gasoline and other products. The facility continues to include the
underground Saddleback Hills Mine, which provides coal feedstock to the 1GL facility with no
change in production rate, and will be sited in the same location as previously proposed.

The process will employ General Electric's CGE) gasification tecbnqlogy for quench gasification,
UOP's SELEXOL® acid gas removal process, and a SulfurRecovery Unit (SRU), as previously
proposed. However, gasoline production 'Will be accomplished through the use ofDavy Process
Technology's methanol synthesis process, followed by ExxonMobil's methanol-to-gasoline
(MTG) process. A complete process description for the facility, including the
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methanol synthesis and MTG process UIJits, is included in Section 2 of this revised PSD
application, along with an uJ?dated process flow diagram.

The following changes to emission sources result from the revised process design..

• Three (3) process heaters and an auxiliary boiler replace six (6) previously proposed
process heaters. ,

. I

• Gasoline and methanol storage tanks replace previously proposed diesel fuel and naphtha
storage tanks.

• The sulfur recovery unit'(SRU) incinerator has been removed; tail gas is now recycled
back into the process to produce increased sulfur product.

• A low pressure (LP) flare has been added to receive low pressure vents in cases of
startup, shutdown, and malfunction (SSM).

• The originallyproposed emergency flare (Flare 1) has been renamed, as a high pressure
(HP) flare to receive high pressure vent streams in cases ofSSM.

• Volatile organic compound (VOC) and hazardous air pollutant (HAP) process equipment
leaks are more significant due to increased VOC/HAP concentrations and volatility in
several process streams.

,,' ,,',.,' ;"~",. ')"" ' Another charige''r'ela:tes 'to"the 'type offuel gas produced'Witlrili the IGL facility. 'Previously;:"" : '.- ::~..,,.-.~'"-"
./ excess syngas (primarily hydrogen and carbon monoxide) produced witbin the process was used

to fuel the combustion turbines and other combustion equipment at the facility (with
supplementarynatural gas, as needed). Plant-produced fuels will now consist ofa fuel gas
'mixture qontaining fuel gas, LPG, and supplemental natural gas. During normal operations, the
combustion turbines, process heaters, auxiliaryboiler, and most other combustion UIJits will
combust the fuel gas mixture. .AB was true ofthe previous process, natural gas will be fired
exclusively during startup of each combustion unit.

Change in Potential Emission Rates
The facility wide emission summary is presented somewhat differently in Appendix B to the
permit application documentthan it was previously. As requested by the Wyoming Department
ofAir Quality, normal annual emissions (with'no SSM) are presented; these are shown on the
first page ofthe emission calculation spreadsheets. The second emission summary page within
Appendix B provides full-year emissions from a cold startup year, such as the initial year of
operations. On that summary page, a partial year ofstartup emissions and a partial year of
normal operating emissions are totaled at the bottom ofthe page. The numbers ofhours that
each emission source operates under each scenario are clearly shown.

Table 1 below presents a summary ofproposed potential-to-emit (PTE) emission rates with this
revised application and a comparison to proposed PTE rates from the previous process for a
normal year ofoperation (no cold startups).
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Table 1. Proposed PTE Rates for IGL Facility (Normal Annual Op~ration)
Revised PTE ' PreviOllS PTE

Emission Change
(Dec 2007) (June2007i

[tpyJ rtvv]
[tpyJ

NOx 233.8 242.11 -8.3
CO 146.8 140.21 +6.6

voe 198.3 114.21 +84.1
802 32.5 42.41 -9.9

PM10 192.3 216.01 I -23.7
R.lI.Ps 29.2 4.2 +25.0

Notes:
1. PTE Emissions as submitted in theNovember 17,2007 response to comments.

The most significant emission related change is the increase in VOC and HAP emissions. Based.
on HAP emissions of29.2 tpy, the IGL facility will be a major source ofHAPs. The largest
contributors to HAP and voe emissions are the gasoline storage tanks and equipment leaks from
the methanol synthesis and MTG processes. Emissions ofnitrogen oxides (NOx), sulfur dioxide,
(S02), and particulate matter (PMIO) are reducedby the proposed process change. Carbon
monoxide (CO) emissions increase slightly.

Air Quality Impacts/Changes 'to Modeling Analysis
~, Dueto the significant iri6fease in. HAP 'ettrissions~ the reVisedpeiniit application :i:t:J.c1udes new"" ,', :',,, ',:

) HAP risk modeling. The HAP modeling report is iJ;1cluded in Appendix H.

VOC emissions are rarely modeled for PSD permit applications. Consequently, no voe impact
analysis Was included in the original permit application and no additional VQCmodeling is
included in this revised permit application. '.,

With regard to criteria pollutant modeling, MBFP believes that no additional modeling is
required. Emissions ofNOx, S02, and PMlO have decreased due to the process change.
Furthermore, these decreases occurred at similar source types in similar locations.

In contrast, CO emissions have increased by 6.6 tpy (a percentage increase ofless than 5
percent). This' change is not likely to significantly change air quality impacts. Near'::6.eld
maximum predicted CO concentrations were less than 13 percent ofthe National Ambient Air
Quality Standards (NAAQS) and Wyoming Ambient Air Quality Standards (WAAQS) for both
the I-hour and 8-hour averages. With regard to far-field modeling, CO was not modeled because
this pollutant has no impact on visibility or acid deposition. A more robust analysis ofpotential
air quality impacts related to the process change is included in Appendix 1

Conclusion
The revised proces~ design change is a significant change from the originally proposed facility.
We have prepared a comprehensively revised PSD application due to the extent ofthe design
changes, with significant changes to process- and emission-related sections ofthe application.
We would be happy to meet with you and your staffto discuss the proposed facility design,
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changes to emission calculations, and the air quality impact analyses, at your earliest 0

convenience. Jv1BFP would like to receive a PSD permit by April 2008; a meeting within the
next week would be greatly appreciated to determine if any additional infor.mation will be
required.

Please contact me via phone at (303) 740-3824 or email toSusan-13assett@URSCorp.comifyou
need additional infoImation or copies ofthe revised application.

Sincerely,

Susan Bassett
URS Denver Air Quality Team. Leader

Enclosures Revised PSD Permit Applications (8 copies)
","0'. : ',00",. _ 0 ." ._ ..CD :w1th·.electr0n10.version.ofapplication .
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SECTIOtiONE

1.1 GENERAL FACILITY DESCRIPTION

Introduction

..... ,"

(~
....j

Medicine Bow Fuel & Power LLC (M:BFP) is proposing to construct an underground coal mine
(Mlne) and industrial gasification & liquefaction (IGL) plant (Plant) that will produce
iransportation fuels and other products near Medicine Bow, Wyoming in Carbon County. The
Mine will process approximately 8,000 tons per day (TPD) of coal (on a dry basis) to produce a
variety of liquid and gaseous fuels. The Mine will be a 3.2 million ton per year (MJ\1tpy)
adjacent underground coal mine known as the Saddleback Hills Mine that will supply the coal
needed for the Plant. .

The Plant will utilize coal, which will be gasified to produce synthesis gas (syngas) and produce
various products. In order to achieve this outcome, the. Plant will use severa] different
technologies, including: General Electric's (GE) gasification technology for the quench
gasification process, UOP LLC's (OOP) SELEXOL@ acid gas removal process,.and Davy
Process Technology's (Davy) methanol synthesis process followed by the Exxon-Mobil .
methanol-to-gasoline (MTG) process.

Saleable products produced at the Plant during normal operation are anticipated to include
approximl;Ltely: .

• 18,500 barrels per day (BPD) ofregular gasoline to be transferred via pipeline to a nearby
refinery .

• 42: TID of sulfur.. .. .: .-. ;- . . . :.

• 198 million standard cubic feet per day (MMscfd) ofcarbon dioxide (COz)

• 712 TPD ofcoarse slag

In addition to the salable products listed above, Plant operation will result in the production of
the following fuels to be used onsite for power gen.erati~n and process heating:

• Approximately 253 million British thermal units (MMBtuIbr) offuel gas

• Approximately 400 to 500 :MMBtu/hr ofliquefied petroleum gas (LPG)

Efficient use ofthese fuels will provide much ofthe energy input needed to fuel an. electric
generation plant that will produce approximately 400 megawatts (MVV) of electricity. The Plant
will either import natural gas or divert syngas as necessary to support plantpower needs not met
by fuel gas, LPG, and process steam and is not expected to export power to the elecirical grid.
Three combustion turbines will be equipped with the best available pollution control
technologies, which include low-NOx burners, diluent injection, selective catalytic reduction
(SCR), and oxidation catalyst to keep criteria pollutant emissions low.

Emission reduction technologies will be incorporated throughout the Plant. These controls are
discussed in more detail in Sections 2 and 4. In. addition, all roads and parking areas within the
Plant fence will be either gravel or paved to conirol fugitive dust emissions.

This amended Prevention of Significant Deterioration (PSD) permit application contains fully
updated information based on replacement of the previously planned Fischer-Tropsch and UOP
upgrading processes with the Davy methanol synthesis unit and Exxon-Mobil MTGprocesses.
This process change affects many process streams and emission calcula:tions. Consequently, a

.... ,.. :...
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SEonONONE Introduction

complete amended permit application is being submitted. This permit application contains
information describing the Mine and Plant, facility emissions, applicable regulations, best
available control technology (BACT) determinations, and air quality impact analyses. Wyoming
Air Quality Permit Application Forms are included in Appendix A.

1.2 FACILITY LOCATION
The Mine and Plant (collectively, the MBFP Facility) will be located approximat~ly 7.5 miles
north ofInterstate 80, exit 260 (Elk Mountain) on County Road #3 in Section 29 ofTownship 21
north and Range 79 west in Carbon County, south-central Wyoming. Figure 1.1 shows the
general location of the facility. The J\1BFP Facility encompasses two separate areas. The
Mine's South Pdrtal"is shoWn in Figure 1.2. The Mine's East Portal, near where the Plarit will be
located, is shown in Figure 1.3. Figure 1.4 shows the Plant process equipment layout.

1.3 PREVENTION OF SIGNIFICANT DETI:RIORATION APPLICABILITY
The Clean Air Act; (eAA) defines 28 major source categories that have a 100 ton per year (tpy)
threshold for determining prevention ofsignificant deterioration (PSD) major sourpe status. This
facility falls within the major source category of"Fuel Conversion Plant," ap.d therefore is
subject to the 100 tpy major source threshold. Annual emissions of criteria pollutant emissions
are shown in Table 1.1 for normal operations without startup, shutdown, and malfunction (SSM)

. events. Estimates ofthe following pollutants are included: NO" (nitrogen oxide$, inqluding_ ... ,,'. .... .. ' , .. ', __
nitrogen dioxide [NOz]), carbon monoxide (CO), volatile organic compounds (VOC), and ..
particulate matter with a diameter ofless than 10 microns (PMlO). EmissiDn calculation methods
are summarized in Section 3 and detailed emission calculations are included in AppendixB.

Table 1.1- Annuftl Criteria: Pollutant Emissions (tpy)
, ,

~~f,~~~~R~~1:~~f~ ~~i~!i.:gp~~~:;~i~j~~.~;£~~:t¢~~~Wi ~'~;§Q~2i~,. ... I~~7.J4;;;;~;:~
233.80 ' 146.80 198.33 32.46 192.34

Based on criteriapollutant emissions,tbis facility is considered to be a major source for the PSD
Program (40 CFR §51.165) and the Title V Operating Perniit Program (40 CFR Part 70).

Annual emissions ofhazardous airpollutant (HAP) emissions from normal operations are.shown
in Table 1.2. HAPs with emissions greater than 0.01 tpy are included in the table. Because
potential emissions oftotal HAPs exceed 25 tpy, the facility is a major source ofHAPs and is
subject to some National Emission Standards for Hazardous Air Pollutants (NESHAP) in 40
CFR Parts 61 and 63.

1-2

PEQ 000096



u
UJ ct

.!!!
~!E:E

~ ~5!! ~g....
t:l :is ~~ !;iz+. 't";r:::"" ""0 me

~m:;:
~5N I;, III

:::l u
~8.~o

0It-'
~a.e
~~ fJ~ ti5

0 5§
~ ;~

~.,

D:~

'"II:



I I I UBS

----
. -: :~ -:: :

. .
................. : ••! .....,

.'.

o 500 1000

~ I
METER

Pcg]eel Humber. 222391'6 fiGURE 1.2
MWJlIROE{mf)flQ9- &. POWER

Prepared By: JPF MINE:. 'S'<ffiif! -PORTA[ SiTE LAYOUT
Dole: 12/19/07 CARBON COUNTY, WYOMING

3 -'~
COLD STORAGE

INE PORTAL

LIVE COAL STORAGE

RADIAL STACKE.4
o
o
0'

-J~
co
(Y)

W

:::E
!­
:::J

.MI~E ..Q.FF-iCEjCHAi\lGE House

' .•..:,:.•, :"." ~, .-- c.-·· '.' ~·~:;:;::~,·,:~{~.;,~:~~~~f.~~t;~~;~:~..::,~..~.:.~~ ..:.:~,~~:~: ..,: :;·.. ···1··;· ~.".".;~,,; ~ ..,:,., ~.,.,~<O ,.'".:~~~ ..•..:.",........ • •.··...'}':.r.·

"i~ UTM N 4,62LOOO

.!!, ------------l!n.

./.

i

•••·••.. ;:.,Hrr"'.: ~~:•• _.\•• :1···· ::"':':i~:"""'~-:"""":"

........ ,.~. I:''''.· .",

!~ ,,..~...;..~,:.,",.~,,~.~., .._._.
. 0 "S"'·~"~

.. .. .. .. ~.. '_'~"~ .. "'j;.uJM<.i'fu~i'I,6~ ,00 .. ..~ ~.. " .. Q I"~
• 7 ~.~ ~~ /iSt~g .. I ~
J .. W

j ~
o ~
1 ~
! I

'1e:
m

5
q;



PRODUCT STORAGE

··:'I·,N·~.

HEIERS

100 ZOO 300 400
i

. -~~:"'.

Project Number: 2'.239116 FIGURE 1.3 .
. MEDICINE BOW FUEL & POWER

Prepored By. ,IPF MINE EAST PORTAL IGL PLANT LAYOUT
Date: 1Z/19/07 CARS!DEOtOOlil0980MING

~ETI{A~P(... iYNTH~S'~L'-, .. ·.. '.

~ PRODUCT STORAht'
./

INTERMEOIAT)i: STO'fGE

GASOI.INE SYNTHdSIS

AIR SEPARATION

..•.".<--..... '··"',m·. ·,,··,······.. ~ ..I.··;·:,·,·..:.."·· .... 2 <:?POWER GENERATION' __:, :!i.-r.".,.',{'•.;-':. ,.~.:k:.0. .~.~, ..'.,,: ""';,,"" .,".'

INEI OFFICE/CHANGE HOUSE

MERGENCY COAL STDRAGE.<DEAD)

'+UTM N 4,623,000

AINllENANCE SHOP g
:,....i
'l/'>

(')

... '.oJ
.::1:

t-
::>

0°

COLDISTDRAGE-~

UTM N 4,625,~OO -tl--

"-IV

·····f·

-:.....~~~.



~:.

r :'. DRS

0::>
o
.-I
0::>
o
o
CI

~

GOO

SCALE IN FEET

150 JOOo

I~~~' UNl~i,{0S DESCRIPTION

1 1100 COAl PREPARATION
2 1200 GASIFICATION
3 1300 SYtlGAS CLEANUP
4 t400 SlAG HANOLING
5 .• 1500 fLUXANT IJANDLING
6 2100 ACID GAS REMOVAL

~ :.mg ~3M~c~~~g~ERY
9 4600 METHANOL SYNTHESIS

10 5500 GASOLINE SYNTHESIS
11 6100 AIR SEPARATIoN
12 1100 POWER GENERATION
13 B100 PRODUCT STORAGE
14 • 8200 INlERMEDIATE STORAGE
15 B300 UTILITIES .

1B B900 FLARE

ITEM GENERAL DESCRIPTION
NO. WBS AREA " .' ..

19 0000 GENERAl
20 9200 OPERATIONS AND

MAINTENANCE rAGILITIES
21 9300 AUK. LAYODWN AREA

AND HEUPORT
. ',~2·· . 9400, '.. RETENTION AND .

• EVAPORATION PONOS

P Q t:I t:=:=:I C 0 t::::=:;::II J:I Q -===tt
~ U

WIlIWllJUHQ 0
o

~
o
n

::::::::::IQCt=lQo~ood

<>4ci

o
~

IXl\I.I'REPJ.!lArotl

-'r -:
_ ..I,

msfl3:ll
AIlX.IAYOO\\ll,-

=0D

~~~m=...,,~ qp =-0 ~c==ma0 ~~~tF==:<P D"lF= '1J~ =e:' n 'e='llnn tr=B' a c:;;='~, 0;"0'0 1tllfi In

., " 0 -_ _-- ",,;.>.!~n
.,.,.•;, ;,'.;. ,:.!,:,,~:,;,:';g ';;"';';';',:':." ,bj....

~~~~~~~~~ a OR='"'l,'

00 [gloD \~ ~~ r-.

&!>!!!!! .
PRIDXlrSlQlAGE

! 00 00:
~ n

III °0 °0 II · ~! ~I~
9· aDD f{.lJXAJiT
C! DO IIANDIlII

3 .............",.......~.......= 7- ---;: n c .Q a1bollr~"l'<

~ " Ii [\0~~~.: ~-'m6 Ir
ll: 0 uuu u::m

j \ ~ / . aQE:iiZ22ZiiiCI::IC4 ~
::. IIIGH-l'IIESliURE .'.
m " fl.Aflf£ "" .

... ~ "----- .........."'. .-~ ....~- I ~ ~__....:...__".,.,,:-==-:--:- ...

. i' i: Job No.: 22239116 FIGURE 1.4
.!!' ;. MEDICINE BOW FUEL & POWER
~ . Prepared By: SJL PROCESS EQUIPMENT LAYOUT
~ Dole; 12/19/07 DRAWING INDEX was INDEX'



.-......., .

\0'
URS•

on.
l'Wll"

5'j0Jj:u.-,

SQl££II

FIGURE 2.2
MEDICINE' BOW FUEL & POWER
COAL MINE PROCESS FLOW DIAGRAM

CARBON COUNTY, WYOMING

@ - TOO nusr SUl'PIlCSSI:JH

o 42" EII9tGEHC't fBV41j COHVElOR ctO TO en. PI.AIR'\I

12/19/07

1IGI(CtS"'... l'

I '11 £~'l:M'ilt:."'R-1 ..,
t _ 0

o .:c ......... ooNVrnn C1 -1
-@A.....>1:J\:.._-_. r.,0_

~~lC1 0 ft'O'ifRllliDCOH\'8'ORCSJOcatwn,

Job No.: 22239116

Date:

Prepared by :.SJL

........,. 'CD I~GllIl"""""-.1../":;;--
:&~E&,~ ~

SOURCE OF DRAWINGetaIROBERTS 8r.S~ER
'/'$ EHGlHE£RS Nfl) CONTRACTORS I~

CHic.oGO - SAlT \AXE CIlY

CONVEYOR DATA

Conveyor aellWldlh Bell Speed Avemge
No. (In.) (lL/mln.) Ton/Hour HDrsepower

C-1 72 900-950 4500 6000

C-2 72 900-960 4600 1250

C-3 72 900-960 4500 400

C-4 72 900-950 4500 400

0-5 d? 675-725 900 400

C-6 42 675-725 900 200

C-7 42 675-725 900 150

C-6 42 575-725 900 200

0-9 42 675-725 900 400

0-10 42 675-725 900 400

lJl
:::

-0
C'i
C'i
W
0::
::::>
C>
ii:

b
()
vl
<9
d
ro
/"
~

C)

J
UI

~
<
~
lJ...
m
2

.J
~

~

01
l')
N

gj
--;;;
1:)

OJ
'0.....
a..
...;,
:::;

=~~~~o~.~
mUCX£D 10 25fk lOtI
W/oSn'/GbO PU

RmtWIJ.!.



.. -"

SEmBNONE

Table 1.2 - Annual HAP Emissions (tpy)

Introductio..

Acetaldehyde 0.38

Acrolein 0.06

Benzene 11.08

Carbonyl Sulfide 0.26

Ethyl Benzene 0.34

formaldehyde 0.71

Hexane 0.73

Methanol 12.79

Naphthalene 0.01

PAH 0.02

Propylene Oxide 0.28

Toluene 1.81

,".~ .... ... Xylene . .. ':," 0.77 .' ~ . :"

I

OtherHAPs* 0.01."
Total HAPs 29.24

*OtJier individual HAP~ are less than 0.01 tpyeach.

.... " .'-: .....:;....

/

1.4 STANDARD INDUSTRIAL CLASSIFICATION
Two Standard Industrial Classification (SIC) Codes describe the activities a~sociated with the
:MBFP Facility. These include:

. 1. 1222 Bituminous Coal Underground Mining

2. 1311 Crude Petroleum and Natural Gas (production of gas and hydrocarbon liquidS
through gasification)

Because the primary purpose, and source ofrevenue ofthe facility is to produce gasoline fuel, .
the main SIC code will be 1311.

DRS 1-7
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This section describes the coal mining and industrial production processes. Because coal mining
is common in the area, the coal mining description is relatively short. Due to its relative ni;lwness
and complexity, the Plant is described in much more detail; Figure 2.1 illustrates the process.

2.1 COAL MINING
The Mine will produce approximately 3.2 MMtpy of coal using undergrOlmd continuous and
longwall mining techniques. Longwall mining machines consist of multiple coal shearers
mounted on a series ofself-advancing hydraulic ceiling supports. Longwall mining machines are
about 800 feet in width and 5 to 10 feet tall. Longwall miners extract ','panels", rectangular
blocks of coal, as wide as the mining machinery and as long as 12,000 feet. The shearers cut
coal from a wall face, which falls onto a conveyor belt for refmoval. As a longwa11 miner
advances along a panel, the roofbehind the miner's path is allowed to collapse.

The mined coal will exit the mine via the East Portal. The coal will be conveyed and stored in a
300,000-ton live storage area before bemg conveyed to the Plant. Coal handling conveyors will
be fully enclosed, and all transfer points are fogged to reduce emis.11ions. An additional 300,000­
tbn emergency coal stockpile will be constructed. This emergency coal stockpile is considered
dead storage and will not be added to or used unless the coal supply for the live storage is

, interrupted. Once the emergency stockpile is constructed, it will be compacted and sealed to
prevent wind erosion and spontaneous combustion. ,

, Figure 2.2 shows tIie above-ground coal handlfug 'process' for Stacking the cbalanu transferriIig it: ,: " " ,
to the Plant. '

2.2 GASOLINE PRODUCTION
Figure 2.1 contains a block flow diagram illustrating the Plant production process and associated
support activities. Major processes required to produce gasoline are described in this section.
Additional production steps for removing CO2 and sulfur products are described in Sections 2.3
and 2.4, respectively. Ancillary operations, such as power generation, wastewater treatment, and
other activities are described in Section 2.5.

2.2.1 Coal Preparation (1100)

The Plant process begins with coal feed preparation, shown on the left side ofthe process block
flow diagram in Figure 2.2. Raw feed coal (run ofmine) from the coal storage area is routed Via
an enclosed conveyor to the coal crusher. The crushed coal is screened to a maximum size of I
inch, with oversized coal recycled back to the crusher. All transfer points are fogged to reduce
emissions. The crushed and screened coal is conveyed and stored in three bins and is gravity
flowed to the coal-grinding mill.

The coal is crushed with water and an additive to create a slurry, which will be pumped into the
gasifier under high pressure. The coal preparation process is divided into three separate trains,
each with the capacity to supply 40% ofthe total plant requirements. The slurry produced by
any of the trains can be pumped to any ofthe five (5) downstream gasification trains. The coal
preparation section provides a total of 8,700 tons per day (TPD) of coal to the gasifiers (wet
basis); this is equivalent to 8,000 TPD of coal on a dry basis.

URS 2-1
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Drainl;tge, wash down, and leaks in the grinding area are collected in a below-grade concrete
sump. An agitator keeps the solids in suspension for pumping. Any accumulated water/solids
mixture is pumped to the slurry tank.

2.2.2 Gasification (1200)

The Plant will utilize five (5) gasifier trains. Each gasifier train will be sized to handle one­
fourth ofthe Plant's total capacity. In normal operation, four gasifier trains will be in operation
with the fifth in hot standby. The gasifiers are fueled by a coal/water slurry, calcium carbonate
(CaC03), and 98 percent pure oxygen from the air separation unit (ASU).

The gasification reaction is conducted at a pressure of 1,.0°0 psig and generates a temperature of
approximately 2,500 degrees Fahrenheit (OF). The combustion chamber is lined with refractory
bricks, which maintain the outer shell ofthe gasifier in a temperature range of545°F to 600°F.
Each gasifier is equipped with a dedicated preheater (Gasifier Preheaters 1 through 5). During
the initial gasifier startup, and during any subsequent startup folloWing refractory replacement,
the gasifier preheater combusts natural gas and slowly heats the refractory to achieve the
minimum temperature needed for combustion chamber operation. Each preheater has a firing
rate of21 MMBtu/hr and is fueled with natural gas.

Combustion products. ofthe gasification reaction consist ofraw syngas, together with small
amounts of a number ofimpurities (including chlorides, sulfides, nitrogen, argon, and methaile),
liquid slag, and fine solid partiQles. These combustion products exit the combustion chamber

.. '. and flow to 'a quench chambei' where the combustion'productS are cO'oled aild most 6ffhe partiCle" ~' .... '
fines are removed from the syngas. The molten slag solidifies and settles to the bottom ofthe
chamber. Ifnecessary, calcium carbonate can be added to the coal slurry as a fluxant to facilitate
free flovy ofthe molten slag in the gasifier. Solidified coarse slag is removed from the gasifier
through a Jock hopper system connected to the bottom ofthe quench chamber, and this stream
sweeps the solidified slag through a slag crusher. The crushed slag is then recycled and reused
or disposed. Approximately 980 TPD ofslag will be produced and approximately 712 TPD of
slag will be available for sale; the remainder is recycled to the slurry because of its Btu content.
The syngas exits the gasifier through a side connection.

During any startup, shutdown, or malfunction (SSM) event, the syngas will be sent to the highM

pressure flare. The syngas feed to the flare is expected to have aheat rate ofapproximately
2,000 Btu/lb.

2.2.3 Syngas Conditioning (1300)

Syngas conditioning includes two main treatment processes:

• Scrubbing to remove particulate from the syngas

• Low-temperature gas cleanup (LTGC)

2.2.3.1 Syngas Scrubbing

The Plant includes five (5) syngas conditioning trains, each sized for one-fourth ofplant
capacity. Each syngas conditioning train is integrated with a specific gasifier, with four (4) such

.::.•.. : ..
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trains operating and the fifth acting as a spare during nonnal operations. This description refers
to one syngas conditioning train only.

Raw syngas leaves the gasifier and is mixed with process condensate in the process line to
prevent the buildup of solids and thoroughly wet the entrained solids to facilitate their removal in
the syngas scrubber.

The syngas scrubber is a tower that contains a water sump in the bottom and four trays in the top.
Wet syngas enters the scrubber below the first tray and flows downward into the water sump,
which removes most ofthe solids in the gas, and then flows upward through the four trays.
Process condensate is supplied to the top tray and flows downward, counter~current1y washing
the remaining solids from the syngas. From the scrubber trays, a de-mister removes any
entrained water droplets, such that an essentially particulate-free syngas exits from the top ofthe
syngas scrubber. .

2.2.3;2 LOWMTemperature Gas Cleanup

The low-temperature gas cleanup (LTGC) Unit is a single system sized for 100 percent ofplant
capacity. The two main purposes ofthis system are to:

• Cool the raw syngas while producing steam; and

• Provide other gas cleanup functions, including carbonyl sulfide (COS) hydrolysis and water
'" '.' ·;·.. gas shift. .: .; ..,...... . ..'. .. ..... .... ; ." .. ,.. .... '. .. .: .....:; ..'. :.,,'.''';;

The LTGC unit receives syngas from the four (4) operating syngas scrubber trains. The synga~

is then cooled in a series oftwo exchangers [the Syngas Interchanger against reheating treated
syngas from the SELEXOLQ!) unit and the low pressure (LP) steam generator which produces LP
steam]. The resulting partly condensed syngas is separated, and the condensate is pumped into
the return condensate stream.

After the separation, the syngas is heated to 4000P with medium pressure (MP) steam and split
into two streams. The syngas either enters a water shift reactor which converts CO and H20 to
C02 and Hz and hydrolyzes COS or enters a reactor where COS is hydrolyzed to hydrogen
sulfide (HzS) and COz. The flows are balanced to adjust the Hz to CO ratio ofthe syngas for
optimal methanol synthesis. The two streams are then cooled in a series oftwo eXdhangers
before entering knock-out drums. Syngas in the overhead vapor streams is routed to the
SELEXOL® Acid Gas Removal Unit as a shifted and unshifted syngas stream.

The condensate from the LTGC area flows to a stripper, which also receives the condensate
streams from the gasification system. The stripper removes almost all ofthe ammonia (NBs)"
HzS, and COS from the condensate, along with some dissolved hydrogen (Hz) and CO. The
stripper overhead gas is blended with sour flash gases from the flash separators and compressed
before going to the SELEXOL® Unit, so that the Hz and CO can be recovered from the sour gas.
The stripper bottoms water is returned to the syngas scrubber.

'; ".~ '. "., .
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2.2.4 SELEXOL® Acid Gas Removal (2100)

The SELEXOLlID process, licensed by UOP, has been selected as the acid gas removal
technology. Two SELEXOL® process trains will provide the following functions for the shifted
and unshifted streams:

• Removal of sulfur compounds (H2S and COS) from the syngas to a level acceptable to the
downstream Methanol Synthesis Unit,

• Recovery ofmost ofthe CO2in the syngas for further purification, and

• Recovery of a concentrated HzS/COS stream to be sent to the Sulfur Recovery Unit (SRU).

The quenched sour syngas from the Syngas Conditioning Unit enters a mercury removal bed,
and then is mixed with recycled stripped gas and flows to the SELEXOL@ FeedlProduct·
Exchanger to cool the feed gas against treated syngas and enhance the efficiency ofabsorption.
The cooled feed gas flows through two successive absorbers; the first absorber removes HzS and
the second absorber removes CO2_In each absorber, the syngas enters at the bottom of a packed
bed and flows upward through the bed where it contacts cool solvent entering the top ofthe
tower. In these absorbers, H2S, COS, C02, and other gases such as Hz, are transferred from the
gas phase to the liquid phase. The treated gas passes through de~entrainment devices at the top
ofthe absorbers, as well as three water wash trays to minimize solvent carry-over. The treated
syngas exits the top ofthe C~ absorber and is sent to the downstream Methanol Synthesis Unit.

Treated syngas leavingt~.e SELEXOL® Unit is expectec! t().coI,lta~n iess than 0.1 parts per p1i~lion
.by voll11ue (ppmv) iota,] sulfur. Further sulfurreduction tlii6ri.gh the use ofsulfur beds is'
required to protect the catalyst in the downstream Methanol Synthesis Unit from poisoning and
the risk ofsulfur spikes that could be caused by SELEXOL® Unit upsets. Each ofthe parallel
beds is sized for full plant capacity. For best performance, the ·syngas. is heated to 400°F before
entering the guard bed.

The syngas from the.guard beds is then sent to a compressor, where the syngas pressure is
increased to the levels required in the Methanol Synthesis Unit. The syngas is then sent to the
Methanol Synthesis Unit.

The SELEXOL® solvent from the HzS Absorber is regenerated by stri~ing out less soluble
gases, such as COz. Hz. and CO. The partially regenerated SELEXOL solvent then flows to an
HzS stripper, where the remaining H2S, CO2, N2, and other compollDds are transferred from the
liquid phase to the gas phase by contactwith steam. The steam and liberated gases exit the
stripper, and then flow upward through a demister and into the trayed section ofthe column. In
the trayed section, the rising gas is contacted with counter-current flowing reflux water to cool
and partially condense the hot overhead vapor, as well as reduce solvent entrainment. The
overhead stream passes thr'ough a de~entrainment device and exits the top ofthe column. The
overhead gas then passes through a condenser in order to condense and recover a portion ofthe
overhead steam. The liquid and vapor phases are separated; the H2S-rich acid gas exits the unit
battery limits and is sent to the SRU, and the liquid is returned to the trayed section ofthe HzS
stripper.
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2.2.5 Methanol Synthesis (4500)

Methanol is produced from synthesis gas using a highly selective copper-based catalyst. These
reactions are exothermic and occur at a temperature suitable for generating medium pressure
steam. Efficient use ofwaste heat from the methanol synthesis process is important for overall
plant economics. .

The Plant will use the licensed Davy Process Technologies methanol synthesis process. Major
components ofthis process include:

• Syngas compression

• Syngas purification

• Methanol conversion

Particulate- and acid gas-free syngas is compressed and preheated before entering the Syngas
Purification Vesse!, which removes any remaining low levels ofimpurities that could potentially
poison the methanol synthesis catalySt

Feed gas from the Syngas Purification Vessel enters the first Methanol Converters, where it
flows over methanol synthesis catalyst. On leaving the reactor, the gas mixture is cooled and
methanol and water condense out. The remaining gas is compressed and mixed with incoming
compressed syngas and recycled through the methanol converters. A small purge is taken from
reciJ:'culatedgas to co.ntr.ql.the level of.iqe~ in the loop~ Part or all ofthis gas under.gQ€?.~.~ ... , " ,'". ,.', .. c....... c••. '

hydrogen recovery, while the remainder is used as high-pressure fuel gas. The crude methanOl is·' ,.
reduced in pressure to flash offthe dissolved gases, mainly CO2• The offgases are sent to the
power block as fuel gas. During normal operation. the crude methanol flows to the MTG unit.
However, ifthe MTG unit is offline, methanol production can continue and be sent to
interinediate storage. . .

2.2.6 Methanol to Gasoline (5500)

The Exxon-Mobil MTG process will convert methanoI.exiting the Methanol Synthesis Unit to
approximately 18>500 BPD ofhigh-octane gasoline. Hydrocarbons produced during the process
are mainly in the gasoline boiling range (C5+ to 412°P) with a lesser amount in the CI-C4
range. The process also produces a small amount of carbon oxides, a very small amount of
oxygenates and coke, and a very large quantity ofwater. The following discussion summarizes
the MTG process.

The chemistry ofmethanol conversion is complex. First, methanol is partially dehydrated using
an alumina catalyst to an equilibrium mixture ofmethanol, dimethyl ether (D1'v1E), and water.
Then, methanol and DME undergo a series of dehydration reactions in the MTG reactors
forming light alkenes. Light alkenes oligomerize (Le., undergoing chain growth by joining two
or more alkene molecules together) and cyclise to give the final products. .

One hydrocarbon produced ofparticular note is durene (1, 2, 4, 5-tetramethyl benzene), which is
produced in greater amounts than is suitable for gasoline (unless the high-durene gasoline is
blended with gasoline containing lower durene concentrations). The MTG process contains a
step (Heavy Gasoline Treatment) to reduce the durene to suitable levels.
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The MTG catalyst deactivates slowly due to coke deposits. Coke must be removed periodically
by in situ combustion with air to restore catalyst activity. For this reason, five (5) parallel MTG
reactors are provided. At any given time, one reactor will be off"line (either in regeneration or
on stand-by) and the other reactors will be on-line (converting DME reactor effluent to
hydrocarbons and water.)

The effluent from the MTG reactors is combined, cooled, and separated into three phases: .gas,
liquid water, and liquid hydrocarbon.

• Gas Phase: Most ofthe gas phase is recycled to the MTG reactor inlet. The remaining gas is
purged to the plant's fuel gas system.

D Liquid Water Phase: The large volume ofliquid water produced by the reactions contains
about 0.1 weight-percent (wt%) oxygenates (alcohols, ketones, and acids).

• Liquid Hydrocarbon Phase: The liquid hydrocarbon phase from the MTG reactor is called
raw MTG gasoliJ;le.

Raw MTG gasoline contains 3"6 wt% durene (1, 2, 4, 5-tetramethyl benzene) while commercial
gasoline specifications typically require less than 2.0 wt% durene. A Heavy Gasoline Treatment
(HGT) unit is provided to reduce the durene content to 2.0 wt"1o. The HGT unit fractionates raw
MTG gasoline into two parts. One part is a small volume, heavy fraction with a high durene
concentration; the other part is a large volume, light fraction.

. .The heavy fraction is heated using the HGT'Reactor Charge Heater and hydrotreated in a fixed-
.... b~ci re'actorcthe'liGt reactor) to reduce its durene concentration. The hydrotreated lieavy" . . . .'

fraction is combined with the untreated light fraction to produce finished MTG gasoline meeting
the durene specification.

2,2,6,1 MTG Regeneration System

During the conversion reaction in an MTG Reactor, coke forms slowly on the catalyst and
reduces its activity. To restore catalyst activity, coke is periodically removed from the catalyst
by controlled combustion with air, one reactor at a time.

For catalyst regeneration, one MTG Reactor is taken out of oil service and is isolated from the
other reactors and hydrocarbons. After isolation, the reactor is depressurized to the HP flare.
Hydrocarbon vapors are then removed from the reactor and are replaced with nitrogen.
Regenerator gas consisting primarily ofnitrogen is recycled and mixed with a controlled quantity
ofair. The hot gas flows to the MTG Reactor where coke on the' catalyst is removed by
controlled combustion. Regeneration flue gas leaves the reactor and is cooled and separated.

Following coke combustion, the reactor is again evacu~ted, purged with nitrogen, and filled with
recycle gas., The reactor is brought back on-line by flowing recycle gas through the Reactivation
Heater and then starting DME reactor effluent feed when the bed temperature is high enough to
sustain reaction.

At an appropriate time, another MTG reactor is taken out of service for regeneration.

.. ; ..

2-8

DEQ 000109



·. "" SEeTIONTWO

2.2.6.2 MTG Water Treatment Unit

Process Description
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The MTG water is processed to remove most organics and oxygenates so that it will meet GE
specifications for process water recycle to the gasification unit.

The water from the MTG Unit is heated against hot stripped water in the FeedlProduct
Exchanger before entering the MTG Water Stripper. There, most ofthe oxygenates and any
residual hydrocarbons are driven overhead as vapor. The stripper overhead is condensed by the
air-cooled Stripper Overhead Condenser and the condensate is recovered in the Receiver. LP
steam is used to drive the Stripper Reboiler. The aqueous stripper condensate, containing most
ofthe oxygenates, is pumped from to the PowerBlock where it will be vaporized into one ofthe
power plant fuel streams. Any insoluble organics are decanted in the Receiver and pumped to
the slops system. Any trace non-condensables are sent to flare.

Because acetic acid and any heavier acids cannot be completely stripped from-the water,
provision is made for caustic injection into the stripper sump to neutralize the acids to ensure that
the pH is above 5.5. The stripped, neutralizeq water from the bottom ofthe stripper is pumped
by the Stripper Bottoms Pump, cooled in the Stripper.Overhead Condenser against the feed
water, and routed to one ofthe Gasification Units.

2.2.6.3 LPG Processing Unit

The MTG Process produces a significant LPG byproductstrearp. consisting of approximately 60
percent olefm and 40 percent paraffm materials. LPG average production is expected to be
27,1711b/hr,.which is approximately 3,380 BPD.

In the Plant's geographic area, LPG has no significant market value. Therefore, LPG will be
used as in-plant fuel or a blending stock for RVP control. The RVP pressure specification
changes month to month. Any LPG not used for RVP control will be used as fuel and can
provide approximately 500 MMBtufhr to the plant in summer. LPG fuel usage will reduce the
quantity ofnatural gas or syngas used by the Plant.

2.3 C02 RECOVERY (2200) AND PRODUCTION
Under normal operations, a CO2-rich stream exits the SELEXOL® Unit. At this point in the
process, the CO2contains less than 10 parts per million (ppm) total sulfur. The C02 flows into
the C02'Recovery Unit, where it is compressed in one ofthree parallel four-stage centrifugal
compressor trains and dried in a drying unit installed upstream ofthe third stage compressor
suction. Some ofthe C02 is then refrigerated to provide liquid coolant to the Methanol

.Synthesis and SELEXOL® Units. The remaining CO2is ready for sale.

During startup, shutdown, and malfunction (SSM) events at the site, the CO2 exiting the
SELEXOL® Unit may be vented either because the CO2does not meet downstream
specifications or because the site does not have sufficient power to start the C02 compression
trains. This venting will occur through the CO2 Vent Stack until the gas meets specifications and
the compressors have been started, at which point no further emissions will occur from this
stack.

.....• ,. ·,."r ' ... ': .... :. ',',.

2-9

DEQ 000110



SECTIONTWO Process Description

".•.;-;. ~ .. '::. .

2.4 SULFUR RECOVERY (3100) AND PRODUCTION
In the Sulfur Recovery Area, the H2S and COS in the acid gas from the SELEXOL® Unit is
converted to elemental sulfur. After recovery ofthe sulfur, the non-sulfur portions ofthe Claus
gas are treated to remove residual sulfur species.

The acid gas feed to the Sul~r Recovery Unit (~RU) is first washed with stripped sour water.
The washed acid gas is then injected into a reaction furnace, where it is partially combusted with
oxygen from the Air Separation Unit. The combustion products, which include sulfur, H2S, S02,
and CO2, are cooled in the waste heat boiler to produce'MP steam, and then further cooled in a
condenser, where elemental sulfur is condensed.

Since the reaction ofH2S and S02to produce sulfur is limited by equilibrium, the vapors from
the first sulfur condenser are reheated against MP steam and reacted to form more sulfur over a
special catalyst. These reaction products are once again cooled to condense more sulfur. To
maximize the conversion of the sulfur species to elemental sulfur, two more subsequent stages of
reheat, reaction and'sulfur condensation are included. This is a three-stage Claus pro'cess, and
about 42 TPD ofsulfur will be produced and sold.

The raw sulfur recovered from the condensers flows as a liquid to a below-ground concrete pit.
Since the raw sulfur contains dissolved H2S and other volatile sulfur species, a sulfur degassing
system, including transfer pump, reaction vessel, and ejector is used to remove the volatiles. The
purified sulfur is then pumped to liquid sulfur storage before being shipped as a liquid to the

..,. ..' custqIJ;l.y.f.:: ", ,..,. '''~'O' ::..:.";,,, ','. - "":;'.:".: ,.: , ,........ • .. . ..••~." ~_:.,.:.:."..:., , ": '.. :',: ."'.

The unconverted gas from the last sulfur conversion stage (SRU tail gas) still contains about S% \.
ofthe sulfur in the feed acid gas, mostly COS and CSz that are difficult to convert to sulfur. To
remove these sulfur species, the SRU tail gas passes through a hydrogenation reactor that .
reduces them to H2S. The reducing gas (hydrogen and CO) is produced by partially combusting
fuel gas in the Reducing Gas Generator. The effluent from the reducing gas generator is cooled
by generating LP steam, and then washed with water before proceeding to tail gas treatment.

The SRU tail gas is compressed and injected at the inlet ofthe SELEXOL H2S Stripper where it
is combined with the SELEXOL H2S flash gas. During normal operation, the SRU tail gas will
be recycled back to the SELEXOL® Unit. However, SRU tail gas will be routed to one ofthe
flares in the event ofa SELEXOLlill or Claus unit upset. There are no continuous or intermittent
purge gas streams from the SELEXOLill> Unit. .

When tail gas from the Cla-qs units is routed to the SELEXOL<Ii) Unit, there are no vapor
emissions to atmosphere from the SELEXOL® Unit. The following three vapor streams
originate in the SELEXOL® Unit and flow to other plant areas:

• C02 product stream - The C02 product stre'am is 'compressed and sent to a pipeline
customer. In an emergency or shutdown this stream may be vented; powever, the stream is
vented from the CO2 recovery area, not from the SELEXOLlID Unit

• Claus gas stream - The Claus Gas is reacted to. produce elemental sulfur, with any residual
gas recycled to the SELEXOL® Unit. In an emergency or shutdown situation, the stack gas
is vented from the sulfur plant area, not from the SELEXOL® Unit.

• Treated syngas - The treated syngas stream flows to the methanol synthesis area.
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2.5 ANCILLARY OPERATIONS

Process Description
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2.5.1 Power Generation (7100)

The Power Block will consist ofthree parallel GE 7EA gas turbines nonnally fueled by a
mixture offuel gas, LPG, syngas, and natural gas that will produce approximately 185 MW in
simple cycle mode at 100% firing rates 'at average nonnal operating annual ambient conditions.
In addition, a heat recovery system on the gas turbine exhaust will superheat the medium
pressure (MF) steam from the Methanol Synthesis area and the low' pressure (LP) steam from the
Syngas Conditioning area, and also produce and superheat lIP steam. The superheated HP
steam, M:P steam and LP steam will then flow to a single, three~stage steam turbine, thereby
producing approximately 215 MW of additional power, for a total nominal 400 MW.

Ifone ofthe three gas turbines is off-line, the tvvo operating gas turbines with the heat recovery
system would be capable ofproducing enough power to maintain the facility at full operating
rates. Duct firing may be required in this scenario during summer operations. This operating
flexibility is expected to consi~erably improve the overall availability ofthe Plant.

During the initial facility startup, power will be supplied by three, 1.6 MW Black Start
Oene~ators (Oen 1,2 and 3). These generators will fire natural gas and will be operated until the
Power Block can supply sufficient power.

2.5.2 Air Separation Unit (6100):' '.. "

Two (2) identical air separation trains are provided, each ofwhich will produce 3,700 short tons
per day of98 percent by volume (vol%) oxygen.

Atmospheric air is compressed to approximately 100 pounds per square inch absolute (psia)
using an electric-driven compressor, treated to remove condensables, and fed to the air
separation unit (ASU) where oxygen is separated cryogenically from atmospheric air. Following
separation, the oxygen product with a purity of 98 vol% is pumped to high pressure as a
cryogenic liquid and vaporized against a stream ofcondensing high pressure air within the ASU
main heat exchanger. Almost all the gaseous oxygen product at 1,250 pounds per square inch
gauge (psig) is fed as oxidant to the gasifiers. 'A small portion ofthe oxygen is let down in
pressure and routed to the SRU, where it is used for sulfur production.

Since water is at a premium in the facility, ASU compressor intercooling and aftercooling is
provided by a closed-loop, 66,000 ga]~ons per minute (OPM) circulating glycol system, with heat
rejection to the atmosphere by air-coolers.

A quantity ofnitrogen is taken from the ASU and compressed for general plant usage, such as
purging and tank inerting.

2.5.3 Intermediate and Product Storage (8100·8200)

Twelve (12) intennediate and product storage tanks will store large quantities ofvolatile
materials. The largest ofthese storage tanks will include ten 150 ft diameter, 48 it high,' fully
enclosed internal floating rooftanks. Two ofthese 150 ft diameter tanks will store methanol
intermediate to provide some process buffering. The remaining eight ofthe largest tanks will
store gasoline product, providing 60 days ofproduct storage. An additional 130 it diameter, 48
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ft high tank will store heavy gasoline intermediate and a 7,000 gallon tank will store slops
containing some volatile components.

. Fifteen (15) additional small vessels will store the materials listed below.

• Liquid sulfur product

• Process water

• Additive

• Coolant

• Filtrate

• Glycol

• Liquid nitrogen

• Liquid oxygen

• LPG

2.5.4 Slag Handling and Water Cleanup (1200)

Slag slurry and black water from the Gasification Area enter the Slag Handling and Water
Cleanup Area. The slag is dewatered using a flash system with hot water blowdown streams

. from the Gasifiers'lind SyngasSctubber. The slag is coiiveyed to a stockPile where it will" be ' .
loaded into trucks for offsite uses by others. There may be some slagscreening perfonned, as
determined by customer demand. The slag is a vitreOllS (glass~like), high-density material and is
not expected to become airborne. However, the stockpile will be kept wet as needed to prevent
partic~llate emissions.

Gray water from the Water Cleanup system is routed to the Sour Water Stripper.

2.5.5 Water Treatment (1300 and 7100)

The Plant uses water for processing and as a heating'and cooling medium in both liquid and
steam phases. Raw water enters the Plant and is pumped to the Raw Water Tank located within
the Power Block. From there, the raw water is filtered and processed by reverse osmosis (RO)
and/or demineralizer units to produce the boiler feed water and the process water requirements of
the overall facility. .

The Plant is designed to be a zero-liquid process discharge facility. Water is re-used as much as
possible and only a small portion ofthe total water with a high concentration ofdissolved
minerals flows to one oftwo evaporation ponds. .

The brine concentrate from the RO system, along with gasification purge water, contain high
concentrations of dissolved minerals such as sodium chloride. The combined reject water
streams are sent to the steam-assisted evaporation pond within the Power Block, in which LP
steam and solar energy are used to evaporate the residual water. The minerals are deposited in a
layer at the bottom ofthe evaporation ponds, from which they may be eventually removed for
off-site disposal.
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Aqueous effluents (including gasification quench blowdown and steam generation blowdown)
that cannot be recycled within the process areas will be sent to the Raw Water Processing UI)it
within. the Power Block. Ifpossible, this water will be re-used as substitute raw water feed,
otherwise it will be sent to the Water Treatment Area for evaporation. The evaporation pond is
sized to handle facility effluents and plant storm water runoffthat has been through oil/water
separation. Biological treatment ofprocess water is not expected to be required.
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2.5.6 Flares (8900)

Two continuous pilot flare systems will be operated at the facility: a HP flare and a LP flare.
The large lIP flare will be designed to handle the largest flare loads, such as, for example, the
total syngas flow from the gasifiers in the' event that they must be isolated from the downstream
units. The HP system will operate at a positive pressure to minimize the cost ofpiping and
equipment. The smaller LP flare system will operate at close to atmospheric pressure and will
handle smaller flare loads such as the MTG stripper vent emergency releases. Sections 3
(EmissionEstimates) and 4 (BACT) include detailed information about the flares.

2.5.7 Other Utilities (8300)

2.5.7,1 Instrument Air / Plant Air

Instrument air arid plant air will be supplied by four '(4) 50% ca.pacity packaged'Uilits; one of
which is powered by a generator in case ofplant-wide power failure. No nitrogen backup for
plant air is included. Each unit will supply 18,700 standard cubic feet per hour (SCFH)
instrument air and 5,600 SCFH plant air.. This system is included within the Power Block.

2.5.7.2 Nitrogen

Plant nitrogen for purging, tank inerting, and general plant purposes, as well as process nitrogen
will be supplied from the ASU at 125 psig. A 10,000 gallon liquid nitrogen storage tank, with
ambient air vaporizer, will be provided for backup supply and for startup service. '

2,5,7.3 Cooling

All ambient temperature cooling is done, directly or indirectly, with air coolers.,

2,5.7.4 Natural Gas! Plant Fuel Gas

Natural gas will be used for startup and as part ofthe fuel mix on em as-needed basis for the
power generation system and process heaters.

2.6 STARTUP ACTIVITIES
The first step in the startup process is to obtain the power required for energizing the critical
control and safety systems. Power for initial startup ofthe gas turbines is provided by the three
"black start" natural gas electric generators (Gen 1, Gen 2, and Gen 3), which will be used to
provide power for approximately 1 week or less. Other key utility systems such as instrument
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air, water supply and purification, fire water, and nitrogen will be made operational as required
to start the first gas turbine. It is especially important that the flare system be ready for service
before any flammable gas is present

Once critical utilities are in service, one ofthe three gas turbines (Turbine 1-3) is started on
pipeline quality natural gas. This will produce enough power to displace all ofthe black start
generators, start the circulating glycol cooling system, start the auxiliary boiler circulation and
gasification quench water system, and begin the startup ofone ofthe ASUs. During nonnal
operations, the turbine fuel will be a combination ofnatural gas, fuel gas, and LPG.

One of the two ASUs can be started up once adequate electric power is available. The
circulating glycol cooling system must be in service before the ASU compresE;ors can operate.
From an initial warm condition, the ASU startup can take several days for cool down ofthe cold
box equipment. When online, the ASU will initially produce enough oxygen to begin operation
oftwo ofthe four (4) coal gasifiers needed for ful1~capacity operation. At this time, a second gas
turbine is started up, also on natural gas, to provide enough power for full capacity operation of
one ASU. .

Before each gasifier can be started, the refractory in that gasifier must be heated. Refractory
heating is accomplished using the natural gas-fired preheaters (preheater 1~5) and takes
approximately 500 hours per gasifier. Multiple gasifiers may be preheated simultaneously. In
addition to completing the refractory heating, the plant quench water circulation must be in
service, along with the sour water stripper and low temperature syngas cooling system before the

.. startup ofany gasifier. To start the first gasifier, the natural gas fired preheat burneris;shut··. '.' :. ,';' ':.,,: .. ' ......:,. '" ',:
down, removed and replaced with the coal slurry feed injector. Coal slurry and oxygen are then
fed to the injector to initiate the gasification ofthe coal. A second gasifier is then started up in
the same manner as the first. By this time, the single ASU is operating at full rates and is
producing enough oxygen to feed two (2) gasifiers.. The initial raw syngas product is flared until
the syngas conditioning unit is on-line, which is anticipated to take approximately 1 week during
th~ initial startup.

Circulation of SELEXOLOJ) solvent through the Acid Gas Removal System is commenced at this
time. The refrigeration package must also be in operation to chill the solvent to operating .
temperature. Once the SELEXOL@ unit is ready, and when the two gasifiers are in service at full
operating pressure and temperature, the syngas is allowed to enter the SELEXOL@ unit. The
CO2recovered by the SELEXOLOJ) unit is initially vented (C02 Stack) until the C02 meets
pipeline specifications, which may take some days. The desulfurized syngas from the
SELEXOLOJ) unit is flared until the methanol synthesis unit is ready to receive feed. During the
cold start there will be a briefperiod (anticipated to be approximately 10 hours) where off-spec
gas may be flared.

After the SELEXOL® unit is in service, the gasifier system operation is adjusted ifnecessary to
make syngas ofthe proper compositio~ so that, after acid gas. removal, the syngas is an
acceptable feed for the Methanol Synthesis Unit.

The SRU can be started up once a sufficient flow of sulfur-rich acid gas (Claus Gas) is available
from the SELEXOL® unit. Once desulfurized syngas that meets the Methanol Synthesis Unit
specifications is available, the methanol synthesis unit can be started up to produce methanol
which is routed to an intermediate storage tank. Once methanol of sufficient quantity is available
to assure startup ofthe methanol to gasoline' (MTG) unit, the MTG unit will convert methanol to
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hydrocarbons (primarily gasoline) and water in fixed-bed reactors. Methanol is then converted
to an equilibrium mixture in the DME reactor. The effluent from the D:w.IE reactor is then
combined with recycled gas and converted to gasoline and water through the MTG reactors. The
MTG reactor effluent is collected and separated into three phases. (1) A portion ofthe gas phase
is recycled with the remaining gas being sent to the plant fuel gas system.(2) The liquid water
phase produces water which is recycled into the gasifier unit, and (3) The liquid hydrocarbon
phase becomes raw MTG gasoline. Following hydrotreating, the facility produces finished
gasoline, LPG and fuel gas ofhigh quality.

When MP steam is available in adequate quantity from the syngas cooldown and methanol unit,
the :MP steam is routed through the gas turbine superheat coils, permitting the steam turbine to be
started up to produce additional power. The flow to the steam turbine is augmented by LP steam
from gasification low temperature syngas cooling.
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3.1 SADDLEBACK HILLS MINE

Emission Estimates

...... (~)

Originally Arch ofWyoming LLC (subsidiary ofArch Coal, Inc.) permitted the Mine
(underground) and the Elk Mountain (surface) Mines together under one air qualitY permit
(permit # CT-4136). The combined facilities were known as the Carbon Basin Mines. Arch
Coal has entered into an option agreement to sell the underground coal reserve and surface real
property to MBFP. Once MBFP exercises this option, Arch Coal has retained the rights to
operate the Elk Mountain Mine and market the surface coal. As a result ofthis agreement, a
determination was made by the Wyoming Department ofEnvironmental Quality (WDEQ)/Air
Quality Division (AQD) that the Saddleback Hills Mine was considered a support activity under
the definition of a facility and should be included in the MBFP PSD application.

During the underground mine's development phase, approximately 2.1 million tons of coal will
need to be mined over a 3-year period. The development phase constructs the underground
infrastructure required to support the longwall mining system which will commence operations
at approximately the time when the Plant achieves full capacity. During the development or
constructionphase ofthe mine, coal will be conveyed from the South Portal where it will be
stored in a small stockpile. It is anticipated ~t this production will ~en be placed in the
designated long tenn storage stockpile. Should there be eXcess production during the
development phase, coal may then be loaded into trucks 'at the South portal and hauled to the
SeIbinoe ntrain loadout in Hanna, Wyoming.

~g"t1ie MBFP :~~~tniction phase~ developm~nt ~n'aISo oc~ 'at th6East PortaL 'The
following activities will occur at the East Portal.

• Construction ofthe East Portal entry areas that will consist of a reinforced concrete retaining
wall. .

• Installation ofenclosed conveyors'from the portal face to the coal storage facilities.

• Construction ofthe coal storage facilities.

• Construction of an enclosed overland conveyor from the coal storage facilities to the Plant.

• ConstrUction ofthe Mine's office, maintenance sh?p, and warehouse facilities.

Emission sources associated with the Mine during the development phase are shown in
Table 3.1.

Table 3.1 - Mine Development Particulate Emissions

j~:i~~i~~~i1~'·:·:·:':··';·.'¥~t~:~~~r~;~:[t;,;:.);~:!$j~\~j~~~*}~~~~~~dl.:~/i·.:~i~~~~~~~W~~~~I~t~Wl;i~
1 0.16 26.8

2 0.72 104.9

3 0.63 93.0
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The above emissions w~re based on calculations provided in Permit Application AP 2989 for the
Carbon Basin Mines. Only particulate emissions associated with the :Mine were ::Included.
Detailed emission calculation spreadsheets are included in Appendix. B.

3.2 THE PLANT

3.2.1 Emission Sources

Emissions associated with this Plant include both point source and fugitive emission sources.
The three combustiDn turbines accDunt fDr the majority 'ofNOll:, CO, 802, and PMlO emissions,
while storage tanks and equipment leaks emit the most VOCs and HAPs. Table 3.2 ShONS

significant point and fugitive sources ofemission.

Manufacturer specifications for the turbines and certain other equipment are included'in
Appendix. C. With regard to the combustion turbines, a General Electric (GB) specification sheet
has been included in Appendix C; this specification does not constitute a vendor guarantee from
GR Equipment-specific guarantees could not be Dbtained from vendors at this time. Guarantees
for some equipment will be obtained at the time purchase cDntracts are signed.

Due to the long lead-t:iri:l.e needed to design this Plant, .specific manufacturers and models have
not yet been identified for many equipment iteII1S, and manufacturer specifications are not yet
available.

"A list ofother majDr equipm~nt "is incl'uded in Appeiidix D~ along with a liSt ofsource
classification codes (SCCs) for point source equipment.
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Table 3.2 - Emission Units and Fugitive Sources

It.~~;:0~;:;~,~:P~~t1l1ii~~
u";;"

...::~~~:.; ~j~~~~t~: ~if~~1;~:~~<:~~~~~~f:£:·'·:~:/iJ~~:11,;;;. ~.;t:~::~~~~~t~~:~~~~/t~J;:!. '",

Normally OperatingEquipment andFugitive Sources

Combustion Turbine 1 CT-l 66'MW Electrical and steam generation

Combustion Turbine 2 CT-2 66MW Electrical and steam generation

Combustion Turbine 3 CT-3 661'4W Electrical and steam generation

Auxili8lY Boiler AB 66MMBtu1br Steam generation (normal service is standby
at 25% load to prevent freeze up.s ifthere is

,a Plant shutdown)

B-1 21.53 MMBtuIbr Catalyst regeneration (only during catalyst
regeneration; average continuous rate is

CatalystRegenerator approximately 9 MMBtuIhr)

Reactivation Heater B-2 12.45 Iv.1MBtuIbr Reactivation heating

HGT Reactor Charge Heater B-3 2.22 MMBtu!hr Reactor charge heating

HP Flare (pilot only) FL-l 0.82 MMBtu!hr For safety and VOC control

LP Flare (pilot only) FL-2 0.20 MMBtu/br Fo! safety and VOC control

Equipment Leaks EL N/A N/A

Storage Tanks , , , ,Tanks ',' " ,V!,!Il,OUS Primarily methanol and gaso1in~ s10ragll

Coal Storage CS N/A Coal feedstock storage

SSMEquipment

Gasifier Preheater 1* GP-l 21MMBtuIhr Gasifier refractory preheating

Gasifier Preheater 2* GP-2 21MMBtuIhr Gasifier refractory preheating

Gasifier ;J?reheater 3* GP-3 21MMBtuIhr Gasifier refractory preheating

Gasifier Preheater 4* GP-4 21MMBtuIhr Gasifier refractory preheating

Gasifier Preheater 5* GP-5 21 MMBtuIhr Gasifier refractory preheating

Black-Start Generator 1 Gen-l 2889 hp Electrical generation

Black-Start Generator 2 Gen-2 2889 hp Electrical generation

Black-Start Generator 3 Gen-3 2889hp Electrical generation

Firewater Pump Engine FW-Pump 575hp Supplies emergency firewater

CO2 Vent Stack C02 VS N/A For malfunctions

*These emission units operate less than 8,760 br/yr under normal conditions.

3.2.2 Normal Operations

Plant emissions are broken down into three categories (normal operation, cold startup/initial year
emissions, and malfunctions). Annual emissions resulting from normal operations include
emissions from equipment that operates continuously (8,760 hours per year) and equipment that
operates on a regular basis. For example, the firewater pump engine may operate up to 500
hours in a typical year. Consequently, firewater pump engine emissions are included in the
normal operation annual emission summary and are based on 500 hr/yrratherthan 8,760 br/yr.
Note that the Auxiliary Boiler normally operates at only 25 percent load., on a hot standby basis.
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Table 3.3 shows emissions resulting from normal operations and the maximum number ofhours
of operation per year. Detailed emission calculations are included in Appendix B.

, Table 3.3 - Emissions Resulting from Normal Operations (tpy)

CT-1 Power Generation 8,760 75.86 46.19 6.59 10.79 43.80

CT-2 Power Generation 8,760 75.86 46.19 6.59 10.79 43.80

CT-3 Power Generation 8,760 75.86 ' 46.19 6.59 10.79 43.80

AB Steam Generation 8,760 2.60 2.68 0.29 0.04 0.36

B-1 Catalyst Regeneration 8)000 0.82 ,2.30 0.15 0,02 0.21

B-2 Reactivation Heater 1,456 0.33 0.94 0.06 0.01 0.08

B-3 HGT Reactor Charge Heater 8,760 0,36 1.00 0.07 0.01 0~09

Tanks Product Storage 8,760 0.00 0.00 102.62 0.00 0.00

EL Equipment Leaks 8,760 0.00 0.00 71.32 0..00 0.00

CS Coal Storage 8,760 0'.00 0.00 0.00 0.00 60.18

FW-Pump Firewater Pwnp BIj.gine1 500 1.51 0.09 0.34 0.00 0.02

FL-1 HPFlare 8,7602 0.49 0.98 2.97 0.00 0.00
'~""""'l'"~ ••, .'" .••••.• " FL-2 .. ' . '·-LP·F1are ' .. .... ~ .., 8;7602.... " '0:1'2" . ---0'.15 ' . 0.74' '0.00 ,0.00 . '.. ' rl~':...·.':':·" •. ',;.

Total Emissions 233.80 146.80 198.33 32.46 192.34

1. Thl: FirewaterPump combusts diesel fuel.
2. Based on continuous natural gas pilot for flares.

3.2.3 Cold Start/Initial Year Operations

Annual emissions have also been calculated for the initial year of operations (plant cold start).
the complete Plant startup period may last as long as 180 days, and will involve bringing
equipment online in a particular order. Emissions dUring the cold startup period will differ from
those during a normal operating year. Certainequipmen:t, such as Black-Start Generators and
Gasifier Preheaters, will operate duriD.g cold startup. Individual emission units will have much '
shorter startup time periods; these unit-specific time periods are shown in Appencfu; B in the cold
startup einission summary spreadsheet. Since the Plant will not have produced adequate in-plant
fuels and power generation will ramp up slowly, most combustion equipment will initially burn
only natural gas fuel, rather than the fuel mixture of fuel gas, LPG, and natural gas. Table 3.4
shows the annual emissions resulting from Cold Startup.
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43.80

43.80

6.64 10.89

6.64 10.89

776011000 76.68 46.61

7760/ 1000 76.68 46.61Power Generation

Table 3.4 - Annual Emissions Resulting from Cold Startup (tpy)

~(tP.~:'Y~'=""":l"":""~"'"'f

CT-1

CT-2

CT-3 Power Generation 7760/1000 76.68 46.61 '6.64 10.89 43.80

Gen-! Black-Start Generator 1 0/250 0.80 1.93 0.72 0.00 0.00

Gen-2 Black-Start Generator 2 0/250 0.80 1.93 0.72 0.00 ,0.00

Gen-3 , Black-Start Generator 3 0/250 0.80 1.93 0.72 0.00 0.00

AB Steam Generation 0/8,760 3.61 4.51 0040 0.05 0.52

B-1 Catalyst Regeneration 0/8,760 0.82 2.30 0.15 0.02 0.21

B-2 Reactivation Heater 0/2216 0.39 0.84 0.05 om 0.08

B-3 HGT Reactor Charge Heater 0/8)760 0.37 0.98 0.06 0.01 0.09

GP-1 Gasifier Preheater 1 . ,. 0/500 0.26, ' ,0.43, . 0.03 0.00 0.04

GP-2 Gasifier Preheater 2 o/500 '0.26 0.43 0.03 0.00 0.04
.•... "Gp;..r::'·

GP-4

"-,,, .Gasifier Preheater 3' ,:.. , '

Gasifier Preheater 4

, ' ,0 / 500' .. , ,. '0.26 """ 0.43

a/ 500 0.26 0.43

0.03 .. "'0;00

0.03 0.00

GP-5 Gasifier Preheater 5 o/500 0.26 0.43 , 0.D3 0.00 0.04

Tanks Product Storage 8,760 0.00 0.00 102.62 0.00 0.00

EL
cs

Equipment Leaks .

Coal Storage,

8,760 0.00 0.00

8,760 0.00 0.00

71.32 0.00

0.00 0.00

0.00 .

60.18

FW-Pump Firewater Pump Engine 5001 1.51 0.09 034 0.00 0.02

C02 Vent Stack 8,760 0.00 348.16 0.02 0.00 0.00

FL-l HPFlare 8,7602 10.28 81.86 3.11 187.70 0.00

FL-2 LPFlare 8,7603 '0.13 0.45 0.00 36.01 0.00

Total Emissions 250.81 586.97 200.31 256.52 192.68

1. The Firewater Pump combusts diesel fuel.
2. Based on continuous natural gas pilot for flare; cold startup includes 50 br/yr ofvents to HP Flare.

, 3. Based on continuous natural gas pilot for flare; no vents to LP Flare are expected during cold startup.

3.2.4 Malfunctions and Other Events

Malfunctions and other events can cause unusual emissions during short periods oftime.
Table 3.5 includes four types ofmalfunctions. Detailed emission calculations for malfunction
events are included in Appendix B.

• CO2 venting
• Venting to the HP Flare
• Venting to the LP Flare
• Gasifier Preheating
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Table 3.5 - Emissions Resulting from Malfunctions and Other Events

C02 VS
FL-1

FL-2

GP-!

CO2Vent Stack

HP Flare

LP Flare

Gasifier ,Preheater

50

8,760

8,760

500

0.00

7.83

0,01

9·26

73.30

64.99

0.00

0.43

0.01

0.12

0.00

0.03

0.00

150.1,6

14.40

0.00

0.00

0.00

0.00

0.04

1. The hours shown. are estimates ofannual operating hours, except for the Gasifier Preheater, whicn is
based on 500 hours perpreheating event for one gasifier.

3.2.5 Emissions of PSO-Regulated Pollutants

The MTG process requires the syngas to be relatively pure in order to prevent the poisoning of
the methanol synthesis catalyst. The clean syngas that is used in the MTG process is the same
syngas used as fuel throughout the Plant This cleatring is achieved by tunning the raw-syngas
from the gasifiers through a wet scrubber, which cools the raw gas and removes any particulates
that are entrained in the gas stream. The raw (sout) gas then flows through the mercury vapor
guard beds ~ercury removal) and then through the Low Temperature Gas Cleanup process

.... t (SELEXqr.,. tec;hnology).V\7~er~ ~~,raw syngas is.ftl$~.9.lew~~.8?-4:w.-~.~re NH3, H2S, and ..
COS are removed from the raw syngas. After the SELEXOL process, the gas flows through a

. finals~ guard bed to ensure the highest level ofsulfur removal. «0.1 ppmv total sulfur).

Trace amounts of some contaminants may be emitted in very small quantities. During the
feasibility study, certain trace contaminants were estimated and.are 'shown below.

'Contaminant Concentration Potential to Emit

Halogens (Ch and F) <0.01 ppmv 0.001 tpy

Sulfur as H2S <0.09ppmv 0.009 tpy

At least 90 percent ofthe lead in the tail gas will be removed by the activated carbon beds that
remove mercury. Based on 3 mi;tlion tons (8,000 'IPD) of coal gasified and lead content within
the coal averaging 1.93 ppmw (determined by testing), total lead exiting the gasifiers would be
5.79 tpy. Based on a conservative estimate of 90 percent removal, iead emissions from the
facility are estimated to be 0.579 tpy.

3.2.6 Source-Specific Calculation Methods

The following sections provide additional detail about calculation methods used to estimate
emissions from certain types of sources.
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3.2.6.1 Combustion Source Methods

Emission Estimates

Most Plant combustion sources can be fueled with either a fuel gas mixture or with natural gas.
The fuel gas mixture includes fuel gas and LPG that are produced within the Plant and
supplementary natural gas. Mixing of the fuel gas components occurs prior to the combustion
chamber of the source. The fuel gas mixture will vary between seasons and due to catalyst
efficiency. Methanol production is high when the catalyst is at its beginning ofllfe (BOL),
compared to end oflife (EOL). Typical molar fractions offuel gas mixture components are
shown in Table 3.6.

Table 3.6-' Typical Fuel Gas Mixture Composition!

Natural Ga,s 70.30% 63.01% 58.69% 50.82%

LPG 2.99% 2.75% 7.97% 7.19%

MrGFuelGas 4.76% 4.37% 5.94% 5.36%

Davy PSA Pui-ge 16.87% 25.19% 21.05% 30.89%

Davy Fuel Gas 1 2.44% 2.13% 3.05% 2.61%

Davy Fuel Gas 2 2.65% 2.55% 3.30% 3.13%

'(~)
"

. ~ ........
100.00% " 'ioo.oO% " 'ioo~OO% "

• •• #~ ., .. •

Total 100.00%

1. Molar percentages are given. Based on three turbines operatin.e:.

Since the fuel gas mixture is plant-specific, emission factors are not available for the fuel gas
mixture. However, since the fuel has a significant methane component and also includes large
quantities of C3 and C4 fuels, use ofnatural gas emission factors is a reasonable approximation.
Consequ~ntly, emission calculations for non-diesel combustion sources are based on natural gas
emission factors. Even so, the differences in heating values between natural gas and the fuel gas
mixture causes emissions to differ. '

In some circumstances, combustion of the fuel gas mixture is impractical. This is particularly
true during initial startup when the plant has not yet produced: sufficient quantities of syngas and
LPG. Detailed emission calculation spreadsheets (Appendix B) for the combustion turbines,
auxiliary boiler, and heaters clearly indicate the number ofhours during which natural ,gas or the
fuel gas mixture is being fired.

3.2.6.2 Storage Tanks

Storage tank emissions were calculated using the EPA TANKS Program, version 4.09.d, based
on use of internal floating roof tanks. TANKS reports for each type of tank having significant
emissions are included in Appendix B.

'The RVP ofproduct gasoline stored at the site will vary depending on the time ofyear. Month­
to-month vapor pressure variability was accounted for in the calculations. Tanks containing no
volatile organic components and those with insignificant emissions are listed on the Tanks
detailed calculation page within Appendix B.
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3•.2.6.3 Equipment Leaks

Emission Estimates

Equipment leak estiinates were calculated using the average emission factor approach described
in EPA's "Protocol for Equipment Leak: Emission Estimates" (EPA-453/R-95-0l7). EPA­
approved Synthetic Organic Chemical Manufacturing Industry (SOCMI) factors were used for
the calculations. Although use of the Refinery emission factors was considered, use of the
Refinery factors was deemed inappropriate for the folloy/ing reasons.

• The Plant process is a chemical synthesis process rather than a refinery process.

• SOCMI factors are recommended for use in all industries, except refineries.

• Even within refmeries, SOCMI factors are recommended for chemical processes, such as
production ofmethyl tertiary butyl ether (MTBE).

• The refmery emission factor equation usage guidelines specifically disallow corrections for
methane concentrations exceeding 10 wt% and some process streams at the Plant will contain
more than 10 wt% methane.

Proces.s streaIilS within the Plant w~re grouped according to composition and service type (gas,
light liquid, heavy liquid) and the number ofpotential equipment leak: components was estimated
fot each process stream group. All streams were assumed to contain fluids for 8,160 hr/yr.
Within Appendix B, detailed equipment leak calculations show controlled and uncontrolled
emissions. Controlled emissions were calculated using control effectiveness factors for valves in

., . , . gas 'or'light liquid service' and pump seals itdightliquid service. The control-effectiveness :,; .
factors are based on implementation of a monthly Leak Detection and Repair (LDAR) program.
and assume a leak definition of 10,000 ppm. As discussed in'the BACT analysis, the Plant will
implement an LDAR program.

3.2.6.4 Flares

Flaring emission calculations are based on procedures included in "TCEQ Guidance Document
for Flares and Vapor Oxidizers" (RG-I09, October 2000). This document provides emission
factors for NOx and CO and advises use of98% destruction efficiency for '\TOCs / HAPs and
HzS.

The HP and LP Flares will be operated with continuous pilots. Consequently, normal operations
include combustion emissions based on the design heat input for each flare and assUIi:I.e natural .
gas firing. Emissions from normal operation at both flares represent pilot gas combustion only,
because lio process streams will be routinely directed to either flare.

Emissions from large malfunction events were estimated for the HP and LP Flares, due to the
possible significant nature ofa malfunction event affecting these :fl.·ares. Malfunction-related
emissions from the HP Flare are based on directing all syngas to the flare, which is the largest
stream, by vohime, that could potentially .be directed to the HP Flare. Malfunction-related events
affecting the LP Flare for a potential worst-case (high flow rate, high H2S ce:intent) vent stream
that could be djrected to the LP Flare.
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The proposed Plant is one ofthe 28 named source categories in 40 CFR §52.21(b)(1) and is
classified as a new major source of regulated emissions under the PSD New Source Review
(NSR) program. An analysis of the Best Available Control Technology (BACT) is required for
sources with potential emissions greater than the PSD established significance thresholds. The
BACT analysis evaluates the technical feasibility and cost-effectiveness of emission control
options to determine the applicable control technology and emission limits.

BACT is determined on a case-by-case basis taking into consideration technical practicability
and economic reasonableness. For PSD BACT requirements, energy and environmental impacts
should also be considered. Control technology alternatives are identified for each new or
modified source ofpollutants based on knowledge ofthe applicant's particular industry and
previous regulatory decisions for other identical or similar sources.

The proposed Plant will be located in Carbon County, Wyoming. Carbon County is currently
designated attainment or unclassifiable for all national ambient air quality 'standards. Table 4.1
evaluates the applicability ofBACT requirements.

Table 4.1 - BACT Applicability

CO 100 146.80 Yes

NOx 100 233.80 Yes

S02' 100 32.46 No1

PMlO 100 192.34 Yes

VOC 100 198.33 Yes
1. Although federal PSD reg\llations do not require BACT for sources with less than 100 tpy ofpotential
emissions, WDEQ requires BACT reviews for minor sources_

4.1 BACT REVIEW PROCESS
In a December 1, 1987 memorandum from the EPA Assistant Administrator for Air and
Radiation, the agency provided guidance on the "top-down" methodology for determining
BACT. The ''top-down'' process involves the identification ofall potentially applicable emission
control technologies according to control effectiveness. Evaluation begins with the top or most
stringent emission control alternative. lithe most stringent control technology is shown to be .
technically or economically infeasible, or ifenvironmental impacts are severe enough to
preclude its use, then it is eliminated from consideration and the next most stringent control
technology is similarly evaluated. This process continues until the BACT option under
consideration cannot be eliminated.. The top control altemative not eliminated is determined to
be BACT. This process involves the following five steps from ''New Source Review Workshop
Manual," DRAFT October 1990, EPA Office ofAir Quality Planning and Standards.

URS 4-1
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Step 1: Identify all available control technologieS with practical potential for application to the
specific.emission unit for the regulated pollutant under evaluation;

Step 2: Eliminate all technically infeasible control technologies;

Step 3: Rank remaining control technologies by control effectiveness and tabulate a control hierarchy,

Step 4: Evaluate most effective controls and document results; and

Step 5: Select BACT, which will be the most effective practical option not rejected based on
economic, environmental, and/or energy impacts.

Formal use ofthese steps is not always necessary. However, the BACT requirements have
consistently been interpreted to contain two core components that must be met in any
determination. First, the BACT arialysis must consider the most str:i:ilgent available technologies
(those with the potential to provide the maximum reductions). Second, adetermination to use a
technology with a lesser potential control efficiency must be supported by an objective analysis
of the associated energy, environmental, and economic impacts. Additionally, the minimum '
control efficiency evaluated in the BACT analysis must at least achieve emission rates equivalent
to applicable New Source Performance Standards (NSPS) or other applicable state or federal
rules.

The process of identifying potential c~ntrol technologies involves researching many resources,
including a review of existing and historical technologies that have been proposed or
implemented for other projects and a survey of available literature. Evaluating the applicability

. .... -.' - . ',' "'of'each'control option entails an assessment offeasibility and cost-effectiveness; .This'process ,.;.. . .... '.-"" ,....
determines the potential applicability ofa control technology by considering its commercial
availability (as evidenced by past or expected near-terni deployment on the same or similar types
of emission units). An available technology is. one that is deemed commercially available
because it has progressed through the following development steps: concept stage; research and
.patenting; bench scale/laboratory testing; pilot scale testing; licensing and commercial
demonstration; and commercial sales.

The evaluationprocess also considers the project specific physical and chemical characteristics
of the gas stream to be controlled. A control method applicable to one emission unit may not be
applicable to a similar unit because ofdifferences in the physical and chemical characteristics of
gas streams to be controlled.

The following BACT analysis for the proposed Plant was conducted in a manner consistent with
the top-down approach. As part of this analysis, control options for potential reductions were
identified by researching the EPA Reasonably Available Control Tecln+ology
(RACT)/BACTlLowest Achievable Emission Rate (LAER) Clearinghouse (RBLC) database and
by drawing upon engineering, integrated gasification combined cycle (lGCe) process, and
industrial gasification permitting experience, and by surveying available literature. IGCC
facilities employ several processes similar to the proposed Plant Potential controls identified
were then evaluated as necessary on a tecbnica1~ economic, environmental, and energy basis.
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4.2 BACT SUMMARY,
Table 4.2 summarizes BACT proposed for this project:

Table 4.2 • Summary of BACT Applied to the Plant

~&~~J~~~§~6t::' 6r~l~i~~~~~J;S!~~~}i~~~{~~;~~J~{r,~R~.~~.~~§~Q~~M~lhq~~~~~1i~~~:~*~!~~i~$~~~a~~~
NO,; SCR with NOx control to 6 ppmvd NO,; (corrected to 15% 02) in the HRSG

exhaust when firing fuel gas mixture or natural gas

Combustion
CO: Catalytic Oxidation control to 6 ppmvd CO (corrected to 15% O2) in the HRSG

exhaust when firing fuel gas mixture or natural gas
TurbineIHR.SG/Steam

VOG: Collateral control from catalytic Oxidation control to 1.4 pJ?mvw CO (correctedTurbine Combined Cycle
Trains (3x3xl)

to 15% O2) in the HRSG exhaust when firing fuel gas mixture or natural gas

P1v.tlPMIO: Good combustion practices

S02: SRU system designed to reduce fuel sulfui. concentrations to 0.1 ppmvd and
combustion'oflow sulfur natural gas as supplementary fuel

NO,;: Low NO,; burners

Auxiliary Boiler and CO, VOC, PMlPMlO: Good combustion practices
Process Heaters S02: SRU system designed to reduce fuel sulfur concentrations to 0.1 ppmvd and

combustion oflow sulfur natural gas as supplementary fuel

Storage Tanks Gasoline, Methanol, Heavy Gasoline, and Slop Storage tanks will have internal
..
".' . .. :.- ';'" .' ,. ' .. "

.. :.,~.. ' ." : ., ':, .. :',' .. .... .:floating roofs;. all.()tA~r; tanks will ffi.1.ye fixed roofs .. ,

Coal Handling
Dust suppression (fogging) used in combination with fully enclosed conveyors and

passive engineering design at transf~ points

Equipment Fugitives VOC: Leak Detection and Repair (LDAR) program

Sulfur Recovery Unit
Re-route tail gas to upstream point in SELEXOL@ Unit(flare and thermal

oxidizer)

Carbon Dioxide Vent Startup, shutdown, upset conditions only (<50 hours/year), optimized process design

Gasifier Preheaters Low~ fuel (natural gas), good combustion practices, restricted operation (initial
startup and new refractory only, < 500 hOUIs/yearper gasifier)

Black-Start Generators
Low sulfur fuel (natural gas), good combustion practices, restricted operation (initial

startup only, <250 hours/year)

Firewater Pump
Restricted operation «500 hours/year), ultra-low-sulfur diesel fuel (15 ppm sulfur),

good combustion practices

.{, .. ' :. . '.-, ..:,.'-....•..., .. -~.
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4.3 COMBUSTION TURBINE CONTROL TECHNOLOGY REVIEW
The following is the BACT analysis for the proposed combustion turbines. Each ofthe three
proposed combustion turbines will be a GE 7EA model turbine with a nominal capacity of 66
MW at average ambient conditions. Each combustion turbine will have a heat recovery steam
generator (BRSG), and all three will utilize one steam turbine generator, in a 3 x 3 x 1, combined
cycle configuration. The pr:imary fuel will be a fuel gas mixture comprised ofimported natural
gas plus process generated fuels including: LPG from the MTG process, and fuel gas from both
the Davy and MTG·synthesis processes. By volume, the combustible portion ofthis natural gas
based fuel mixture will consist primarily ofmethane (61.4%), hydrogen (15.3%), and butane
(5.1%). Each combustion turbine will also be capable offuing natural gas, for startup, fuel
enrichment, and backup purposes. Finally, under certain market conditions, each combustion
turbine may also be fIred with a syngas-based fuel mixture. By volume, the combustible portion
of this syngas-based fuel mixture will consist primarily ofhydrogen (46.1 %) and CO (44.5%)
with a small amount ofhydrocarbons.

4.3.1 Nitrogen·Oxides BACT Analysis for the Comb.ustion Turbines

NOx is formed during combustion primarily by the reaction ofcombustion air nitrogen and
oxygen within the high temperature combustion zone (thermal NOx), or by the oxidation of
nitrogen in the fuel (fuel NOx). B~cause the tail gas· contains negligible amounts of fuel-bound

.;. . .. '.;. ;. ."', ··riiti'C)gen, essentially alI'combustion tiitbiJ:i:eNa~· eDiiSsions originate as theri:iliil NOx: .. . :-,.. .._-':-.. ,..",., .~ .;····7 :

The rate of thermal NOx formation in the combustion turbines is primarily a function ofthe fuel
residence time~ ·availability ofoxygen, and peak flame temperature. Several NOx control
technologies are available to reduce the impacts ofthese variables during the com)Justion .
process, including diluent injection and dry low NOx burner technology. Post-combustion
control technologies have also been used in some processes to remove NOx from the exhaust gas
stream.

Identify Control Technologies
The following NOx control technologies were evaluated for the proposed combustion turbines:

Combustion Process Controls

Diluent Injection

Dry Low NOx Burners

Low NOx Burners

Flue Gas Recirculation

Post-Combustion Controls

EMx™

Selective Non-Catalytic Reduction (SNCR)

Selective CatalYti:c Reduction (SCR)
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I Evaluate Technical Feasibility

Diluent Injection

Higher combustion temperatures may increase thermodynamic efficiency, but may also increase
the formation ofthermal NOx• A diluent, such as water, steam, or nitrogen can be added to the
fuel gas mixture to effectively reduce the combustion temperature and formation of thermal NOx.

The fuel gas mixture combusted in the combustion turbines contains small amounts ofN2 and
CO2, both of which act as a diluent. However, additional dilution is would be necessary to
achieve meaningful NOx reductions. Diluent injection is a technically feasible control .
technology for the proposed combustion turbines while firing the fuel gas mixture. N2produced
in the ASU could be introduced to the turbine burners in this instance to reduce combustion
temperatures. In addition, when the turbines are firing natural gas only, nitrogen from the ASU
could be introduced as a diluent also. There may be briefperiods of time when the turbines are
first started (on natural gas) when no diluent from-the ASU is available. This is expected to be a
very short time period as the ASU is one ofthe first units started during the startup sequence.

Dry Low NOx Burners

Dry Low NOx (DLN) burner technology has successfully been demonstrated to reduce thermal
NOx formation from combustion turbines firing natural gas. This technology utilize.s a burner

. design that controls the stoichiometry and temperature ofcombustion by regulating the
distribution and pre-mixing offnel and air, which minimizes localized fuel-rich pockets that

." / __""'"'' :'.,'" produce eleyated.combustion te:p1perat.Q;r.e~ an,Q..higher. NOx. emis~io:Q,$.. ".": .,,'. _,~, ..". '.,' '. '.' ,,' :--,' <;, ;,. ';'.";.,' .',. ".': •.,•...,..;.' '\

\.) Available DLN burner technologies for combustion turbines are designed for natural gas
.... (methane-based) fuels, but are not applicable to combustion turb:in.es utilizing a fuel gas mixture,

which has a different heating value, gas composition, and flammability characteristics. Research'
is ongoing to develop DLN technologies for tail gas (or fuel gas mixtures) and syngas-fueled
combustion turbines, but no designs are currently available. In particular, the turbine vendor has
stated that DLN is not feasible for fuels that contain less than 85% by volume methane or that
conta:iJi substantial amounts ofhydrogen. The fuel gas mixture that will be utilized in the
turbines contains too little methane (61.4%) and too much hydrogen (15.3%). Therefore, DLN
burner technology is not technically feasible for the Plant turb:in.es due to potential explosion '
hazards :in. the combustion section associated with the high content ofhydrogen in the fuel gas
mixture.

Low NOx Burners

Low NOx burners are widely used to reduce NOx emissions. A conventional low NOx burner is
designed to control fuel and air mixing at each burner in order to create larger and more
branched flames. This reduces peak flame temperature and results in less NOx formation. In
addition, the improved flame structure reduces the amount ofoxygen available in the hottest part
of the flame and improves burner efficiency. In contrast to DLN burners, low NOx burners can
be used with a variety ofgaseous fuels. Low NOx burner technology is technically feasible for
Plant turbines.

Flue Gas Recirculation

Flue gas recirculation is being researched by combustion turbine manufactures, but is not
currently an available control technology. While the technology may be a future option to
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reduce NOx emissions, significant development work is required to complete maturation and
integration ofthe concept into a power plant system, including validating all einissions
characteristics and overall plant pei:formance and operability. Additionally, current research
efforts have focused on pre-mixed natural gas combustion, and results would need to be
expanded to assess fuel gas mixture applications. Thus, flue gas recirculation is not technically
feasible for the proposed combustion turbines.

EM:x:™

EMx™ (formerly known as SCONOx) is a control technology that utilizes a single catalyst to
m:iniinize CO, VOC, andNOx emissions. All installations of the technology have been on small
natural gas facilities. EMx™ has not been applied to large-scale fuel gas mixture/syngas
combustion turbines, which creates concerns regarding the timing, feasibility, of scaling up'to' a
larger unit and use of different fuel, cost-effectiveness ofnecessary design improvements, and
potential catalyst fouling. Therefore, EMx.™ is not technically feasible.

Selective Non-Catalytic Reduction (SNCR)

SNCR is a post-combustion NOx control technology inwhich a reagent (ammonia or urea) is
injected in the exhaust gas to react with NOx to form nitrogen and water without the use of a
catalyst. The success of this process in redUcing NOx emissions is highly dep'endent on the
ability to uniformly mix the reagent into the flue gas, which milst occur in a very narrow high
temperature range. The consequences ofoperating outside the optimum temperature range are
severe. Above the upper end of the temperature range, the reagent will be converted to NOx• . . .'

:Below the lower' end ofthe' temperature range~':t1ie 'reagentwlIl 'not react with the NOx, resultlllg :'."' '.. -..,. "'. '," ,--" .'
in excess ammonia entissions. SNCR technology is occasionally used in conventional coal-:-fired
heaters or boilers, but it has never been applied to natural gas combined cycle or syngas/fuel gas
mixture units because no locations exist in the heat recovery steam generator with the optimal
temperature and residence, time that are necessary to accommodate the technology. Therefore;
SNCR is not technically feasible. .

Selective Catalytic Reduction (8CR)

SCR technology has never been attempted at an IGCC plant using coal-derived syngas. BACT
analyses for previously permitted IGCC plants have determined SCR is not technically feasible
due to concerns regarding a back pressure energy penalty, catalyst performance, and potential
operational impacts to downstream equipment from the sulfur content in the fuel. Several
analyses noted the unavailability ofmeaningful performance guarantees from SCR suppliers. In
other cases, the application of SCR to the IGCC process was not deemed cost effective due to
increased operation and maintenance costs and the costs associated with reducing syngas sulfur
to levels that are assumed to be adequate to'minimize operational impacts.

MBFP's initial evalUation of the application of SCR to the Plant indicates that due to the
extremely high sulfur removal necessary for the MTG process, catalyst fouling and other
operational concerns due to sulfur in the fuel would be alleviated. The gas fed to the Methanol
Synthesis Unit requires less than 30 ppb sulfur. All fuel gas used throughout the plant is first
desulfurized in the acid gas removal (AGR) unit and sulfur beds, and there:fore contains less than
30 ppb sulfur (expressed as H2S). In summary, under the proposed fuel gas mixture-firing
scenario, SCR is believed to be technically feasible. ' .
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) During most startup operations, the combustion turbines will be fired with fuel gas mixture.
However, for the initial startup and some cold startup scenarios, natural gas will be used to fire
the combustion turbines. SCR is not technically feasible during the initial startup operations. due
to the low temperature where the SCR would be applied. Whether firing natural gas or the fuel
gas mixture, the SCR will be utilized as soon as the exhaust temperature reaches the operational
range ofthe SCR.

Rank Control Technologies

Low NOx burners, SCR, and diluent injection are the NOx control technologies that are
technically feasible for the proposed combustion turbines during normal operations when firing
either the fuel gas mixture or natural gas.

Evaluate Control Options

The 'lISe oflow NOx burners and SCR was identified as th~ only technically feasible NOx control
technology for the proposed combustion turbines during normal operationS. The low NOx

burners are expected to achieve 25 ppm NOx in turbine exhaust. The use of SCR will further
reduce NOx emissions to 6 ppmvd (at 15.% 02) when firing syngas (fuel gas mixture). The
nominal gross output for the 3 x 3 x 1 generator/HRSG/ steam turbine configuration is 400 MW.
Therefore, the equivalent potential NOx emission rate is approximately 0.135 lblMWh,

. :significantlylower than the applicable NSPS.subpart Da or KKKKlimit of.LO. and,:3J,.61b!.MWh,·.~ ..·:;., ·x .. : ••. , ". ."

respectively.

The use oflow NOx burners and diluent injection combined with SCR was identified as the only
technically feasible combination ofNOx controi technologies for the proposed combustion
turbines during natural gas firing operations. These combined technologies will reduce NOx

emissions to 6 ppmvd (at 15% 02)'

With one exception, the proposed NOx BACT limit of6 ppmvd (corrected to 15% 02) is well
below emission limits found on the RACTIBACTILAER Clearinghouse for similar turbines
firing either syngas or tail gas. Appendix E provides a summary of emission control
determinations for these turbines. For completeness, all RACTIBACTILAER emission control
determinations for process type 15.250 (explained in Appendix E) are included. The most
stringent NOx BACT limit for a combined cycle combustion turbine firing syngas or tail gas is
1.9 ppmvd (corrected to 15% 02 and based on an annual average) for the Bayport Energy
Facility. However, this facility utilizes DLN technology to achieve this level ofNOx emissions.
For reasons described above, DLN is not technically feasible for the Plant. The next most
stringent NOx BACT limit is 8 ppmvd (corrected to 15% 02 and based on a 3O-day rolling
average) for the Exxon Mobil Shute Creek facility. The Exxon-Mobil facility uses ~ proprietary
mix of gas that includes syngas as one component. All other fueled combustion turbines shown
in Appendix E have NOx emission limits of 15 ppmvd (corrected to 15% O2) or more.

As the first implementer of SCR technology on this type of turbine/fuel combination, the
6ppmvd NOx emission limit reflects a level of control within the accepted range of SCR control
efficiencies (70-90 percent control efficiency). Specifically, a reduction from 25 ppmvd to
6ppmvd is estimated, representing a long-term 76 percent reduction in NOx from 80 percent
SCR performance when the system is new and clean. Technical issues such as pressure loss in
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the combustion turbine and ammo:ri.ia slip argrie against eXpecting the highest level orcontrol
efficiency for this innovative installation ofSCR.

Moreover, the additional cost ofreducing NO" emissions to below 6 ppm has been estimated,
although MBFP believes that achieving NO" emissions less. than 6 ppmvd (corrected to 15% 02)
is a technical feasibility issue rather than a cost issue. Variability in plant-generated fuel could
potentially increase NOx emissions and prevent burner optimization. Consequently, exhaust
from the turbines may be somewhat higher than expected. With a 6-ppm NOx limit, the facility
will have some ability to compensate for high NOx concentrations entering the SCR system by
increasing NOx removal efficiency beyond the 76 percent that would be achieved assuming
25 ppm NOx concentration in the turbine exhaust. Based on equipment and operating costs
provided by SNC Lavalin, the incremental cost ofreducing NOx emissions from 6 ppm to 4 ppm,
is estimated to be $2,272/ton removed. This cost estimate is included as Appendix F.

Select NOx Control Technology
The use ofSCR with diluent injection is proposed as BACT for the proposed combustion
turbines during normal operations to reduce NOx emissions to 6 ppm when ;fu;:ing fuel gas
mixture. The use ofSCR with diluent injection is also proposed for natural gas combustion
during start.up operations. The proposed BACT NO" liInits are presented below for each
combustion turbine.

.. ..;, .. ".' -". ·C',.;, ... :Pr.opo~e4 NQ~.~A~r.Linrit.~:)J.ep.J:~11l1liJ;lg f1l:~~.gas mixture:.6 PP~v4 (c9rJ:'ecte.d.to"J~%:., ,,·.,.?.·=·o:.~.;.,. .."....•;."., ..•

02)

. Proposed NOx BACT Linrit when burning natural gas: 6 ppmvd (corrected to 15% 02) .

The NOx :BACT limits expressed for each combustion turbine are for normal operations. During
startup and shutdown operations, NO" emissions may be greater for certain periods due to
unstable combustion associated with lower combustion turbine efficiencies and transitional
periods between fuels. Potential emissions for startup and shutdown operations are provided in
the Emissions Inventory and are evaluated as part of the air dispersion modeling analysis. See
Section 4.3.5 for more information regarding startup operations. .

4.3.2 Sulfur Dioxide BACT Analysis for the. Combustion Turbines
The com'bustioIi turbines oxidize~ compounds :in fuel primarily into sulfur dioxide (S02)..
Emissions can be controlled by limiting the fuel sulfur content or by removing S02 from the
exhaust gas.

Identify Control Technologies
The following 802control technologies were evaluated for the proposed Plant combustion
turbmes.
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Pre-Combustion Process Controls

Chemical Absorption Acid Gas Removal

Physical Absorption Acid Gas Removal

Low Sulfur Fuel

Post-Combustion Controls

Flue Gas Desulfurization

Evaluation Technical Feasibility

Chemical and Physical Acid Gas Removal Systems

During the gasification process, sulfur in the feedstock converts primarily iJ;lto H2S, and will also
convert into mirior quantities of other sulfur species, such as COS. Commercially available AGR
systems are capable of removing greater than 99% ofthe sulfur compounds from syngas/tail gas.
AGR systems are commonly used for gas sweetening processes of refinery fuel gas or tail gas
treatment systems, and are typically coupled with processes that produce useful sulfur
byproducts. ' ,

, ,

AGR systems can eJ;l1ploy either chemical or physical absorption methods. Chemical absorption
',::'";"1 ',/""'\'" "-:":~'m.ethOdS'are aD:illie-b'~ecrsysieIIis"i1:llituti]]ze solY~nts~'iiicIi as'methyldiefuanoIarirille'(MDEAj~ ::J"",.. ,:,':.... " .

\ ..,./ to bond with the H2S in the tail gas: A stripper column is then used to regenerate the solvent and
produce an acid gas stream containing H2S that can be processed into useful sulfur by-products.
An MDEA AGR system bas been determined as BACT for all operating and permitted rGCC
facilities. The two operating rGCe facilities in the United States both use amine (MOEA)
systems to reduce the syngas total sulfur concentration to 100 to 400 ppm. The process involves
taking the gas out of the AGR removal process and passing it through a methanol synthesis
process, and the gases coming out of the methanol and MTG processes (fuel gas mixture) are
used as fuel in the combustion turbines. In order for the methanol process to function properly
the sulfur content in the gas must be less than 0.1 ppm sulfur. Therefore, chemical absorption
methods, even with the use of su1:fur beds, are not technically feasible for the Plant's process.

Other types ofAGR systems utilize physical absorption methods that employ a physical solvent
to remove sulfur from gas streams, such as mixtures ofdimethyl ethers ofpolyethylene glycol
(SELEXOL®) or methanol (Rectiso!). These systems operate by absorbing H2S under pressure
into the solvent. Dissolved acid gases are removed resulting in a regenerated solvent for reuse
and the production of an acid gas stream containing H2S that can be processed into useful sulfur
by-products. Physical absorption methods have historically been used to purify gas streams in
the chemical processing and natural gas industries, and can achieve sulfur removal to the level
required by methanol process of less than 0.1 ppm sulfur. This sulfur concentration can feasibly
be reduced to the sulfur content required by the methanol unit through the use of sulfur removal
beds. Physical acid gas removal systems are a technically feasible control technology.

Low Sulfur Fuel

Providing low sUlfur fuel to the turbines is another pre-combustion emission control method.
The AGR system descnoed above removes sulfur from the fuel gas streams in order to provide
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low sulfur fuel gas to the combustion turbines. However, additional fuel is needed for the
turbines. Natural gas is a low sulfur fuel that can be used to supplement fuel gases produced'at
the Plant. The combustion turbines' burners are compatible with Plant-produced fuel gases,
natural gas, and a combination ofboth rypes offuels. When firing natural gas exclusively, 802
emissions are conservatively estimated to be 0.00341b per lVIMBtu. Use ofnatural gas as 'the
supplementary fuel is a technically feasible option.

Flue Gas Desulfurization

Flue gas desulfurization (FGD) is a post-combustion 802 control technology that reacts an
alkaline compound with S02 in the exhaust gas', FGD systems are most commonly used by
conventional pulverized coal units and can typically achieve greater than 95% removal efficiency
on new facilities. The FGD process results in a solid by-product that requires the installation ofa

. significant number ofancillary support systems to accommodate treatment, handling, and
disposal. FGD is more readily applied to high S02 concentration gas streams, such as those
present with direct combustion coal units. No examples were identified where an FGD system
has been applied to a tail gas/syngas fired combustion turbine facility or similar process, such as
a natural gas fired unit. Therefore;FGD is not techriically feasible for the proposed combustion
turbines. EveIi. if feasible to the tail gas fired processes, FGD could not achieve the high removal
efficiencies associated with AGR systems and would notprovide appreciable 802 removal.

Rank Control Technologies
,"" .,............ ~ .. ':Th~ use' ofphysicafacidga~- ie~bvar'for'process'fueis and use anow sU1fui- natural gaS'fuefwere '.' ., '''..

idep.tified as. the only technically feasible 802 and acid gas emissions control technologies
applicable to the proposed combustion turbines.

Evaluate Control Options

With regard to Plant-produced fuels, physical acid gas removal is the only feasible control
technology identified, and is proposed as BACT for this project. Sulfur removal will occur prior
to the methanol catalyst and will reduce the sulfur content to less than 0.1 ppmvd.

The AGR design reduces syngas sulfur concentrations by greater than 99%, and produces a
secondary gas stream that can be processed into potentially useful sulfur byproducts. The
solvent used by the AGR system will be regenerated and reused. Any related water streams will
be treated, as the facility will'be a zero water discharge facility. Overall, no collateral
environmental issues have been identified that would preclude the AGR design option from
consideration as BACT for the proposed project.

With regard to supplementary fuels, use ofnatural gas is the only feasible control method.

Select 502 Control Technology

A physical absorption AGR system designed to reduce tail gas sulfur concentrations to 0.1 ppm
(expressed as H2S) is proposed as BACT for S02 emissions from the proposed combus~on .
turbines. The proposed AGR system will reduce fuel gas mixture sulfur content by greater than
99%. The gas fed to the Methanol Synthesis Unit requires les's than 0.1 ppm, and therefore
sulfur guard beds will be used to' reach less than 0.1 ppm of sulfur. .All fuel gas used throughout

~ ,'
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Identify Control Technologies.

The following CO control technologies were evaluated for the proposed combustion turbines.

Combustion Process Controls

Good Combustion Practices

Post-Combustion Controls

EMx'I'M

Oxidation Catalyst

the plant is first desulfurized in the AGR units and sulfur beds, and therefore contains less than
0.1 ppm sulfur (expressed as H2S),

Although the fuel gas has very low sulfur content, the turbines burn a large proportion ofnatural
gas as part of the fuel gas mixture (see Table 3.6 for fuel gas mixture components).
Consequently, the proposed BACT limits associated with combustion ofthe fuel gas mixture, as
well as natural gas, are based onAP~42 factors ofO.0034lblMIY1Btu.

Proposed 802 BACT Limit when burning fuel gas mixture: 0.0034lb!JY.Thffitu

Proposed S02 BACT Limit when burning natural ~as: 0.0034.lblMMBtu

Carbon Monoxide BACTAnalysis for the Combustion Turbines

CO emissions are a result of incomplete combustion. Providing adequate fuel residence time and
higher temperatures in the combustion zone to ensure complete combustion can reduce CO
emissions. However, these same control factors can increase NOx emissions. Conversely,
reduce NOx emission rates acbieved through flame temperature control (by diluent injection) can
increase CO emissions. The design strategy is to optimize the flame temperature to reduce
potential NOx emissions, while minimizing the impact to potential CO emissions.. The
combustion turbines for the proposed project will be a GE 7EA model, which is designed to.
optimally consume fuel gas mixtllxe. Post-combustion control technologies have also been used
to reduce CO emissions in some processes.

.•(:;....) ':. . ,' .. , :: ".:. \ ,.: , ..,. :......... ·.·t ·:·

\ ... .,/ ,

Evaluate Technical Feasibility

Good Combustion Practices

Good combustion practices include the use ofoperational and design elements that optimize the
amount and distribution of excess air in the combustion zone to ensure complete combustion.
This technology has been determined to be BACT for CO emissions for combustion turbines,
which use syngas/fuel gas mixture fired combustion turbines. .

EMx™

The EMx.™ system was evaluated in the NOx BACT analysis, and detennined to not be
technically feasible.

.: ;' -: . ~., ..". .
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OXidation Catalysts .

Catalytic oxidation is a post-combustion control technology that utilizes a catalyst to oxidize CO
into C02. Due to the significant portion ofnatural gas in the fud·gas mixture, oxidation catalyst
is technically feasible for the Plant's turbines.

Rank Control Technologies

Good combustion practice and catalytic oxidation are the only technically feasible CO control
technology identified.. .

Evaluate Control Options

Good combustion practice and catalytic oxidation are the only feasible control technology
identified, and has been determined to be BACT for CO emissions for combustion turbines.

Select CO Control Technology

Good combustion practice and catalytic oxidation are proposed as BACT for CO en:rissions ft"OPl

the proposed combustion turbines. The use ofgood combustion practices is expected to achieve
CO emissions of6 ppmvd: (at 15% O2).

Proposed CO BACTLimit when burning fuel gas mixture: 6 ppmvd (corrected to 15%
02)'" " .; : ..

Proposed CO BACT Limit when burning natural gas: 6 ppmvd (corrected to 15% 02)

The CO BACT limits expressed for each combustion turbine are for normal operations. During
startup and shutdown operations, CO emissions may be greater for certain periods due to
unstable combustion associated with lower combustion turbine efficiencies and transitional
periods between fuels. Potential emissions for startup and shutdown operations are provided in
the Emissions Inventory and are evaluated as part of the air dispersion modeling analysis. See
Section 4.3.5 for more information regarding startup operations.

4.3.3 Volatile Organic Compound BACT Analysis for the Combustion Turbines

VOC emissions are a product of incomplete combustion. Providing adequate fuel residence
times and higher temperatures in the combustion zone to ensure complete combustion can reduce
VOC emissions. The design strategy is to optimize the flame temperature to reduce potential
NOxemissions, while minimizing the impact to potential VOC emissions. The combustion
turbines for the proposed project will be a GE 7EA model, designed to optimally consume fuel
gas mixture. Post-combustion control technologies have also been used to reduce VOC
emissions in some processes.
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Identify Control Technologies

The following VOC technologies were evaluated for the proposed combustion turbines.

Combustion Process Controls

Good Combustion Practices

Post-Combustion Controls

EMx;TM

Catalytic Oxidation

Evaluate Technical Feasibility

Good Combustion Practices

Good'combusti,on practices include the use ofoperational and design elements that optimize the
amount and distribution of excess air in the combustion zone to ensure complete combustion.
This technology has been determined, to be BACT for vae emissions from syngas fired
combustion turbines in race permits nationwide.

,.EMIT1\{ , .. _ : :,:,' 'r",-' ,"

The EMxTM system was evaluated in the NOx BACT analysis, and deterniined to not be
technically feasible.

Catalytic Oxidation

Catalytic oxidation, primarily a CO control device with limited voe control, was evaluated in
the CO BACT analysis, and determined to be technically feasible.

Rank Control Technologies

Good combustion practice and catalytic oxidation are the only technically feasible vae control
, technology identified. '

Evaluate Control Options

Good combustion practice and catalytic oxidation are the only feasible control technology
identified, and has been selected as BACT for syngas fired combustion turbines.

Select VOC Control Technology

Good combustion practice and catalytic oxidation are proposed as BACT for vae emissions
from the proposed combustion. turbines. The BACT emission limit is proposed below.

Proposed voe BACT Limit when burning fuel gas mixture: 1.4 ppmvw (corrected to
15% O2)

Proposedvae BACT Limit when burning natural gas: 1.4 ppmvw (corrected to 15% O2)
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'The vac BACT limit expressed for each combustion turbine is fot normal operations. During
startup and shutdown operations, vac emissions may be greater for certain periods due to
unstable combus.tion associated with lower combustion turbine efficiencies and transitional
periods between fuels. Potential emissions for startup'and shutdown operations are provided in
the Emissions Inventory and are evaluated as part ofthe air dispersion modeling analysis. See
Section 4.3.5 for more information regarding startup operations.

4.3.4 Particulate Emissions BACT Analysis for the Combustion-Turbines

Fuel quality and combustion efficiency are key drivers impacting the quantity and disposition of
potential particulate emissions. In some processes, post-combuStion control technologies can
also be used to reduce particulates.

Identify Particulate Emission Control Technologies

The following particulate emission control technologies were evaluated for the proposed
combustion turbines.

Combustion Process Controls

Clean Fuels with Low Potential pa1'tiQulate Emissions

Good Combustion Practices

Post-Combustion Controls'

Electrostatic Precipitation

Baghouse

. : .:.. " .. ,.. ",'" ........ ;.~.t"...,•••.• :.,~.~ ...•' ;,...• ;.;.. '.',. ; ~ ~

Evaluate Technical Feasibility

Clean Fuels with Low Potential Particulate Emissions

Higher ash content fuels have the potential to produce greater particulate emissions. In addition,
fuels containing sulfur have the potential to produce sulfur compounds that may form .
condensable particulate emissions. Combustion turbine operations require fuels that contain
negligible amowts offuel bawd particulate in order to minimize performance impacts. The
Plant's process inherently produces a fuel gas mixture containing minimal amQun~ of
particulate. The control offuel gas mixture sulfur compounds as 'discussed in the 802 BACT
analysis will reduce potential condensable particulates. Therefore, the use ofclean fuels is a
technically feasible control technology. .

Good Combustion Practices

The use ofgood combustion practices is a technically feasible control technology that minimizes
particulat~ emissions resulting from incomplete combustion, and was proposed as BACT for CO
and vac emissions.

Electrostatic Precipitation

Electrostatic precipitation (ESP) is a post-combustion particulate control technology most
COmnionly applied to large volume gas streams containing high particulate concentrations, such
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, ;' , as with direct combustion coal units. An ESP has not been applied to syngas/fuel gas mixture
combustion turbine operations due to the low particulate concentrations of the associated exhaust
gas streams. The use of ESP is not technically feasible based on the particulate matter present in
the exhaust gas at the Plant. The particulate matter content will be less than 0.003 grains of
PM/dscf

An ESP can consistently provide PM emission reductions down to 0.002 to 0.015 grains of
PM/dscf(from "Controlling Stack Emissions in the Wood Products Industry," Gerry Graham).
Therefore, an ESP would not provide additional. control. Operation ofan ESP is not considered
technically feasible for the p~oposed combustion turbines.

Baghouse

A baghouse is a post-combustion control technology that uses a fme mesh filter to remove
particulate emissions from gas streams, and is most commonly applied to industries producing
large volume gas streams with high particulate concentrations. A baghouse has not been applied
to syngas/fuel gas mixture combUstion turbine operations due to the reduced volume and
minimal particulate concentration ofthe associated exhaust gas streams. Use ofa baghouse is
not technicB.ny feasible based on the particulate matter present in the exhaust gas at the Plant.
The p?rticulate matter content is less than 0.003 grains ofPM/dscf. A baghouse can consistently
provide PM emissiQn reductions down to 0.02 grains ofPMldscf. More stringent control can be
achieved, but not greater than 0.003 grains ofPMldscf (per The Tenant Company, Griffin Filters,
Farr Air Pollution Control). Therefore, abaghouse would not provide additional control and is
not considered technically feasible for the proposed combustion turbines;' .. .... ,...... ,c,. . ,,,..... ,;,.,\

Rank Control Technologies
The use of clean fuels with low potential particulate emissions and good combustion practices
were identified as the only technically feasible particulate emissions control technologies
applicable to the proposed combustion turbines.

Evaluate Control Technologies

The use ofclean fuels with low potential particulate emissions and good combustion practices
were identified as the only te~bnically feasible particulate emissions control technologies
applicable to the proposed combustion turbines. These technologies have been determined to be
BACT for syngas fired combustion turbines.

.," ":.~

.I

Select Particulate Emissions Control Technology

The use of clean fuels With low potential particulate emissions and good combustion practices
are proposed as BACT for particulate emissions from the proposed combustion turbines. The
following emission limit resulting from the implementation offuese technologies is proposed for
each combustion turbine.

Proposed Particulate Emissions (PMlO - filterable) BACT limit when burning fuel gas
mixture: 0.013 lblM:MBtu. Based on the Lower Heating value (LHV).

Proposed Particulate Emissions (PMlO - filterable) BACT limit when burning natural gas:
0.013 IblM:MBtu. Based on the LHV.
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The potential particulate combustion turbine emission rates during startup and shutdoWli
operations are less than or equal to the aforementioned BACT liririts for normal operations while
firing fuel gas mixture.. Potential emissions for startup and shutdown operations are provided in
the Emissions Inventory and are evaluated as part ofllie air dispersion modeling analysis. See'
Section 4.3.5 for more information regarding startup operations.

4.3.5 Startup Emissions BACT Analysis for the Combustion Turbines
Turbine startup emissions are quantified separately from normal operating emissions. The SCR
system used on the turbinelHRSG units does not initially reduce NOx emissions since the system
must heat up to achieve the operating temperature conducive for proper pollution contr01
operation. When the temperature range is achieved during fud gas mixture and natural gas
startup operations, the SCR system will be engaged and the cataiyst will begin to minimize NOx

emissions.

To satisfy BACT during the startup mode ofthe turbines, the duration ofthe startups Will be'
minimized to the best extent possible for each turbine unit.

4.4 FIRED HEATeR AND BOILER CONTROL TECHNOLOGY RI:VII:W
The BACT analysis for the proposed fIred heaters and auxiliary boiler applies to three heaters
with firing capacity of21.5 :M:MBtu/hr to 2.2 11MBtu/br and a 66 "M:MBtu/hr boiler. The fuel

'. ,."'. gas mixture, comprised primarily..Qi,methane and hydrogen, will fuel the :fired he.aters..·.and ......"" '.'" ".';,'... ': v~.,,",.1.'... ..._,""",,

auxiliary boiler during normal operations. Backup fuel for the heaters and boiler will be natural
gas for startup and upset conditions, and is discussed in Section 4.4.5.

4.4.1 NOx BACT Analysis for ,the Fired Heaters and Boiler
NOx is formed during combustion primarily by the reaction ofcombustion air nitrogen and
oxygen in the high temperature combustion zone (thermal NOx), or by the oxidation ofnitrogen
in the fuel (fuel NOx). The rate ofNOx formation is a function offnel residence time, oxygen
availability, and temperature in the combustion zone. Primary fired heater and auxiliary boiler
NOx control technologies focus on combustion process controls.

Identify An Control Technologies

The following potential NOx control technologies were evaluated fo;£' the proposed auxiliary
boiler and fired heaters.

Combustion Process NO! Controls

Low NOx Burners
Low NOx Burners with Flue Gas Recirculation

Post-Combustion NO! Controls

Selective Catalytic Reduction (SCR)
Selective Non-Catalytic Reduction (SNCR)
Non-Selective Catalytic Reduction (NSCR)
EMx™
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Evaluate 'Technical Feasibility

Low NO" Burners

Low NOx: burners reduce the formation ofthermal NO" by incorporating a burner design that
controls the stoichiometry and temperature ofcombustion by regulating the distribution and
mixing offuel and air, As a result, fuel-rich pockets in the combustion zone that produce
elevated temperatures and higher potential NO" emissions are minimized, Historically, low NO"
burners have been selected as BACT for syngas/tail gas-fired heaters and boilers. Therefore, low
NO" burner technology is technically feasible for the proposed auxiliary boiler and frred heaters.

Low NOx Burners with Flue Gas Recirculation

Flue gas recirculation (FGR) is used to reduce NOx emissions in sonie processes by recirculating
a portion ofthe flue gas into the main combustion chamber. This process reduces the peak
combustion temperature and oxygen in the combustion air/flue gas mixture, which reduces the
formation ofthermal NO". FGR has the potential to reduce combustion efficiency and cause
greater carbon monoxide emissions. A RBLC search was performed over the previous IO-year
period for other gaseous fuels and gaseous fuel mixtures in boilers and process heaters less than
100 M:MBtu/hr (process Type 13.390). The search encompassed 24 facilities and 110 processes.
Application ofFGR was not identified for process heaters less than 190 MJvffitulhr in this search.
All the process heaters and the auxiliary boiler at the facility will be less than 100 M:MBtu/br and
will emit relatively small quanti.ties afNOll:' T'l+erefore, FGR has not been previously

.demonstrated 'f0i'thtHritendedhperau6i:J.' 6f'tli~ tted heaters',' . . "'..,., .... '. '. .,..... ., ..,.. ',.' "·.·u .... '.'

Selective Catalytic Reduction (SCR)

SCR is a post-combustion technology that reduces NOx emissions by reacting NO" with
ammonia in the presence ofa catalyst. SCR technology has been most commonly applied to
pulverized coal generating units and to natural gas fired combustions turbines. A RBLC search
was performed over the previous IO-year period for other gaseous fuels and gaseous fuel
mixtures in boilers and process heaters less than IOO MMBtu/hr (Process Type 13.390). The
search encompassed 24 facilities and 110 processes, Application ofSCR was identified at two
out ofthe 24 facilities. Therefore, SCR is teclmically feasible for the intended operation ofthe
fIred heaters. However, at one of the facilities that employed SCR, the RBLC stated that the
project was"...to meet the new NOx requirements dictated by the SlP." The other facility that
employed SCR is located in an area regulated by the same SIP, and fired a fuel comprised
primarily ofhydrocarbons. Both ofthe facilities are located in an ozone nonattainment area and
SCR was implemented to comply with the state NOx rules (SIP). The Plant is not located in a
nonattainment .area and is therefore not subject to the same stringent NOx rules as these two
facilities with SCR. Additionally, based on the difference in fuels, the uncontrolled NOx
emissions would be higher from the hydrocarbon-fired heater as compared to the fuel gas fired
heaters proposed by :MBFP. Therefore, the NOx reductions for the auxiliary boiler and frred
heaters at the MBFP facility would receive comparatively less NO" reduction benefit wIth the
application of SCR, and the cost would not be warranted. .

Selective Non-Catalytic Reduction (SNCR)

. SNCR is a post-combustion NOx control technology where ammonia or urea is injected into the
exhaust to react with NOx to fonn nitrogen and water without the use ofa catalyst. Use ofthis
technology requires unifonn mixing ofthe reagent and exhaust gas within a narrow high

., .. ~ ,'" .. '.:'-'~ I. W
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temperature range (1,6000P-l,9000P). Operations outside ofthis temperature range will
significantly reduce removal efficiencies and may result in ammonia emissions or increased NOx
emissions. The auxiliary boiler and fired process heaters exhaust temperatures range' from
approximately 700·P to 900·P. Thus, SNCR is not technically feasible for the proposed auxiliary
boiler or fired process heaters.

Non-8elective Catalytic Reduction (NSCR)

NSCR is a post-combustion ~ontrol technology that utilizes a catalyst to reduce NOx emissions
under fuel~rich conditions. The technology has been utilized in the automobile industry and for
reciprocating engines. A RBLC search was performed over the previous 1O~year period for other
gaseous fuels and gaseous fuel mixtures in boilers and process heaters less than 100 MMBtu/hr
(Process Type 13.390). The search encompassed 24 facilities and 110 processes. Application of
NSCR was not identified for process heaters or boilers less than 100 MNIBtulhr in this search.
NSCR technology requires a fuel-rich environment for NOx reduction; whi~h will not be
available in the proposed auxiliary boiler or fired heaters. Therefore, NSCR is not a technically
feasible for the proposed auxiliary boiler or fired heaters.

EMx™

EMx™ is a post-combustion control technology that utilizes a single catalyst to minimize.CO,
voe, and NOx emissions. lnstallations ofthe technology have been limited to small natural gas
combustion turbine applications. Recent analyses by state agencies have determined that the

: .technology is currently not feasible forsyngas/tail gas fired process heater applications. Por ...
'... ,-~:,., .. : '. '.:. ' eXaID.pl~, the Oregon D'epartment ofEnvironrriental Quality"' (bbBQ) concUrred that ENtXTM was

not technically feasible for a proposed 140 MMBtu/hr auxiliary boiler pr~ject. ODEQ also'noted '
that a small boiler (4.2lY.1MB~/hr) project in California installed an EMx1M system, but the
South Coast Air Quality Mana~emen~ District determined application ofthe technology could
not demonstrate the necessary emission reductions. Based on these determinations and the
limited scope of commercial installations, EMx.™ is not technically feasible for the proposed
auxiliary boiler or fired heaters.

Rank Control Technologies

SCR and the use oflow NOx burner technology were the only technically feasible control
options identified for reducing NOx emissions. The only applications ofSCR identified by the
RBLC search were located in an area where the SIP influenced the NOx reductions which were
more stringent than BACT. The total potential NOx emissions proposed at the :rv.rnpp facility
d~gnormal operations for all heaters and the au¥-iliary boiler combined are 4.11 tpy. The use
ofSCR is not warranted at the Plant based on the relatively small amount ofaggregate NOx

emissions from all qfthe fired process heaters. .,

Evaluate Control Options

Low NOx burner technology has historically been selected as BACT for syngas/tail gas fired
process heaters and provide good NOx control throug4 prevention ofNOx formation. As
discussed earlier in this section, SCR is not warranted for these process heaters due to the small
amount ofNOx emissions from the heaters.

Select NOx Best Available Control Technology

'. ~ .'~ . , .
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The use oflow NOx burner technology is proposed as BACT for NOx emissions from the
, proposed auxiliary boiler and fired process heaters. The proposed BACT emission limits for
each unit are presented below for operation on both fuel gas mixture and natural gas.

Proposed NOx BACTLimits:

Auxiliary Boiler: O.036lb/!vIMBtu (fuel gas mixture)

50.0 lblMMscf(natural gas)

Catalyst Regen Heater: 30 IblMMscf (fuel gas mixture)

Reactivation Heater: 30 lblMIv.l:scf (fuel gas mixtW'e)

50 lblMlv.Iscf (natural gas)

HGT Reactor Charge Heater: 30 IblMMscf(fuel gas mixture)

50 IblMMscf(natural gas) ,

4.4.2 CO and VOC BACT Analysis for the Fired Heaters and Boiler

Potential CO and VOC emissions are due to incomplete combustion that is typically a result of
inadequate air and fuel mixing, a lack ofavailable oxygen, or low temperatures in the

~ ' ... combustion zone'> Fuel quality and good combustion practices can'limit CO and VOG'emissions,~ ..··c", ."•.. ;T'.....".- -,-

..I Good combustion practice has commonly been determined as BACT for syngas/tail gas frred
heaters. Post-combustion control technologies using catalytic oxidation have als.o been used in
some processes to reduce CO and VOC emissions.

Identify Control Technologies

The following CO and VOC control technologies were evaluated for the proposed fired heaters.

Combustion Process Controls

Good Combustion Practices

Post-Combustion Controls

Oxidation Catalyst

EMx™

Evaluate Technical Feasibility

Good Combustion Practices

Good combustion practices include the use of operational and design elements that optimize the
amount and distribution ofexcess air in the combustion zone to ensure complete combustion.
Good combustion practice has historically been detennined as BACT for CO and VOC
emissions from syngas-fired process heaters and is a technically feasible control strategy for the

_.j proposed auxiliary boiler and fired heaters_
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Oxidation Catalyst

Catalytic oxidation is a post-combustion control technology that utilizes a catalyst to oxidize CO
and VOC into CO2 or H20. The technology has most commonly been applied to natural gas
frred combustion turbines. No examples were identified where oxidation catalyst technology has
been applied to a syngas-fired process heater. Because of the low potential CO and VOC
emissions without an oxidation catalyst during normal operations (less than 6.92 tpy CO and less
than 0.57 tpy VOC from the auxiliary boiler and all heaters combined), the use of catalytic
oxidation technology is determined not to be warranted due to the small emission reduction
potential.

EMx™

BMx.™ technology is discussed in the NOx BACT analysis and determined not to be technically
feasible.

Rank Control Technologies

Good combustion practice is the only feasible control strategy identified, and has historically
been selected as BACT for CO and VOC emissions from syngas/tail gas frred process heaters.

Evaluate Control Options

Good combustion practice is the only feasible control strategy identified, and has historically
been selected as BACT for CO and VOC emissions from syngas/tail gas fired process heaters.

.... ,'"".,'.)'\" ..".... " ',seledCOiind voct:liritrottechnoi"ogy'"'' ......,;.: ..'. ,"",".' ",.,',". "",,\.; ',".'"
The use ofgoop combustion practices is proposed as BACT for potential CO and VOC
emissions from the auxiliary boiler and proposed process heaters. The BACT limits for CO and
vac emissions are proposed below.

Proposed CO BACTLimit:

Auxiliary Boiler: 0.0371blMl\1Btu (fuel gas mixture)
84.0 IbJM:Mscf (natural gas)

Catalyst Regen Heater: 84.0 Ib/MMscf (fuel gas mixture)
Reactivation Heater: 84.0 Ib/MMscf(fuel gas mixture)

84.0 lb/MMscf(natural gas)
HGT Reactor Charge Heater: 84.0 Ib/MMscf (fuel gas mixture)

84.0 Ib/MMscf(natural gas)
Proposed VOC BACTLimit:
Auxiliary Boiler: O.0041blI'vfl\1Btu (fuel gas mixture)

5.50 lblMMscf(natural gas)
Catalyst Regen Heater; 5.50 Ib/MMscf(fuel gas mixture)
Reactivation Heater: 5.50 Ib/MMscf(fuel gas mixture)

5.50 Ib/MMscf(naturaI gas)
HGT Reactor Charge Heater; 5.50 IbJNllv.[scf (fuel gas mixture)

5.50 IbJNllv.[scf (natural gas)
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4.4.3 502 BACT Analysis for the Fired Heaters and Boiler

The auxiliary boiler and fired heaters oxidize any residual sulfur compounds present in the fuel
gas mixture into S02. The control of S02 emissions is most directly associated with low-sulfur
fuel.

Identify S02 Control Technologies

The following S02 control technologies were evaluated for the proposed process heaters.

Pre-Combustion Control

Lower Sulfur Fuels

Post-Combustion Control

Flue Gas Desulfurization

Evaluate Technical Feasibility

··Low.s:uIf11r Fue~s .. " ;.: ..... :".":'.. -~"':"""". :. ;'. '.',,;"'" ., "",: .., .;.... '.' .'.. ,.... ,.;':..:'" .. ,...,." .... i.," .... ,.. ':

Potential S02 emissions are directly related to the sulfur content offuels. The gas fed to the
Methanol Unit requires less than 0.1 ppmvd, and therefore the SELEXOL®process in the AGR
unit and sulfur beds will be used to achieve this low sulfur level. All fuel gas used throughout

, the plant is first desulfurized in the AGR unit, and therefore contains less than 0.1 ppmvd sulfur
(expressed as H2S). The concentration in the exhaust of each fired heater will be less than 0.2
ppmvd. Minimizing fuel sulfur content through the use ofnatural gas (startup only) or 19W
sulfur fuel gas has been determined to be BACT for many combustion processes, including fired
process heaters. Therefore, using low-sulfur-fuel is a technically feasible control technology.

Flue Gas Desulfurization

FGD is a post-combustion 802 control technology that reacts an alkaline solution with 802 in the
exhaust gas. FGD systems are more readily applied to high 802 concentration gas streams, such
as with a pulverized coal unit. FGD has not been applied to small process heaters due to the low
802 concentrations of exhaust streams assoc~ated with tail gas combustion. Therefore, FOD
technology is not technically feasible for the proposed fired heaters.

Rank Control Technologies

The use oflow-sulfur fuels is the only technically feasible 802 control teclmology identified for
the proposed fired heaters.

Select S02 BestAvailable Control Technology

The use of low sulfur fuels (tail gas) is proposed as BACT for 802 emissions from the proposed
auxiliary boilers and fired beaters. As emissions of 802 are negligible, BACT limits are not
proposed for the auxiliary boiler and fired·heaters.

DEQ 000145
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4.4.4 Particulate Emissions BACT Analysis for the Fired Heaters and Boiler

Fuel quality and combustion efficiency are key drivers affecting the quantity and disposition of
potential particulate emissions. In some processes, post-combustion control technologies can
also be used to reduce particulate.

Identify Control Technologies

The following particulate emissions control technologies were evaluated for the proposed
auxiliary boiler and fired process heaters.

Pre~Combustion Control

Clean Fuels

Good Combustion Practices

Post~Combustion Control

Electrostatic Precipitation

Baghouse

Evaluate Technical Feasibility
Clea.ri,:!i'uels '.' ., ," ".":" . .., ,..:.. .' :;,.'".: " : , ' . " " :

Fuels containing ash have the potential to produce particulate matter emissions. Additionally,
fuels containing sulfur have the potential to produce sulfur compounds that may form .
condensable particulate matter emissionS. The fuel gas mixture consumed by the proposed
auxiliary boilers and fired heaters will contain negligible amounts ofparticulate matter and is
considered a low sulfur fuel. Therefore, the use of clean fuels is a technically feasible control
technology for the process heaters.

Good Combustion Practice

The use ofgood combustion practice is a technically feasible technology that can minimize the
potential particulate 'emissions associated with incomplete combustion.

Electrostatic Precipitation

ESP is a post-combustion particulate emissions control most readily applied to large volume gas
streams containing high particulate concentrations. No examples have been found where an ESP
has been applied to a syngas/tail gas fired process heater due to the reduced volume and minimal
particulate concentration ofthe associated exhaust gas stream. Therefore, ESP is not technically
feasible for the auxiliary boiler and proposed process heaters.

Baghouse

A baghouse is a post-combustion control technology that utilizes a fine mesh fJlter to remove
particulate emissions primarily from large voltune gas streams containing high particulate
concentrations. No examples have been found where a baghouse has been applied to a
syngas/tail gas fired process heater due to the reduced volume and minimal particulate
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concentration ofthe associated exhaust gas stream. Therefore, baghouse technology is not
technically feasible for the auxiliary boiler arid proposed process heaters.

Rank Control Technologies

The use ofclean fuels and good combustion practices are the only technically feasible control
technologies identified.

Select Particulate Emissions Control Technology

The use ofclean fuels and good combustion practices has been proposed as BACT. The
proposed PM BACT limit is presented below.

Proposed PMBACTLimit:

Auxiliary Boiler: 0.005 Ibl1vfMBtu (fuel gas mixture)

7.60 Ibl1'v1Mscf(natural gas)

Catalyst Regen Heater: 7.60 IblMMscf(fuel gas mixture)

Reactivation Heater: 7.60 Ibl1'vfiv{scf (fuel gas mixture)

7.60 lblMMscf(natural gas)

HGT Reactor Charge Heater: 7.60 lblMMscf (fuel gas mixture)

.. , :.. , . ,,,,,,,,.. 7.60 IblMMscf(natural gas)

Please note that these emission limits were all calculated with emission factors from EPA's
AP-42 "Compilation ofAir Pollutant Emission Factors" document. AP-42 particulate emissions
from fuel gas firing have been demonstrated to underestimate actual emissions in some cases: At
this time, it cannot be determined if the particulate emissions presented here are underestimated .
for these process heaters based on the u,se ofAP-42 factors. All heater particulate emission
limits should be verified through stack testing, and the construction permit should be modified to
reflect the more accurate emission factors obtained through testing.

4.4.5 Startup Emissions BACT Analysis for the Fired Heaters and Boiler

Fired heater startup emissions are quantified separately from normal operating emissions.
During startup and upset conditions, natural gas may be used, although the fuel gas mix will still
be used when available. To satisfy BACT during startup and upset operating conditions, the
auxiliary boiler and fired heaters will be limi1ed to 1,000 hours per year ofnatural gas firing for
all startup operations including initial startup and other startup modes. The duration ofthe
startups will also be minimized to the best extent possible for each unit. Alternatively, natural
gas may be used as a backup fuel that will not increase the emissions over using fuel gas firing.

4.5 STORAGE TANK CONTROL TECHNOLOGY REVIEW

Eight gasoline product tanks are proposed for the facility, along with two methanol storage tanks,
one ''heavy gasoline" intermediate product tank, and one slop tank. Additionally, several smaller
storage tanks and LPG storage bullet tanks are proposed. Table 4.3 lists all proposed storage
tanks for the facility. vac and HAP emissions from the storage tanks, with the exception ofthe
closed-system LPG bullets, will occur as a result ofheadspace vapor displacement during filling
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operations (working losses) and from diurnal temperature variations and solar heating cycles
(breathing losses). .

The proposed gasoline product, methanol, heavy gasoline, and slop storage tanks will be
designed with internal floating roofs (!FRs), submerged fill, white exterior surfaces, and will
meet NSPS Subpart Kb (Standards ofPerformance for Volatile Organic LiqUid Storage Vessels
(including Petroleum Liquid Storage Vessels) for Which Construction, Reconstruction, or
Modification Commenced After July 23, 1984) requirements. The proposed smaller tanks will
store water and low vapor-pressure chemicals and will be fixed roof design, with no IFRs.
Because emissions from these smaller tanks will be insignificant, they are not addressed in this
BACT analysis. Similarly, flince the LPG bullets will be constructed as a closed system with no
vents to atmosphere, they are not addressed in this analysis.

Identify vac and HAP Control TechnologIes

The following VOC and HAP control technologies were evaluated for the proposed methanol,
gasoline, and slop storage tanks.

1. Operate tanks under pressure, as closed systems.
2. Construct tanks with a fixed or dome roof, with vapor collection routed to fuel gas system

or process system.
3. ConstnlCt tanks with a fixed or dome roof, with vapor collection routed to a control

..device -: _. . ,.•.,,-.' .." ',,, .
4. Construct tanks with an external floating roof (EFR).
5. .Construct tanks with an internal floating roof (lFR) in combination with a fixed roof.

Evaluate Technical FeasIbility·

Operate Storage Tank Under Pressure

Operating the storage tanks under pressure as closed systems is an inherently less-polluting
process configuration because it eliminates working and breathing losses. However, this option
is suitable only for materials that are gases at atmospheric pressure and temperattire such as
propane and butane. (Note, the proposed LPG storage tanks for the facUity will be pressurized
bullets, operating as closed systems.) Therefore, this option is not technically feasible for the
liquid storage tanks under review.

FiXed or Dome Roof with Vapors Routed to Fuel Gas System or Process System

This option can also be considered to be an inherently less-polluting process configuration. An
inert gas 'blanket' would be required for this option in order to ensure the tank vapor space
remains outside of explosive limits. Design and operation ofthe gas blanket C01.lld present
considerable engineering challenges, as the system and tanks must be designed and operated to
prevent any under-pressure or over-pressure scenarios that could result in catastrophic tank
failure. Generally, the practice of operating large storage tanks such as these (storing volatile
liquid product) with a vapor space is not common due to the potential safety issues and the
chance for an explosive atmosphere to be created at some point in the vapor system. The
industry standard, from a safe operating perspective, for large gasoline and other volatile liquids
is a floating roof.
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'For this control option, the vapor stream. must be directed to a compatible fuel gas system or
process system in order to protect plant operations and system integrity. Due to the inert gas
blanket required as part ofthis option's design, no compatible fuel gas or process gas streams are
available in the proposed facility to receive the vent stream. Based on this, in addition to the
potential safety issues associated with operating a vapor system in these storage tanks, the option
is considered technically infeasible.

Fixed or Dome Roof with Vapors Routed to a Control Device

This control option is very similar to the previous one, except that the vent stream would be
routed to a control device, such as a thermal oxidizer, instead ofa fuel gas or other process
system. Similar safety issues are presented with this option as with the previous option, with
regard to the vapor space in the tank and design/operation ofthe vapor system. However, this
option is considered technically feasible, because a final destination for the vent stream is
presented and available.

A certain amount ofproduct would be "10sf' to the vapor space with this option, as with the
previous option. With a control device such as a thermal oxidizer, the "10sf' product would not
be recoverable. An advantage to the,previous option is that "10sf' product can be recovered
through re-routing to a fuel gas or process system. Non-recoverable, lost product could present a
significant economic disadvantage for this control option.

, External Floating Roof (EFR) or Internal Floating Roof (lFR)

Floating rooftechnology is the prevalent emissio~ control teclillology"ior iarge tanks storffig
volatile liquids. Both EFR and IFR technology provide for minimal product loss (Le., emission
prevention) as well as improved safety over fixed rooftanks. This option is technically feasible
for the proposed storage tanks.

Rank Control Technologies

The three technically feasible control options are ranked as follows.

1. IFR, in combination with a fixed roof

2. Fixed or dome roofwith vapors routed to a control device

3. EFR

All three technically feasible options will meet NSPS Subpart Kb requirements for VOC control.
However, ofthe three technically feasible options, the EFR is considered to be the least effective
for VOC and HAP emission control. An IFR, in combination with a fixed roof, provides better
emission control for volatile liquids and is generally preferred over EFRs in similar applications.

Constructing the storage tanks with a fixed roofand a vapor collection system with the vent
stream routed to a control device would also provide high control efficiency, but the option has a
significant disadvantage in that operation of a thermal oxidizer will result in additional emissions
from the combustion process (NOx and CO). Based on this negative environmental impact, in
addition to the safety concerns discussed earlier, this option is ranked second, below the IFR
option.

Therefore, the option to construct the tanks with IFRs in combination with fixed roofs is
considered the most effective control option.
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Select Best Available Control Technology

An internal floating roof (IFR), in combination with a fixed roof, is proposed as BACT for the
gasoline product, methanol, heavy gasoline, and slop product storage tanks. Table 4.3 presents
detailed capacity and product data for each ofthe proposed storage tanks.

Table 4.3 - Storage Tanks Summary

c::IT~~
Methanol Tanks TED 2 6,341,984 IFR Yes

Gasoline Product Tanks TED 8 6,341,984 IFR Yes

Heavy Gasoline Tank l TED 1 4,763,841 IFR Yes

Off-Spec Gasoline Tank TED 1 5,000 IFR N/A (size)

Off-Spec Methanol Tank TED 1 5,000 IFR N/A (size)

siop Tank TED i 7,000 IFR , N/A (size)

Tanks with Insignificant Emission Rates
Gray Water Tank 03T~OO2 1 TBD FR No

Slurry Additive Tank 03T-003 1 TBD FR No
" , "

Mill Discharge Tank 01T-104 I TBD FR No

,Slurry Tank oIT-I OS 1 TBD FR No

Injector Coolant Tank 02T-00I 1 TED FR No

Settler 03T-001 1 TED FR No

Filter Feed Tank 03T-004 1 TED FR No

Filtrate Tank 03T-005 1 TED FR No

Glycol Storage Tank TED 1 4,000 FR No

Sulfur Storage TED 2 5,000 FR No

1. "Heavy" gasoline is estimated to have RVP of3-5 psia.

4;6 MATERIAL HANDLlN.G CONTROL TECHNOLOGY REVIEW
The material hanc~ing conveyer will be fully enclosed to prevent wind blown fugitive dust.
Transfer points will be controlled with fogger and passive engineering design at transfer points.
This technology has been successfully used in other coal applications in Wyoming. On the
:MBFP Facility site there will be covered coal storage for approximately 8 hours of use.

Additionally, the coal handling operations will be subject to and will comply with the NSPS for
Coal Preparation Plants (Subpart Y), as applicable.

",.,., .._.. a..:....... ... "".", ••. I .......
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4.7 PROCESS FUGITIVE EMISSIONS CONTROL TECHNOLOGY REVIEW .

Fugitive VOC, HAP, and hydrogen sulfide (H2S) emissions will be generated from potential
leaking process equipment, primarily downstream ofthe coal preparation and gasification
portions ofthe facility (SELEXOL acid gas removal, C02 recovery, sulfur recovery, methanol
synthesis, gasoline synthesis, etc.). Additionally, fugitive ammonia emissions wiIl be generated
from potential equipment leaks in the ammonia storage and feed equipment used for the
proposed SCR system (turbine NOx control). Note that the number ofpiping components in
ammonia service will be very small in comparison to the number of other potential leaking
components at the proposed facility.

VOC and HAP emissions from equipment leaks were estimated using fugitive leak. emission
factors from EPA Document No. EPA-453/R-95-017, November 1995 ("Protocol for Equipment
Leak Emission Estimates"). Control efficiencies reflecting a monthly leak detection program
were used in the calculation, assuming a leak definition value of 10,000 ppmV'for each
component. Total facility estimated potential VOC emissions from equipment leaks are 71 tons
per year, and total facility estimated potential HAP emissions are 21 tons per year.

"

)

Identify vac and HAP Control Technologies

The only available control technology for comprehensively addressing equipment leak fugitive
emissions is a structured Leak Detection and Repair (LDAR) program in which certain piping
components and e'quip:m:ent areroutinely-inspe'cted"for leaks, and components found to be'
leaking in excess ofstated thresholds are repaired in a timely manner. The effect ofa well­
implemented LDAR program is reduced VOC and.HAP emission rates due to improved
maintenance and repair. LDAR programs are established as BACT in many recent RBLC
determinations.

Select Best Available Control Technology

A formal, structured LDAR program is proposed as BACT for components in VOC service.
Records will be maintained for all leak inspections and necessary repair work.

Additionally, audio/visual/olfactory (AVO) detection is proposed for equipment potentially
leaking hydrogen sulfide or ammonia. Both chemicals have low odor thresholds, and plant
personnel should be able to easily detect any leaking components under routine plant operations.
Leaking equipment discovered through AVO detection will be repaired in an expeditious manner
in order to reduce emissions and remove potential safety issues.

4.8 SULFUR RECOVERY UNIT (SRU) CONTROL TECHNOLOGY REVIEW

The Sulfur Recovery Unit (SRU) is designed to process acid gas streams from the SELEXOL®

acid gas removal system and Plant process into an elemental sulfur prodUCt. SRU tail gas is
typically directed to a tail gas treatment unit designed to remove S02 from the tail gas before the
tail gas is vented to atmosphere. Typical SRU design also incorporates a thermal oxidizer, also
called a tail gas incinerator, to provide efficient destruction ofthe tail gas stream after it exits the
tail gas treatment unit. In the event of a malfunction with the SRU or tail gas incinerator, or

;" during times ofcold startup, the tail gas stream may be temporarily diverted to a flare in lieu of
'. .;
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the tail gas incinerator. The pollutant of concern for 8RUs is 802, although emissions of other
criteria pollutants may result from the combustion process.

Identify 802 Emission Control Technologies

Potential control technologies for the SRU tail gas stream during times ofnormal operation
include the following:

1. LP Flare

2. Thermal Oxidizer (Tail Gas Incinerator)

3. Re~routing Tail Gas to Process

Evaluate Technical Feasibility

The LP Flare is proposed as a low~pressure flare for the facility and will intermittently receive
vent streams from various processes throughout the facility, in addition to any vents from the
SRU. Control efficiency for the flare is estimated at 98%.

As mentioned earlier, a tail gas incinerator is a typical control device for SRUs and would be
dedicated to the SRU tail gas, with a supplemental fuel gas or natural gas. Control efficiency is
estimated between 98~99%.

Re-routing the tail gas back to the process would involve r\Juting the tail gas to a point upstream
'ofthe 'H~S absorpticiiitower in the SELExor}j) acid gas 'removal process and would 'allow the" "
stream to be reprocessed rather than being combusted and destroyed. This option results in no
emissions during normal operation since nothing is emitted to the atmosphere, and therefore it
has 100% control efficiency.

For the proposed Plant, all three possible control options are technically feasible during times of
norm!!l operation. However, during times ofstartup, shutdown, or malfunction (SSM), neither
the thermal oxidizer nor re-routing the tail g~s stream are considered technically feasible options,
due to the variability of gas stream flowrate and composition during these times. The LP Flare is
the only technically feasible option for SSM conditions.

Select Best Available Control Technology

Ofthe three technically feasible control options, re~routing the tail gas back into the process at an
upstream point provides 100% control, and is therefore ranked higher than the LP Flare or tail
gas incinerator options. BACT is chosen to be re~routing the tail gas stream during times of
normal operation, with the LP Flare employed only as needed during times ofSSM operations.

4.9 CARBON DIOXIDE VENT STACK (STARTUP OPERATIONS ONLY)

During initial startup operations and subsequent warm start operations, off-specification C02 will
be vented to the atmosphere. This exhaust will contain some small amount ofCO and voe
(primarily COS). Elements have been incorporated in the design and operating procedures to
minimize the frequency and duration ofventing this gas stream to the atmosphere. The facility is
being designed so that this venting will not occur during load transitions during normal

.' .~ ': ..... ';. "
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operations. Another factor is that this carbon dioxide stream is a product. Design elements that
maximize the reliability of the carbon dioxide stream and minimize startup, shutdown, and
malfunction periods will reduce the frequency and duration ofventing events. The venting is
only anticipated for a few days during initial startup (approximately 250 hrs/yr for the first year).
Since the plant will be started up at reduced load, the venting will be at a reduced rate
(approximately 25% ofthe normal process stream flow rate). Venting is anticipated for only a
few hours for subsequent wann starts, not to exceed 50 hrs/yr. Again, the venting would be at a
reduced load (approximately 50% ofthe normal process stream flow rate).

Catalytic oxidation is not technically feasible based on the low temperature ofthe vent stream,
.approximately 1OOop. Based on the temperature and large flow rate, an extremely large amount
ofenergy would be necessary to oxidize the CO with athermal oxidizer, and may not be possible
due to the size ofthe stream, low temperature, and high concentration ofCOl mthe stream.
RBLC ID WY-0042 contained a process identified as "Vent, CO2Product" where incineration
was not feasible due to C02 concentJ;ation in the gas. RBLC ID WY-0056 contained a process
identified as "C02Product Vent, Train ill" that also vented uncontrolled.

The total annual proposed CO emissions to be permitted from the CO2 stack are 275 tpy for the
initial year of operation. Subsequent years will be limited to 74 tpy ofCO. The proposed VOC
emissions are 0.02 tpy for the first year and 0.01 tpy for subsequent years. Based on the lim~ted

operating time and resultant emissions, further controls are not warranted. Thus, an optimized
.:. ~rocess design is c0n.sidered ~ACT for this ~r~c~s~ ~ent.

4.10 GASIFIER PREHEATlNG CONTROL TECHNOLOGY REVIEW (STARTUP
OPERATIONS ONLY)

During the initial startup operations, or ifnew refractory is in place in a gasifier, a designated 21
MMBtu/hr natural gas burner is used to preheat the refractory lining prior to commencing tail
gas production_ Potential emissions from the natural gas combustion in the gasifiers is exhausted
from a preheat vent located on each gasifier. The primary potential emissions from the gasifier
preheat vents are NOx and CO. Each gasifier preheat vent has a potential to emit less than 1ton
per year ofNOx and CO as discussed in the emission inventory. Emissions ofVOC and
particulate will also be relatively small based on the short operating time, approximately one
week for each gasifier, for initial startup (and refractory replacement) only. Subsequent startup
operations will be wann starts and livill not include this step. The maximum hours per year
proposed for the gasifier preheaters are 500 hours per year per heater, for a total of2,500 hours
per year. Good combustion controls that optimize burner efficiency will minimize potential
NOx, CO, VOC and particulate emissions. Because a 10w-sul:fu.T-fuel (natural gas) is being used
for preheating, the potential emissions of802 will also be smalL

The use ofa low-sulfur-fuel, restricted operating conditions, and good combustion practices are
proposed as BACT for each ofthe five (5) gasifier preheat burners_ Table 4.4 shows the
proposed BACT emission rates for each gasifier preheater. .
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Table 4.4 - Gasifier Preheater BACT Analysis Summary

NO" NO" Limit: 0.26 tpy

S0 2 Low Sulfur Fuel S02 Limit: <0.01 tpy

CO Good Combustion Practices CO Limit: 0.43 tpy

VOC Restricted Operation (startup only) VOCLimit: 0.03 tpy

PM Particulate Limit: 0.04 tpy (PM1O-
filterable)

4.11 ~LACK·START GENERATOR CONTROL TECHNOLOGY REVIEW (STARTUP
OPERATIONS ONLY)

The proposed Plant will include three (3) 1.6 MW natural gas fired, generators for use during
startup. The generators will be used for commissioning and initial startup. Key utility systems
such as instrument air, water supply and purification, firewater, and nitrogen will be made
operational prior to initiating the startup sequence for the process. It is especially important that
the flare system be ready for service before any flammable gas is present. Once critical utilities

, . are in service, one ofthe three·gas turbines is started on natural gas. This will produce enough";"'" ,,'r :'::"", ""'''." ,,; ..:.,,",

power to displace the Black~Start generators. The primary potential emissions from the Black-
Start generators are NOx and CO. Emissions ofVOC and particulate will also be relatively small ,
based on the short operating time and infrequent use (only initial startup and commissioning and
upset conditions). The maxim.um hours per year proposed for the Black-Start generators are 250.
Subsequent startup operations will be wann starts and are not anticipated to require firing ofthe
Black-Start generators. Good combustion controls that optimize combustion efficiency will
minimize potential NOx, CO, VOC and particulate emissions. Because natural gas is being used,
the potential emissions ofS02 will also be small. Additionally, these natural gas fired generators
will also be subject to and will comply with the NSPS for Stationary Compression Ignition
Combustion Engines (Subpart IIII), as applicable.

The use ofa natural gas, restricted operating conditions, and good combustion practices are
proposed as BACT for the three Black~Start generators. Table 4.5 shows the proposed BACT
emission rates for each Black~Start generator.

Table 4.5 - Black-Start Generator BACT Analysis Summary

NO"

CO
VOC

PM

Natural Gas Fired
Good. Combustion Practices

Restricted Operation (initial startup only)

NO" Limit: 0.80 tpy
802 Limit: <0.01 tpy
CO Limit: 1.93 tpy

VOCLimit: 0.72 tpy
Paliiculate Limit: 0.0002 tpy (PM10

- filterable)
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4.12 FIREWATER PUMP CONTROL TECHNOLOGY REVIEW (BACKUP
OPERATIONS ONLY)
The Firewater Pump is used to support emergency operations at the proposed facility. Potential
emissions from the Firewater Pump are controlled by restricting the hours of operation, using
good combustion practices, and using u1tra-10w-sulfur-fuel. Operation ofthe emergency
Firewater Pump will be limited to emergency operating scenarios or required testing by the
manufacturer. The Firewater Pump will operate no more than 500 hours per year. The design
will incorporate manufacturer specifications that maximize the combustion efficiency and
minimize potential emissions. Based on the limited operating time and resultant emissions,
further controls are not warranted. This diesel-flred pump will also be subject to and will
comply with the NSPS for Stationary Compression Ignition Combustion Engines (Subpart ITII),
as applicable. Assuming a displacement of<30 liters per cylinder, ifmodel year is 2009 or after
NSPS IIII would apply.

Additionally, ultra-law-sulfur diesel fuel containing less than or equal to 15 ppm sulfur will be
used. Good combustion practices, restricted annual operations, and ultra-law-sulfur fuel are
proposed as BACT. Table 4.6 shows the proposed BACT emission rates' for the emergency
Firewater Pump.

.. "',) ':' ,:.' '. ~ - " ::",: "~.: !. .' ~: ', .. ~, .,,,,; . : :',.t'·! ,..... . .....:~::' ..•~: •• '.,::,•.•-;... :~.: ;',i" ".' ... P'.·.. . . .~'.J: ;'·,:1

Table 4.6 - Emergency Firewater Pump BACT Analysis Summary
. . . ' .. ~ .~ . . ,'. -~.' ~ ....

SOz
co

voe
PM

Restricted Operation «500 hr/yr)

Low Sulfur Fuel
Good Combustion Practices

NO" Limit: 1.51 tpy

S02 Limit: <0.01 tpy

CO Limit: 0.09 tpy

VOC Limit: 034 tpy

Particulate Limit: 0.02 tpy (pMIO-filterable)

j
", .. "'

4.13 MERCURY EMISSION REDUCTION
Syngas exiting the gasifiers contains some mercury. This mercury must be removed before the
syngas enters the Methanol Synthesis Unit. Two mercury guard beds will be operated at the
Plant and ~e expected to achieve 99.98% removal ofmercury. The cost ofthe planned mercury
removal system is estimated to be $235,164 per ton ofmercury removed, as shown in
AppendixG.

:MBFP requests a mercury emission rate of 0.02 )lglNm3
• This emission rate results in mercury

emissions ofno more than 6.5xlO-5 tpy (O.l29lb/yr), which is less than the applicable NSPS
requirements in 40 CPR Part 60, Subpart Da that mandate a mercury emission limit of20 x 10-6
IbIMWh.
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4.14 MINE LONG-TERM COAL STORAGE

BestAvailable Control Technologv

,",'.'

The Mine will have two coal storage areas. The first is a 300,OOO-ton dead storage (emergency
stockpile) and the second is a 300,000 ton active storage area. The emergency stockpile wlll be
compacted and sealed to prevent wind erosion and spontaneous combustion. Since there will be
no particulate emissions associated with this stockpile once it is constructed, it has not been
included in this analysis.

Three scenarios were evaluated for the active coal storage. There are:

1. Stacking tubes located on the surface

2. Stacking tubes located in the pit excavated

3. Covered slbt storage

The BACT analysis for the active storage for perfonned by IML Air Science (Sheridan, WY).
The complete analysis is in Appendix F.

Identify Particulate Emission Control Technologies

The first two scenarios differ in the placement ofthe stacking tubes. Scenario 2 places the
stacking tube on the pit floor on the previol.1sly mined surface coal, with the excavated spoils
placed in a large berm on the west and north sides ofthe pit This configuration is intended to
reduce storage pile erosion and resulting PMlO emissions, by sheltering the pile from prevailing
'wiilds'. -::";;,-,",, ;r,,;,:, ",,:, '" ' "., ' , " :',," -;"," , .... ;',,' ... ;•...,,: •.

The third scenario would be to construct a covered storage area (slot storage or coal barn).

Evaluate Technical Feasibility

The control strategies described above as Scenarios 2 and 3 have been implemented in Wyoming
and in other parts ofthe country. Therefore, both are considered te,lchnically feasible.

Rank Control Technologies
The covered storage (Scenario 3) would result is zero particulate emissions (100% con:tro1
effectiveness). The sheltered stacking tubes have an estimated 23% control effectiveness on the
particulate emissions resulting in annual emissions of 60 tpy (Scenario 1 was estimated to be
approximately 78 tpy).

An economic analysis was conducted on the incremental control cost between Scenarios 2 and 3.
The incremental control cost between the two scenarios is $6,902 per ton removed.

Evaluate Control Technologies

Although the covered storage has a greater control effectiveness, the economic analysis shows
the cost for the ~cenario is not financially viable.
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Select PartIculate EmIssIons Control Technology
Due to the negative economic impact of the covered storage, the next most effective control
option (sheltered stacking tubes) was selected.

• ' "'~.~.' !'" '., .. ' ' :.. : . . " ~ .
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!.') This section analyzes the state and federal air quality regulations that are potentially applicable to
the Plant and Mine. This regulatory summary is not intended to provide a detailed explanation
of all compliance requirements associated with applicable regulations.

5.1 WYOMING AIR QUALITY REGULATIONS
This section discusses the relevant Wyoming Air Quality Standards and Regulations
(WAQS&R). :MBFP will comply with all applicable requirements within WAQS&R.

5.1.1 Chapter 2Ambient Standards

The Wyoming Ambient Standards set limits deemed necessary to.protect public health and
welfare. Table 5.1 compares the Wyoming Ambient Standards to the National Ambient Air
Quality Standards (NAAQS). For many pollutants, Wyoming's ambient air quality standards are
identical to national standards. However, the state has set standards for some additional
pollutants.

With regard to the NAAQS, the PIant would be located within an area that is designated as
attainment (or unclassifiable) for each criteria pollutant. .

.. :/. -'\' . . ~",~i . "- ..

\._.../ 150 b l50 a

PMIO.
50!

65 d 35 c

PM2.5 15 f IS'll

NOz lOOf 100 f

3-hour 1,300 b

802 24-hour 260 b 365 b

Annual 60 f 80 b

I-hour 40,000 b 40,000 b
CO

10,000 b 10,000 b8-hour

I-hour 235 h
Ozone

157 g 157 g8-hour

ff2S . 1/2-hour 70 i (40 j
) 70

803
3D-day 250 mg/lOO cm?lday

(Suspended sulfates) Annual 500 mg/lOO cm2/day

\ .••• ••oj'
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Table .5.1- Ambient Air Quality Standards

Regulatory Review

Fluorides'

Lead

12-hour

24-hour

7-day

3D-day

Quarterly

3.0
1.8

0.5

0.4

1.5 1.5

•Not to be exce~ded mOl;'e than once PI:!y~ on average 9V~ 3 ye\ll'll.. .
bNot more than one exceedance per year.
•Not to exc~ed the 3-year average ofthe 98th percentile of24·hour concentrations.
<l Not to exceed the 98th percentile of24·hour conCentrations.
•Not to OlCceed tlie 3-year average ofthe weighted annual mean.
fNot to exceed the annual mean.
g Not to exceed the 3-year average ofthe fourth-highest daily maximum 8-hour average ozone
concentrations..
h Applies only.to limited areas (not applicable to this project).
i Not to be exceeded more than 2 times peryear.

. j Not to be exceeded more than 2 times' peryear in any 5 consecutive days.

-.; .'.' .5.1.2. Chapter 3General Emission stan~ards .....- ...., ". ':... ".-::.,,';~ 'C;::-<:;. ,·:'~·;d';·'..·j··: "~''''''':''';~'t',r

WAQS&R emission 'standards within Chapter 3 set forth requirements that are generally
applicable to a wide variety offacilities. Applicable stan~ds are summarized below.

5.1.2.1 Section 2 Particulate Matter

Opacity and fugitive dust are regulated under WAQS&R Chapter 3, Section 2. As a new facility,
each new stationary source at the' Plant and Mine may not exceed 20 percent opacity [WAQS&R
Chapter 3, §2(a)]. However, brief exceedances ofthe 20 percent opacity limit are allowed in
certain cases. An opacity ofup to 40 percent is allowed for a period or periods. aggregating to
not more than 6 minutes in any hour [WAQS&R Chapter 3, §2(e)].

The fuewaterpump diesel engine would be subject to a 30 percent opacity limit except during
periods not exceeding 10 consecutive seconds. This limit generally does not apply to a
reasonable period ofwarmup following a cold start or when undergoing repairs and adjustment
following amalfunction [WAQS&R Chapter 3, §2(d)].

Particulate emissions from process sources are limited by WAQS&R Chapter 3, §2(g). Coal
handling, primarily movement ofcoal from the coal storage area, will be subject to this standard,
which allows emissions up to the limit calculated by the following equation:

E:=:: 17.31 p(O.16)

Where:

E =Emissions (lb/hr)

P :=:: Process weight (ton/br)

URS

... ., f
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Based on 8,000 TPD (333.3 ton/br) ofdry coal feed, the emission limitwouId be 43.84lblbr.
Particulate emissions from coal handling will be far less than this due to the fogging system.

Fugitive dust from coal handling and storage at the Mine will be controlled by using a fogging
system in order to comply with emission standards for material handling and storage at ,
WAQS&R Chapter 3, §2(f)(ii). The IGL Plant will have about 8 hours of covered onsite storage
for coal.

During construction ofthe Facility and associated portal areas, steps to minimize fugitive dust
must be taken [WAQS&R Chapter 3, §2(f)(i)]. :MBFP will require construction contractors to
use control measures, such as frequent watering and/or chemical stabilization, on an as-needed
basis to reduce fugitive dust emissions. In addition, contractors will be instructed to promptly
remove mud or dirt that is tracked onto paved roadways [WAQS&R Chapter 3,'§2(f)(i)].

5.1.2.2 Section 3Nitrogen Oxides

The Plant will construct and operate several new gas fired fu~l burning sources, such as the
combustion turbines, boiler, and heaters. Under WAQS&R Chapter 3, §3(a)(i), NOx emissions
from new gas fired fuel-burning equipment calculated as nitrogen dioxide (NOz) may not exceed
0.20 IblMMBtu of,heat input.

NOx emissions (calculated as NOz) from the fuel-oil burning Firewater Pump engine will be
limited to 0.30 Ib/MMBtu. because it will have a heat input greater than LO MMBtu/br

C:",)" '.. ::~::~~:~::':~:~~~a~g"a'~~~t :~ut ~f1ess'than 200MMB~ ~~' ~~~~~~"~o:~~;, :' ,,': J;' • ,

NOx emission limits given above.

5.1.2.3 Section 4Sulfur Oxides

Sulfur oxides (S'Ox) emission limits apply only to fuel burning equipment that is fueled with coal
or oil. Consequently, the Firewater Pump is the only equipment subject to these standards. The
Firewater Pump will ,be required to meet a 3-hour limit of 0.8 Ib/MMBtu and a 30-day average of
0.8lbfMMBtu [WAQS&R Chapter 3, §4(b)].

5.1.2.4 Section 5 Carbon Monoxide

Wyoming's air cjuality regulations do not include specific CO emission limits for stationary
sources. There is, however, a general duty to prevent any exceedance of CO ambient standards

, [WAQS&R Chapter 3, §5]. Modeling result~ provided in Section 6 demonstrate that the Plant
will meet this requir~ment.

..,../

5.1.2.5 Section 6 Volatile Organic Compounds

VOC emissions shall be limited through the application ofBACTTWAQS&R Chapter 3, §6(b)].
In some cases, WDEQ regulates VOC emissions by mandating use of a flare. When a flare is
required to control ofVOC emissions from vapor blowdown, emergency relief systems, or VOC
emissions generated from storage or processing operations, the flare shall not exceed a 20%
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opacity 'emission standard [WAQS&R Chapter~, §6(b)]. In. addltion; the flare must be a
smokeless flare aiJ.d must have either an automatic igniter.or a continuous pilot.

5.1.2.6 Section 7 Hydrogen Suifide

Some Plant process streams contain HzS and will be subject to WAQS&R Chapter 3, §7. Any
exit process gas stream containing HzS that is discharged to the atmosphere must be vented,
incine:rated, flared or otherwise disposed of such that ambient SOz and HzS standards are not
exceeded. Process streams containing HzS are treated within the Plant process to remove the
sulfur. However, in the event ofa malfunction, a stream containing H2S could be 'vented to a
flare.

5,1.2.7 Section 8Asbestos Activities

As a new facility, the Plant will minimize use of asbestos during facility construction.
Furthermore, facility personnel are unlikely to remove asbestos-containing materials from the
premises in the near future. However, activities that disturb asbestos 'Would likely be subject to
extensive compliance requirements found in WAQS&R Chapter 3, §8.

5.1.3 Chapter 6Permitting Requirements

..":" .., ,.. ..":'Section 2.'"BestAvailable Control Technology· (BACT)"·" .; ...: ".•.,,'....,,.. ;.,...,. ":..;..,;"~,;.,,, .....,,-.. ;.;.: .. !.~,,(· .. "~.c; ,'-;'.,,, '

Pet the WAQS&R, Chap~er 6, §2(CXv), no permit to construct will be issued until it is
demonstrated that BACT Will be utilized, with consideratiQn ofthe technical practicability and
economic reasonableness ofreducing or eliminating the proposed facility's emissions. Tn
accordance with this requirement, and those imposed by the PSD Program discussed below,
BACT analyses for all emission sources are pr~ented in Section Four oftbis application.

Section3. Operating Permits

Potential emissions from the Plant and Mine exceed the 100-tpy threshold for triggering
operating permit requirements under Chapter 6, Section 3. These regulations implement the
Title V Operating Permit Program required by federal law. Per the funeline established in the
WAQS&R, Chapter 6, §3(c), an application for an operating permit will be submitted within,
twelve months offacility startup. .. .,

Section 4. Prevention ofSignificant Deterioration

Potential emissions from the Plant' and Mine exceed the lOO-tpy threshold for triggering PSD
permitting. Therefore, extensive provisions within WAQS&R Chapter 6, Section 4 will apply to
the facility. This permit application process, associated modeling, and installatiOn and operation
ofBACT will satisfy PSD compliance requirements applicable to constrUction and initial
operation ofthe facility. When facility or operational modifications are planne.d, PSD review .
may be required.
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5.1.4 Chapter 7Monitoring Regulations
Some emission units at the Plant will be subject to Compliance Assurance Monitoring (CAM)
requirements in WAQS&R Chapter 7, Section 3. These regulations are based on the USEPA 40
CFR Part 64 CAM regulations. CAM requirements generally apply to each emission unit that
meets all ofthe following criteria (with some exceptions).

• The emission unit is located at a faci~ty that is subject to the Title V operating permit
program..

• The emission unit uses a control device to achieve compliance with an emission limit and
whose pre-controlled emission levels exceed major source thresholds under the Title V
operating permit program.

• The unit is not subject to a New Source'Performance Standard (NSPS) or·a National
Emissions Standard for Hazardous Air Pollutants (NESHAP) standard that was promulgated
after November 15, 1990.

Ifthe facility is subject to CAM, the affected emission units will be subject to additional
monitoring, recordkeeping, and reporting requirements. In addition, the facility must prepare a
CAM Plan for each affected unit. A thorough CAM applicability review and proposed.CAM
Plans will be submitted with the initial operating permit applicatiqn.

..: ...."';::..--'""<:...... :7-';·;·''§;2:·: FEDERAL REG·ULATIONS··,,:,·..· :":'. . ',:::.: :.:..... ;..... .. .,. ".,,': ..,......"...,' ....;., ..~O<"., ...•.;.• ?".,.";"." ••:.,,.. "'."l..,~ 'J'.:."" •.•;~"'; "". -",.....~ ...:
i \

\..... j The following discussion summarizes federal air quality regulations that are potentially
applicable to the Plant. Due to the unique processes used by this facility, it does not fall into an
industry-specific NSPS or NESHAP. However, some equipment at the fa,?i1ity will be subject to.
NSPS or NESHAP standards.

5.2.1 New Source Performance Standards (NSPS)

Subpart A: NSPS'General Provisions

Subpart A identifies a number ofmonitoring, recordkeeping, and notification requirements that
generally apply to all NSPS Subparts. Additionally, Subpart A specifies that performance
(source) tests must be conducted within 60 days ofachieving the maximum production rate at
which the source will be operated, but not later than 180 days after initial startup. Subpart A will
apply in conjunction with any other applicable NSPS Subpart, unless otherwise noted in the
specific NSPS.

Subpart Da Electric Utility Steam Generating Unit NSPS

The combustion turbines and HRSGs will not be subject to the Electric Utility Steam Generating
Unit NSPS because the facility will not export power for sale. The facility is not an "electric
steam generating UlJj.t," as defined in §60.41Da, which is the key applicability criteria for 40 CFR
Part 60 Subpart Da.

URS 5-5
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.. ~. ...

Subpart Db Industrial-Commercial-Institutional Steam Generating Unit NSPS

The Auxiliary Boiler, which has a heat input of 66 Ivl1v.IBti.l/br, will be subject to Subpart Db
emission limits' for NOx and PM. .

Subpart JPetroleum Refinery NSPS

As mentioned in Section One, the Plant is classified as a Crude Petroleum and Natural Gas
facility (1311) that produces gas and hydrocarbon liquids through gasification. The minor or
support activity is underground mining ofbituminous coal (1222).

Although the facility produces gasoline, it does not do so using a refming process. Therefore, it
is not subject to the Petroleum Refinery NSPS (40 CPR Part 60, Subpart J). The Plant does not
meet the regulatory definition ofa "petroleum refinery" because it does not engage in
II••• producing gasoline, kerosene, distillate fuel oils, residual fuel oils, lubricants, or other
products through distillation ofpetroleum or through redistillation, cracking or reforming of
unfinished petroleum derivatives [§60.2J." '

Subpart Kb Storage Vessels for Petroleum Liquids NSPS '

Eleven tanks, listed in Table 5.2, at the Plant are expected to be subject to the petroleum storage
vessel NSPS due to their large size and volatile contents. Subpart Kb regulations set tank design

',,' .... an4, ppera~Qnreqllir~1llents, as w~l1,and ongoing insp~ctioD, requirel11ents~ ,The pl~ed lfR~ :, ,_' ..
'.. design will meet Subpart Kb reqUIrements. Plant personnel" Will comply with tank inspection, . ., {'

repair, and recordkeeping and recording requirements.

Table 5.2 - Subpart Kb Tanks List

Methanol Tanks TBD 2 45 0.96 6,341,984 JFR

Gasoline Product Tanks TBD 8 45 4.14 6,341,984 IFR

Heavy Gasoline Tank! , TBD 1 45 2.25 4,763,841 IFR

1. "Heavy" gasoline is estimated to have RVP of3-5 psia.

Subpart YCoal Preparation Plant NSPS
. Under 40 CFR Part 60, Subpart Y, coal transfer, crushing, and drying activities are subject to

particulate matter emission limits. Specifically, emissions from coal conveying equipment may
no exceed 20 percent opacity. Use of fully covered conveyors and fogging of transfer points at
the Plant should maintain compliance with SubpartY particulate einission limits and opacity
standards.

DRS 5-6
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Subpart W Equipment Leaks in the SOCMI Industry NSPS

The Plant does not meet the defInition ofa facility that is part ofthe Synthetic Organic Chemical
Manufacturing Industry (SOCMI). Consequently, the Plant is not subject to this regulation.

Subpart 1/11 Stationary Compression Ignition Internal Combustion Engine NSPS

The diesel Firewater Pump will be subject to the compression ignition (diesel) engine NSPS.
Compliance with this regulation is relatively simple for engine owners who purchase an engine
that is certified by the engine manufacturer to meet new engine standards. I\1BFP will likely
purchase a 2008 or later model year engine and Will comply with this rule-

$ubpart KKKK Stationary Comb!Jstion Turbines NSPS

The combustion turbines will be subject to NSPS codified in 40 CPR Part 60, Subpart KKKK.
Affected units will include the three combustion turbines because they each·have a heat input at
peak load ofmore than 10 :M:MBtu/hr and will commence construction after February 18, 2005
[§60.4305(a)]. .

The combustion turbines will buriJ. a mixture of fuel gas, LPG, and natural gas. Since more than
50 percent ofthe I;nixture will be natural gas, the turbines will be deemed to be firing natural gas
[§60.4325]. Therefore, the NOx emission limit will be based on a new turbine with a heat input
ofbetween50 and 850 MMBtuJb:r firing natural gas fuel. The applicable NOx limit is 25 ppm

., '... ·C.·.··.:Y:· .. '(c~rrected to I5'percent oxygen) or 1~i lbfMWh [40 CPR Pa:rt 60, 'subpart KKKK, Table 1]:" .' .
.. The turbines can meet the S02 compliance requirements by burning fuels with potential

emissions ofless than 0.060 lb S02IMMBtu [§60.4330(a)(2)]. Extensive monitoring,
recordkeeping, and reporting are required by the rule. Because the combustion turbines will be
subject to this recent NSPS, they will not be subject to CAM requirements.

5.2.2 National Emissions Standards for Hazardous Air Pollutants (NESHAP)

The Plant will be a major source ofHAPs. Consequently, it may be subject to a variety of
NESHAP regulations. The following discussion identifies NESHAPs that are potentially
applicable to the facility.

Subpart ZZZZ Reciprocating Internal CO!11bustion Engine NESHAP

Subpart ZZ:ZZ within 40 CFR Part 63, will apply to all reciprocating internal combustion engines
(RlCE) at the Plant thafhave a site rating of more than 500 brake horsepower. The three Black­
Start Generators, each nominally rated at 2,889 horsepower) will be subject to rule. However,
many ofthe compliance requirements within Subpart Z:ZZZ may not apply to these units,
depending on their use. They may qualify as "emergency use RICE" or as ''limited use RICE,"
especially ifthey are used less than the amount oftime assumed for emission estimation
purposes in this permit application (250 br/yr, each). .

)
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Subpart DDDDD Industrial-Commercia/-Institutional steam Generating Unit NESHAP
The Industrial-Coininercial-1nstitutional Steam Generating NESHAP has been vacated and
future compliance requirements are uncertain until USEPA promulgates a new rule. When a
new or revised rule becomes effective, the Auxiliary Boiler and most or all of the process heaters
may be subject this NESHAl'.

5.2.3 Chemical Accident Prevention Provisions
The Chemical Accident Prevention Provisions in 40 CFR Part 68 set forth requirements
concerning the prevention of accidental releases. All facilities with extremely hazardous
substances have a "general duty" to prevent accidental releases. Consequently, the Plant must
design and maintain a safe facility, includ.ing~aking steps to prevent releases and minimizing th~.

consequences ofany releases that do occur. '

In addition, afacUity that has more than a threshold quantity ofa regulated substance listed in
§68.130 may be subject to a variety ofcompliance requirements in Part 68. Guidance on how to
determine ifa threshold quantity exists and exceptions for certain types offacilities, processes,
and materials are provided in §68.115. For example, regulated substances in gasoline need not
be considered when determining ifa threshold. quantity exists in a process. Thus, the gasoline in
the MTG process and product storage tanks will not be included in the applicability
determination. The proposed methanol tanks also will not be considered in the applicability
determination because methanol is not on the list ofregulated sources.

, . .".. ,'.:. :'" .. ... '" ~ , ... ~,'.. ' , .'" ..:... ., .... ". ~ . ,"'.

With the exception ofH2S, the proposed facility will not store or use any ammonia; chlorine,
methyl mercaptan, br other chemicals included as "toxic substances" in §68.130. However,
several processes will contain a mixture ofH2S and/or substances listed as "flammable
substances" at §68.130 (methane, ethane, propane, etc.) With concentrations high enough to
possibly qualify the entire process stream, per §68.115(b)(1) and (2). As a result, this regulation
may apply to some processes at the Plant if the process in question (as defined at §68.3) conta4ls
more than a threshold quantity ofthe listed substance. Prior to beginning operation, MBFP will

. determine whether it is subject to Part 68 regulations and, ifnecessary, prepare a Risk
Management Plan for the Plant.

URS
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6.1 BACKGROUND

Near field Air Quality Impact Analvsis

)

"
/

NOTE: The nearfield modeling analysis presented in this section and thefar
field modeling analysis presented in Section Seven are based on emissions and
process parameters described in the original Permit Application dated June 19,
2007. This analysis is presented in its entirety to comprehensively describe the
modeling conductedfor the June 2007permit application. The nearfield
modeling analysis was supplemented on October 17, 2007 in response to
commentsfrom the WDEQ. These responses, are included in Appendix J.

MBFP believes that this nearfield criteria pollutant modeling analysis should be
considered to be sufficient with regard to criteria pollutants emitted by the
proposedfacility based on the revisedprocess design.. A comparison ofrevised
emission rates andpreviously modeled emission rates ispresented in Appendix L
Due to a substantial increase in HAP emissions, a new nearfield risk-based HAP
impact analysis based on emissionspresented in Section Three and in Appendix B
and is presented in Appendix H. .

As detailed in prior sections ofthis application, the proposed Plant will potentially emit regulated
air pollutants in excess ofpermitting thresholds. In accordance with Wyoming regulations, the
pollutants potentially exceeding threshold levels are subject to permit requirements, including the
assessr.n:ell~ ofthe likely !mpact to air quality. ", ' ..'

To assess likely impacts, a dispersion modeling analysis was completed for areas within 10 km
(near field) ofthe proposed facility. The analysis was completed in accordance with a protoco~

apprQved by WAQD (05 March 2007). The air quality dispersion modeling analysis used the
EPA-approved AERMOD suite of.programs including AERMOD (version 07026), AERMAP
(version 06341) and AERMET (version 06341). '

The analysis included:

1 Determination of emission inventory source characteristics;

2 Development of an appropriate receptor grid, beginnmg at the ambient air boundary, with
digital elevation model (DEM) supplied terrairi heights calculated using AERMAP;

3 Determination of applicable direction-specific downwash parameters using the Building
Profile Input Program (bpip) PRIME (bpipprm) for the many tanks and other structpres
associated with the project sources;

4 Processing of local and representative surface and upper air meteorological data to fonn a
five-year model ready data set in AERMET; .

5 Modeling ofMedicine Bow project emissions in AERMOD and comparison with
threshold levels; and

6 Modeling ofproject and associated coal mining feedstock operations for comparison with
ambient air quality levels.

Details ofthese steps are provided in following subsections.

6-1
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6.2 DESCRIPTION OF PROPOSED PROJECT

6.2.1 Site Location
The facility will be located approximately 7.5 miles north ofInterstate 80, exit 260 (Elk
Mountain) on County Road #3 in Section 29 ofTownship 21 north and Range 79 west in Carbon
County, Wyoming as shown in Figure 1.1. The UTM coordinate (NAD27) ofthe center of
Section 29 is 390634 meters E and 4624013 meters N. A topographic map ofthe facility area
indicating Section 29 is shown in Figure 1.1. Photographs ofthe proposed site area are shown in
Figure 6.1 and Figure 6.2, depicting the varying terrain. -

Within this area the facilitY will be constructed and will include:

1 Three (3) GE frame 7 gas combustion turbines;

2 Coal pre-treatment block;

3 Air separation block;

4 Fischer-Tropsch block;

5 Power block;

6 Product storage block;

As the proposed project is classified a 'Fuel Conversion Plant', which is one ofthe 28 major
stationary sources, the project is subject to review under the Prevention of Significant· .' '.' . ,'--,""" ,;-", ;..':' ."",,,:
Deterioration (PSD) gUideiines with a threshold of 100 tons per year for all criteria pollutants.
And as shown in prior sections, the estimated emissions from the facility exceed these levels for
some regulated air pollutants, and therefore, the project is subject to PSD review.

The project site is located in an area that is designated as attainment of all National Ambient Air
Quality Standards (NAAQS).

'DRS 6-2
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Figure 6.1- Medicine Bow Project Site Area, View from South Side

" .., ,y":'j'''''''''''.'''; ,.,'.
( .
\'" .,'

.' ,

DRS 6-3

DEQ 000168



SEenOISIX Near Field Air Quality ImpactAnalvsis

Figure 6.2 - Medicine Bow Project Site Area, View Over Coal Hills Toward Elk Mountain

6.2.2 Source Emissions and Parameters
The Medicine Bow operations and emissions resulting from those planned activities have been
described above. The modeled emission rates were based on the activity levels and any applied
control techniques so that a reasonably conservative emission estimate was used. Where
practicable, combinations ofoperations were developed to allow operational flexibility for future
Medicine Bow activities. For example, cold and warm startup scenarios were examined in
combination with likely normal operations to determine both likely annual as well as potentially
combined short-term operating parameters and emissions.

This combination ofactivities resulted in the annual emission estimates ofthe five regulated
pollutants as shown in Table 6.1.

Table 6.1 - Annual Modeled Emission Levels

Pollutant' , NOx , - 'CO' VOC -502 PM10

Total Annual Emissions (ton/year) 617 1044 125 201 308
. .

Note: These ermSSlons are based on the June 19, 2007 ongmal penmt application.

Ofthe emitted pollutants shown in Table 6.1, VOC is not explicitly modeled, but because it has
the potential to be emitted in excess of 100 ton/year the possibility of ozone production needs to
be addressed. However, given the relatively low amount of VOC emissions and the location of
the Source and surrounding area, there is little potential for adverse ozone formation resulting

DRS 6-4
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from the emissions ofVOC from the Medicine Bow project emission units. Therefore no VOC
analysis is required.

The other four regulated pollutants were explicitly modeled and the model input parameters are
shown in Table 6.2.

The input parameters are based on vendor information or established emission factor of similar
unit operations and reflect maximum modeled emission rate combinations from the various
operating scenarios (cold start-up, warm. start-up, normal) and temperature sensitive emission
units. Pollutants with short-term av~raging periods (CO, 802, PM lO) were modeled at maximum
short-term rates from all operating scenarios, whereas the annual pollutant emissions ofNOx
were based on additive operations across all the scenarios (7260 hours/year ofnormal operations
+1,000 hours/year ofcold start-up conditions + 500 hours/year ofwarm start-up conditions).

\, ) .

)
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Table 6.2 - Modeled ProjectSource Parameters

:~.:::'::>~f;~:·:.:Pf.~;;:'~~i.!:~~:~~::~~?~~.<_:::' :).:: :~?;~(~f:( :;::!'O::~~:~~1i'1«(ocatio.n'UtM}.'·::·.:~::'r;~;~;'F;; ?'j.:'-,~;.riMii4ele·ifEx~u'S(pal:amele'r=S-·,·':~: '. :~~: ·!o·,:,~ti!;:;-If;r:fModi!i!(cfEiiU?sion:Rales;{glsj?(~'~~?W~ t-1.i~;

.;~~J~rid~I·I~ "" '," '.' X" ,.-":.... "'f: :'. ' '.' z'::·'.:'.·· :' HeJ9Jlt " }e.mp VelocitY·. 'Oiamet!,r' .'. ".~~jl" ";.:: :':.;;:::do· :~~:~ ': .:" '. :'~b~ '::",:. S~:·; ~~~"~':i~;:':. Emlsslol'! Unl,~:" '. :TYpe;',: ~' ..(m)· (m)" '. (minsl)-; '. (m) ~: (I<) . ,{m/s)..: . (m) ,

Turbine and
CTGI Point 391370.9 4623838.5 2115.0 45.73 355.40 11.50 5.79 3.96E+00 1.01E+01 5.62E-03 1.26E+00

HRSGTrainl
Turbine and

CTG2 Point 391369.2 4623.777.2 2115.2 45.73 ~55.40 11.50 5.79 3.96E+OO 1.0IE+01 5.62E-03 1.26E+OO .
HRSG Train 2 !.~

Turbine and CTG3 Point 391367.5 " 4623716.3 2114.0 45.73 '~55.40 11.50 5.79 3.96E+.OO 1.01E+01 5.62E-03 1.26E+O.o
HRSGTrain3 :f.

Gasifier GREATl Point 391050.6 4623693.4 2117.3 25,91 !t22.05 7.45 0.41 5.29E-.03 1.56E-Dl 1.llE-03 1.4IE-DZ
Preheaterl

~:'

Gasifier
GREAT2 Point '391050.2 4623681.2 2116.4 25,91 422.05 7.45 0.41 5.29E-03 1.56B-OJ 1.11E-03 1.4IE-02Preheater2

Gasifier GREAT3 Point 391049.9 4623669.0· 2115.6 25.91 :~22.05 7.45 0.41 5.29E-03 1.56E-Ol l.llE-03 1.41E-02Preheater3

Gasifier
GREAT4 Point 391049.6 4623656.8 2114.9 25.91 \+22.05 7.45 0.41 5.29E-03 1.56E-Ol 1.llE-03 1.4lE-D2Preheater4

Gasifier " "

Prebeater5 GREAT5 Point 391049.2 4623644.6 2114.5 25.91 '~22.05 7.45 0.41 5029E-03 1.56E-DI 1.11E-03 1.4IE-02

H-3102 SRU
H3102 Point 391137.2 4624096.2 2121.7 45.73 :~22.05 0.13 4.57 2.64E~02 2.49E-02 1.20E+OO 2.57E-Q1Incinerator ~1

H-5401 Frac H5401 Point 391299.1 4624173.2 2117.4 45.73 :~22.05 4.79 1.22 2.7lE-Ol 9.03B-Ol 3.22E-03 4.08E-02Feed Heater .,

Turbine and
::

HRSGTrain 1 CTGl Point 391370.9 4623838.5 2115.0 45.73 355.40 11.50 5.79 3.96E+OO 1.01E+Ol 5.62E-03 1.26E+OO

Turbine and
.~~

CTG2 Point 391369.2 4623777.2 2115.2 45.73 :355.40 11.50 5.79 3.96E+OO· l.OlE+01 5.62E-Q3 1.26E+(JOHRSGTrain2 ~:-: .

Turbine and
CTG3 Point 391367.5 4623716.3 2114.0 45.73 355.40 1I.50 5.79 3.96EfOO . 1.0IE+01HRSG Train 3 5.62E-03 l.26EfOO

Gasifier
GREATI Point 391050.6 4623693.4 2117.3 25.91 422.05 7.45 0.41Preheater 1 5.29E-03 1.56E-Ol 1.1lE-03 1.4IE-02

Gasifier
,;~22.05

;

Preheater2 GREAT2 Point 391050.2 4623681.2 2116.4 25.91 7.45 0.41 5.29E-03 1.56E-D1 l.1IE-Q3 1.4lE-02

Gasifier
GREAT3 Point 391049.9 4623669.0 2115.6 25.91 _;422.05 7.45 0.41 5.29E-mPreheater3 1.5GB-Ol . l.1lE-03 1.4lE-02

','

UR~"
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Table 6.2 - Modeled Project :~ourceParameters

".~ -- . -Ldca~~~~:UtM~Jif~~,~?r~~~1-f~l~ t~jI~~;t~'l.t~D~I~~.'Exh~U~~ ~~i~m~l.~rs ':' :';' ;;;~L:,;:·' . ..' Mo'c@e~ emission Rates @s)
·X '.

Z~;'f~l~t~~t!f~~;~~im~~£1
~1l~il1p":

~l:~ii~~!
fl!)(ameter.::

~~!;~d.x~;~~: t~{~~::¢.~.·,... "
- -.'

. .E.'I!lss!.~n. Un.!t. .:...Mp.d~!.I~ :Typ~ '. .,:::. ,Am):,... ;" . ;ti~JK) .':, . ;~';!:'~ .<,m)· ~~~ ,.:~,,,;~Q2.,~';j'~ ; .·.. :.. ~~10::..a,:;

Gasifier
GHEAT4 Point 391049.6 4623656.8 2114.9 25.91 4.22.05 7.45 0,41 5.29E-03 l.56E-01 l.1lE-03 1.4lE-02

Pl'eheater 4

Gasifier
GHEAT5 Point 391049.2 4623644.6 2114.5 25.91 4:22.05 . 7.45 0.41 5.29E-03 1.56E-Ol UlE-03 1.4lE-02

Preheater 5

H-3102 SRU
H3102 Point 391137.2 4624096.2 2121.7 45.73 422.05 0.13 4.57 2.64E-02 2.49E-02 1.20E+00 2.57E-Ql

Incinerator

H-5401 Fmc
t

Feed Heater
H5401 Point 391299.1 4624173.2 2117.4 45.13 422.05 4.79 1.22 2.71E-Ol 9.03E-01 3.22E-03 4.08E-02

H-5301 Cat
-,-

Dewax Charge H5301 Point 391267.3 4624165.0 21.20.0 1.5.24 4:Z2.05 1.93 0.41 1.22E-02 4.05E-02 l.36E-04 3.05E-02

H-5201 "

Unicracker H5201 Point 391266.5 4624047.0 2118.6 15.24 4:22.05 1.60 0.91 5.09E-02 1.69E-Ol 5.68E-04 1.28B-Ol
Feed ,

1-1-5202 -~~

Unicracker H5202 Point 391270.0 4624083.5 2117.2 30.49 ti2.05 3.19 1.07 1.38E-01 4.59E-01 l.54E-03 3.47E-OI
1ntelmed.

H-5101
Unionfiner miOI Point 391295.0 4624046.2 2116.8 15.24 422.05 2.03 0.51 1.60E-02 5.30E-02 1.78E-04 4.0IE-02

Feed

H-5102
~22.05Unionfiner H5102 Point 391292.8 4624113.3 2115.1 15.24 2.54 0,41 1.99E-02 6.61E-02 2.22E-04 5.00E-02

Intermed

Black-Start
BSGl Point .391303.6 4623910.9 2117.2 6;10 7,67.60 1.96 0.41 2.29E-02 1.95E+OO 1.44E-03 1.89E-04Generator 1

Black-Start
BSG2 Point 391303.8 4623901.8 '2117.5 6.10 167.60 1.96 0.41 2.29E-02 1.95E+00 1.44E-03Generator 2 ., 1.89E-04

Black-Start
ESGS Point 391303.5 4623892.6 2117.6 6.10 767.60 1.96 0.41Generator 3 2.29E-02 I.95E+00 1,44E-03 1.89E-04 .

.,-
Firewater

,

Pump FlREPUMP Point 391286.3 4623564.2 2104.0 6.10 7;39.27 45.00 0.15 4.33E-02 4.63E-02 7.64E-04 9.58E-03
<

Note: These emissions are based on the June 19, 2007 original permit application. ~
::~

~:~
:i

1
:;
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6,3 STANDARDS AND C~ITERIA LEVELS

Near Field Air Quality ImpactAnallsis

The results of the air quality dispersion modeling analysis are compared with various ambient
levels to assess the potential impacts to local air quality resulting from the project. Because the
MBFP project is subject to PSD review, PSD source emissions must not cause an exceedance of
any ambient air quality standards, and the increase in ambient air concentrations must not exceed
the allowable increments shown in Table 6.3.

Table 6.3 - PSD Class IT Increments

Nitrogen Dioxide

Sulfur Dioxide

Particulate Matter
<10 J.LlD. [PMlOJ

Annual

3-hour

24-hour

Annual

24-hour

Annual

25

512

91

20

30

17

,",:{,' 'Th~:ili~p~r~i;~ ~ode~g~aly~i~ tYPi~'ariy k~~l~~~:~';;~~~t~p ~pp~~ach: 'Th~'mitiJ phas~ ~cly' ',"', <' ,
looks at the proposed source and is, referred to as the significant impact analysis (SIA). It simply
determines whether the applicant can do without further air quality modeling for a particular ,.
pollutant with respect to the NAAQS and PSD increments.

The next phase includes a more robust analysis and must include the proposed sources as well as
nearby sources and take into account the background air quality concentration for the particular
pollutant and averaging time. Ifthe applicant has a pollutant-specific significant impact, then
further analysis for that pollutant may be required to compare predicted aggregate air quality ,
impacts against applicable NAAQS, and/or PSD increments.

In the initial SIA analysis the highest predicted off-site concentration for each pollutant and each
averaging period is compared to the modeling significance levels in Table 6.4. Neither nearby
sources nor background'ambient air quality concentrations are considered in this analysis. Ifthe
estimated concentration levels are below the applicable modeling significance level, no further
analysis is required and the source is considered to have an insignificant impact. '

Table 6.4 - Significant Impact Levels (SILs)

. .~.;.. . .:

DRS

Nitrogen Dioxide

Sulfur Dioxide
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Table 6.4 - Significant Impact Levels (Sll,s)

6.4

6.4.1

Particulate Matter 24-houT 5

<10 !Jill [PMlOJ Annual 1

Carbon Monoxide
I-hour 2,000

8-hour 500

NEAR-FIELD MODELING METHOD

Near-Field Modeling

The impact analysis requirements' are applicable to the Medicine Bow project sources for the
emissions ofNOx, CO, 802 and PMro. The impact analysis is designed to protect the National
Ambient Air Quality Standards (NAAQS) and PSD increments. The NAAQS are maximum
concentration "ceilings" measured in terms of the total concentration of a pollutant:in: the
a1mosphere. For a new source, compliance With any NAAQS is based upon the total estimated
~ir quality, ~b,.ich. is1;h.e sum oftheblickgrQund conpi::II:tratiops and the estimated ambient .. "..., . ... ....

. iIDpacts ofMe<ncme Bow's proposed emissIons. A PSD illcrement, on the other'harl~ Isthe' ..
maximum increase in ambient concentration that is allowed to ,occur above a baseline
concentration for a pollutant. Significant deterioration is said to occur when the amount ofnew
pollution would exceed the applicable PSD increment.

A detailed description ofthe modeling approach and data requirements for the assessment ofair
quality impacts due to the proposed project is included in this section.

6.4.2 Model Selection and Setup

The air quality impacts were modeled at near-field receptors using the latest version of the EPA
regulatory model (AERMOD) (Version 07026). The AERMOD model is designed to predict
ground-level pollutant concentrations from a wide variety ofsources associated with industrial
facility source types. AERMOD contains algorithms for: (1) dispersion in both the convective
and stable boundary layers; (2) plume rise and buoyancy; (3) plume penetration into elevated
inversions; (4) computation ofvertical profiles ofwind, turbulence, and temperature; (5) urban
nighttime boundary layer; (6) treatment ofreceptors on all types of terrain from the surface uP.to
and above the plume height; (7) treatment ofbuilding wake effects; (8) improved approaches for
characterizing the fundamental boundary layer parameters, and (9) treatment ofplume meander.

The AERMOP modeling system consists oftwo pre-processors; AERMET which provides
AERMOD witb. the meteorological information it needs to characterize tb.e planetary boundary
layer (PBL), and AERMAP, which characterizes the terrain, and generates receptor grids for
AERMOD..

;, i
.. / Pursuant to Wyoming Department ofEnvironmental Quality (WDEQ) modeling guidelines

(2006a and2006b), the regulatory default options were used, including building and stack tip

DRS 6-9
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downwash, default wind speed profiles, exclusion of-deposition and gravitational settling,
consideration ofbuoyant plume rise and complex terrain..

Emission sources at Medicine Bow will be influenced by aerodynamic downwash. Since
downwash is a function ofprojected building width and height, it is necessary to account for the
changes in building projection as they relate to changes in wind direction. Once these projected
dimensions are determined, they can be used as input to the AERMOD model.

The USEPA Building Profile Input Program (BPIP version 04274), enhanced to include the
PRIME algorithms as applicable to AERMOP; was used to conduct the good engineering
practice (GEP) stackheight analysis and to determine wind direction-specific building/structure
dimensions.

The BPIP-PRIME program builds a mathematical representation ofeach building or structure ~o

determine projected building dimensions and its potential zone ofinfluence. These calculations
are performed for 36 different wind directions (at lO~degree intervals). Iftbe BPIP-PRIME
program determines that a soUrce is under the.influence ofseveral potential building wakes, the'
structure or combination ofstructures which has the greatest influlmoe (hb + 1.5 lb) is selected for
input to the model.

Conversely, ifno building wake effects are predicted to occur for a source for a particular wmd
direction, or ifthe worst-case building dimensions ~or that drrection yield a wake region height
less than the source's physical stack height, building parameters are set equal to zero for that
wind direction. For this case, wake effect algorithms are not exercised when the model is run..
Thebuilding w8ke criteria iDfiuence zone is fi~downwin~ 2'lb 'ilpwrnd, 'and a.5Ib· crossWiIid~
These criteria are based on recommendations by USEPA. The PR.nv.iE algorithm addresses the
entire structure ofthe wake, from the cavity iIpmediately downwind oftbe building, to the far
wake. The input to the bpip program consisted of the location of the Medicine Bow emission .
units and the coordinates and heights ofthe buildings and st::r1;Lctures. The structures '\lsed;in the
analysis are shown in Figure 6.3 along with the source locations.

'.~ , .' .
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Figure 6.3 - Good Engineering Practice (GEP) Stack Height Assessment, Building and
Source Location Depiction
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6.4.3 Data Bases for Air Quality Assessment

The databases r~quired for the air quality impact assessment included meteorological data,
receptor points and terrain data. The following sections describe the databases required to
perform the'air quality impact assessment.

. .

!.'
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6.4.4 Meteorological Data

Nearby sources ofmeteorological data (two surface sites and one upper air site) were identified,
and six years ofrecent (2000 - 2005) meteorological data were obtained, reviewed for
completeness, and the valid years were processed in AERMET. The surface sites included a
nearby meteorological tower installation with automatic recording instrumentation located
outside ofElmo, WY, about 24 km northwest of the Medicine Bow site, and a National Weather
Service (NWS) ASOS site located at the Rawlins Municipal Airport approximately 70 Ian west
of the Medicine Bow location.

Inter-Mountain Labs (IMl) operated the meteorological station in accordance with
Meteorological Monitoring Guidancefor Regulatory Modeling Applications (EPA-4541R-99­
005). IML performed semi-annual quality assurance audits on the station and the IML staff
conducted quality control procedures on the data. Ilv.[[, submitted quarterly reports (including
semiannual quality assurance audits) to Dennis Wuertz at Seminoe (Arch of Wyoming, LLC),
who then submitted the reports to Bob Schick at the Wyoming Division of Air Quality. Cara
Keslar in the Air Quality Monitoring Division may be contacted with regard to this data.

In order to·meet the completeness criteria for PSD-quality meteorological data, only 10 percent
ofthe data in any given year can be missing. As described below, data for the 2002 year
recorded from the preferred site ofElmo was incomplete and more than 10 percent was missing.
Therefore a five year meteorological data setwas developed for the years 2000-2001, and 2003­
2005 with the Elmo site noted as the "on-site" location and the Rawlins site as the NWS surface

.... ' locatiOll.This five year data set was processed inAERMET to a model readyJormat. ·:k····· "., .. ".' .'....;,'.',....; ....
description ofthe data and the completeness assessment follows. "

Six years ofhourly surface observations (2000 through 2005) from the Rawlins Muiricipal
Airport, WY were obtained from the National Climatic Data Center (NCDC) in AERMET
compatible TD350S format. The Rawlins NWS site is located approximately 70km west of the
proposed facility at UTM coordinates (NAD27) 317221 meters E and 4629697 meters N.

Therefore, the Rawlins·hourly surface met data were reviewed to establish completeness. The
result ofllie review ofthe Rawlins data is shown in Table 6.5. The normalized frequency
distribution ofwind speed and direction for the Rawlins data is shown in Table 6.6.

During the review of the data it was determined that data obtained during 2002 was not
satisfactory for use, and therefore, while complete at the Rawlins site, 2002 data will not be used
and therefore is not shown in Table 6.5. As shown in Table 6.5, the collected Rawlins data
satisfied the PSD completeness requirement.
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Table 6.5 - Data Completeness Evaluation, Rawlins NWS Hourly
Surface Meteorological Data

2000
2001

2003
2004

2005

130
504
567

447

514

98.5

94.2

93.5

94.9

94.1

Table 6.6 -Normalized Frequency Distribution ofWind Speed and Direction of
Rawlins Hourly Surface Meteorological Data (2000, 2001, 2003, 2004, and 2005)

\';"":;;':'~i':?"~~:ilf";1>'< .: .'. ~ .

. . . j·:t~:¢.:· ...• "' .. ~'..-. ;,::.;" :".::,:!. 1"':'~~'~~ ~~~X! ::"'::;',':' ., -0:1': "
JMhli~:?~1f ,;~.6,\:, ., .3.~.:~ 5,7..... .... ., . .:t~J. a,,~T,:it1.t .':.,: .,~ ,...

348.75 -11.25 0.00837 0.01295 0.01408 0.00823 0.00148 0.00064 0.04575
~~ .... '.' 11.25 .33.75·"'·· .. ;(f00394" '0.00494 . "'0:00578 0.00321 0.00104 0.odos5' . , O~01946 ..

33.75 - 56.25 0.00367 0.00819 0.01237 0.00989 0.00356 0.00066 0.03836

56.25·78.75 0.00394 0.01056 0.01534 0.01082 0.00398 0.00122 0.04586

78.75 -101.25 0.00591 0.00896' '0.00600 0.00308 0,00082 0.00038 0.02514

101.25 ~ 123.75 0.00471 0.00436 0.00184 0.00042 0.00009 0.00000 0.01142

123.75 -14625 0.00370 0.00359 0.00166 0.00058 0.00011 0.00004 0.00967

146.25 - 168.75 0.00348 0.00301 0.00201 0.00086 0.00029 0.00009 0.00974

168.75 - 19125 0.00527 0.00569 0.00465 0.00330 0.00162 ·0.00091 0.02143

191.25 ·213.75 0.00343 0.00730 0.00974 0.01138 0.00755 0.00441 0.04380

213.75 - 236.25 0.00509 0.01439 0.02545 0.02579 0.02039 . 0.01576 0.10686

236.25 - 258,75 0.00494 0.01968 0.05686 0.07689 0.04447 0.02811 0.23094

258.75 - 28125 0.00691 0.01753 0.03776 0.05584 0.03723 0.02663 0.18190

281.25 - 303.75 0.00421 0:00737 0.01158 0.01009 0.00425 0.00248 0.03997

303.75 - 326.25 0.00438 0.00790 0.00852 0.00460 0.00097 0.00027 0.02665

326.25 - 348.75 0.00487 0.00892 0.00779 0.00374 0.00069 0.00013 0.02614

Sub-Total: 0.07680 0.14533 0.22143 022873 0.12853 0.08227 0.81882

Calms: 0.12856

Missing/Incomplete: 0.05262

Total: 1.00000

Upper air data are needed to estimate hourly mixing heights, wbich are required inputs to the
AERMOD dispersion model. The most suitable NWS station to the project site that routinely
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performs upper air soundings is the NWS station in Riverton, WY (WBAN 24061), which is
located approximately 250 1an northwest of the proposed project site. The UTM coordinates
(NAD27) of the Riverton NWS station are 217421 meters E and 4773109 meters N. Twice-daily
upper air sounding data was obtained from the National Oceanic & Atmospheric Administration
(NOAA), http://raob.fsl.noaa.gov/.

So that the upper air data coincided with the surface data, and as discussed with WDEQ, the
same five years (2000, 2001, 2003, 2004, and 2005) were used for both the NWS surface and
upper air data in the~RMBT processing.

Six years ofnearby site-specific meteorological data, 2000 through 2005, have been collected
from a meteorological monitoring station outside ofElmo, WY. This site is approximately
24 km northwest ofthe proposed source location. The UTM coordinates {Zone 13, NAD27) of
this station are 372052 meters E, 4638122 meters N. Five parameters for each hour were
coJ.lected including wind direction (degree), wind speed (meters per seconds), sigma theta
(degrees), temperature (Celsius), and precipitation (millimeters). Sensor elevations are 10 meters
above grade level (agl) for wind speed and direction, 2 meters (agl) for temperature, and
approximately 1meter (agl) for precipitation.

As with the NWS s~ce' data, this neaiby sire-specific data was reviewed for cOinpleteness,
with the result shown in Table 6.7. Normalized frequency distributions ofwind speed and
direction are shown in Table 6.8.

As shown in Table 6.7, the collected 2002 nearby'site-specific data do not satisfy the
" -. . 'completenesscntena'Ior 2002 ~s only'64%, 40%~' ancL'81%'ofthe data are available durmg the >......; ;.' -::

2nd
, 3rd

, and41h quarters of"the year. Therefore, '2000, 2~01, 4003, 2004, and 2005 on-site data '
were used for the AERMET process:i11g and AERMOD modeling. The windrose ofthe
processed AERMET data based primarily on the site-specific Elm.o hourly surface
meteorological data is shown :in Figure 6.4.' .
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Total Hours 2184 or 2160 2184 2208 2208per Quarter

2000 0 193 0 1

2001 0 2 0 1

Number of 2002 159 787 1316 420
Missing Hours 2003 0 1 1 2

2004 2 0 1 50

200S 2 50 1 0

2000 100.0 91.2 100.0 100.0

2001 100.0 99.9 100.0 100.0
Percent 2002 92.6 64.0 40.4 81.0

Completed
2003 100.0. 100.0 100.0 99.9(%)
2004 99.9 100.0 100.0 97.7

2005' 99.9 ~7.7 100.0 100.0
"()" . .~~ ......~..~. " .-" . -, .,- -., ""'~ ..........

\~ ... ""

Table 6.8 - Normalized Frequency Distribution of Wind Speed and Direction of On';'
Site Meteorological Data (2000, 2001, 2003, ~004, and 2005)

,.:
.'

_1"::~ir~i~;;\i~;,'~;~t:~~1;'~_~~;~~;~
348.75 - 11.25 0.004324 0.004735 0.003614 0.002471 0.000641 0.000435 0.016219

11.25 • 33.75 0.008075 0.016951 0.013451 0.005079 0.001212 0.000206 0.044975

33.75 - 56.25 0.009654 0.013909 0.01336 0.007069 0.001601 0.000046 0;045639

56.25 - 78.75 0.006657 0.007115 0.012033 0.014206 0.004118 0.001098 0.045227

78.75 -101.25 0.005834 0.00549 0.008144 0.011438 0.004621 0.001739 0.037266

101.25 - 123.75 0.005056 0.002905 0.002173 0.002471 0.001075 0.000732 0.014412

123.75· 146.25 0.004392 0.001899 0.001304 0.000824 0.000275 0.000069 0.008762

146.25 .. 168.75 0.002494 0.001533 0.000801 0.000732 0.000046 0.000069 0.005673

168.75 - 191.25 0.003088 0.002288 0.001967, 0.001167 0.000458 0.000183 0.009151

191.25 - 213.75 0.005239 0.003317 0.004049 0.005536 0.002951 0.00183 0.022922

213.75 -23625 0.008373 0.008487 0.014161 0.02887 0.022831 0.030037 0.112758

236.25 ·258.75 0.01384 0.022991 0.051449 0.088555 0.054515 0.063803 0.295152

258.75 - 28125 0.017729 0.040995 0.057397 0.062133 0.026308 0.022144 0.226706

281.25 - 303.75 0.010066 0.015945 0.019399 0.017638 0.00.5422 0.003912 0.072381

303.75 - 32625 I 0.004873 0.004026 0.008396 0.00716 0.002173 0.001167 0.027795
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Table 6.8 - Normalized Frequency Distribution ofWind Speed and Direction of 00­
Site Meteorological Data (2000, 2001, 2003, 2004, and 2005)

326.25 w 348.75

Sub-Total:

Calms:

Missing/Incoroplete:

Total:

0.003797 0.002997 0.003637 0.002036 0.000572 0.00016

0.11349 . 0.155583 0.215336 0.257383 0.128818 0.127628

0.0132

0.995165

0.001756

0.003079

1

" _ •..,.;•. s. ...••.., "..• ' _. ~ ._.~. ""., ;,: .. ~ ~!.v.;....;.~,;.,.. ~ ••; ..,""••• :.. ••r .• ••.' .. ~ ,•. ~.~ • .:."" "',
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Near Field Air Quality Impact Analysis

Figure 6.4 - Wind Rose, Five Year Period
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6,4.5 ,Receptor Grid

The receptor grid used in the modeling analysis was designed to identify the maximum air
quality impact due to the proposed project. The receptor grid began at the ambient air boundary
and extended outward 10 km into ambient air. The following receptor spacing was used:

1 50 m spacing along the Medicine Bow ambient air boundary;

2 100 m spacing from the boundary to 1m;

3 500 m spacing from 1 km out from the proposed project to 5 km; and

4 1 km spacing from 5 km to 10 km. from the proposed project.

Receptor elevations were included for all receptor points and were obtained from 'digital
elevation 7.5 minute topographic maps (http://data.geocomm.com). The surrounding terrain is
depicted in shaded reliefin Figure 6.S and includes each ofthe nine 7.5 minute topo areas used
in .the AERMAP processing. Source elevations were also obtained from the same data using
AERMAP. The receptor grid is shown in Figure 6.6 and again in Figure 6.7 atop the shaded
relief.

6.5 GROWTH ANALYSIS
:1'heIv.mFP projeQt is.e;q>e.cte.d. to. employ 300 tQ 400 people w,ith.various trades., Most.qf:the~e·.".: ""'.':'1;",.~.:,.: ,..

trades are commonly found in the coal mining industry. These employees are expected to live in "
the existing communities ofElk Mountain, Medicine Bow, Hanna, and Saratoga. Carbon
County has historically been a coal mining area with mining activity from the tum of the century
through 2005. Population'in the county has been declining since the 199,os (approximately
1,300) possible resulting from the declining coal industry. The U.S. Census Bureau reports that
there is more than adequate housing for these employees for new employees who want to move
into the area.

The commercial support industries are already in place in Hanna and along the 1-80 corridor. No
new support industries are expected to move in the area.
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Figure 6.6 - Modeled Receptor Grid
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6.6 MODELING RE8ULT8

Near Field Air QualilY.lmpaetAnalpls

Ambient air quality impact analyses ~or the MBFP project have been conducted to satisfy the
Wyoming requirements for impacts from proposed sources. The following section describes the
results of the ambient air quality impact analysis.

6.6.1 502 Modeling Demonstration
Emissions of SOz from the proposed project were modeled using the representative databases
descdbed above. This analysis consisted ofusing the AERMOD dispersion model in
conjunction with 5-years ofhourly meteorological data. The purpose ofthis analysis was to
determine whether the proposed project's emissions of 802 would have a significant impact on
ambient air quality. Ifemissions of80z.result in maximum predicted annl,lal, 24-hour and
3-hour concentrations exoeeding the significant impact conoentrations of 1.0 ug/m3

, 5.0 ug/m3

and 25.0 ug/m3
, respectively, the proposed project will be considered to have a significant impact

on air quality, requiring additional modeling analyses.

Table 6.9 presents the maximum predicted aiJnual, 24-hol.U' and 3-hour average concentrations
for the proposed'project. .

Table 6.9 - Medicine Bow - Maximum Predicted 802 Concentrations from the Proposed
Project for Comparison with the 8ILs

2000 391800 4624400 0.71

2001 391600 4624300 1.08
Annual 2003 391465 4624330 1.06 1

2004 391500 4624200 . 0.95

2005 391600 4624200 0.90

2000 09/28 24 392000 4622000 12.24

2001 01/08 24 389700 4621700 11.25
24-Hour

2003 02/13 24 390400 4621800 11.34 5
Highest

2004 02/21 24 394500 4623500 8.79

2005 10/25 24 390300 4622000 11.47

2000 09/28 03 392000 4622000 72.9

2001 01/08 21 389700 4621700 70.5
3-Hour

2003 02/28 06 390400 4621900 68.4 25
Highest

2004 02/11 24 392500 4622500 56.7

2005 12/07 06 394000 4624000 55.1
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) 6.6.2 PMJPM10 Modeling Demonstration

Emissions ofPMlPM1o from the proposed project were modeled using the representative
databases described above. This analysis consisted ofusing the AERMOD dispersion model in
conjunction with 5-years ofhourly meteorological data. The purpose ofthis analysis was to
determine whether the proposed project's emissions ofPMlPMlO will cause a significant impact
on ambient air quality. Ifemissions ofPMlPMlO result in maximum predicted annual and
24~hour concentrations exceeding the significant impact concentrations of 1.0 ug/m3 and
5.0 ugim3

, respectively, then the proposed project will be considered to have a significant impact
on air quality, requiring additional modeling analyses.

Table 6.10 presents the maximum predicted annual average and 24-hour concentrations for the
proposed project.

Table 6.10 - Maximum Predicted PMlPMlO Concentrations
from the Proposed Project for Comparison with the Sll.,s

"'C)'
2990..... 391464 1.94..... ~:. :~. . ,_:~. ,j.,:. ;.~ ....... "~- .......... ,.... ,. -...:

2001 391464 2.16

Annual 2003 391500 2.22 1

2004 391500 1.84
2005 391500 1.91

2000 11/02 24 394500 6.0

2001 02/26 24 390000 6.2
24-Hour 2003 03/20 24 391465 6.9 5
Highest

2004 06/30 24 391464 5.8

2005 02/24 24 394000 7.4

6.6.3 CO Modeling Demonstration

Bmis'sions of CO from the proposed project were modeled using the representative databases
descn'bed above. This analysis consisted ofusing the AERMOD dispersion model in
conjunction with 5-years ofhourly meteorological data. The purpose ofthis analysis was to
determ.ine whether the proposed project's emissions ofCa would have a significant impact on
ambient a:ir quality. Ifemissions of CO result in maximum predicted 8-hour and I-hour
concentrations exceeding the significant impact concentrations of 500 ug/m3 and 2,000 ugim3

,

respectively, the proposed project will be considered to have a significant impact on air quality,
requiring add.i:tional modeling analyses.
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Table 6.11 presents the maximum predicted I-hour and 8-hour average concentrations for the .'
proposed project.

Table 6.11- Maximum Predicted CO Concentrations from the
Proposed Proj ect for Comparison With the SILs

2000 11/22 02 391462 4623980 3770.9
2001 11/04 04 391462 4623980 3734.7

I-Hour 2003 10/22 06 391462 4623980 3581.1 2,000
Higllest

2004 07/11 03 391462 4623980 3435;0

2005 02/11 05 . 391462 4623980 4628.6
2000 01/02 08 391462 4623980 . 935.8

2001 11/08 24 391462 4623980 1070.7
8-Hour 2003 06/08 08 391462 4623980 1344.3 500Highest

2004 01/17 08 391462 4623980 898.6
- . . : , ': "~'. ,,~.; . ,,-,:,

-62/2~f' .
'" .. ., ~ .' ,'.<:: "j •• -....... ,:.: "..:. ::;:;:. ... ,....... "

2005 24 391463 4624030 1011.2

6.6.4 NOxModeling Demonstration
Emissions ofNOxfrom the proposed project were modeled using the representative databases
described above. This analysis consisted ofusing the AERMOD dispersion model in
conjunction with 5-years ofhourly meteorologiGal data. The purpose ofthis analysis was to
determine whether the proposed project's emissions ofNOxWill have a significant impact on
ambient air quality. If emissions ofNOx result in maximum predicted annual concentrations
e;:xceeding the significant impact concentration of1.0 ug/m3~ the propGsed project will 'be .
considered to have a significant impact on air quality, requiring additional modeling analyses.

Table 6.12 presents the maximum predicted annual average concentrations for the proposed
project.

...
,.-~..,.._....,. "
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Table 6.12 - Maximum Predicted NOx Concentrations from the
Proposed Project for Comparison with the SILs

2000 391462 4623980 3.11

2001 391462 4623980 2.88
Annual 2003 391462 4623980 3.21 1

2004 391462 4623980 2.31

2005 391462 4623980 2.45

6.6.5 Discussion of Results

The results shown in the above tables indicate that maximum aggregated emissions from the
lYfBFP project sources have the potential to affect only local air quality. However, because the
emissions are worst case, the likelihood of an impact is limited.

" ': ~.'•• ' .:. ~ :.. • ".. • '. '. • . • • • ,.. • ".'. ,"... •• I '.' '. I

For example, the significant impact isopleths are depicted in Figure 6.7 through Figure 6.9 for
the maximum annual NOx values for 2003, the maximum 24-hour PM10 values for 2005, and the
maximum 24-hour 802 values for 2000.

The Black-Start generators contribute primarily to the maximum impacts because ofthe
relatively low stack heights and downwash and maximum overlapping simulated operations.
Normal operations at the facility will not include the Black-Start generator emissions and
therefore the impacts shown will be lowered. This suggests that the impacts from the :MBFP
operations will be minimal and likely insignificant for normal planned operations at the facility.

The modeling files for all the pollutants can be found in Appendix E ofthe June 19,2007
application.

i
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Figure 6.7 - NO>: Impact Area
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Figure 6.8 - PM10 24-hour Impact Area
I

..: .....

:pM1d 24-hour
.SJgnlfJcant Impact•
.'Isopleth Areas

..

:. .

462200
... .•........ . ..... . . -. ... .~.

- T + .,. +

462000

461800

4616000

-461400

I I
380000 382000 384000 386000 388000 390000 392000 394000 396000 398000 400000

UTM - Easting (m)

E 4626000
'-""
0)
c::

€o 462400
Z

I.

:iE
I­
::>

/

DRS 6-27
DEQ 000192



SEOTIONSIX Near Field Air Quality Impact",alysis

Figure 6.9 - 802 24·hollt Impact Area
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7.1 BACKGROUND

Far Field Air Qualitv ImpactAnalvsis

)

)

NOTE: The far field modeling analysis presented in this section is based on
emissions andprocessparameters described in the original PermitApplication
dated June 19, 2007. This analysis is presented in its entirety to comprehensively
describe the modeling conductedfor the June 2007permit application. The far
field modeling analysis was supplemented on October 17, 2007 in response to
commentsfrom the WDEQ. These responses are included in AppendixJ

lv.fBFP believes that this far field criteria pollutant modeling analysis should be
considered to be sufficient with regard to criteria pollutants emitted by the
proposedfacility based on the revisedprocess desiin. A comparison ofrevised
emission rates andpreviously modeled emission rates is presented in Appendix 1.

MBFP is proposing to construct 13,OOO-barrel per day (BPD) Industrial Gasification &
Liquefaction Plant near Medicine Bow, Wyoming. As discussed in Section 1.2 ofthis
application, the project is a major stationary source under the PSD program and therefore has
completed an analysis ofpotentiallong-range impacts in support ofa requested air quality
construction pennit. The proposed project is scheduled to start construction in the spring of2008
with the construction being complete by December 2010.

Air quality impact analysis for Class I and sensitive Class II areas within 300 kIn from the
project was conducted using the EPA long-range dispersion model, CALPUFF. The,CALPUFR~, (.';".:. ,.', :);. ..
analysis included 8 Class I areas and 1 Class II area. The nearest Class I area, which is Mount
Zirkel Wilderness, is located approximately 93 kID southwest from the facility. Class I and
sensitive Class II areas within 300 kIn from the facility are listed in Table 7.1. There is one

. sensitive Class II area Within 300 km from the facility, named Savage Run, which is located
approximately 60 kIn south from the facility.

In addition, soils and vegetation analysis was conducted. Additional impact analysis was not
conducted because modeling results did not show significant air quality impact on Class I and
sensitive Class II areas. Therefore, visibility analysis for scenic and important views and impact
analysis for water was not conducted and the additional analyses areas are not listed in the
Table 7-1.

Table 7.1- Class I Areas and Sensitive Class IT Areas Within 300 km.

Rocky Mountain National Park, Rawah Wilderness, Flat Tops Wilderness,
Class I Areas Eagles nest Wilderness, Mount Zirkel Wilderness, Maroon Bell-Snowmass

Wilderness, Bridger Wilderness, and Fitzpatrick Wilderness

Sensitive Class IT Areas Savage Run

CALPUFF modeling runs were completed for each Class I or Class IT area using a worst-case
emission inventory. Detailed descriptions ofthe emission inventories for the modeling analysis
were shown in Section 7.2.2.
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7.2 DESCRIPTION OF PROPOSED PROJECT

far Field Air QualitY ImpactAnahlsjs

. ,: ~ '. .:

7.2.1 Site Location

The facility will be located approximately 7.5 miles north ofInterstate 80, exit 260 (Elk
Mountain) on County Road #3 in Section 29 ofTownship 21 north and Range 79 west in Carbon
County, Wyoming. LULC shapeflle plotted in ArcGIS shows that most ofthe area surrounded
by the facility i? shrub/brush. MBFP will be located in an area that is designated as attainment of
all National Ambient Air Quality Standards (NAAQS). The project location for the site is shown
in Figme 1.1.

7.2.2 Source Emissions

The facility will consist ofthe Plant and the Underground coal mine (Saddleback Hills).
Construction ofboth the Plant and the Mine will take about three years. The combustion source
at the site will be fuels with syngas during normal operation and pipeline quality natural gas
during startup and in the event ofa loss offuel gas (syngas). The facility will require
approximately 1000 hours to start all ofthe process. Once the facIlity is started, it wlII not shut
down unless there are planned maintenance activity or in the event of a malfunction. The startup
is discussed in more detail in Section 2.17 ofthis application.

Emissions sources will include three (3) combustions turbines, twelve (12) heaters, three (3)
generators, one (l).firewater.pump;.one (1): Emergency Flare, one (1) C02 vent, and· one ,(1.) ..;:.,. ,'. ; ".' :,,'; " ...,~! "." ", '.. "

Sulfur ?Iant Incinerator. Detailed emission calculations for these sources are included in
AppendixB.

7.2.3 Sources Included in CALPUF~ Modeiing

Required emissions in CALPUFF correspond with the needed analysis and include maximum
short-term rates for increment and visibility impacts, as well as maximum annual emissions for
species deposition and increment comparison. Because ofthe various operations involved and
potential occurrence during a specific period, the CALPUFF modeled sources and emisSiions
included potential overlapping operations.

The emission rate derivation is shown in Table 7.2 and the modeled emissions are shown in
Table 7.3 (short-term) and Table 7.4 (annual). The overlapping scenarios include the .
Turbine~SG 3 aggregated NOx emiss.joi1s and the additive source emissions to account for
normal and startup scenarios.

For example, in Table 7.2 the NOx'emission rates shown for source Turbine and HRSG Train 3
feature a higher rate'than for the other two turbines. This is done to refleet startup scenarios that
would include 18-hours ofnormal operations and 6"hours of startup operations. Aggregating the
two and rating the hourly emissions for each type ofoperation returns the 24-hour emission rate
shown. And the annual emission inventory includes both normal and startup sources, as
operating with the annual hours provided.

The CALPUFF modeling also included speciation ofemissions according to the National Park
Service (NPS)'s Particulate Matter Speciation (PMS) method for natural gas combustion
turbines. Applying the PMS methodology, 67% oftota1 S02 was speciated into 802 and 33% of

URS 7-2
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, total SOz was speciated into S04. Also, the total PMIO emission was speciated into Elemental
Carbon (Be) and Secondary Organic Aero~ol (SOA). The SOA was speciated again into PMo.os,
PMO.Ob PMo.Is, PMo.2o, PMO.2S, andPM1.O(indicated as PM0005, PMOOIO, PM0015, PM0020,
PM0025, and PMOIOO in the modeling, respectively). The SOA size distribution is shown in
Table 7.5.

0':".",. '(:':')" :.' ..,,' ' -....•,:,'.. '..::., , , ;" .., :.:, ..,~•.:•..
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Table 7~2 - Ma:xi.mum Emission Rate from All Sources

Far Field Air QualilY Illpact Analysis

Turbine andHRSG Train 1 134.56 18.15 0.04 0.04 10.00 10.00 18.1~ I 0.04 I 10.00 17.51 I 0.04 I. 10.00

TurbineandHRSGTrain2 I 134.56 1 18.15 I 0.04 I 0.04 I 10.00 1 10.00 1 18.15 I 0.04 I 10.00 I 17.51 I 0.04 I 10.00

TurbineandHRSGTrain3 I 134.56 I 18.15 I 0.04 I 0.04 I 10.00 I 10.00 I 47.25 I 0.04 I 10.00 I 17.51 I 0.04. I 10.00

GasifierPreheater 1 I 0.74 I I 0.Q1 I I CUI I I 0.14 I 0.01 I 0.11 I 0.04 I 5.04E-04 I 6.38E-03

Gasifier Preheater 2 I 0.14 I I 0.01 \ I 0.11 I I 0.14 I 0.01 \ 0.11 I 0.04 I 5.04E-04 I 6.38E-03

Gasifier Preheater 3 I 0.14 I I 0.01 I I 0.11 I I 0.74 I 0.01 I 0.11 I 0.04 I 5.04E-04 I 6.38E-03

Gasifier Preheater 4 I 0.14 I I 0.01 I I 0.11 I I 0.74 I 0.01 I 0.11 I 0.04 1 5.04E-04 I 6.38E-03

Gasifier Preheater 5 I 0.74 I I 0.01 I 10.11 I I 0.74 I 0.01 I 0.11 I 0.04 I 5.04E-Q4 r 6.38E-03

H-3102SRUInoineratpr I I 0.13 I I 9.51 I I 2.04 I 0.13 I 9.51 I 2.04 I 0.13 I 9.51 I 2.04

H-5401 FracFeedHeater I 4.26 I 2.16 I 0.05 I 0.02 1.0.65 I 0.04. I 2.68 I 0.03 I 0.19 I 2.15 12.42B-02 I 0.07

H-5301 Cat Dewax Charge I 0.19 I 0.10 I 0.00 I 0.00 I 0.Q3 I 0.24 I 0.12 I 0.00 I 0.24 I 0.10 I 1.08E-03 I 0.22

H-5201 Unicracker Feed I 0.80 I 0040 I 0.01 I 0.00 1 0.12 I 1.02 I 0.50 I 0.01 I 1.02 1 0040 I 4.54E-03 I 0.91

H-5202 UnicrackerInterrned. I 2.17 I 1.10 I 0.Q3 I 0.01 I O.3j I 2.75 I 1.36 I 0.02 I 2.75 1 1.10 I 1.23E-02 I 2.46

H-5101 UniontinerFeed I 0.25 I 0.13 I 0.00 I 0.00 10.04 I 0.32 I 0.16 I 0.00 I 0.32 1 0.13 1·1.42B-03 I 0.28

H-5102 UnionfinerInterrned I 0.31 I 0.16 I 0.00 I 0.00 I p.05 I 0040 I 0.20 I 0.00 I 0.10 1 0.16 I 1.78E-03 I 0.35

Firewater Pump I I 6.02 I I 0.01 I I 0.08 I 6.02 I 0.01 I 0.08 I 0.18 I 3.27E-04 I 4.29B-05

Black-Start Generator 1 I 1 I I I I I I I I 0.18 I 3.27E-04 I: 4.29E-05

Black-Start Generator 2 I I I I I I I I I I 0.18 I 3.27B-04 I 4.29B-05

Black-Start Generator 3 I I I I I I I I I I 0.34 I 3.46B-04 I 4.34E-03

Total I I I I I, I I 98 I 10 I 38 I 58 I 10 I 36

URS "'-'"
'~

..... -:-

DEQ 000197
7-4



...- -

"SEellONSEVEN

........ {~

( ').
--../;

")
"

Far Field Air Quality ImpactAnalJlsls

Table 7.3 - 24 hour Averaged Emission Inventory for CALPUFF (3-hour and 24-hour S02' and 24-hour PMI0 and Visibility)

Turbinc and
URSG Train 1 I 3.54B-03 I 2.65E-03 I 2.29B+00 I O.OOE+OO I O.OOB+OO I 1.26E+{)()

..:~'..:~! :;,:~;;.£,.· .. I }.;}

\~~.>: ~.'Sources

(g/sL. .:
~ .1:' •. 1

502 I s6~·.

I. '.-.:. I. '.': .: :~. ~ ~.. ;.: ..;.,

NO.
.,' .:.:-.,..:.., '. .~ ....

ljNO,'
_: ~;;~·t/ll~~

1.418-01

;ii-P~I

2368-01 2.17B-Ol 1.4JE-Ol l.04E-Ol 1.04E-OI 9.42E-Ol

.' .

3.15E-Ol

Turbine and
HRSG Train 2 I 3.54E-03 I 2.65E-03 I 2.29E+OO I O.OOE+OO I O.OOB+OO I 1.26E-K10

TnrbincDnd
HRSG Train 3 I 3.59B-03 I 2.69B-03 I 5.95E+00 I O.OOE+OO I 0.008+00 I 1.26E+00

Gasifier
Preheater 1 I 7.4lE-04 I 5.56E-04 I 9.2GE-02 I O.OOE+OO I O.OOB+OO I 1.4lB-02

Gasifier
Prcheater2 I 7.41E-04 I 5.56B-04 I 9.26B-02 I O.OOE+OO I O.OOB+OO I 1.41B-02

Gasifier
Prehealor 3 I 7.4lE-04 I 5.56E-04 I 9.26E-02 I O.OOB+OO I O.OOE+OO t 1.41E-02

1.4lE·01

1.4IE-Ol

1.50B-03

1.50B-03

1.50E-0~

2.:,l6E-01

236E-Ol

2.50E-03

2.508-03

2.50E-03

2. 17E-Ol

2.17E-Ol

:pOB-03

2.30B-03

2,30E-03

1.4lE-OI

1.418-01

1.50E-03

1.50B-03

1.50E-03

1.04U-Ol

1.04E-Ol

1.10E-03

1.10E-03

1.10E-03

1.04E-Ol

1.04E-OI

1.10E-03

1.10B-03

1.10E-03

9.42B-Ol

9.42E-OI

1.00E-02

1.008-02

1.00B-02

3.15E-Ol

3.15E-Ol

3.52B-03

3.52E-03

3.52E-03

Gasifier
PrelJcalcr 4 7.41E-04 L5.56E-04 I 9.2GE-02 O.OOE+OO I O.OOE+OO 1.4lE-02 1.50E-03 2.50E-03 2.30B-03 1.50E-03 1.10B-03 1.10E-03 1.00B-02 3.52E-03

GasHier
Preh~aler5 I 7.4lE-04 I 5.56E-04 I 9.26E-02

H-3102SRU
Incinerator I 7.99E-ol I 5.99E-01 I 1.G4B-02

H-5401 Frae
Feed Healel' I 2.59E-03 I 1.94E-03 I 3.38B-Ol

H-5301 Cal
Dewax Charge I 1.16E-04 I 8.70B-05 I 1.52E-02

O.OOE+OO I O.OOE+OO

O.OOE+OO I O.OOE+OO

O.OOE+OO I O.OOE+OO

O.OOB+OO I <1.00B+00

IA1E-02

2.57H-Ol

2A4B-02

3.05B-02

1.50B·03 I 2.508-03 I 2.30E-03 I 1.50B-03 I U OE-03 I 1.1OE-03 I 1.00B-02

O.OOB+OO I O.OOE+oo I O,OOB+OO I O.OOE+OO I O.OOE+OO I O.OOB+OO I O.ooB+OO

2.45B-03 I 4_Q9B-03 I .3.7GB-03 I 2ASE-03 I 1.80E-03 I 1.80E-03 I 1.63E-02

3.42B-03 I 5.700-03 I 5.25E-.03 I 3A2E-03 I 2.5lB-03 I 2.5lE-03 I 2.28E-02

3.52B-03

6.42E-02

6.IOE-03

7.63B-03
H-5201

Unieracker
Feed 4.8GE-04 I 3.64E-04 I G.35E-02 O.OOE+OO I O.OOE+OO 1.28E-OI 1.43E-02 2.39E-02 2.20E-02 1.43E-02 1.05E-02 1.05E-02 9.56B-02 '1 3.20E-02

H-5202
Unicracker
Intenned,

Firewatcr
Pump

~

1.32E-03 I 9.87E-04 I l.72E-ol

1.52E-04 I 1.14E-04 I 1.99E-02

o.oOE+OO I O.OOE+OO

O.OOE+OO I a.aomoo

3.47&-01

4.0lE-02

3.88E-02

4.50E-03

6.47F....02

7.50B-03

5.96E-02

6.90B-03

3.88E-02

4.50B-03

2.85E-02

3.30E-03

2.85B-02

3.30B-03

2.59E-01

3.00E-02

8.66E-02

1.00E-02
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Table 7.4 - Annual Averaged Emission Inventory for C.t\LPUFF (Annual NOx, 802, and PMIO and Deposition)

5.71B-04 I 2.0lB-04628£-056.28B-058057E·05 I 1.43£-04 I 1.3lE-04 I 8.57£·05
Gasifier

Preheater 1 I 4.23E-05 I 3.17E-05 I 5.29E-03 I 0.00£+00 I O.OOB+OO I 8.04£-04

Turbine and
HRSG Train I 3.42E-03 257M3 2.2IE+00 O.OOE+OO O.OOE+OO 1.26B+OO 1.41E-01 236E-Ol 2.17E-Ol 1.4IE-01 1.04E-Ol 1.04E-Ol 9.42E-Ol .3.15E-Ol

Turbine and .' .
HRSGTrain2 3.42£-03 25m-03 22IE+00 O.OOE+OO O.OOE+OO 1.26E+00 1.41E-Ol 236E-01 2.17E-Ol 1.4IE-01 1.04E-Ol 1.04E-01 9.42E-OI 3.15B-01

Turbine and .'.
HRSG Train 3 3.42£-03 2.57£-03 2.21B+00 O.OOB+OO O.OOE+OO 1.26E+OO VilE-OI 2.36E~01 2.17E-Ol 1.41B-01. 1.04£..01 1.04£-01. 9.42E-Ol 3.1SE-01

~.

Gasifier
Preheater2 I 4.23E-05 I 3.17E-05 I 529B-03 I O.OOB+OO I O.OOB+OO I 8.04£..04 8.57B-05 I 1.43E-04 I 1.3IE-04 I 8.57E-OS 6.28E-05 628E-05 5.7lB-04 I 2.01E-04

Gasifier
Preheater3 I 4.23E-05 I 3.17E-05 I 5.29B-03 I 0.00£+00 I O.OOE+OO I 8.04E-04 8.57£-05 I 1.43£-04 I L3lE-04 I 8.57E-05 6.28E-05 6.28E-05 5.71E-04 I 2.01E-04

Gasifier
Preheater4 I 4.23E-05 I 3.17B-05 I 5.29E-03 I O.OOE+OO I O.OOE+OO I 8.04£-04 8.57£-05 I 1.43£..04 I L31B-04 I 8.57E-05 6.28E-05 6.28E-05 S.7lE-04 I 2.0lE-04

Gasifier
Preheater5 I 4.13E-05 I 3.17E:.o5 I 529E-03 1 O.OOE+OO I O.OOE+OO I 8.04E-04 8.57E-05 I 1.43E-04 I 1.31E-04 I 8057E-05 6.28B-05 6.28E-05 5.71E-04 I 2.0lE-04

H-3102SRU
Incinerator I 7.99E-01 I 5.99E-Ol I 1.64£..02 I O.OOE+OO I o.oOE+OO I· 2.57B-Or O.OOE+OO I O.OOE+OO I O.OOE+OO I'O.ooE+OO O.OOB+OO O.OOE+OO O.OOE+OO I 6.42E-OZ

H-5401 FracFeed
. Heater I 2.03E-03 I 1.52E-03 1 2.71E-OI I O.OOE+OO I O.OOE+OO I 9.35E-03 8.23E-04 I 1.37£-03' I 1.26E-03 I 823B-04 6·03E-04 6.03E-04 5ASE-03 I 2.34E-03
H-5301 Cat

lJcwax Charge I 9.11E-05 I 6.83E-05 I 1.22£-02 I O.OOB+OO I O.OOB+OO 1 2.73£-02 3.06E-03 I 5.09B-03 I 4.69E-03 I 3.06£-03 2.24E-03 2.24E-03 2.04E-02 I 6.81E-03
H-S201

UnicrackerFeed I 3.82E-04 I 2.86E-04 I 5.09B-02 I O;OOB+OO I O.OOE+OO I l.i4E-Ol I.2.8E-02 I 2.I3E-02 I 1.96E-02 I 1.28E-02 939E-03 9.39B-03 8..S4B-02 I 2.86£-02
H-5202

Unicracker
lnterrned. I 1.03B-03 I 7.76E-04 1 1.38B-Or I 0.00£+00 1 O.OOE+OO 1 3.09E~1 3.47E-02 I 5.78E-02 I 5:.32E-02 I 3.47£-02 254E-02 2o54E-02 23IE-Ol I 7.74E-02
H-5101

Unionfincr Feed I 1.20£-04 I 8.98E-OS I 1.60B-02 .1 O.OOB+OO I O.OOE+OO I 358E-02 4.02E-03 I 6.69B-03 I 6.I6E-03 I 4.02E-03 2.95B-03 2.9SB-03 2.68E-02 I 8.95E-03
H-5102

Unionfiner
lnterrned I 1.49E-04 I 1.12E-04 I 1.99E-02 I O.OOB+OO. I O.OOB+OO I 4.46£..02

'.,

5.0IE-03 I 8.34E-03 I. 7.68£-03 I 5.01E-03 3.67E~3 3.67E-03 334B-G2 I I.12E-02
Black-Start
Generator 1 I 2.75E-05 I 2.06£-05 I 229E-02 I O.OOE+OO I O.OOE+OO I 5.40B-06
Black-Start
Generator 2 I 2.75E-OS I 2.0GE-05 I 2.29E-02 I O.OOE+OO I O.OOE+OO I 5.40E-06

O.OOB+OO I O.OOE+OO I O.OOE+OO I O.OOE+OO

~
O.OOE+OO 1 O.OOE+OO I O.OOE+OO I O.OOE+OO

O.OOE+OO

O.OOE+OO

O.OOE+OO

O.OOE+OO

O.OOE+Oll I I.35E-ll6

O.OOE+OO I 1.35E-06
Black-Start
Gcnerator3 2.75E-OS 2.06E-05 2.29E-02 I O.OOE+OO O.OOB+OO 5.40£-06 0.<i(>B+00 0.00£+00 O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 1.35E-06

FirewaterPump 2.91E-05 2.18E-05 4.33£-02 I. O.OOE+OO O.OOE+OO S.47E-04 5.83B-05 9.71E-05 8.93B-05 5.83E-05 427E-05 427E-05 3.88E-04 1.37B-04

OKS ~. . ., ",

.~;.
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Table 7.5 - Size Distribution of Secondary Organic Aerosols (SOA)

804 100 0.48 0.50

NOs 100 0.48 0.50
PMOO05 15 0.05 0.00
PM0010 40 0.10 0.00
PMOO15 63 0.15 0.00
PM0020 78 0.20 0.00
PM0025 89 0.25 0.00
PMOIOO 100 1.00 0.00

The 24-hour averaged emission rate was used for the 3-hour and 24-hour S02 and 24-hour PMlO'

impact analyses, and visibility impairment impact analysis. The annual emission rate was used
for the annual NO", annual S02, and annual. PMlO impact analyses as well as nitrogen and sulfur
deposition analyses. The stack parameters ofall sources are shown in Table 7.6.

,. . ~:. ".\' . -.,,',.. '..." ~ .'.'. '.~ . ::.: l : I •• : •••• ...:'.':' \ '. ", ...,c·· ....... : /;. ..~.\. " ,.:

\_j 7.2.4 Reference Reports

This air quality impact analysis modeling report was prepared based on written protocol
comment guidance received from th~ WDEQ on May 5, 2007 as well as pre-application meeting
with WDEQ on July 11, 2006, a conference call with representatives ofthe WDEQ on March 7,
2007, and protocol submitted to WDEQ on Febmary 8, 2007. The following guidance

, documents were also consulted:

1. Wyoming Department ofEnvironmental Quality/ Air Division Quality Requirements for
Submitting Modeling Analyses (March 1,2006) ,

2. Interagency Workgroup on Air Quality Modeling Phase 2 Summary Report and
Recommendations for Modeling Long Range Transport Impacts (EPA-454/R-98-019)
(IWAQM7) (December, 1998)

3. Federal Land Managers Air Quality Related Values Work Group Phase I report (FLAG)
(USFS, NPS, USFWS, 2000)

4. U.S. Environmental Protection Agency (EPA) Guidelines on Air Quality Models
(GAQM) (November 9,2005) ,.

URS 7-7
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Table 7.6 - Source Location and Parameter

Far Field Air Quality ImpactAnalvsis

.~: ;:

~~:!'.~, :".~::. ,g::-'t::t:'::;f .~\.-:: ~':"f..~;;;:~~~

~?~~:~~;~';D .:':~ t~U1M'~j\Q?7:;~a'$il@~ ;"!;utM:.NADZt'Noijhln!i!·;· ~i':~~\;}~:;~;' ' ~'~-'~cc:YT- :' Ba~j':E(e:vali:QiiT. ~ ;:~~iia~k ReiijliH:-' '-I~tiicICi'empeiiif~ie~'" :ijlSfacR,vel9.ciWE ~s_ii!cll:Diame!e~!~r
;: .Source:DesCI:fptlon':'> ::-. '.... :. ··:'-(nih:'-·:· ',:' .;:.... (m) ' .. ". ::. .-:·:;(km) ....:. : (km) . .' : (m)'< '-:~:' . ':.' (m) ..... .i(":: :::(KY·:·;:·:··:::: e' ;< ..(mJsl;),~~:~'~~: .~~.F:.~~tJ;~:··(mr:. ~.: ~:::?~',. -'. '. ," ..'

Turbine and HRSG
94.20548 391370.8502 4623838.482 94.2055 57.3,291 2115.03 45.73 366.493 7.6476 5.79268

Train 1

Turbine and HRSG
94.20554 391369.1871 4623777.21 94.2055 57.2~78 2115.19 45.73 366.493 7.6476 5.79268

Train 2

Turbine and HRSG
94.20561 3913~7.5348 4623716.29 94.2056 57.2068 2113.97 45.73 366.493 7.6476 5.79268

Train 3

GasifiorPrehenler 1 93.88945 391050.5564 4623693.356 93.8895 . 57.175 2117.34 25.91 422.06 7.44635 0.4065

GasifierPreheater 2 93.88946 391050.2258 4623681.172 93.8895 57.1628 2116.41. 25.91 422.06 7.44635 0.4065

GasifierPreheater 3 93.88948 391049.8952 4623668.988 93.8895 57.1506 2115.6 25.91 42i.06 7.44635 0.4065

Gasifier Prehealer 4 93.88949 391049.5647 4623656.804 93.8895' 57.I;G84 2114.91 25.91 422.06 7.44635' 0.4065

Gasifier Prehcater 5 93.88951 391049.2341 4623644.62 93.8895 57.1'262 2II4;5 25.91 422.06 7.44635 0.4065

H-3102SRU
93.96448 391137.24 4624096.22 93.9645 57.5798 2121.68 . 45.73 422.06 0.1285 4.57Incinemlor

"
H-5401 FmoFeed

94.12435 391299.1329 4624173.23 94,1244 57.6616 2117.36 45.73 422.0.6 4.79348 1.21951Healer .,
H-5301 CalDewax

94.09279 391267.3293 4624164.97 94.0928 57.6525 1119.98 15.24 422.06 1.93335 0.4065Charge

H-5201 Unicmcker ;

Feed
94.09533 39-1266.5292 4624046;993 9.4.0953 57.5~45 2118.57 15.24 422.06 1.60033 0.91463

H-5202 Unicmcker
94.09777 391270.0084 4624083.457 94.0978 . 57.5711 2117.22 30.48 422.06 3.18521 1.06707Inlermed. ,

H-5101 Unionfiner
94.12376 391294.9586 4624046.221 94.1238 57.5346 2116.81 15.24 422.06 2.02689 0.50813Feed ,.

H-51 02 Unionfiner
94.11973 391292.8:241 4624113.299 94.119.7 57.6015 2115.13 15.24 422.06 2.54097 0.4065Intenned

Black-Start .
94.13621 391303.589 4623910.942 94.1:3'62 573~96 2117.18 6.097 767.604Genemtori 1.96249 0.4065

Blnck-8tart
94.13669 391303.8135 462390L81 94.1367 57.3~05 2117.48' 6.097 767.604Generator2 1.96249 0.4065

B1ack-8tart 94.1366 57.3812 2117.58 6:097 767.604 1.96249 0.4065
Genemlor3 94.13659 391303.4502 4623892.553

FirewaterPump 94.12873 391286.31 4623564 94.1287 57.0523 2103.98 6.10 739.27 45 0.15

URf't-:',·,
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7.3 LONG~RANGE TRANSPORT MODELING METHOD

• US National. Park Service (USNPS) and US Fish and Wildlife Service (USFWS) deposition
analysis thresholds (DAT), and

• Soil and Vegetation Analysis

Additional Air Quality Related Value (AQRV) impact analyses were not conducted because the
modeling results did not demonstrate a significant impact on air quality in the Class I and
sensitive Class II areas. Because there were no significant increment and visibility impacts on
Class I and sensitive Class II areas, it was considered that none ofvisibility analysis for scenic
and important views and impact analysis for water has significant impact.

.,:.....,.. 'i._··; ,";:',''; ,.' L·.. ; '.,' '" ••' •...-:; .. !..

7.3.1 Long-Range Transport Modeling

A PSD analysis of increment and AQRV impacts on Class r and sensitive Class II areas will be
perfonned if any Class I or sensitive Class II areas are located within 300 kilometers ofthe
proposed project locati.on. There are eight Class I areas within 300 km from the facility that will
be accounted for this analysis. The nearest Class I area is the Mount Zirkel Wilderness, which is
located approximately 93 Ian south from the project. The second nearest Class I area is the
Rawah Wilderness, which is located approximately 102 Ian south from the project. Rocky
Mountain NP and Flat Tops Wilderness Class I areas are located approximately 144 Ion and 192
kIn south from the facility, respectively. Eagles Nest Wilderness and Maroon Bell-Snowmass
Wilderness Class I areas are located 214lan and 283lan south from the facility, respectively.
Bridger Wilderness and Fitzpatrick Wilderness Class I areas are located 242 km and 294 kIn
northwest from.the facility, respectively. The sensitive Class II area is Savage Run which is
located 60 kID south from the facility. The locations ofthe Class I, sensitive Class II areas, and
the facility are shown in Figure 7.l.

The analyses perfonned include the following:

• PSD Class I Increment modeling significance levels
~. - VisibilitY' fciducn6n thie~hold:S,<' ;":"", '., .'.. , !.: ,. .•. ' " ".. ", .. ".: " " .

)

.-. ....

7.3.2 Model Selection and Setup

To estimate air quality impacts at distances greater than 50 kIn, the CALPUFF model was used
in conjunction with the CALMET diagnostic meteorological model. CALPUFF is a puff-type
model·that can incorporate three~dimensionally varying wind fields, wet and dry deposition, and
atmospheric gas and particle phase chemistry.

The CALMET model is used to prepare the necessary gridded wind fields for use in the
CALPUFF model. CAL11.ET can accept as input; mesoscale meteorological data (1v1Jv.I5 data),
surface station, upper air; predpitation, cloud cover, and over-water meteorological data (all in a
variety of input formats). These data are merged and the effects ofterrain and land cover types
are estimated. This process results in the generation ofgridded 3-D wind field that accounts for
the effects of slope flows, terrain blocking effects, flow channelization, and spatially varying
land use types.

7-9 .
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The development ofmodel inputs and options for both the CALMEr and CALPUFF processors
was based on guidance provided in following references:

1 Wyoming DEQ/Air Quality Division Requirements for Submitting Modeling Analyses
(3/06)

2 Interagency Working Group on Air Quality Modeling (IWAQM) Phase 2 Summary
Report and Recommendations for Modeling Long Range Transport Impacts (December
1998), and

3 Permit application PSD particulate matter speciation methodology developed by Don
Shepherd, National Park Service (2006).

Key input and model options sc;lleeted are discussed in the fonowing sections.

The EPA-approved version ofthe CALME't'/CALPUFF/CALPOSTsystem (CALPUFF of
version 5.711a, CALlv.IET ofversion 5.53a, and CALpOST ofversion 5.51) was used. Copies of
all executable files used in the preparation ofthis modeling alialysis are provided. As requested
by the WDEQ, CALMET, CALPUFF, and CALPOST input and output files are proVided

. electronically in Appendix E ofthe June 19, 2007 application.

7.3.3 Domain
The modeling domain was specified using the Lambert Conformal Conic (LCC) Project system
in order tOCEl-Pture the eart4 curyature ofthe l?rgerp<;Jd~lingdom~inmore ~ccurately .fQt.:tbJ~'i'« ',: "'.
project The false easting and northing at the projection origin were set to both zeros. The '"
latitude and longitude ofprojection origin were set to 41.25 Nand 107.44 W, respectively.
Matching parallel oflatitude 1 and 2 were defined as 39.57 Nand 42.94 N, respectively. The
modeling domain was defined using a grid~cell arrangement that is 131cells in X (easting)'
direction and 137 cells in Y (northing) direction. The grid-cells are 4 kilometers wide.
Therefore, the southwest corner ofthe grid cell (1,1) was set to ~321.65 kIn and -272.07 krn.

Approximately 130 krn ofbuffer distance was set between the most east side ofthe Class I.area
and the east boundary ofthe modeling domain. Although 50 km ofbuffer distance meets the
WDEQ's minimum criteria and there is no Class I area in the far east ofthe project location, 80
km of additional buffer distance was added to the 50 km ofbuffer distance to prevent the loss of
mass outside the boundary under some meteorological scenario that might be associated with
transport to nearby Class I areas. The modeling domain, origin ofthe modeling domain, and the
parallels is shown in Figure 7.1 based on UTM coordinate.

7-10
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Figure 7.1- Relative Location ofModeling Domain, J.v.[M5 Domain, Class I and Sensitive
Class II areas, and Source based on UTM Coordinates
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7.3.4 LULC and TERREL Processing

The CALM.ET and CALPUFF models incorporate assumptions regarding land-use classification,
leaf-area index, and surface roughness length to estimate deposition during transport. U.S.
Geological Survey (USGS) l:250,OQO scale digital elevation models (DEMs) and Land Use Land
Cover (LULC) classification files were obtained and used to develop the geophysical input files
required by the CALMET model. U.S. Geological Survey (USGS) 1:250,000 scale digital
elevation models (DEMs) data were obtained from the Lakes Environmental website,
http://www.webgis.com/terr_usIdeg.html.Using thirty nine (39) I-degree DEM data files

. obtained, terrain pre-processor (TERREL) was processed to produpe gridded fields ofterrain
elevation in the formats compatible with the CALM.ET.

LULC.data (*.gz) were obtained from USGS 250K site,
http://edcftp.cr.usgs.gov/pub/dataILULC/250K/. Land Use Data Preprocessors, CTGCOJ:vIP lmd
CTGPROC were processed to compress twenty six (26) LULC data files obtained..The outputs

URS 7-11
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of TERREL and CTGPROC were combined in the geo-physical preprocessor (MAKEGEO) to
prepare the CALMET geo~physical input file. These inputs include land use type, elevation,
surface parameters (surface roughness, length, albedo, Bowen ratio, soil heat flux parameter, and
vegetation leaf area index.) and anthropogenic heat flux.

Input files for TERREL, CTGPROC, and MAKEGEO are supplied electronically in Appendix E
ofthe June 19, 2007 application. The'modeling domain is shown in Figure 7.2.

7.3.5 Hourly Surface and Precipitation Data

Three years of CALMET-ready hourly surface meteorological data and precipitation data.for the
project modeling domain were provided by WDEQ. The hourly surface data and precipitation
data ofthe "SEWY" section among the data that WDEQ provided were used ·for the project
CALMET modeling. Hourly surface data are from 30 different stations and precipitation data
are from 108 different stations. The LCC coordinates ofthe surface meteorological stations and
precipitation stations in the CALMET input files were modified based on the LCC projection.

7.3.6 Upper Air Sounding Data

Upper air sounding data were provided by WDEQ. Three years (2001,2002, and 2003) ofupper
air data from Denver Stapleton International Airport (Station #23062), Grand Junction Walker
Field (Station # 23066), Riverton Municipal Airport (Station # 24061), and Rapid City (Station #
94043)..:rhe LeC coordinates ofthe upper. ~jr <;lata.stat~ons .in th~9AL.:[v.IEt jnppt.file.siwere"_~,,, '._ " .' .
modified based on the LeC projection. . .

7.3.7 MM5 Data

Two years ofMM5 data (2001 and 2002) were obtained from Colorado Department ofPublic
Health and Environment (CDPHE) and one year ofMM5 data (2003) was obtained from
WDEQ. All three years MM5 data sets consist ofa grid resolution of 36 kilometers. The 2001
and 2002 MM5 data consist by each month, but the 2003 MM5 data consist ofone file as one
year data. Three years ofMMS data were used for BART modeling for Western Regional Air
Partnership (WRAP) by CDPHE and WDEQ.

7.3.8. CALMEr

Pursuant to FLAG guidance, a three-year meteorological data set was developed using a
combination ofsurface, upper-air, and mesoscale meteorological (MM) data. All surface and
upper-air data were obtained from WDEQ. Surface, upper-air, and MM data points were
combined and used in the CALMET mode1.

Monthly CALMET wind fields 'Were generated using a combination ofMM5 data sets
augmented with the surface, precipitation, and upper air data. Per IWAQM guidance, the

MM5 data. are interpolated to the CALMET fine-scale grid to create the initial-guess wind fields
(IPROG = 14 for MM5). The initial guess wind fields are then adjusted for kinematic terrain
effects, slope flows, and terrain blocking effects using the fine-scale CALMET terrain and land
use 'data. The resulting wind fields are referred to as the Step 1wind field. The observational

1JRS
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NWS data are used to drive a diagnostic weighting between the Step I wind fields and the
localized surface observations.

For all three years, ZIMAX (maximum overland mixing height) and the maximum ZPACE (top
cell face height) was set as 3500 m as the WDEQ's "SEWY" CAUvIET input was set up. Thus,
3500 In ofXMAXZI (maximum mixing height) and 3500 m ofZFACE value in CALPUFF were
used.

Based on the WDEQ's "SEWY" CALMET input set up, 30 kIn ofthe maximum radius of
influence over land in the surface layer (RMAXl), 50 lan ofthe maximum radius of influence
over land aloft (RMAX2), 5 kID ofthe relative weighting ofthe first guess field and observations
in the surface layer (Rl), and 25 kIn ofthe relative weighting ofthe fist guess field and
observation in the layers ALOFT (R2) were used. 15 km ofthe TERRAD value was used per
WDEQ's "SEvrY" CALMET input. CALMET input and model options are presented in
Table 7.7.

Table 7.7 - CALMET Model Options

~~
NUSTA 1 Number ofUpper Air Stations

PMAP LCC Map Projection - Lambert Conformal Conic
:,"'''FEAST' . . . 0"':"" '" .. "::":,",,-.; . , , ....J" """"''';Palse:Eastiiig'(krn) .~ . ,. ", \-:. ,,," .:,.~ . .',

PNORTH 0 False Northing (km)

RLATO 41.25N Latitude ofProjection Origin

RLONO 107.44 W Longitude of Projection Origin

XLATl 39.57N Matching parallel oflatitude (decimal degrees) for projection
. XLATI 42.94N Matching parallel oflatitude (decimal degrees) for projection

DATUM· NAS-C Datum for Output Coordinates

NX 131 Number of Grid Cells in the X-direction

NY 137 Number of Grid Cells in the Y-direction

DGRIDKM 4 Grid Cell Spacing (km)

XORIGKM -321.65 Reference grid coordinate ofsouthwest comer ofgrid cell n,i) X
coordinate

YORIGKM -272.07 Reference grid coordinate of southwest comer ofgrid cell (1,1) Y
coordinate

NZ 10 Number of Vertical Layers, (0,20,40, 100,200,350,500,750, 1000,
2000,3500 m)

ZIMAX 3500m It is consistent with XMAXZI = 3500 ill in CALPUFP option
for years

NOOBS 0 Use Surface, Overwater, and Upper Air Stations

NSSTA 30 Number ofsurface stations

NPSTA 108 Number ofprecipitation stations

........ '.. .. ', ...,....
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Table 7.7 - CALMET Mo4el Options

.,~ '., '..'., ,':

[l1J1-~~·~~ ._1~~ __~ _____'''_'~__ ~_ ..__~~w~~_~.~_' _._,~_~_:_. ___,__J
ICLOUD 0 Gridded Cloud not used

IWFCOD 1 Diagnostic Wind Module (1 = yes)

IFRADJ 1 Froude Ntunb~r Adjustment (l =yes)

IKINE 0 Kinematic Effects (0 =no)

IbBR 0 O'Brien Vertical Velocity Adjustment (0 =no)

ISLOPE 1 Slope Flow Effects (1 =yes)

IEXTRP ·4 Surface Wind Extrapolation - similarity theory~ ignore layer 1

rCALM 0 Extrapolate calm surface winds (0 =no)

RMIN"2 4 Minimum Distance from Surface Station to Upper Air for which
Extrapolation is allowed

IPRbC 14 :MM5 Data USed as Initial Guess Field

RMAXI 30 Maximum Overland Radius ofInfluence at Surface (km)

RMAX2 50 Maximlim Overland Radius ofInfluence Aloft (kIn)

RMAX3 50 Maximum Overwater Radius ofInfluence (krn)
'.. .. .. , ,. ,,' oj .. .

:.. , Miniim.im'R~ciius· rih:irflu~n~e in 'Wind Field Interp6iation 'Oem)
.,

RMIN"

R1 5 Relative weighting ofthe first guess field and observations in the
SURFACE layer (Rl is the distance from an observational station at

which the observation and. first guess field are equally weighted)

R2 25 Relative weighting ofthe first guess field and observations in the layers
ALOFT

TERRAD 15 Radius ofInfluence ofTerrain Features

Locations ofthe hourly surface meteorological stations, upper air sounding monitoring stations,
precipitation data mon,itoring stations, and ozone monitoring stations are shown in Figure 7.2.

', .. ,; "
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Figure 7.2 - Modeling Domain with Receptors of Class I and Sensitive Class IT Areas,
Precipitation Data Monitoring Station, Ozone Monitoring Stati~n,Surface Meteorological

Data Monitoring Station, and Project Location

300

200

*
100

E
0

....c
>- ...
"g A ..

~100 ...
.•-.to ••• -.:•• -;:•.•::

-200

!II. A .ll.
A

.... ..... i A..
A A

.... ... 4

... +

.... '. ~.,,:,

-300

-300 -200

... .iI<,A. A

•• ... .. .A...... A ~

~100 0 100 200 300 400 SOD

Lee X(km)

f
•••. .... 1'

* Medicine Bow Source () Ozo!1e Station [J Upper Air Data Station

+ Surface Meteorological Station J.. Precipitation Station 0 ModelIng Domain

7.3.8.1 CALPUFF

Size parameters for dry deposition ofnitrate, sulfate, and PM lO particles were based on default
CALPUFF model options. Chemical parameters for gaseous dry deposition and wet scavenging
coefficients were based on default values presented in the CALPUFF User's Guide. Calculation
oftotal nitrogen deposition includes the contribution ofnitrogen resulting from the ammonium
ion ofthe ammonium sulfate compound. For the CALPUFF runs that incorporate deposition and
chemical transformation rates (Le., deposition and visibility), the full chemistry option of
CALPUFF was turned o~ (MCHEM = 1). The nighttime loss for S02, NOx and nitric acid
(HN03) was set at 02 percent per hour, 2 percent per hour and 2 percent per hour, respectively.
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CALPUFF was also configured to allow predictions ofS02, sulfate (S04), NOx, HN03, nitrate
(N03) and PMlO using the MESOPUFF II chemical transformation module.

As described in Section 7.2, emissions were speciated in accordance with the National Park
Service (NPS)'s Particular Matter Speciation (PMS) guideline
(htf;p://www2.nature.nps.gov/air/permits/ect/index.cfin). In doing so. the sulfur emissions were
speciated to relative sulfur constituents of802 and 804 to better account for gas to particulate
conversion and visibility effects.

CALPUFF input and model options are presented in Table 7.8. CALMET. CALPUFF, and
CALPOST input files are provided electronically in Appendix E ofthe June 19.2007
application.

Table 7.8 - CALPUFF Model Options

. .... ~.' .'.

IBTZ 7

MGAUSS 1

MCTADJ 3

MCTSG 0

MSLUG 0

MTRA,NS. "";, ..' ·1 \:.

MTIP 1

MBDW 1

MSHEAR 0

MSPLIT 0

MCHEM 1

MWET 1

MDRY 1

MDlSP 3

MROUOH 0

MPARTL 1

MTINV' 0

MPDF . 0

MSGTIBL 0

MBCON 0

MFOG 0

MREG 1.

PMAP LCC

FEAST 0

FNORTH 0

RLATO 41.25 N

RLONO 107.44 W

Base Time Zone

Vertical Distribution Used In The Near Field

Terrain Adjustment Method

Subgrid-Scale Complex Terrain Flag

Near-Field Puffs Modeled As Elongated 0

.;'.. ",.TransitionaI.Plume Ri,se Modeled .,,;, ,·;·...1·. ,'.;;.,.' ; "'e, .,' .r·

Stack Tip Downwash

Building Downwash, 1= ISC method

Vertical '(Vind Shear Modeled Above Stack Top

PuffSplitting Allowed

Chemical Mechanism Flag

Wet RemovaJ Modeled

.Dry Deposition Modeled

Metho'd Used To Compute Dispersion Coefficients

PO Sigma-Y,Z Adjusted For Roughness

Partial Plume Penetration OfElevated Inversion (per IWAQM)

Strength OfTemperature Inversion Provided In PROFILE.DAT Extended Records

PDF Used For Dispersion Under Convective Conditions

Sub-Grid TIBL Module Used For Shore Line

Boundary Conditions (Concentration) Modeled

Configure For FOG Model Output

Test Options Specified To See IfThey Conform To Regulatory Values

Map Projection

False Easting (km)

False Northing (Jon)

Latitude ofProjection Origin

Longitude ofProjection Origin

7-16
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Table 7.8 - CALPUFF Model Options

XLAT1 39.57N Matching parallel oflatitude (decimal degrees) for projection

XLAT2 42.94N Matching parallel oflatitude (decimal degrees) for projection

NX 131 No. X Grid Cells

NY 137 No. Y Grid Cells

NZ 10 No. Vertical Layers

DGRIDK
M

4 Grid Spacing (km)

ZFACE 0,20,40,100,200,350,500,750,1000,2000,3500

XORlGK
M

-321.65 Reference grid coordinate of southwest comer ofgrid cell (1,1) X coordinate

YORlGK
M.

-272.07 Reference grid coordinate of southwest comer ofgrid cell (1,1) Y coordinate

RCUlR 30 Reference Cuticl~ Resistance

RGR 10 Reference Ground Resistance

REACTR. 8 Reference Pollutant Reactivity

44BCK03

IVEG 1.V:ege.ta.tion~m.~e}3?- Uni¢gatedAr~as
~- "",t~~~';-"'~~~~~~~~~~~~~~~~~~~~~~~~~~-'--"~'--~~'

) MOZ 1 Ozone Data Input Option ( 1= read hourly ozone concentration from the OZONE.DAT
\,_""",/ data file)

For 03 chUa missing

BCKNID

:MH1"TSZ

2

o
Monthly ammonia concentrapons

Switch For Using Heffier Equation For Sigma Z As Above

WSCALM .5 Minimum Wind Speed (mls) Allowed For Non-Calm Conditions

XMAXZI 3500m Ma:x.imum Mixing Height (m)

XMINZI. 50m Minimum Mixing Height (In)

.J

7.3.9 PSD Class I Increment Significance Analysis

CALMET/CALPUFF (Full CALPUFF) was used to model ambient air impacts ·ofN02, PMlO,
and 802 from the emission sources and the modeling results were compared to PSD Class I
Increments modeling significance thresholds. The sources were modeled at full potential-to-emit
(PTE) for this analysis. The full chemistry option of CALPUFF was turned on (MCHEM =1,
MESOPUFF II scheme), and a deposition option was turned on (MWET:::: 1 and :MDRY:::: 1).
3-hour averaged 802 emission rates for all sources are same as 24-hour averaged S02 emission
rates. Therefore, 24-hour averaged maximum 802 emission rate were modeled for 3-hour and
24-hour 802 increment analyses.

For 24-hour PMlO increment analysis, the 24-hour averaged maximum PMIO emission rate was
modeled. The emission inventory for total PM was modeled as rnCPM. The JNCPM was
treated as fine particulate matter in terms of geometric characteristics.

.. ..: "
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SEOTIONSEVEN Far Field Air Quality Impact Analvsis

For the annual NOx, S02, and PMlO increment analyses, the 'annllal emission rates estimated
based on 8,760 hours of combination ofnormal operation and startup were used. For 24-hour
and annual PM incremental analyses, the total 'PM emission ("INGPM" in the modeling) was
modeled without speciation, and the INCPM was treated as fine particulate matter in terms of
geometric characteristics.

7.3.10 Class I Area Visibility Reduction Analysis

Full CALPUFF was used to evaluate the potential for visibility reductions. All sources were
modeled at full PTEfor this analysis. Emissions of total S02 and PMIO from the natural gas
turbines were speciated based on National Park Service (NPS)'s Particular Matter Speciation

, (PMS) guideline as described in Section 7.2.

The emissions oftwelve chemical species, S02, 804, NOx, HNUs, NOs, PMo.os, PMo.Oh FMo.1S,
PMo.20, PMo.2S, PMl.D, BC and PMI0, were modeled in CALPUPF to predict the visibility impact
based on PMS for natural gas turbine. Because only S02 emissions estimates were provided,
one-third ofthe estimated S02 emission was assumed to be S04 emissions, and the remaining
two-thirds remained as S02 emissions. The total PMI0 emissions were speciated into'Elemental
Carbon (Be) and Secondary Organic Aerosol (SOA). The SOA is speciated again into PMo.os,
PMo.o}, PMo.ls, PMO.20, PMO.2S, ·and PMl.0 (indicated as PM0005, PMOOlO, PM0015, PM0020,
PM0025, and PM0100 in the modeling, respectively).

. "0,.,.•,-,.. ; _Pr\~l?OSI .;W:~~, :gs.~4 ~p,pp~tpl;:o.qe.Ss..J4eIlfo4.ele.4 Q!,\L.:Py:FF.values..,..G4~OST ~as.~~{;ld}9.:: .. ,;"'~ ".. , ~" ;'" .,.
post-process the estimated 24-hour averaged ammonium nitrate, animonium sulfate and PM . ,
concentrations into an extinction coefficient value for each day at each modeled receptor, using
the three years of CALMET meteorological data. To do so, it required the use of extinction
efficiency values.

All the PM species (PMo.os, PMO.Ob PMO.IS, PMo.2o, PMo.2S, and PMl.o) were grouped as PMF'.
The extinction efficiency ofPMF was set as 4.0, which is equal to the extinction efficiency of
SOA. Default extinction efficiencies ofEC, soil, ammonium sulfate, and ammonium nitrate
were used.

Background visibility and extinction coefficient values from the Federal Land Managers Air
Quality Related Values Working Group (FLAG) Phase I Report (December 2000) were used for
the visibility reduction analysis. Background values for hygroscopic concentration, without
adjustment for relative humidity (RH), (0.6 J.Lg/m3

) and the non-hygroscopic conyentration (4.5
J.Lg/m3

) are reported'for western wilderness areas. Therefore, BKS04 =hygroscopic 0.6/3 = 0.2
and BKSOIL = non-4ygroscopic = 4.5 were ~sed. Modeled visibility reductions for each
modeled year were compared to the level ofacceptable change (LAC) of 5.0 percent.

.7.3.11 T.otal Nitrogen and Sulfur Deposition Analyses

Full CALPUFF was used to evaluate the potential for nitrogen and sulfur deposition. All sources
were modeled at full PTE for tws analysis. The aIlD.ual average emission rates were used for the
annual averaged nitrogen and sulfur deposition analyses. The annual emission rates ofall
sources were estimated based on the combination ofn9rmal operation and startups. The annual
emission rate was used for the annual NOx, annual S02, and annual PMIOimpact analyses.
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SIGDaNSEVEN Far Field Air QualitY Impact AnalYSis
......-."

( i./ Since natural gas is the dominant fuel during the year, the total emissions of802 and PM was
speciated according to the NPS's PMS for natural gas combustion turbines. The emissions of
twelve chemical species, 802, S04, NOx, HN03, N03, PMo.05, PMo.01' PMO.15, PMo.zo, PM0.25, and
PMl.o, EC, and PMlO, were modeled in CALPUFF to predict the nitrogen and sulfur deposition.

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

For S deposition, the wet and dry fluxes ofsulfur dioxide and sulfate are calculated, normalized
by the molecUlar weight of S, and expressed as total S. Total nitrogen depositi~n is the sum ofN
contributed by wet and dry fluxes ofnitric acid (HN03), nitrate (N03"), ammonium sulfate
((NH4)2S04), and ammonium nitrate (N1LJN03) and the dry flux ofnitrogen oxides (NOx).

Per WDEQ's "SEWY" CALPUPF input set up, 2 parts per billion ofbackground NH3 was used.
The total modeled nitrogen and sulfur deposition rates were compared to the USNPS/uSFWS
DATs for western states. The DAT for nitrogen and sulfur are each 0.005 kilogram per hectare
per year (kg/ha.yr), which is 1.59E-ll g/rrr/s. .

7.4 MODELING RESULTS

7.4.1 CALPUFF Modeling Results

.. , /~'\; .;.. '~i:'~~l~~ ~;~~2K :~~~~~rieu::~~~~~fc~:~~~~~:~~;::~:;:::~~eci~;~;:': .' ;..
\'...J I area Significant Impact Levels (8IL). All pollutant for all Class I areas and sensitive Class IT

area are in compliance with the increment analysis threshold, SIL.

Modeled visibility reductions for each modeled year were compared to the level of acceptable
extinction change (LAC) of5.0 % at each modeled area for each year. Since the sensitive Class
II area, which is Savage Run, is the sensitive area for all three pri.m.ary criteria pollutants such as
NOx, 802, and PMIO, the visibility impact analysis was not applied to the sensitive Class IT area.

None ofthe modeled results exceed the threshold values shown. The visibility impact is less
than 5 percent and each criteria pollutant concentration is less than the corresponding threshold
lev:el. Deposition thresholds of total N and total S are both 0.0'05 kg/halyr, which is 1.59E-ll
g!m2/s. Total Nand S deposition impact do not exceeded the threshold.

None ofthe modeled results (criteria pollutant, deposition, visibility) exceeded the threshold.
Therefore, no further analyses, including additional Air Quality Related Value (AQRV) impacts
were conducted because the modeling results showed insignificant impact on air quality in the
Class I and sensitive Class II areas. '.

7.4.2 Soil and Vegetation Analysis

Potential impactto soil and vegetation in Class I areas are evaluated on the basis ofthe model­
predicted criteria pollutant concentrations, and the magnitude ofpredicted annual deposition of
sulfur and nitrogen.

The predicted impacts are below significance levels and all threshold levels for soil and
vegetation impact; therefore, the project can be expected to have negligible impacts.

... ~ .~:J...
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.'.:.
I

Class I
Area

Table 7.9 - 2001 CALPUFF Modeling Results

Bridger I BRill 1.57E-07 4.24E-04 9.19E-05 1.71E-06 5.61E-05 6.00B-07 3.62E-14 1.05E-14 0 0.28

EaglesNest I BANE I 1.90E-05 I 2.06E-03 I 5.05E-04 I 7.02E-06 I 1.20E-04 I 1.77E-06 I 1.76E-13 I 6.12E-14 I 0 I 0.87

Fitzpabick I FITZ I 2.38E-08 I 6.60E-04 I 1.23B-04 I 6.64B-07 I 4.53E-05 I 1.66E-07 I 5.95E-15 I 2.43E-15 r 0 I. 0.17

FlatTops I FLTO I 1.66B-05 I l.3IB-03 I 3.86E-04 I 1.29B-06 I 1.57E-04 I 1.94E-06 I 2.18E-13 I 5.34E-14 I 0 I 0.99

Maroon Bell Snow I MABE I 3.48E-06 I 9.24E-04 I. 1.71E-04 I 2.09E-06 I 5.90E-05 I 5.04E-07 I 1.61E-13 I 3.74E-14 I 0 I 0.1~

MountZirkel I MOZI 11.98E-04 I 9.31E-03 13.50E-03 I :3.64E-05 I 2.31E-03 I 258E-05 I 4.7IB-13 1 1.63E-13 I· 0 I 2.96

Rawah I RAWA I 2.86E-04 I 1.32E-02 I 5',14E-03 I ~.19E-05 I 5.07E-03 I 5.51E--05 I 6.29E-13 I 2.14E-13 I 0 I 4.67

RockyMountain ·1 ROMO I 1.36E-04 I 6.10E-03 I 2.99B-03 I $.82B-05 I 2.33E-03 I 2.75£:-05 I 4.23E-13 I 1.74E-13 I 0 f. 1.96
j"

" '.

Sensitive.
Classll

Area
Savage Run

'~
sAVA I 3.68E-04 I 2.39E-02 I 656E-03 I 1.80E-05 I 6.12E-03 I 9.29E-05 I P4E-12 I 4.5lE.,13 o 4.73

~;:

or ..

,-.:

J"

Exceed?

DRS

No No No

~:

of

No No No No No No No
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SEOTIONSEVEN Far Field Air Quality ImpactAnalvsis

Table 7-10 - 2002 CALPUFF Modeling Results

6.99E-13 I 2.60E-13 I 0 I 1.78

6,44£-14 I . 1.96E-14 I 0 I 0.65

6.72£-).4 I 2.58E-14 I 0 I 0,46

8.~3E-13 I 3.33E-13 I 0 I 3.65

2.~4E~13 I 1.lOE-13 I 0 I 1.41

8.96E-14 I 3.40E-14 I 0 I 1.06

7.8?E-14 I 3.43E-14 I 0 I 0.15

;":. . t.· /': :;.:::" ;".u '.: '. .. No.bt·.· -Y;:::.:··MilX' .'..
Q~lt!~n.. :~P'.!iR9!i.lt.lO~ ·::Days::'·:.:. Sxtin~tlofi ..

..... :N... < :/; ;;ii~\Y~}.<·.:::' ';'. ": >5%';'-:' ~:·.?c.ii~nge.'· ..'
i":f··2f···;·;;/;:s~,.;·:·cl"· 21 ,: 'D" "':".'. :.. ··.·::.. ·0,-:.'··.gm s·:.:" .... :ft~f'-g.rrtl;! '" " ays ,- " ..... :>,/0 ..•

h5~E~11~~11 :;:~f5~)~~1~:;:.-::; ;·:·::·f~/i~ ;i;;!;'f)¥-.:,.'<;;~.:· ..
2.17~-13 9.94E-14 0 0.19

2.15E-03

1.92E-03

3.38E-04

2.40E:...04

1.28B-03

4.31E-04

3.76E-04

2.87E-04

l.11E-02

5.23£-03

1.6~-03

5.74E-03

1.37E-03

7.71E-04

1.02E-03

2.87E-03

7.3lE-05

2.53E-04

6.31E-06

4:68£-06

2.38E-06

1.28E-05

1.22£-04

9.83E-06

.·:;jigftii~:;f~.~r:;;

:" ':::- .:; \~ ". :; ·:·~;<t V;" ~nnuali;/'

~~~f.§.;~]j:
Pollu{1mt'

T~r.~shol.d., .

Bridger I BRill

Unit

Rawah I RAWA

Flat Tops I FLTO

Fitzpatrick I FITZ

Eagles Nest I EANE

Mount Zirkel I MOZI

Rocky Mountain I ROMO

Maroon Bell Snow I MABE

2002

Class I
Area

....

Sensitive
Classll Savage Run SAVA 2.92£-04 1.50£-02 3.96E-03 9;.65£-05 I 6.33E-03 I 1.02£-04

Area ~f:

Exceed? No No No " No I No I No

8.37E-13

·No

3.54E-13

No

o

No

2.87

No

:-~
.:

.,;.

1.
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Table 7~11- 2003 CALPUFF Modeling Results

Far Field Air Qnalitv ImpactAnalvsls

<j:1<::~j1rr;~~~~:~<:~<~'f~( <~" :'-~\~';~~~} '~l~!f' !'~'~ rs~~~:~" ~~~!i(~!~,~~~!r
::. '. "i':\."V"''-:'';:- . Unit. . . ' .... ::!-i;.<.'J.lg'lm. J.lgfm '. ~, pgfm .. . .: J.lgfm: .' . ".'p:gffl) .' An!.lual. Ii g/~./s., " "': g/m2fs .,'..... '. Day~..... ".. . Yo .

.":::'»~J.~~~t.~:~....:.>/ .'T~reshold '. --.:' ..·:H;~~":::·:--O.1 ':1 ... "<~S~:'ii:2::' ~' ...:. IUS" :' '··~:·o:3i "':'. " .', O:1~"->!! ·1.59·E~~1"·:"··- '.'.1:59E~11·.'·;:·. ':'::, 0::.::' ....~>... :5 .
Bridger I BRill I 5.21E-07 I 4.77E-04 I 1.25E-04 I 2.15E-06 I 4.05E-05 I 6.59E-07 I 8.20E-14 I 4.25E-14 I 0 I 0.08

Eagles Nest I EANE I 1.57E-05 I 1.96E-03 I 3.50E-04 I V.34E-06 I 2.43E-04 I 3.97E-06 I 1.92E-13 I 6.62E-14 I 0 I 0.38

Class I
Area

Fitzpatrick I FITZ I 2.95E-08 I 1.39E-04 I 6.09E-05 I S.95E-07 I 2.75E-05 I 2.02E-07 I 3.37E-14 I 2.Q7E-14 I 0 I 0.03

FlatTops I FLTO I 3.82E-05 I 4.68E-03 I 1.06E-03 I }.46E-05 I 5.58E-04 I 8.47E-06 I 2.l5E-13 I 9.21E-14 I 0 I 0.55

Maroon Bell Snow I MABE I 5.00E-06 I 1.2IE-03 I 2.26E-04 1~.71E-06 I 1.68E-04 I 2.15E-06 I l.32E-13 I 5.22E-14 I 0 I 0.41

Mount Zirkel I MOZI I 3.71E-04 I 9.23E-03 I 2.80E-03 I 5.47E-05 I 5.09E-Q3 I 6.88E-05 I 1.26E-12 I 3.96E-13 I 0 I 1.45

Rawah I RAWA. I 2.60E-04 I l.30E-02 I :?2lE-03 I 7.55E-05 I 2.26E-03 I 5.39E-05 I 9.17E-13 I 3.54E-13 I 0 I 2.19

Rocky Mountain . I ROMO I 1.33E-04 I 4.65E-03 I 1.65E-03 I fl-.21E-DS I 9.70E-04 I 2.95E-05 I 7.16E-13 I 2.93E-13 I 0 I 0.96

Sensitive
Class II

Area
Savage Run SAVA 6.72E-04 I 1.95E-02 I 5.56E-03 I 1.20E-04 I 6.49E-03 1.43E-04 2.04E-12 6.86E-13 o 4.17

t~; :

, .
r..·

i

Exceed?

~ ~-'-'"

No No No

,-
~i

..,',
.:;

No No No No No No
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·1.5 CONCLUSION

Far Field Air Quality Impact AnalYSis

Conservatively modeling the proposed Medicine Bow emissions in CALPUFF resulted in
modeled concentrations below the Class I Area threshold levels for deposition., significant
impact, and visibility. Therefore, the proposed Medicine Bow sources will not have a significant
impact on ambient air quality of Class I areas.

Since there were no significant increment, visibility impacts, or soil and vegetation on Class I
areas, it was concluded that no further impacts would be likely and, and therefore no additional
Air Quality Related Value (AQRV) impact analyses were conducted .
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DEPARTMENT OF ENVIRONMENTAL QUALITY
AIR QUALITYDIVISION

PERMIT APPLICATION FORM

Date ofApplication December 31, 2007

L Name ofFirm or Institution: Medicine Bow Fuel & Power LLC

2. Mailing Address

. \
.J

3.

2 Riverway, Suite 1780
Number Street

County

,Plr;m.t L,ocat,i,9n

7.5 miles north on-so, Exit 260
Number Street

Houston
City

77056
Zip

near Medicine Bow
City

TX
State

713-425-6520
Telephone

.,..,p. . . "': ;.•-....; ........'.;.. .:'~, Ai, ..' ' •

WY
State

Carbon 82329
County Zip

Section 29. Township 21 North. Range 79 West

Telephone

4. Name of owner or company official to contact regarding air pollutionmatters

Tim Stamp
Name

1620 Central Avenue
Number Street

5. General nature ofbusiness

Site Contact
Title

Cheyenne
. City .

WY
State

(307) 340-1978
Telephone

82001
Zip

J

\. "......

Hvdrocarbon conversion through gasification & liquefaction technologies. Support
activities include coal mining and electrical generation (no electricity export).

1
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6. Permit application is made for: ...-X-New Construction __Modification
__Relocation __Operation

7. Type ofequipment to be constructed, modified, or relocated. (List each major piece of
equipment separately.)

Refer to Table 3.2 of the application document for a list of maior
equipment with point source emi'ssions. A list of all major equipment
(with and without point source emissions) is provided in Appendix D of the
application document.

&. Ifapplication is being made for operation ofan existing source in a new location, list
previous location and new location:

, Previous Location:-,N;.:'~A~ _

New Location:,....N~A"-- ..:.- _

9. Ifapplication is being made for a crushing unit, is there: (mark all appropriate boxes)

Primary Crusping -/

Secondary Crushing

Tert;iary Crushing

Control Equipment: Enclosed crushers, coal mixed with water. fogging

Control Equipment:, N~/A~ _

COlJ;trol Equip;r.n.e.p.~:,-, _--N'""""'/A~---- __--

Recrusbing & Screening Control Equipment: N""'/A:o:::;,.... _

Conveying

Drying

Other

Control Equipment: Enclosed conveyors. fogging svstem

Control Equipment: ....;N~/AA.- _

ControlEquipment: N"-"-=/A~ _

Proposed dates ofoperation (month/year) Facility startup December 2010; eguipment to operate
vear-round.

2,
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\
10. Materials used inunit or process (include solid fuels):

Type of Material Process Weight Process Weight
QuantityIYearAverage (lb/hr) Maximum (lb/hr)

Coal 666,600 (dry) 666,600 (dry) 3,200,000 ton/year

11. Air contaminants emitted:

Emission Point Pollutant [lb/hr] [ton/yr) Basis ofData

Refer to Section 3.0 and Appendix B of the application document•

•• ,. ~""~' .~_•••••••••_...... - H ..,..- •••• - •••• ' •• _._ ', .... ,.. • _._ ._... ';"'"1''' ••. ~.

\
j 12: Air contaminant control equipment

', .. 'I' ,•• , : _ _ .. _ ••••••••• __ >'r··' __.:": .. ~.,_ ' ..

Emission Point Type
Pollutant Efficiency
Removed

Active Coal Storage . Stacking Tu:~es PM SeeNote 1

Enclosed conveyors; Fogger·&
Coal Handling Passive Engineering Design at PM SeeNote 1

transfer points

Combustion Turbines (3, total) LowNOx burner, SCR, oxidation NOx,CO,VOC SeeNote 1
catalyst

Process Heaters (3, total)
Low NOx burner NOx SeeNote 1

Auxiliary Boiler (1, total)

Storage Tanks Internal Floating Roof (IFR) VOC, HAPs See Note 1

Startup/ShutdownlMalfunctions Flares (2, total) VOC, HAPs, HzS 98%

Notes for Item #12:
1. Refer to Section 3.0 (Emission Estimates), 4.0 (BACT Analysis), and Appendix B (Emission Calculations) of

application document for control equipment efficiencies.

" j, ~,
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Combustion Turbines (Electricity Generation)

13. Type ofcombustion unit: (check lfapplicable)

A. Coal
1. Pulverized:

Genera1~Dry Bottom__; WetBottom~With Flyash Reinjection__;
Without Flyash Reinjection__; Other,-"-, _

2. Spreader Stoker :
With Flyash Reinjection--l Without Flyash Reinjection__; Cyclone--l
Hand·Fired~Other,, _

B. Fuel Oil
HorizontallyFired~, Tangentially Fired__

C. Natural Gas ::x (startup and as supplement during normal operations)

D.lfother, please specify Fuel Gas Mixture

Hourly fuel consumption (estimate for new equipment): _

,SiZe 'of combustion'UIiit: ,. "'660,;,786'lVlMBtufhr ',.,. . 't.;:,..~"" .• :~" :.. ...,...~ ...•.~~:. ~. ',' ...... ,.

14. Operating Schedule: 24 hours/day; 7 days/week; 52 weeks/year

Peak production season (lfany): _~N.J.>A",,--- _

Refer to Section 3 and Appendix B of the application document for details on fuel
IJI'ed and amounts fired.

15. Fuel analysis:

FUEL GAS
NA'TURAL GASMXTURE

% Sulfur O.lppmv 2.9ppmv
(Z,OOO grlMMsci)

% Ash 0 °BTU Value 1,020 Btu/scf assumed

4
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..,,":

Auxiliary Boiler

13. Type ofcombustion unit (cbeckifappJicable)

A. Coal
1. Pulverized:

General~ DryBottom~ Wet Bottom__; With Flyash Reinjection~
Without FlyashReinjection~ Other ----,:-- _

2. Spreader Stoker :
With Flyash Reinjection~Without Flyash Reinjection__; Cyclone__;
Hand-Fired~ Other .:..-. _

B. Fuel Oil
Horizontally Fired~ Tangentially Fired__

C. Natural Gas X (startup and as supplement during normal operations) ;

D. Ifother, please specify .......;:Fu::.=e:,.l-",G:.::a:::..s:.:.Mix=·:;mr=e"'---- _

Hourly fuel consumption (estimate for new equipment): _

Refer to Section 3 and Appendix B ofthe application dOCument for details on fuel
med and amounts fired.

:..," ":';.!' """ .., ... " ':'"!'hlJ~i~,of.QOD;lQ\lStioP, Wtii; _--_....._---~6~6.:=!MM~"-'. ~TU.q.~~!jn,putlh,~'!:'!, ..".,.."
\

../ 14. Operating Schedule: Full load for 760 hr/vr and 25% load for 8000 hr/vr

Peak production season (lfauy): _.;;.~""A"'-- _

'. ,............../

15, Fuel analysis:

FUEL GAS NATURAL GAS
MXTURE

% Sulfur O.lppmv 2.9ppmv
(2,000 grlMMscf)

% Ash 0 0

BTU Value 1,020 Btu/scf asswned

5
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Catalyst Regeneration Beater (B-1)

13. Type of combustion unit: (checkifappJicablc)

A. Coal

1. Pulverized:
General__; Dry Bottom__; Wet Bottom__; With Flyash Reinjection~
Without Flyash Reinjection__; Other _

2. Spreader Stoker:
With FlyashReinjection~Without Flyash Reinjection__; Cyclone~
Hand-Fired__; Other" ---:- _

B. Fuel Oil

Horizontally Fired--: Tangen~al1yFired__

C. Natural Gas X (startup and as supplement during normal operations) ;

D. Ifother, please specify during times ofnormal operation in standby, the fuel
wiD. be a Fuel Gas Mixture, mixed with Natural Gas

Refer to Section 3 and Appendix B of the application document for details on fuel
fired and amounts fired.

Hourly fuel consumption (estimate for new equipment): _

"Refer to Section 3 and Appendix B of the application document for details on fuel,;'1'·flred··and··amounts·flred.··· - "-.'-", .,. '.' .. ' ,"... -' .... ~... "', ," -' . ..", -, ~.!.;.., ..-:::.;; ..:.~,; •. , .: .. :; •.~."!-••;'.:••:'::..,:.,::-;.,.. :.:.:;,,;.:-...,':;•.•••. ,-"...

Size of combustion unit: 2".,1~.5~3"'--='MM=~BTU heat input/honr

14. Operating Schedule: @21.53 MMBtu/hr for 877 hrlyr and @ 3.58 MMBtulhr for 7123 hrlyr

Peak production season (ifany): _.;N....A-=- _

15. Fuel analysis:

FUEL GAS NATURAL GASMXTURE

% Sulfur O.lppmv 2.9ppmv
(2,000 I'rIMMsc1)

% Ash 0 0

BTU Value 1,020 Btu/sefassumed

6
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./

Reactivation Heater (B-2)

13. Type ofcombustion unit: Ccheokifapplicable)

A. Coal
1. Pulverized:

General~ Dry Bottom__; WetBottom~ With FlyashReinjection~
Without F1yashReinjection~ Other, _

2. Spreader Stoker :
With Flyash Reinjection ; Without Flyash Reinj ection ; Cyclone ;
Hand~Fired~ Other-- ----

B. Fuel Oil
Horizontally Fired__; Tangentially Fired__

C. Natural Gas X (startup and as supplement during normal operations) ;

D. Ifother, please specify~=.Fu""'e=I~G::.:as:::<..:;M:ixtur=·=:.::e'-- _

Hourly fuel consumption (estimate for new equipment): _

Refer to Section 3 and Appendix B of the application document for details on fuel
. fired and amounts fired.

....: ..:: .r.. "::',",~~i.":.:..~,.•.... ' . . ;:.

14.

, , "Sizepf,coIIlbustion unit: .........,.....,.....,..._..,..,.~12=;A~5"",MM*"... ""'.""-'.BTV p.~at jnp~~our_ .

Operating Schedule: ~2"",2::.;:1.,.6_ ___:hours/year

Peak production season Cifany): _ ...N...A~ _

\., /

15. ' Fuel analysis:

FUEL GAS NATURAL GASMXTURE

% Sulfur O,lppmv 2.9ppmv
(2,000 grlMMscf)

% Ash 0 0

BTU Value 1,020 Btu/scf assumed

7
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HGT Reactor Charge Heater (B-3)

13. Type of combustion unit: (check ifappllcable)

A. Coal

1. Pulverized:
General__; Dry Bottom__; Wet Bottom__; With Flyash Reinjection~
Without Flyash Reinjection~ Other, _

2. Spreader Stoker :
With Flyash Reinjection----..: Without Flyash Reinjection__; Cyc1one__;
Hand-Fired__; Other, _

B. Fuel Oil

Horizontally Fired__; Tangentially Fired__

C. Natural Gas X (startup and as supplement during normal operations) ;

D. If other, please specify ~F::..:u=e::.l"""Go.::a"'"s""Mix=·=tu=r""_e _

Hourly fuel consumption (estimate for new equipment): _

Refer to Section 3 and Appendix B ofthe application document for details on fuel
fired and amounts fired.

Size of combustion unit: -"2=;2=2'-"MM~"_'BTU heat inputlhour
.. .'~.

weeks/yeardays/week; 52
••.•.• ,.' ;""'" " ._''.' .::":"='- " -~,' :.'.••••;..: "., .• ,- ., ' •• '.' : ',

Operating Schedule: 24 hours/day; 7

Peak production season (IEany): _-"N""'A""- _

14.

15. Fuel analysis:

FUEL GAS
NATURAL GAS

MXTURE

% Sulfur O.lppmv
2.9ppmv

(2,000 grlMMscf)

% Ash ° 0
• I

BTU Value 1,020 Btu/scfassumed

8
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Gasifier Preheaters (5 total, for cold startup only)

13. Type ofcombustion unit: (cbeckifapplicable)

A. Coal
.1. Pulverized:

General__; DryBottom~WetBottom~ With Flyash Reinjection~
Without Flyash Reinjection~ Other, _

2. Spreader Stoker :
With Flyash Reinjection~ Without Flyash Reinjection__; Cyclone~
Hand-Fired__; Other, _

B. Fuel Oil
Horizontally .Fired~ Tangentially Fir~d__

C. Natural Gas ..x.;
D. Ifother, please specify _

Hourly fuel consumption (estimate for new equipment): _

Refer to Section 3 and Appendix B ofthe application document for details on fuel
consumption;"'''' ,,,.... ."" "., , .', , .

Size of combustion unit: ~=_.J.2!:!,,!lwMMou.u"'__B,TU heat input/hour

14. ' Operating Schedule: As needed during normal operation . ,

Peak production season (ifany): 500 hr/vr (each) during cold startup. as needed
during normal operation

15. Fuel analysis:

COAL FUELOlL NATURAL GAS

% Sulfur
2.9ppmv

(2,000 grIMMscf)

% Ash 0

BTU Value 1,020 BtU/sci assumed

9
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Black Start Generators (3, total)

13. Type of combustion unit: (eheckifapplicablo)

A.Coal

1. Pulverized:

General~Dry Bottom__.; WetBottom~With Flyash Reinjection~
Without FlyashReinjection~ Other _

2. Spreader Stoker:

With FIyash Reinjection__; Without Flyash Reinjecti.on~ Cyclone~
Hand-Fired__; Other. _

B. Fuel Oil
Horizontally Fired__; Tangentially Fired__

C. Natural Gas L
D. Ifother, please specify _

Hourly fuel consumption (estimate for new equipment): _

Size of combustion unit: 19.5 MM BTU heat input/hour
"., . .'....: .. -.,':"".·------·-.. --·-:·--·-·~(a-ss-=u~,n~in~g~'2!:!;i,8~89'bhp, '6,748 Btulhji-hrJ

14. Operating Schedule; As needed during normal operation

Peak production season (lfany): Up to 250 hr/vr. each during cold st~tup

15. Fuel analysis:

COAL FUEL OIL NATURAL GAS

% Sulfur 2.9ppmv
(2,000 gr/MMscf)

% Ash 0

BTU Value 1,020 Btu/scfassumed

10

DEQ 000227

. ,
t~_.'.;-···.:··-.;·~ ...·__·.., ,'-." _.,~ ..... .:.._,.: _ :



l····.. ·~····i

16. Products ofprocess orunit:

Products QuantityIYear

Gasoline (varying RVP, by season) 6.75 million barrels

Sulfur 15,330 tons

C~ 4.12 million tons

Slag 0.26 million tons

17. Emissions to the aimosphere (each point ofemission should be listed separately and
numbered so that it can be located on th~ flow sheet):

Stack Stack Gas Exit
Gas Velocity

Emission Point Description Height Diameter Discharge Temp
(ft) (ft) (ACFM) . (oF) (ftls)

Refer to Section 6.2.2, Table 6.2 ofthe application documentfor a list ofemissionpoints•.

Does the input material or product from this process or unit contain finely divided
materials which could become airborne?

~ R ....',.;.":;. •••, •• ,,.~. ::';"·""~7:lc':~r.!..( ". ,.i'.~....;: .'~!~ _,'.. '. " ....,

,.)

18.

v"'Yes No

. .... ~"~' ..... ,. • j. • , ,~" .. .1. ':. c;' ~

. Is this material stored in piles or in s.ome other way as to make possible the
creation ofdust problems?

. v"'Yes

List storage pile (ifany):

No

/

Type of Particle Size Pile Size Pile Wetted Pile Covered
Material (Diameter or Screen Size) (Avg Tons on Pile) (Yes orNo) (Yes or No)

Coal- Active Coal 12" minus 300,000 No
Partially sheltered

Stockpile by earth berms

Coal- Emergency Coal
4" minus 300,000 Compacted & Sealed

Stockpile

Slag Pile 2" minus 30,000 Yes No
(water)

11
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19. Using a flow diagram:

(1) illustrate input ofraw materials. Refer to Figures 2.1 and 2.2.

(2) Label produotion prooesses, process fuel combustion, process equipment, and
air pollution control equipment. Refer to Figures 2.1 and 2.2.

(3) illustrate locations ofair contaminant release so that emission points under
items 11, 12 and 17 can. be identified. For refineries show normal pressure relief
and venting systems. Attach extra pages as needed. Refer to Figures 1.3 and
1.4.

20. A site map should be included indicating the layout of facility at the site. All buildings,
pieces of equipment, roads, pits, rivers and other such items should be shown on the
layout Refer to Figures 1.1, 1.2, and 1.3.

21. A location drawing should be included indicating location of the faQility with respect to
prominent highways, cities, towns, or other facilities (include UTM coordinates).
Refer to J;1':igure 1.1.

~ -. . . ... . . :"':,,' . ",' •. ;. :,.:' ,
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"I certify to the accuracy of the plans, specifications, and supplementary data
submitted with this application. It is my Opinion that any new equipment installed in
accordance with these submitted plans and operated in accordance with the
manufacturer's recommendations win meet emission limitations specified in the
Wyoming Air Quality Standards and Regulations."

~

Signature ~.P-""~__ Typed Name I Jude R. Rolfes

V '~ -Title S or Vice President Company Medicine Bow Fuel & Power LLC

Mailing~1 Two Riverway, Suite 1780 Telephone No. (713) 425-6526

City Houston I State Texas Zip /77056

P.E. Registration (if applicable) I(!)/~~/7
I' . 'l!h" . • '. ~ t ,. ~. ... . .

State where registered
. , .. ' .... ,.. ".",

"::..
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AppendixB

Emission Calculations
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Medlclne Dow Fuol & Powe.... lndu"trfal Gaslncntton & Llquefucllon Plant
Errisslon summary Sheet
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. Medicine Bow Fuel &Power Industrial Gasification &Uquefaction Plant
Turbine Detail Sheet -Initial Vear (Cold Start and Remainder Normal Operations [Base L.oadJ)

Source ID Number
Equipment ID

Turbine Usage
Turbine Make
Turbine Model
Serial Number
Installation Date
Engine Configuration
Emission Controls

Design Output
Site Operating Hours
El<haustTemperatlJl9

Gas Healing Value
Gas Flow Rate
Gas Heat Rate

Turbine and HRSG Train 1

Power Generation
GE
7EA
TBD
TBD
Turbine
SCRIOxidaUon Catalyst

66 MW
7760 hrlyr

300 'F
-12'F

16399.6 Blu/Ib
47.910 Iblhr
785.7 MMBtUillr

45°F
16399.6 Btullb
44,450 Iblhr
729.0 MMBlUIhr

85'1=
16399.6 Blu/Ib
40.240 Iblhr
659.9 MMBlUihr

, )"
"

Potentlel EmIssIons from Fuel Gas Mixture Operatian (NanTl81 operatlon$. Partial year)
Pollutant Emission EmlS8ion Eslimeled HourlY Emissions Max HourJy Estimated Source of

Factar Factor -12'1= 4S'F '8S'I= . Emissions Annual(t~Sslons Emission
(oomy, drY) (lb/MMBtul (Iblhrl (Ib/hr) (Ib/hr) (Ib1hrl ~tpy) Fector

. NOx 6 0.0234 18.40 17.44 16.12 18.40 67.20 Ment. Data'
CO 6 0.0143 1120 10.62 9.81 11.20 40.92 Ment. Data'
VOC 1.4 (ppmv. wet) 0.0020 1.59 1.52 1.40 1.59 5.64 Mam. Data1

802 0.0034 2.67 2.48 224 2.67 9,56 AP-4i"
PM10 Total 0.0127 10.00 10.00 10.00 10.00 38.80 Mam. Da~1
Mercury 2.241:-06 3.811:-08 2.99E-oS 2.845-oS 2.62EoOS 2.995-05 1.09e-04 Manf,Data1

1.3-Butadlene 4.305-07 3.385-04 3.135004 2.845004 3.385-04 1.215-03 AP-4az
[Acetaldahyde 4.ooe-D5 3.145-02 ' 2.92E-OZ 2.845002 3.14e-oZ 1.12E-01 AP-4r
Acrolein 6.40E-aa S.03E-03 4.67E-Q3 4.22E.os 5.035-03 1.805-02 AP-4i"
Benzene 120E-D5 9.435-o3 8.75E-03 7.925-03 9.43E-03 3.37E-02 AMi"
Elhylbenzene 320E-05 2.51E-02 ·2.33E002 Z.11E-02 2.51E-D2 9.o0e-02·,,:,,,,,,. "".AP-4i"
FoonaJdehyde 7.10E-05 5.58E-02 5.18E-02 4.69E-02 5.58E-02 2.00E-01 AP-4i"
Naphthalene 1.30E-Q6 1.0ZE-03 9.48E-04 8:S8E-04 1.02E-Q3 3.66E-03 AP-4z:.
PAH 220E-Q6 1.73E003 1.60e-os 1.4SE-03 1.73E-03 6.1Se-03 AP-4'f
Propylene OxIde 2.9OE-05 Z.28E-02 2.115-02 1.S15-o2 2.26E-02 8.16E-02 AP-4r
Toluene 1.30E..Q4 1.oze-01 9.485-02 8.66E.Q2 1.02E-01 3.SeE-01 AP-4i"
Xvlene e.40e-06 6.03E-02 4.675-02 4.225-02 S.035-0Z 1.805-01 AP-42'

Exhaust Composition Base Load. Temp. =-12'F Base Load, Temp. =45"F Base Load, Temp. =85°F
Wei9hteliMoi WeighleliMol

Component, Mol. WI. Volume % Wl Volume % WI. Volume % Weighted MolWL

Argon ,39.94 1.03 0.41 1.03 0.41 1.03 0.41
Nitrogen 28.02 77.34 21.67 78.82 21.52 7{\.61 21.47
Oxygen 32.00 12.08 3.87 12.22 3.91 12.37 3.96
Cerbon Oloxide 44.01 3.32 1.4\l 3.23 1.42 3.17 1.40
Water 18.02 6.23 1.12 6.71 1.21 6.73 1.21

100,0 28.6 100.0 28.6 99.9 28.4

Base Load. Temp. =45'FCalculation ofdry mass flow Jale:
Massflow of exhaust=

Molar (ow o/exhaust= Mass flow of exhaust I Mol Wt=
Molarflow ofwatar= Vol.% H20' Exhaust molarflow=

Molar Flo\" of OZ- Vol.'" 02' Exhaust molar flow •
Molarflow of Exhaus~ dry- Exhaust molar flow - H2O molarflolY"

VoI.% 02, dry=02 molarflowl Exllaustmolarflow=

Base Load, Temp. = oor
2.03E+06' Iblhr
71079.6 Ib-mollhr
4428.3 Ib-mollhr

8S86.4 Ib-mollhr
66651.4 Ib-mollhr
12.9%

1.931:.06
67738.0
4545.2

,8277.6
63192.8
13.1%

Iblhr
Ib-mollhr
Ib-mol/hr

Ib-mol/hr
Ib-mollhr

Base Load. Temp. =8O'F
1.78E-t06 IbIhr
62614.9 Ib-mollhr
4214.0 Ib-mol/hr

7746.5 Ib-mol/hr
58400.9 Ib-mol/hr
13.3%

, Cnleria pollulant emission facio", provided by the manufacturer, but in some cases haye been adapted from natuJaI sas combustion. The NOX
emission factor is corrected to 15% 02.
• EPA AP-42, Volume I, Fifth Ecrrtion • Apnl 2000. Table 3.1-3, Emission Factors for Hazardous Air Pollutants from Natural Gas-Fired Stationary
Gas Turbines. Note: These emission facto", ere for natural gas combustion, which is expect~d to produ~ emissions of these pollutants that are
yery similar to the emissions produoed during fuel gas combustion, so those emission factors should provide representative emission esllmates.

Additional notes: .
All 9as flow rates and ~osltlons are based on information provided by GE. (Information proyided by Paul Rood of SNC Lavalin via email on
12117107.)
Average voe molecularweightassumed to be 46 Ib-molJlb.
The operating hou", inciude 500 hours for maIfiJnction and warm start-up.
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Medicine Bow Fuel & Power lndusbial Gaslficalion & Liquefaction Plait!
Turbine DetaR Sheet- SSM Emissions, Natural Gas Firing (Cold Start.up)

Design OutpUI
Cold OperaUng Hours
Normal Op.raUng Houra
Natural Gas HeaUng Velue
Natural Gas Flow Rate
Natural Gas Heal Rate
Gas Flow Rate

66 MW
6 hr/yr

'994 hr/yr
21515 BtUilb
36,495 Iblhr
785.2 MMBtU/hr

0.71 MMscf/hr

Potential EmissIons from Natural eas Ooeral/on (Cold startuo. Partial vear)
PoUulant emission Emission Estimated Emissions Source of

Fector Fecler Emleelon
C1bIMMBtu) (opmv. drY) (Ib/hr) (tpy) Factor

NOX(cold) 25 n.56 0.23 Mant.'Dala'
NOX (normal) 6 18.61 9.25 Ment.Dela'

CO (cold) 10 18.89 0.06 Me'nt. Data'

CO (normal) 6 11.33 5.63 Mant. Data'

VOC 1.4 (ppmv, wei) 1.62 0.81 Manf. Data'

S02 0.0034 2.87 1.33 Eng. Esl4

PM10Toiai 10.00 5.00 Ment.Dela'

Mercury 2.240E-D6 3.03E-D5 1.52E.Q5 Manf. Data'
1,S-Butadlene 4.30E·07 3.38E-04 1.69E-04 AP-4??-
Acetaldehyde 4.00E-05 3.14E.Q2 1.57E.Q2 AP-4i'
Acrol.in 6.110e:-06 ~.03E-lJ3 2.51E-03 AP-42!-
Benzene 1.20e:-05 9.42E-lJ3 4.71E-03 AP-42!-
ElI1ylbenzene 3.20E..()5 2.51E-02 1.26E-02 AP-42!-

Formaldehyde 7.10E-05 5.57E-02 2.79E-02 AP-42'
Naphthalene 1.30E-Il6 1.02E-lJ3 5.10E-04 AP-42'

PAH 2,20E-06 1.73E-03 8.64E-04 AP-422

Propylene Oxide 2.90E-Il5 2.28E-02 1.141:-02 AP-42!-
Toluene 1.30E-04 1.02E-1l1 5.10E-02 AP-4??-
Xylene 6.40E-Il5 5.03&02 2.51E-02 , AP-42!- '

;:;::",",':" ",' ~ ,-. .. :':: '''.'' ., .... ••••• 0'\•• , ~ 1 :', ...

Volume %
o.e
7S.5

'13.88
3.22
6.5

100.0

Exheust ComposlUon

Component
Argon
Nitrogen
Oxygen
Carbon Dioxide
Water

Mol.WL
39.94
28.02
32.00
44.01
18.02

Base Load, Ternp. = O'F
WelghtedMcI

WL
0.36

21.16
4,44
1.42
1.17
26.5

C::a1ClJlaUon of ,by mass flow raw:
Mass flow of eKhaust" 2.06E+OB !blhr
Molerflow oleKheusl" Mess flow 01 exhaustI Mol Wl "

Molsrflow olwater" Vol.% H20' Exhaust molarflcw"

. Molor Flow of 02= Vol.% 02' Exhaust molar flow"
Molerflow of Exl1eus~ dry=Eldlaust moiarllow· H2O mol.rllow=

Vol.% 02, dl)'= 02 molar flow I Exhaustmolarllow=

72132.9
4668.6

10012.0
67444.3
14.8%

'Ib-mol/hr
Ib-mol/hr

Ib-mol/hr
Ib-mol/hr

, Criteria pollulant emission factors provided by 1IIe manufaclurer. The NOx emission factor is correcl.d to 15% 02. Cold operation emlsslons
assume lI1etlhe SCR I oxifation catalyst Is not operating. Nitrogen InJecllon Is assumed; however. nItrogen may not be avail~ble unlll the Air
separallon Unit Is operaUns.

• EPA AP-42, Volume I, FlRh EdiUon - April 2000, Table 3.1·3, EmIssion Faotors for Hazardous Air Pollutents from Natural Gas·Flred StaUonary
Gas TUrbines.

AddlUonal noles:

Th.s. emissions ere calculeted assuming en ambient temperature 01·1:!F, which produces tho worst c.e. emission esUmete.
All natural gas heat rates, flow rates, and eK1lausl composl"ons are bssed on Information provided by COE, (Intonnauon provided by Paul Rood
of SNC Lavalin via email on 12118/07.)

Av.rage VOC molecular w.ighl essumed Ie b. 46 ib-molllb.

2

. I.'
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Medicine BowFuel & PowerIndustrial Gasification & Liquefaction Plant
Turbine Detait Sheet· Nonna! Operations (Base Load) •

Source ID Number
Equipment ID

TuriJine Usage
uriJine Make
urbineModel

Serial Number
1ns1allatlon Date
En9lne Configuratlon
Emission Controls

TuriJine and HRSG Train 1

Power Generallon
GE
7EA
lED
TED
Turbine
SCRIOxidation Catalyst

Design Output
sna Operating Hours
Exhaust TemoerahJra

66MW
8760 hrlyr
300"F

Gas Healing Value
Gas Flow Rale
Gas Heat Rale

-12"F
16399.6 BtuJlb
47,910lb/hr
785.7 MMBtuIhr

4SOF
16399.6 Btullb
44,450 Iblhr
m.o MMB1U/hr

B5"F
16399.6 Btullb
40,240 Iblhr
659.9 MMBtulhr

tJfrotiePolBn I EmIssions m fuel Gas MlxIlJre Ooera on
Pollutant emission Emission Estimated Hourlv emissions Max Hourly . estimated Source of

Factor Factor -1Z'F 45"F 85"F Emissions Annual Emissions Emission
loernv drvl OblMMBlul Ilblhrl llblllrl Ilblhrl fib/hrl rtov) Factor

NOx 6 0.0234 . 18.40 17.44 16.12 16.40 75.86 Mant. Date'
eo 6 0.0143 11.20 10.62. 9.81 11.20 46.19 Mant. Data'
voe 1.4 (ppmv, wet) 0.0020 1.59 1.52 1.40 1.59 6.59 Mant. Data'
S02 0.0034 2.67 2.4B 224- 2.67 10.79 AP-42'
PM10Totai 0.0127 10.00 10.00 10.00 . 10.00 43.80 Mant-Dala'
Mercury ~,24E-06 3.81E-08 . 2.995-0'1 2.84E-05 2.62E-OS 2.99E-05 1.23E-04 Manf. Data'
1,3-Butadlane 4.30e-07 3.38E-04 3.13E-04 2.84E·04 3.38E-04 . 1.37E-03 AP-4r
Acalaldahyde 4.00e·05 3.14E-02 2.92E-02 2.84E·02 3.14E-02 1.27E-ol AP-42'
Acrolein 6.4OE-06 5.081:-03 4.671:..oS . 4.22I:-OS 5.035..oS 2.03E..Q2 AP-4r
Benzene 1.20E-05 9.43E..Q3 8,755-oS 7.92E-OS . 9.431:..Q8 3.81E-02 AP-4r
Elhylbenzene 3.20E-05 2.51Eo{]2 2.385-02 2.11E-02 2.51E..Q2 1.02EO{]l AP-4r

.. Formaldehyde .. ~ .< .. : .. 7.105-05.. 5.58E.Q2 5.18E,q2. . .4.69E-02 5.58E-02 ..2.25E-01 ,'~,.y ,.Ap.,Ar.
Naphthalene 1.305-06 1.0ze.Q3 9.48E-D4 B.58E-04 1.02E.Q3 4.13&03' AP-4r
PAH 2.205-06 1.73E.Q3 1.60E-OS 1.45E.Q3 1.73E-OS 6.96E.Q8 AP-4r
Propylene OlOde 2.901:-05 2.28e-02 2.115-02 1.91E-02 2.26E-02 9.21E..Q2 AP-4r
Toluene 1.S05-o4 1.02E..o1 9.485·02 8.585-02 1.02E-Ol 4.13E..ol AP-4r
Xvlene 6.40E·05 5.03E-02 4.67E-02 4.22E-02 5.031:..02 2.03E.Ql AP-42"

Exhaust Comoosnl~n Base Load, Temp. ~ -12'F Base Load, Temp. " 4S'F Base Load, Temp." m
Weighted Mol Weighted Mol

Component MoI.Wl VoJume% Wl Volume % Wl Volume % Weighted Mol Wl
Argon 39.94 1.03 0.41 1.03 0.41 1.0. 0.41
Nilrogen 2B.02 77.34 21.67 76.82 21.52 76.61 21.47
OX)/\len 32.00 12.08 3.67 12.22 3.91 12.37 3.96
Carbon Dioxide 44.01 • 3.32 1.46 3.23 1.42 3.17 1.40
Wstsr 18.02 6.28 1.12 6.71 1.21 6.13 1.21

100.0 28.5 100.0 28.5 99.9 28.4

Calcuia60n of dIy mass fiow rale:
Mess flow of exhaust =

Mol.rflow of exhaust= Mass flow ofexhaust I Mol WI =
MoI.rflowofwaler=Vol.% H,O' Exhaustmolarflow=

Molar Row of02= Vol.%02' Exhaust molar flow ~

Molarflow of Exhaust, dry .. Exhaust molar flow - H2O molar floW" .
Vol.% 02, dry = 02 molarflow I Exhau~molsrflow'

Base Load, Temp. ~ r:1'F
2.03Ei{)6 Iblhr
71079.6 Ib-mol/hr

. 4428.3 1I>·mol/hr

856M Ib-moUhr
66651.4 Ib-moUhr
12.9%

Basa Load, Temp. =4S"F
1.93&06 Iblhr
67736.0 lb-moVhr
454<;.2 Ib-mol/hr

6277.6 lbomol/hr
63192.8 IbomoVhr
13.1%

Base Load, Temp. " 8ff'F
1.76&06 Ib/hr
62614.9 Ib-moIIhr
4214.0 IlHnoIfnr

7745.5 Ib-mollhr
58400.9 Ib-mollhr
13.3%

, Criteria pollutant amlssion factors provided by the manufacturar, butin some cases heve baen adaptad from natural gas combustion. The
NOx emission factor is corrected to 15% 02-

• EPA AP-42, Volume I, FJflh Edllion - April 2000, Table 3.1-3, emission Factors for Hazardous Air Pollulantsfrom Natural Gas-Fired
Stationery GasTurbines. Note: These emission factors are for naturel gas cornbtJsfion, which Is expeeled to produce emissions of1hese
pollutants 1hat are greater than crequal to the emissions produced during fuel gas combustion, so these emission metors should provide
worst case emission estimates.

Additional notes:
All gas flow rates end oomposlUons 'are based on Infconation provided by GE. (Information provided by Paul Rood ofSNC Lavalln via email
on 12117/07.)
Average voe molecularweigh! assumed 10 be 461b-moUib.
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Madl"lne Bow Fuel & Power Industrial Gaslfi"ation & Llquefa"Uon Plant
Turbine Oelail Sheet -Initial Vear (Cold Start and Remainder Normal Operations IBase Load])

Soum 10 Number
Equipment 10

Turbine Usage
TurbIne Make
Turblne Mode)
Seriel Number
InslaUation Date
Engine Configuration
Emission Controls

Design Output
SlIe Operating Hours
EJ:haustTemperalure

Gas Heating Value
Gas Flow Rate
Gas Heat Rate

Tulbine and HRSG Train 2

Power Generation
GE
rEA
TaD
TaD
Turbine
SCRlOXIdatlon Catalyet

56 MW
7760 hrlyr
300 OF

_12°F
16399.6 Blu/Ib
47,910Ibf!1r
785.7 MMBtulhr

45"F
16399.6 8tullb
44,450 Ib/hr
729.0 MM8tulhr

85"F
16399.68tu11b
40,240 Ib/hr
659.9 MM8tulhr

! ••.• ,; •

Po/enUB! emIssions from Fuel Gas MIxture Ooarailcn (Normslo ei'llUons, Pellial vsarl
Pollutanl Emission Emission estimated Hourlv Emissions Max Hourly EsUmated Source of

Faotor Fsctor -12"F 45°F 85°F Emissions Annusl Emissions Emission
(ppmv, drvl /lblMMBtul Ilblhrl Ilb/hr\ milhrl Ilblhrl (tOY) Faotor

NOx 6 0.0234 18.40 17:44 16.12 18.40 67.20 Mant.Dala'
co 6 0.0143 11.20 10.62 9.51 11.20 40.92 Mant. Data'
VOC 1.4 (ppmv, wet) 0.0020 1.59 1.52 1.40 1.59 5.64 Mant. Data'
S02 0.0034 2.67 2.48 2.24 2.67 9.56 AP-422

PM10Toiai 0.0127 10.00 10.00 10.00 .10.00 38.80 Mant. Dala'
Marcul)' 2.245-06 3.615-06 2.995-o5 2.84E-05 2.62&06 2.99E-06 1.09E-04 Manf. Data'
1,3.Butadlene 4.30E·07 3.38E-04 3.13E-04 2.64E-04 3.38E-04 1.215-03 AP-4:z2
Acetaldehyde 4,00E-06 3.14E.Q2 2.925-02 2.645-02 .3.14E-02 1.125-01 AP-4:z2..
AcroleIn 5.405-06 5.03E-03 4.5TE-03 4.22E.Q3 5.0310-03 1.805·02 AP-4z2
8enzene 1.20E-06 9,43E-03 8.75E-03 7.92E-03 g.43E..Q3 3.37E..Q2 AP-42'

EIhyll?e~n.!! ...• '" '.., \ .. - ..... ..... ~:?°E.:Q9 .. ',. ~:p~.J;-o2 2.33E-02 2.11E-1)2 ..2.~1,E-02 '. 9.005;-02 . ..... ," AP-4:z2
Fonnaldehyde 7.105-05 5.56E-02 5.18E-02 4.89E-02 6.58E..Q2 2.005-01 AP-42'
Naphthalene 1.30E-06 . 1.0210-03 9.48E-04 8.58E-04 1.02E-03 3.66E..Q3 AP-42'

·PAH 2.20E-05 1.73E-03 1.60&03 1,46E..Q3 1.73E-03 6.19E-03 AP-42'
Propylene OXide 2.90E-05 2.25e-02 2.11E-02 1.91E-02 2.2SE-D2 8.16E-02 AP-422

Toluene 1.3liE..Q4 1.025-li1 9,48E-02 8.68E-02 1.025-01 3.66E-01 AP-4T
Xvlene 60405-05 5.03E-02 4.6TE-02 4.22E-02 5.035-02 1.805-01 AP-422

Exhaust Composition Base Load. Temp. = -12'F Base Load, Temp." 45"1' Base Load, Temp." 85"1'
Weighted Mol Weighted Mol

Component MoLWL Volume % Wl Volum.% Wt. Volume % Weighted Mol WL
Argon 39.94 1.03 0.41 1.03 0.41 1.03 0.41
Nitrogen 28.02 7734 21.67 76.82 21.52 76.61 21.47
Oxygen 32.00 12.08 3.87 12.22 3.91 12.37 3.98
Cart>on Dioxide 44.01 3.32 1.46 3.23 1.42 3.17 1.40
Weter 18.02 5.23 1.12 6.71 1.21 6.73 1.21

100.0 28.5 100.0 28.6 99.9 28.4

Calculation ofdry mess flow ",Ie:

Mass flow ofexhaust"
Moler flow oflllChausl= Massflowofmchaust/MolWt=

Molarflow ofweler=: VoI.% H20' Exheust I)lolarflow=:

Moler Flow of 02- Vol.%02 • Exheust molar flow •
Molerflow ofExhaust, dry. Exhaust molerflow- H2O maiarflow=

Vol.% 02, dry=02 molerflow I Exhaust molsr flow=

Base Load. Temp. " OaF
2.03Et06 . Ib/hr

71079.6 Ib-mollhr
4428.3 Ib-mol/hr

9686.4 Ib-mol/hr
6666M I!>-mollhr
12.9%

6ase Load. Temp. =46"F
1.93Ei06 Iblhr
67738.0 lb-moJ/hr
4645.2 Ib-mol/hr

8277.8 Ib-mollhr
63192.8 Ill-mcllhr
13.1%

Base Load, Temp. =80'F
1.78Et06 Iblhr
62614.9 Ib-mollhr
4214.0 Ib-mollhr

7746.6 Ill-mollhr
6&400.9 Ill-mollhr
13.3%

1enlerie pollutant emissIon factors provided by the manufacturer, but In some cases have basn adapted from nalural gas combustion. The NOx
emission factor Is conracted to 15% 02.
• EPA AP-42. Volume I, Fifth Edition -April 2000, Table 3.1-3. emission Faclors for Hazardous Air Pollutanlsfrom Natural Gas-Ared Stationary
Gas Turbines. Nole: These emission factors are fornalural gas combustion, which is expected to produce emissions ofthese pollutants that are
very similar to the emissions produced during fuel gas combustion, so these emissIon faclors should provide raprasentaUve emIssion estimates.

Additional notes:
All gas flow rates and composition. ara be.ed on information provided by GE. (Information proVided by Paul Rood of SNC Lavalln via email on
12/17/07.)
Average VOC molecular weight assumed to be 46 Ib·molllb.
The operating hours Include 500 hours for melfuncUon and warm start·up.
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Medicine Bow Fuel &Power Industrial Gasification & Uquefactlon Plant
Turbine Detail Sheel· SSM emissions, Natural Gas Firing (Cold Start.up)

Design Output
Cold Operating Hours
Normal Operating Hours
Natural Gas Heating Value
Natural Gas FloW Rate
Natural Gas Heat Rate
Gas Flow Rate

66MW
, 6 hr/yr
994 hr/yr

21515 BIu/Ib
36,495 Iblhr
7852 MMBtulilr

0.77 MMscfihr

PoI.fllial t:mlsslons from Natural Gas OperatIon (Cold StartuP, Par1Jal Yean
Pollutant EmissIon emission EBllmated EmIssions Source of

Fector Fector emlsalon
'(IbIMMBtul (ppml/, drill (Iblilrl (lpy) Factor

NDx(cold) 25 77.56 023 Manf. Data'
NDx (nonnal) 6 18.61 9.25 Manf. Data'
CD (COld) 10 18.89 0.06 Mant. Data'
CO (normal) 6 11.33 5.63 Manf. Data'
~DC 1.4 (ppml/, wet) 1.6Z 0.81 Mant. Data'
S02 0.0034 2.67 1.33 Mant'.Dala'
PM10Total 10.00 5.00 Mant'. Data'
Mercury 2240E..Q6 3.03E..Q5 1.52E..Q5 Mant'. Data'
1,3-Butadiene 4.30e-07 3.38E-04 1.69E-04 AP-42?-
Acetaldehyde 4.00E-05 3.14E-02 1.57E-<l2 AP-42'
Acrolein 6.40E-<l6 5.03E-03 2.51E-03 AP-42'
Benzene 1.20E-05 9.42E-03 4.71E-<l3 AP-4z'
Ethylbenzene 3.20E-05 2.51E·02 126E-02 AP-42?-
Formaldehyde 7.10E-05· 5.57E-02 2.791:-02 AP-4i!'
Naphthalene 1,30E-06 1.02E-<lS 5.10E.Q4 AP-4i!'
PAH 2.205-06 1.78E-oS . a.54E.Q4. AP-4?!-
Propylene OXIde 2.90E-05 2.28E-02 1.14E-02 AP-42?-
Toluene 1.30E-04 1.02E-01 5.10E-<l2 AP-42?-
Xylene ',i' ....; '; MOE-OS' 5.03E-ll2 ·2.51E-02, ," ·AP-4?!- .. ......... ;

Volume %
c.e

75.5 ,
13.88
3.22

6.5
100.0

ExhaustComposition

Component
Argon

Nitrogen
Oxygen
carbon Dioxide
Waler

Mol.WI.
39.94
28.02
32.00
44.01
18.02

Base Load, Temp. = O"F
Weighted Mol

, Wl

0.36
21.16
4.44

1.42
1.17
2B.5

Calculation of dry mass now rale:
Mase~ow ofexhaust= 2.0BE+C6 Iblhr
Moler~ow of exhaust- Mess flow ofexhaust/Mol Wt­

Molarflow ofwaler- VoL% HzO • Exhaust molerflow·

Molar Flow of 02= Vol% 02·' Exhaustmolarnow =
Molarflow of Exhaust, dry= l:Xhaust molarnow- H2O rrolarflow=

• Vol.% 02. dry= 02 molar~owI Exhaust molarflow=

72132.9
4666.6

10012.0
67444.3
14.8%

Ib-mollhr
IlHnOIlh~

Ib-mollhr

IlHnollhr

",J

1 Criteria 'pollutant emission factors provided by the manufactJJrer. The NDxemlssion factor is cornected 10 15% 02. Cold operation emissions
assume that the SCR I olddation catalyst is not operating. NItrogen Injection is assumed.

2 EPA AP-42, Volume I, Flflh Eclltlon - April 2000, Table 3.1-3, EmIssion Factors for Hazardous I'Jr Pollutants from Natural eas-Flred Stationary
Gas Turbines. . .

Additional notes:

These emissions are calculated assuming an amblenl temperature of~1:a=, which produces 1I1e worst case emission estimate.
All natural gas heatrales. flow rates, and e;<haust compasitlons are based on information provided by GE. (Information provided byPaul Rood
of SNC Lavalin via email on 12/18/07.) .

AI/erage VOC moJecularwelghtassumed 10 be 46 lb-moVlb.
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Medicine Bow Fuel & Power Industrial Gasification & Liquefaction Plant
Turbine Detail Sheet· Nonnal operaUons (Base Load)

Source 10 Number
5qulpment 10

TUTblne Usage
Tulblne Make
Tulblne Model
Serial Number
InsiaDallon Date
5nglne Conflsura60n
Emission ConllOls

Design Output
Site Operating Hours
Exhaust Temperature

Gas Heating Value
Gas Flow Rale
Gas HaalRate

Turb!na and HRSG Train 2

Ppwer Generallon
GE
7EA
TBO
TBD
Turbine
SCRlOXIda8on Catalyst

66MW
8760hrlyr
300"F

-12'F
16399.6 Bl1J/Ib
47,9101blhr
785.7 MMBluJhr

45"F
16399.6 Btuab
44,450 Ib/hr
729.0 MMBtulhr

B5"F
16399.6 BluJIb
40,240 Iblhr

659.9 MMBlu/hr

,..... ;

Potentlel EmIssIons flOm Fuel ass Mixture OpsraUon
Pollutant Emission Emission E:a11maled Houriv Emissions Max Hourly Esllmated Source of

Factor Faalor -12"1' 46"F 86'F Emissions Annual{;~;ssfons 5mlaslon
{oomv, dIVI OblMMBtul llblhrl r1b1hrl llblhrl llblhrl Factor

NOx 6 0.0234 18.40 17.44 16.12 18.40 76.B6 Mant. Data'
co 6 0.0143 11.20 10.62 9.81 11.20 46.19 Manf.Dala'
VOC 1.4 (ppmv, wet) 0.0020 1.59 1.52 1.40 1.59 a.q9 Mam. Data'
602 0.0034 2.67 2.48 224 2.67 10.79 AP-4'l!'
PM10Toiai 0.0127 10.00 10.00 10.00 10.00 43.80 Mant. Data'
Mercury 2.24E-06 3.815·08 2.99E-05 2.84E-{)5 2.62E-05 2.99E·05 123E-04- Manf. Data'
1,3-Butadlsne 4.305·07 3.38E-{)4 3.13E-{)4 2.B4E.Q4 3.38E.Q4 1.37E-03 AP-42'
Aoetaldehyde 4.005-06 3.14&OZ Z.9ZE:.Q2 2.64E.Q2 3.145-02 1.275-01 AP-42'
Aoroleln 6.40E-06 5.03E.03 4.67E·03 4225·03 5.03E-03 2.03E-OZ .AP-422

Benzene 1.20E.05 9A3E-03 6.75&03 7.92&03 9.435-03 3.81E-02. AP-4Z2

Ethylbenzene 3.2OE-05 2..51E·02 2.33E.Q2 2.11E.Q2 2.51E-02 1.02.E-01 AP-422

Formaldehyoo
,'::i-.:-:'..:., .. 7.10E·05 .- 5.56E·02 5.16E·02 4.69E.Q2 5.58&02. 2.25E-01. ... AP-422

• Nephthaie~e ' . ~ . 1.30E:06
'.'1,_

·1.02E-03 'SMIE-Ooi 'ai8E~04 1.02E-03 4:i3E-03'·" . ,. AP-422

PAH 2.20E-06 1.73E-{)3 1.60E:-{)3 1.45E-{)3 1.73E-03 6.98E-03 AP-4'l!'
Propylene Oxide 2.90E·05 2.2BE-{)2. 2.11&02 1.91E-02 .2.28E-02 921&02 AP-422

Toluene 1.305·04 1.02E·01 9.4BE.Q2. 8.68E·02 1.02E·01 4.13E-01 AP-42'
Xylene 6.40E·05 5.035-02 4.67E.Q2 4225·02 5.035-02 2.03E·01 AP-42'

Elchausl Composltlon Base Load, Temp. =·1 tF Bass Load, Temp. =~F Base Load,Tamp. = es"F
Weighted Mol WelghledMoI

Component Mol.WL Voluma% WL Volums% WL Volume % Wsl9hted Mol WL
Argon 39.84 1.03 0.41 1.03 0.41 1.03 0.41
Nitrogen 28.02. 77.34- 21.67 76.82 21.52 76.61 21.47
Oxygen 32.00 12.08 3.67 12.22 3.91 12.37 3.96
Cerbon DIoxide 44.01 3,32 1.46 3,25 1.42 3.17 1.40
Weier 18.02. 6.23 1.12 6.71 1.21 6.73 1.21

100.0 28.6 100.8 28.5 S9.S 28.4

....,~_.:(

CalculalJon ofdry mass flow rate:
Ma•• flaw of exllau.l ~

Molarflawofeld1aust~Massflowofexhaustf Mol WI=
.. Molarl1owofwater =Vol.% HzO •Exhaust molar1ioW=

Molar Row of 02= Vol.% 02' Exhouotmolarilow~

Molarllow of Exhaust, dry =Exhaustniolarflow. H2O molarflaW"
Vol.% 02, dry =02 molarflow I Elchaust moIsr1low=

·BasaLoad, Temp. =IfF
2.031:+06 Iblhr
71079.6 Ilrrnollhr
4428.3 Ilrrnollhr

8666.4 Ilrrnollhr
68651.4 Ib-mollhr
12.9%

Bass Load. Temp. =~F
1.93E+06 Iblhr
67736.0 llHnoLlhr
4545.2. lb-moUhr

8277.6 Ib-moUhr
63192.8 Ib·mollhr
13.1%

Bas. Load, Temp. =61fF
1.781:+08 Iblhr
62614.9 Ib-rnollhr'
4214.0 IlrmoUhr

7745.5 Ib-moUhr
58400.9 lb-moVhr
13.3%

, Criteria pollutant emission factors provided by the manufacturer, bulln some cases have bean adaptad from nalural gas ex>mbusUon. The
NOx emission factor Is correaled to 15% 02.

, EPA AP42, Voluma I, Aftll EdlUon - AprlI2000. Table 3.1-3, Emission Faclors for Hazardous Air Pollutants Iiom Natural Gas·Flred
Stallonal}' Gas Turbines. Note; These emission factors are for nalural ges combustion, whloh Is expected 10 produce emissions of these
pollutants !hat are greater than or equal to the emissions produced during fuel gas combusUon, so these emission faclors should provide
worst case emission estimates.

Addillonal notes:
All gas flow ralss and composlfions are based on Infonnetion provided by GE. (InformeUon providad by Paul Rood ofSNC Lavalln via email
on 12/17/07.)
Average VOC molecularwelghl es.umed to be 46 lb-moVlb.
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Mecicine Bow Fael & Power Industrial Gasffic:ation &Liquefaction Plant
Turbine Datail Sheet -Initial Voar (Cold Start and Remainder Normal OperationS [Base LoadJl

Source 10 Number
Equipment 10

urblneUsage
urblneMake
urbine Model

Serial Number
Installation Date
Engine Configuration
Emission Controls

DesIgn Output
S~e Operating Hours
exhaust Temperature

Gas Heating ValUe
Gas Flow Rate
Gas Heal Rate

Turbine and HRS13 Train 3

Power Generation
13E
7EA
TBD
TBD
Turbine
SCRIOXida60n Catalyst

66MW
7760 hrlyr
3OO'F

-12"F
16399.6 Btullb
47,910 Iblhr
785.7 MMBlu/hr

45"F
16399.6 BtuJlb
#,450Iblhr
729.0 MMBlu/hr

85'F
16399.6 Blu1Jb
4O,2401blhr

659.9 MMBtulhr

~....

Potentisl emissions 170m Fuel Ges Mix/we Operation (Normal operations, Pertiel yeer)
Pollutant • Emission emission Estimated Hourtv EmissIons Max Hourty Estimated .Sourceol

(o:'act~rv)
Factor -12'F 4~ 85'F Emissions Mnual EmIssIons Emission

mv.d IIb/MMBtul Ilblhrl (lblhrl Gblhr) (Iblhrl . (!Dv) Faelor

NOx 6 0.0234 18.40 17.44 16.12 18.40 67.20 Manf. Datal

CO 6 0.0143 11.20 10.62 9.81 11.20 40.92 Mant. Datal

VOC 1.4 (ppmv, wet) 0.0020 1.59 1.52 1.40 1.59 5.84 Manf. Datal

S02 0.0034 2.67 2.48 2.24 2.67 9.56 />J'-4'l?-
PM10Total 0.0127 10.00 10.00 10.00 10.00 38.80 Mam. Data~

Mercury 2.241;-06 3.81E-08 2.99E..Q5 2.84E-05 2.62E-05 2.99E-05 1.09E-04 Mam. Dalal

1,3-Butadlene . 4.30E·07 3.385-04 3.13E·04 2.84E-04 3.38E..Q4 1.21E-03 AP-4'l?-
Acetalde~yde 4.00&05 a.14E..QZ 2.925-02 2.641:-02 3.141:-02 1.121:-01 AP-422

Acrolein 6.401:-06 5.08&08 4.671:-03 4.221:-03 5.031:-03 1.8OC.oZ AP-4t
Benzene 1.2OC.Q5 9.431:-03 8.751:-03 7.921:-03 9.431:-03 3.37E-DZ AP-4t
Ethylbenzane 3.20E-C5 2.511:-02 2.33E-02 2.11E-02 2.51E-02 9.00E-02 AP-42?-
Formaldehyde ...... .. :r.l0E-05,. 5.5BE-02 5.18E..Q2 4.69E-02 5.56E-Q2 2.0OC-Ol.: ...·" ,:,":PJ?"t'l?-
Naphthalene 1.30E_06 1.02E-03 9.48E-04 8.58E-04 1.02E-03 3.66E-D3 AP-42?-
PAH 2.20E-06 1.73E-03 1.60E-03 1.45E-03 1.73E..Q3 6.19E-D3 AP-42?-
Propylene Oxide 2.905-05 2.28E-02 2.115-02 1.91E-02 2.26E·02 8.16E-02 AP-42?-
Toluene 1.305-04 1.02E-Ol 9.48E-02 8.58E-02 1.021:-01 3.66E-01 AP-4t
Xvlene 6.40E-05 5.085-02 4.67E-02 4.225-02 5.03E-02 1.60E-01 AP-42?-

Elchauot C0'!1pcsKion Base Load, T",:"p. a -12.'F Base Lead, Temp. ~ 45"F Be.e Load, Temp. =8&"F
WeI!jllted Mol WelghlSd Mol

Component Mol.Wl Volurne% Wl VoJume% Wl Volume % Weighted Mel Wt

Argon 39.94 1.03 0.41 1.03 0.41 1.03 0.41
Nitrogen 28.02 77.34 21.67 76.82 21.52 76.61 21.47
Oxygen 32.00 12.08 3.87 12.22 3.91 12.37 3.96
carbon OiOlCid. 44.01 3.32 1.46 3.23 1.42 3.17 1.40
Water 18.02 6.23 1.12 6.71 1.21 6.73 1.21

100.0 28.5 100.0 28.5. 99.9 28.4

.,.'

Calculation of dry mass 1iow rate:
Mass~ow of exl1ausl =

Mol... floW of exhaust =iIn.... flow of exhaustI Mol Wt =
Molarflow of water =VoI.% H,O' Exhaustmolar flow =

Melar Flow of02= Vol.%02' exh.ust molar~ow =
Molar tJow qf Exhaust dry =Exhaust molartlcW. H20 molarflcw=

Vol.%02, dry. 02 molarflovll Exhaust mclartlcW =

Base Load, :remp. =CfF
2.035+06 Iblhr
71079.6 Ilrmollhr
4428.3 11J.mollhr

6586.4 Ib-mollhr
66661.4 Ib-mollhr

. 12.9%

Base Loael, Temp. =45'F
1.935+06 Iblhr
67738.0 Ib-molihr
4545.2 Ib-molihr

8277.6 Ib-moUhr
63192.8 Ib-mollhr
13.1%

Base Load, Temp. =SCfF
1.7SE-t06 Iblhr
62614.9 Ib-mollhr
4214.0 Ib-mollhr

7745.5 Ib-mollhr
58400.9 lb-moJJhr
13.3%

./

1 C~lerfa pollutant emission facters provIded Dy the manufacturer, but In some cases have been adapted from natlJral gas combustion. The
NOx emsslon factor is corrected to 15% 02.

2 EPA AP-42, Volume I, FIfth Edition - April 2000, Table 3.1-3, Emission Factors for Hazardous Nr Pollutants from N.tu"" Gas-Fired
Slationa-y Gas Turbines. Nete: These emission faclors arefernatura! gas combustion, which is exPected to prccluce emissions of these
pollutants that are greater than or equal to the emissions produced during fuel gas combustion, so these emission factors should provide
worst case emission esUmates.
Additional notes:
All gas flow rales and compo.lllons ara based on Information provided by GE. (Inform.tion provided by Paul Rood ofSNC Lavalln via email
on 12117/07.)
Average voe molecularweighl assumed to be 461b-rroli1b.
The operating hours Include 500 hours for malfunoUon and warm start-up•
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Medicine Bow Fuel & PowerIndustrial Gaslftc:atlon & Liquefaction Plant
Turbine Detail Sheet- SSM Emissions, Nalural Gas Firing (Cold Start-up)

Design Output
Cold OperaUng Hours
Normel Operallng Houl'6
Nelural Gas Healing Value
Nalural Gas Flow Rale
Nalural Gas Heat Rale
Ges Flow Rale

66MW
6 hr/yr

994 hriyr
21515 BllJ/lb
35,495 Ib/hr
785.2 MMBtU/hr

0.77 MMscflhr

Po/entls! EmIssions from Natural Gas Ollamtlon (Cold Stsrtuo. Partial vear)
PoDutant Emission Emission EsUmallld Emissions Source 01

Factor Factor emission
IlblMMBtul loomv. dryl Ilblhrl {l"vl Feelor

NOx (cold) 25 77.56 0.23 Manl.Dsla'
NOx (normal) 6 18.61 9.25 Manf. Pala'
CO (cold) 10 18.89 0.06 Manl. Data'
CO (nonnal) 6 11.33 5.63 Manl.Dala'
voe 1.4(ppmv, wet) 1.62 0.81 Menl.Dela'
B02 0.0034 2.67 1.33 Menl.Peta'
PM10TDlaI 10.00 5.00 Mant•Data'
MereuI}' 2,2405·06 3.03E005 1.62E-05 Menl. Data'
1,3-Butedlane 4.30E.Q7 3.38E.Q4 1.69E-04 PJ>-4'i'
Acetaldehyde 4.ooE-05 3.14E-02 1.67E.o2 AP-42'
AcroleIn 6.40E-06 5.03E-03 2.51E-03 PJ>-42a

Benzene 1.20E.Q5 9.42E-OS 4.71E·03 PJ>-42'
Ethylbenzene g.20E.QS 2.51E-02 1'.26E.o2 AP-42'
Formaldehyde 7.10E.QS 5.57E-02 2.79E-02 AF,'-42'
Naphthalene 1.30E-06 1.02E-03 5.10E·04 AP-42'
PAH 2.205·06 1.73E-03 8.64E-04 AP-4'i'
Propylene Oxide 2.90E-06 2.25E-02 1.145·02 AP4'i'
Toluene 1.305.Q4 1.02E·o·1 6.10E.02 AP-4'1'
XYlana 6.40E-05 5.031:-02 2.615·02 AP-4'1'

Volume'll,
0.9
75.6

13.88
3.22
6.6

100.0

.~., :.: '* •

Component
Argon

Nitrogen
Oxygen
Carbon Dloxlde
Weier

-:':.~.- ,"".

McI.W~

39.94
28.02
32.00
44.01
19.02

B';';. Lc~d'T~m;':'i4 'ifF"" '.'.
Weighted Mol

WI.
0.36

21.16
4.44
1.42
1.17
28.6

',.:' , ,,'., ,'. ~: .,:...,;;' "';:, " :. ," ... ' .. ~.: ':: .':- ~

Calculation of dry mass Pow rate;
Mass flow ofexhaust = 2.06Et06 Ibfhr
Molarflow ofexheuot =Ma•• flow of .~heu.tlMol Wt =

Molar flow of weter =Vol.% H.O • Elcheuet molerflow"

MolarFlow 01 02= VoL%02 • Exheust molarflow =
Molar flow of Elch.u.~ dlY =Exheuat molar flow - H20 molarflowa

Vol.%02, dlY =02 molsrflow I Exhaust molerflow"

72132.1l
4666.6

10012.0
67444.3
14.8%

Ib-mollhr
Ib-mollhr

Ib-molfhr
Ib-mollhr

, Criteria pollutant emission faotorS provided by the manufaolurer. The NOx emission faclor la corrected to 16% 02. Cold oparetion
emissIons assume thallhe SCR I oxIdation calalyslls not operating. Nitrogen injection Is assumed. .

2 EPA AP-42, Volume I, R1lh Edition - April 2000, Table 3.1·3, Emission Faelors for Hazardous N.rPollutants from Natural Gas-Fired
StalloneI}' Ge. TUrbines.

Additional noles;

lhasa emissions are calculated assuming en ambient temperature of -1tF, which produces the worst caee emission estimate.
All natural gas heat rates, flow ralas, and exhaust compos1Uons era based on InformaDon provided by GE. (Information provided by Paul
Rood ofSHO Levelln via email on 12116/07.)
Average vao molaculerwelghl assumed to be46 Ib·moVib.

8
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Medicine Bow Fuel & Power Industrial Gasification & Liquefaction Plant
Turbine Delail Sheet - Nonnal Opera!lons (Base Load)

Source 10 Number
I:qulpmantlD

Turbine Usage
Turbine Make
Turbine Model
Sena! Number
Ins1aRation Oeta
Engine Coniiguration
Emission Controls

Design Output
Sit. Opillating Hours

Exhaust Temperature

Gas Heating Value
Gas Flow Rate
Gas Heat Rate

Turbine and HRSG Train 3

Power Generation
GE
rEA
TBO
TBD
Turbine
SCRlOxidation Catalyst

66 MW
8760 hr/yr

300"F
.12"F

16399.6 Btulib
47,9101bll1r
78S.7 MMBtu/hr

45"F
16399.6 Btullb
44.,450 IbIhr
729.0 MMBtu1hr

85"F
16399.6 Btullb
40,240 Iblhr

659.g MMBtUlhr

Potential E:mJssloml from Fuel Gas MIxture Operation
Pollutant E:mIsslon Emission EsIlmated Hourlv Emissions Max Hourly EstImated Source of

Factor Factor ·12°F 45"F 85"F EmlSS~~)ns Annual Emissions Emission
(oomv. drY) flblMMBtu) Oblhr) (Ib1hr) flb/hr) flblhr flov) Factor

NOX 6 0.0234 18.40 17.44 16.12 18.40 75.86 Mant. Data'
CO 6 0.0143 11.20 10.62 9.81 11.20 46.19' Mant. Data'
VOC '1.4 (ppmv, wet) 0.0020 1.59 1.52 1.40 1.59 6.59 Mant.'Data'
S02 0.0034 2.67 2.48 224 2.67 10.79 AP-4t'
PM10Tolai 0.0127 10.00 10.00 10.00 10.00 43.80 Mant. Data'

Mercury 2.24E-06 3.81E-08 Z.99E-05 2.645-05 2,6ZE-05 2.99E-05 1.235-04 Mant. Data'
1,3-Butadlene 4.30E-07 3.SBE-04 3.135-04 2.B4E.Q4 3.3BE.Q4 1.315-03 M'-4Z2

Acetaldehyde 4.005-05 3.14E-02 2.925-02 2,64E-02 3.14e-02 1.275-01 AP-422

Aeroleln 6.40E-06 5.0SE-03 4.67E-03 4,22E-03 5.03E·03 2.035-02 AP-422

Benzene 1.20E-05 9.43E-03 8.75E.(I3 7.9ZE-03 9.43E-03 3.81E-02 AP-4Z2

Ethyjli'enzene ' .:',:...:-;.:.:; .... ' ... ,,, 3.20E-oS', ' 2.51E-02 2:33E-02' "" 2.11E-02 2.51E-02 " 1.02E'!l1 ,,'-'" ',;' AP-4t',.,', '

Formaldehyde 7.10E-oS 5.5BE-02 5.18E-02 4.69E-02 5.58E-D2 2.25E-U1 />P-4-r

Naphthalene 1.30E-06 1.025-03 9.48E-04 8.56E-04 1.02E-03 4.13E-03 AP-4t'
PAH 2.20E-06 1.73&03 1.60E.Q3 1.4SE-03 1.731:-03 6.98E-03 />P-42?'
Propylene Oxide 2.90E-05 2.26E-02 2.11=002 1.91E-02 2.26E-02 9.21E-02 AP-4Z'
Toluene 1.30E-04 1.025.01 9.461:002 8.661:-02 1.02E-01 4.135-01 AP042?'
Xylene 6.40e-oS S.035-o2 4.67E-02 4.22E-02 6.03E-02 2.031:-01 AP-4z2

ExhaustComposition Base Load, Temp. =-12°F Base Load, Temp. =45'1= Bas,e Load, Temp. =85"F
Weighted Mol Weighted Mol

Component Moi.WL Volume % WI. Volume % WL Volume % Wei9hted MolW~
Argon 39.94 1.03 0.41 1.03 0041 1.03 0041

Nitlogen 28.02 77.34 21.e7 76.S;Z 21.62 76.61 21.47
OxygBn 32.00 12.08 3.87 12.22 3.91 12.37 3.96

Carben Dioxide 44.01 3.32 1.48 3.23 1.42 3.17 1.40
Water 18.02 6.23 1.12 6.71 1.21 8.73

.;.
1.21

100.0 28.5 100.0 '28.5 99,9 28.4

CalcUlation ofdry maSll flow rate:

Massflow ofexhaust =
Molar flow of exhaust=Mass flow of exhaust I Mol Wt=

Molar flow of water. Vol.%H,O' Exheust molarflow c

Molar Flow of 02- Vol.% 02' E!xhaust molerflow =
Molar flow of Exhaust, !fly. Exhaust molarflow- H20 molarfloW"

Vol.% 02, dlY= 02 molarflowlexhauSt molar1iow=

Base Load, Temp. = O'F
2..03E+06 iblhr
71079.8 Ib-moilhr
4428.3 ib-moilhr

8588.4 Ib-moilhr
66651.4 Ib-moilhr
12.9%

Base Load. Temp. =4S'F

1.93E+06 Ibmr
67738.0 fb.moIIhr
4546.2 Ib-mollhr

8277.6 Ib-mellhr
63192.8 Ib-mollhr
13.1%

Bass Load, Temp. = 80"F

1.78E+06 Ibmr
62614.9 lb-molJl)r
4214.0 Ib-moilhr

7745.5 Ib-moVllr
58400.9 Ib-moilhr

13.3%

, Criterla pollutant emission factors plOvlded bythe manufacturer, but i1 some cases have been adapted from natural gas combustion. The NOX
emission factor Is corrected to 15% 02.

, EPA AP-42, Volume I, Fifth EdlUon • Aprll2000, Table 3.1-3, emission Factors for Ha2erdous Air Poilutanlsfrom Natural Gas-Flred Stationary
Gas Turbines. Note: These emission factors are for natllral gas combustion, which Is expecled to produce emissions of these pollutants that are
greater than or equal to the emissions produced during fuel gas combustion, so lhese emission factors should provIde worst case emlsslon
estimates.
Addl1lonal notes:

All gas flow rates and composltlons are besed on Information provtded by GE. (Information provtded by Paul Rood ofSNC Lavalln vla email on
12117/07.)
Average voe molecularweight assumed to be 46 Ib-molllb.
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Medicine Bow Fuel & Power Industrial Gasification & Liquefaction Plant
Auxiliary Boiler Detail Sheet

Source ID Number
Equipment Usage Auxiliary Boller Vent Gas Molar Flow Rate 215 Ib-mol/hr

Vent Gas MolecularWeight 18.5Ib/lb-mol
Equipment Make TBD Vent Gas Percent H2O 0.1%
Equipment Model TBD
Serial Number TBD Vent Gas Molar Flow Rate (dry) 2151b-mollhr
Installation Date TBD Vent Gas Flow Rate (dry) 81,510 set/hr
Emission Controls Low Nox Burner

Design Heat Rate 66.00 MMBtuJhr

Normal Operation
Gas Potential Operation 8000 hr/yr
Gas Potential Fuel Usage 6~2 MMscf/yr

Cold StartuP (natural gas)
Fuel Heating Value 1020 Btu/set
Heat Rate 0.0647 MMscf/hr
NG Potential Operation 760 hr/yr
NG Potential Fuel Usage 49.18 MMscf/yr

: . ~:-: ...

Potential Emissions from NOl71Ja/ Operation (firing fuel as mixture, 25% load) .
Pollutant Emission Emission Estimated Emissions Source of

Factor Factor Emission
(IblMMBtu) (Ib1MMscf) (Ib/hr) (tpy) Factor

NOx 0.036 -- 0.59 2.38 Vendor1

··CO " .!.:..~ .•. '. ;,t" ·1. .}..:',.. :': . "'0.037' . ...;......,:....;~.,~: ....... ···".,.· ..0.61·. 2.44 . ',:' .'. ·:&~ndork,
VOC 0.004 -- 0.07 0,26 Vendor1

502 0.0006 ._- 0.01 0.04 Vendor1

PM10 0.005 -- 0.08 0.33 Vendor1

Benzene - 2.1E-03 4.28E-Q5 1.71E-04 AP-423

Dichlorobenzene -- 1.2E-03 2.45E-D5 9.78E-05 AP-423

Formaldehyde - 7.5E-02 1.53E-D3 6.11E-03 AP-423

Hexane - 1.8E+OO . 3.67E-02 1.47E-01 AP-4z3
Naphthalene - 6.1E-04 1.24E-05 4.97E-05 AP-423

Toluene - ME-03 6.93E-05 2.77E-04 AP-423

,.~.,=- "': '.' ·t ••·.·" .... • ~ :J.' ~,j.' . :':._~ ...•'~

1 NOx, CO, VOO, 502, and PM10 emissions are estimated based on vendor specifications.
2 EPA AP-42, Volume I, Fifth Edition - July 1998, Table 1.4-2. Emission Faotors for Otlterla Pollutants and Greenhouse Gases
from Natural Gas Combustion. Note: These emission factors are for natural gas combustion, which is expected to produce
emissions ofthese pollutants that are greater than or equal to the emissions produced during syn gas combustion, 50 these
emission factors should provide worst case emission estimates_
3 EPA AP-42, Volume I, Fifth Edition - JUly 1998, Table 1.4-3, Emission Factors f9r Speciated Organic Compounds from Nat\.lral
Gas Combustion. Note: These emission factors are for natural gas combustion, which is expected to produce emissions of these
pollutants that are greater than or equal to the emissions produced during syn gas combustion, so these emission factors should
provIde worst case emission estimates.
Additional notes:
The vent gas molar flow rates are from the material balance In the FeasibIlity Study. dated October 2007.
The PAH emission factor is a sum of all the constituent PAH emission factors in Table 1.4-3.
For annual emissions shown on. the summary sheet, operation on fuel gas and natural gas have been pro-rated accordingly for
normal operation and initial year operation.
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Medicine Bow Fuel 8. Power Industrial Gasification & I.iquefaction Plant Cont
Auxiliary Boller Detail Sheet

Potential Emissions from Startup ODeratlon (firina natural gas at 100% load)
Pollutant Emission Estimated Emissions Source of

Factor Emission
(Ib/MMscf) (Ibfhr) (tov) Factor

NOx 50.00 324 1.23 AP-421

CO 84.00 5.44 2.07 AP-421

VOC 5.50 0.36 0.14' AP-4~

S02 0.60 0.04 1.48E-02 AP-4~

PM10 7.60 0.49 0.19 AP-4~

Benzene 2.1E-03 1.36E..Q4 5.16E..Q5 AP-4~

Dichlorobenzene 12E-03 7.76E..Q5 2.95E-05 AP-425

Formaldehyde 7.5E-02 4.85E-03 1.84E-03 AP-425

Hexane 1.8E+00 1.16E-01 4.43E-QZ AP-4Zs

Toluene 3.4E-03 2.20E-04 8.36E-05 AP-423

, EPAAP-42, Volume I, Fifth Edition - July 1998, Table 1.4-1, Emission Factors for Nitrogen Oxides (NOx) and Carbon Monoxide
(CO) from Natural Gas Combustion.

2 EPA AP-42, Volume I, Fifth Edition· July 1998, Table 1.4-2, Emission Factors for Criteria Pollutants and Greenhouse Gases
fr~m Natural Gas Combustion.
s EPA AP-42, Volume I, Fifth Edition - July 1998, Table 1.4-3, Emission Factors for Speciated Organic Compounds frol\l Natural
Gas Combustion.

'..~ .:,:.; : ,. ':':.:',:' <~.,: ""'~;.~"'~""": :""

11

.. ;. ...: .'..."':

DEQ 000244
.' _ _ •. ", .•••. _ " ','-"'_ ,', _••'_. "r"':::", ',-L. ._ • '. _••'. ~.

'7"""" " '~'"==,'~ .• '" "



Medicine Bow Fuel & Power Industrial Gasification & Liquefaction Plant
Heater Detail Sheet

Source ID Number Catalyst Regenerator
Equipment Usage Process Heater Vent Gas Molar Flow Rate 12lb-mol/hr

Vent Gas MoleeularWeight 1B.5 Ib/lb-mol
Equipment Make TBD Vent Gas Percent H2O 0.1%
Equipment Model TBD
Serial Number TBD Vent Gas Molar Flow Rate (dry) 12 Ib-mol/hr
Installation Date TBD Vent Gas Flow Rate (dry) 4,421 scf/hr
Emission Controls Low NOx Burner

Design Heat Rate 3.58 MMBtu/hr

Normal Operation
Gas Potential Operation 7123 hrlyr
Gas Potential Fuel Usage 31 MMscf/yr

Potential Emissions from Normal Ooeration in Standbv (firing'fuel gas mixture)
Pollutant Emission Estimated Emissions Source of

Factor Emission
lIb/MMscf) rJb/hr) (tov) Factor

NOX 30.00 0.13 0.47 Vendor1

CO .' • '. i :'~' ~~.'! ~. .1= ••.. .. , 84.00 0;37" . "·1..34;' ... ;" .:.. AP-421

VOC 5.50 0.02 0.09 AP-4~

S02 0.60 0.00 0.01 AP-422

PM10 7.60 0.03 0.12 AP-422

Benzene 2.1E-03 9.28E-06 3.31E-05 AP-423

Dichlorobenzene 1.2E-03 5.31E-06 1.89E-05 AP-423

Formaldehyde 7.5E-02 3.32E-04 1.18E-03 AP-423

Hexane 1.8E+00 7.96E-03 2.83E-02 AP-423

Naphthalene 6.1E-04 2.70E-06 9.61E-06 AP-423

Toluene 3.4E-03 1.50E-05 5.35E-05 AP-423

',.,,' .....", ';.:.... ::

" ~ .' •.•••, .~.'N ••

1 NOx emissions are estimated based on vendor specifications.

~ EPA AP-42, Volume I, Fifth Edition - July 1998, Table 1.4·2, Emission Factors for Criteria Pollutants and Greenhouse Gases
from Natural Gas Combustion. Note: These emission factors are for natural gas combustion, which is expected to produce
emissions of these pollutants that are greater than or equal to the emissions produced during syn gas combustion, so these
emission factors should provide worst case emission estimates.

3 EPA AP-42, Volume I, Fifth Edition - July 1998, Table 1.4-3, Emission Factors for Speclated Organic Compounds from.Natural
Gas Combustion. Note: These emission factors are for natural gas combustion, Which Is expected to produce emissions of these
pC?lIutants that are greater than or equal to the emissions produced during syn gas combustion, so these emission factors should
provide worst case emission estimates.
Additional notes:
The vent gas molar flow rates are from the material balance in the Feasibility Study, dated October 2007.
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Medicine Bow Fuel & Power Industrial Gasification & Liquefaction Plant
Heater Detail Sheet

Source 10 Number Catalyst Regenerator
Equipment Usage Process Heater Vent Gas Molar Flow Rate 70 Ib-mol/hr

Vent Gas Molecular Weight 18.5Ib/lb-mol
Equipment Make TBD Vent Gas Percent H2O 0.1%
Equipment Model TBD
Serial Number T8D Vent Gas Molar Flow Rate (dry) 70 Ib-mol/hr
Installation Date TBD Vent Gas Flow Rate (dry) 26,590 scf/hr
Emission Controls Low NOx Burner

Design Heat Rate 21.53 MMBtu/hr

Nonnal Operation
Gas Potential Operation 877 hr/yr
Gas Potential Fuel Usage 23 MMscf/yr

)

PotentIal Emissions from Catalyst Reaenerat/on ODeration (flrlna fuel aas mixture)
Pollutant Emission Estimated Emissions .Source of

Factor Emission
(Ib/MMscf) (Ib/hr) (tpy) Factor

NOx 30.00 O.BO 0.35 Vendor1

;:CO . ",'.. '84.00 ······2:23· 0.98' ,'.' AP4z1"' ,
VOC 5.50 0.~5 0.06 AP-422

502 0.60 0.02 0.01 AP-422

PM10 7.60 0.20 0.09 AP-4z2
Benzene 2.1E-03 5.58E.o5 2.45E-05 AP_423

Dlch lorobenzene 1.2E-03 3.19E-05 1.40E-05 AP-4Z3

Fonnaldehyde 7.5E-02 1.99E-03 8.74E-04 AP-423

Hexane 1.8E+OO 4.79E-02 2.10E-02 AP-4Z3

Naphthalene 6.1 E·04 1.62E.o5 7.11E-06 AP-4Z3

Toluene 3.4E-03 9.04E·05 3.96E-05 AP-4Z3

. ~'. . '.~. ,.: . ::' ;:.:..

~... _"

1 NOx emissions are estimated based on vendor specifications.

2 EPA AP-42, Volume I, Fifth Edition - July 1998, Table 1.4-2, Emission Factors for Criteria Pollutants and Greenhouse Gases
from Natural Gas Combustion. Note: These emission factors are for natural gas combustion, which is expected to produce
emissions of these pollutants that are greater than or equal to the emissions produced during syn gas combustion, so these
emission factors should provide worst case emission estimates.

3 EPA AP-42, Volume I, Fifth Edition - July 199B, Table 1.4-3, Emission Factors for Speciated Organic Compounds from Natural
Gas Combustion. Note: These emission factors are for natural gas combustion, which is expected to prodUce emissions of these
pollutants that are greater than or equal to the emissions produced during syn gas combustion, so these emission factors should
prOVide worst case emission estimates.
Additional notes:
The vent gas molar flow rates are from the material balance In the Feasibility Study, dated October 2007.
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Medicine Bow Fuel & Power Industrial Gasification & Liquefaction Plant
Heater Detail Sheet

Source 10 Number Reactivation Heater (B-2)
Equipment Usage Process Heater Vent Gas Molar Flow Rate 40 Ib-mollhr

Vent Gas MolecularWeight 18.6 Ibflb-mol
Equipment Make TBO Vent Gas· Percent H2O 0.1%
Equipment Model TBO
Serial Number TBO Vent Gas Molar Flow Rate (dry) 40 Ib-mol/hr
Installation Date TBO Vent Gas Flow Rate (dry) 15,327 scffhr
Emission Controls Low NOx Burner

Design Heat Rate 12.45 MMBtu/hr

Normal Operation
Gas Potential Operation 1456 hrfyr
Gas Potential Fuel Usage 22 MMscf/yr

ColcJ Startup (natural gas)
Fuel Heating Value 1020 Btu/scf
Heat Rate 0.0122 MMscf/hr
NG Potential Operation 760 hr/yr
NG Potential Fuel Usage 9.28 MMscf/yr

....... ::';,

Potential Emissions from Normal Operation (firing fuel gas mixture)
Pollutant Emission Estimated Emissions Source of

Factor Emission
(lbIMMscf) (Ib/hr) (tpy) Factor

NOx 30.0 0.46 0.33 Vendor1

cq :,.... ' .. , . .~..~ ~:: .• ~... "
84.00 .. ,),.29 .0.94 AP-421

..
AP422VOC 5.50 0.08 0.06

802 0.60 0.01 0.01 AP-422

PM10 7.60 0.12 0.08 AP-422

Benzene 2.1E-03 3.22E-05 2.34E-05 . AP_423

Dichlorobenzene 1.25-03 1.845-05 1.345-05 AP-42~

Formaldehyde 7.55-02 1.15E-03 8.375-04 AP_423

Hexane 1.8E+00 2.76E-02 2.01E-02 .AP-423

Naphthalene 6.1E~04 9.35E-06. 6.815-06 AP-423

Toluene 3.4E-03 5.21E-05 3.795-05 AP-423

, ; . ~.',;

1 NOx are estimated based on vendor specifications.
2 EPA AP-42, Volume I, Fifth Edition· July 1998, Table 1.4-2, Emission Factors for Criteria Pollutants and Greenhouse Gases
·from Natural Gas Combustion. Note: These emission factors are for natural gas combustion. which Is expected to· produce
emissions ofthese pollutants that are greater than or equal to the emissions produced during syn gas combustion; so these
emission,factors should provlcJe worst case emission estimates.

3 EPA AP-42, Volume I, Fifth Edition - July 199B, Table 1.4-3, Emission Factors for Speciated Organic Compounds from Natural
Gas Combustion. Note: These emission factors are for natural gas combustion, which is expected· to produce emissions of these
pollutants that are greater than or equal to the emissions produced during syn gas combustion, so these emission facters should
provide worst case emission estimates, '

Additional notes:
The vent gas molar flow rates are from the material balance in the Feasibility Study. dated October 2007.
For annual emissions shown on the summary sheet, operation on fuel gas and natural gas have been pro-rated accordingly for
normal operation and initial year operation.

14

DEQ 000247

.-. _i...: .~.'

. ' .. """'=.......("'-=;;:..~~-..: •••._, ..... '.•. ,••..•...; •.•



.........,
/ 'j

J

Medicine Bow Fuel & Power Industrial Gasification & L.iquefaction Plant, Cant

Heater Detail Sheet

Potential Emissions from startup Opsration (firing natural cas)
Pollutant Emission Estimated Emissions Source of

Factor Emission
(lbIMMscf) (Ib/hr) (tpy) Factor

NOx 50.00 0.61 0.23 AP-4z1

CO 84.00 1.03 0.39 AP-4z1

VOC 5.50 0.07 0.03 AP-4z2
S02 0.60 0.01 2.78E-03 AP-4z2
PM10 7.60 0.09 0.04 AP-4z2
Benzene 2.1E-Q3 2.S6E-QS 9.74E-Q6 AP-423

Dichlorobenzene 1.2E-03 1.46E-05 5.57E-Q6 AP-4z3
Formaldehyde 7.5E-02 9.15E-Q4 3.48E-Q4 AP-423

, Hexane 1.8E+OO 2.20E-Q2 8.35E-Q3 AP-423

Toluene 3.4E-03 4.15E-05 1.58E-OS AP-423

1 EPA AP-42, Volume I, Fifth Edition -July 1998, Table 1.4·1, Emission Factors for Nitrogen Oxides (NOx) and Carbon Monoxide
(CO) from Natural Gas Combustion. ' '

2 EPA AP-42, Volume I, Fifth Edition - July 1998, Table 1.4-2, Emission Factors for Criteria Pollutants and Greenhouse Gases
from Natural Gas Combustion.

3 EPA AP-42, Volume I, Fifth Edition - July 1998, Table 1.4-3, Emission Factors for Speclated Organic Compounds from Natural
Gas Combustiof\. '

t)
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Medicine Bow Fuel & Power Industrial Gasification &Liquefaction Plant
l:Ieater Detail Sheet

Source 10 Number HGT reactor Charge Heater (B-3)
Equipment Usage Process Heater Vent Gas Molar Flow Rate 71t>-mol/hr

Vent Gas Molecular Weight 18.6 Ib/Jb-mol
Equipment Make TBD Vent Gas Percent H2O 1.0%
Equipment Model TBD
Serial Number TBD Vent Gas Molar Flow Rate (dry) 71t>-mol/hr
Installation Date TBD Vent Gas Row Rate (dry) . 2,70B scf/hr
EmissIon Controls Low NOx Burner

Design Heat Rate 2.22 MMBtu/hr

Normal Operation
Gas Potential Operation 8000 hr/yr
Gas Potential Fuel Usage 22 MMscf/yr

Cold Startup (natural gas)
Fuel Heating Value 1020 Btu/scf
Heat Rate 0.0022 MMscf/hr
NG Potential Operation 760 hr/yr
NG Potential Fuel Usage 1.65 MMscflyr

Potential Emissions fiom Normal Operation (firing fuel gas mixture)
Pollutant Emission Esiimated Emissions Source of

Factor EmIssIon
(Ib/MMscf) (Ib/hr) (tOY) Factor

NOx 30.0 0.08 0.33 Vendor1

CO " 84.0 0.23 0.91 AP-421

VOC 5.50 0.01 0.06 AP-4z2
802 0.6 0.00 0.01 AP-422

PM10 7.60 0.02 0.08 AP-422

Benzene 1.2E-03 3.25E-06 1.30E.QS AP-423

Dichlorobenzene 7.5E-02 2.03E-04 8.13E-04 AP-423

Formaldehyde 1.8E+00 4.88E-03 1.9SE-02 AP-423

Hexane 6.1E-04 1.65E-06 6.61E-06 AP-423

Naphthalene 3·.4E-03 9.21E-06 3.68E-05 AP-4z3
Toluene 3.4E-03 7.37E-08 2;95E-07 AP-423

"''''Op,...

1 NOx emissions are estimated based on vendor specifications.
2 EPA AP-42, Volume I, Fifth Edition - july 1998, Table 1.4-2, Emission Factors for CrIteria Pollutants and Greenhouse Gases
from Natural Gas Combustion. Note: These emission factors are for natural gas combustion, which is expected to produce
emissions of these pollutants that are greater than or equal to the emissions produced during syn gas combustion, so these
emission factors should proVide worst case emission estimates.

3 EPA AP-42, Volume I, Fifth Edition - July 1998, Table 1.4-3, Emission Factors for Speciated Organic Compounds from Natural
Gas Combustion. Note: These emissIon factors are for natural gas combustion, which Is expected to produce emissions of these
pollutants that are greater than or equal to the emissions produced during syn gas combustion, so these emission factors should
provide worst case emission estimates.

Additional notes:
The vent gas molar flow rates are from the material balance In the Feasibility StudY, dated October 2007.
For annual emissions shown on the summary sheet, operation on fuel gas and natural gas have been pro-rated accordingly for
normal operation and initial year operation.
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." '\ Medicine Bow Fuel & Power Industrial Gasification & Liquefaction Plant, Cont.

Heater Detail Sheet

Potential Emissions from startup Operation (firing natural ass)
Pollutant Emission Estimated Emissions Source of

Factor Emission
(lb/MMscf) (Iblhr) (tpy) Factor

NOx 50.00 0.11 0.04 AP-421

CO 84.00 0.18 0.07 AP-4z1
VOC 5.50 0.01 0.00 AP-4z2
502 0.60 0.00 4.96E..Q4 AP-4z2
PM10 7.60 0.02 0.01 AP-4z2
Benzene 2.1~-O3 4.57E-06 1.74E-D6 AP-423

Dichlorobenzene 1.2E-03 2.61E-06 9;92E-07 AP-423

Formaldehyde 7.5E-02 1.63E-D4 6.2o'E-05 AP-423

Hexane 1.8E+OO 3.92E-03 1.49E-03 AP-423

Toluene 3.4E-03 7.40E-06 2.81E-06 AP-423

1 EPA AP-42, Volume I, Fifth Edition - July 1998, Table 1.4..1, Emission Factors for Nitrogen Oxides (NOx) and Carbon Monoxide
(CO) from Natural Gas Combustion.

2 EPA AP-42, Volume I, Fifth Edition -July 1998, Table 1.4-2, Emission Factors for Criteria PcilJutants and Greenhouse Gases
from Natural Gas Combustion.

sEPA AP-42, Volume I, Fifth Edition - July 1998, Table 1.4-3, Emission Factors for Speciated Organic Compounds from Natural
Gas Combustion. .

..:

. '. ' ~: ., . . -'0 .
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Medicine Bow Fuel &Power Industrial Gasification & Liquefaction Plant
Stack Detail Sheet

Source 10 Number
Equipment Usage

C02 Vent Stack
Vent for Off-Spec C02

Equipment Make
Equipment Model
Serial Number
Installation Date
Emission Controls

TBD
TBD
TBD
TBD
None

Potential OpeJalion during initial startup
Potential OpeJation during malfunctions
Total Vent Stream Flowrate

250 hr/yr
50·hr/yr

21,7121b-moVhr

Initial Startup
Vent Gas Molar Flow Rate during startup
Vent Gas Molecular Weight
Vent Gas H2O Molar Flow Rate

5,428 Ib-moVhr
43.3 Ib/lb-mol

0.20% lb-moVhr

Vent Gas Molar Flow Rate (dry)
Vent Gas Flow Rate (dry)

54171b-moVhr
2,056,158 scf/hr

Malfunction
Vent Gas Molar Flow Rate during malfuncti
Vent Gas Molecular Weight
Vent Gas H20 Molar Flow Rate

7,237lb-mol/hr
43.3 lbllb-mol

0.20% Ib-mol/hr

Vent Gas Molar Flow Rate (dry)
Vent Gas Flow Rate Idry)

7223 Ib-mol/hr
2,741,643 scf/hr

..::'..:.;::~ y": .....::. ~,~~~::::.:••-.... ~,. _ H~" '__ " "
M (~C liiSI .Potentia Em sS/ons from SSM Operation .. 0 tartup a uncllon .... " ... __ .• ' ',.1 ...

Pollutant Max Hourly Total Annual Total Annual
Esllmated Hourly Emissions EmISsions Emissions Emissions

Emission InItial MalFunctlon Source of
Factor Startup Emission
oomvd l1b1hri (Ib/hrl I1b/hrl (tovl (tDY) Factor

CO 14,492 2198.87 2931.83 2931.83 274.86 73.30 Vendor1

VOC 0.5 0.15 0.20 0.20 0.02 0.01 Vendor1

• ..: ~ . J' •

1 CO and voe emissions are estimated based on vendor specifications.
Additional notes:
Vent gas molar flow rates are based on Information In the Feasibility Study, dated Oct. 2007
voe Is In the form of carbonyl sulfide.
Annual emissions for thIs source have been estimated both for the first year of operation, which wID Include the Initial startup
emissions and malfunction emissions, and for subsequent years ofoperation, which wm Include only malfunction emissions.
The total potential flow rate from this source will only occur if all four gasifiers were operating at full load and both C02 compressors
were to fall. The flow rate at inilial startup is estimated to be one-fourth of the total potential flow rate since at most only one gasifier
will be operating at full load before the C02 compression system is operational. The flow rate during a malfunction Is estimated to
be one-third of the total potential flow rate since at most only one of the three C02 compressors could fall without a reduction in the
production by the gasifiers. .
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,"'--"'. Medicine Bow Fuel & Power indusbial Gasification & Liquefaction Plant
! \ HP Rare Detail Sheet

Source ID Number
Equipment Usage

Equipment Make
Equipment Model
Serial Number
Installation Date
Emission Controls

Ges Flow Rate 1

Gas Heat Content 1

Fiare Aring Rate
Hours of Operation

Pilot Fuel Flow Rate
Pilot Fuel Heat Content
Flare Pilot Firing Rate
Hours of Ooeration, Pilot

Flare
Emergency FlarelHP Flare

TBD
TBD
TBD
TBD
None

2,943,142 Iblhr
2,000 Btullb
5,886 MMBtu/hr

40 hrslyr
10 hrslyr

800 scflhr
1.020 Btulscf
0.816 MMBtulhr
8,760 hrs/vr

Syngas to flare (wet)

(low BTU gas)
Malfunctions
Initial Year (Cold Starts)

Natural Gas (High BTU gas)

Continuous pilot

48' Diameter

Estimated Flare Gas Composition During Coal Firing

Component Flow Rate MolWL

(Iblhr) 1Mb-mol

CO 750,294 28

H2 018,330 2

CO2 489,061 44

H2O 1,625,990 18

CH4 1,199 16

At 14.974 40
N2 .- ",,,05--- 28

H2S 3,922 1 34

COS '. "270"-' !'" 60 ..'

NH3 2.797 I 17
Total 2,943,142 I,.
Potential emissions 2

" :.,.: ,".:.~'. • • I \' •••"',,:....;.;~; : ' • .!: ,...•... " •. : •. :;..-;-.:':. " ':";'.:"" ',•. ".:~: : ..~.: ..:'. - ~ ..•... ';':- "'.' -::. ~.-:.':.:-: :--.";:i:~· . "

Pollutant Emission Faotors Destruction Estimated Emissions Estimated Emissions estimated Emissions
Low BTU gas High BTU gas Efficiency Pilot (Nonnsl Otlellltion)8 COld Start & Malfunctions Malfunctions onlv
(IbIMMBtu) OblMMBtu) (%) (Ibihr) (tpy) (Iblhr) • (tpy) (Iblhr) (tpy)

NOx3 0.0641 0.1380 0.11 0.5 391.30 9.8 391.30 7.8

C0 4 0.5496 0.2755 0.22 1.0 3,235.10 60.9 3,249.31 65.0
VOC5,6 98% 0.68 3.0 5.40 0.1 6.08 0.1

502 7 0.0006 4.80E-D4 2.1E·03 7,508.07 187.7 7.508.07 150.16

Notes:
1. Flare gas composition, heat conlen!, and flow rate are all from the FeaslbllltY Study. dated 12/12/06.
2. These emissions are based on the calculation methodology and emission factors presented In the

TOEQ Guidance Documentfor Flares and Vapor Oxidizers (RG-109. OCtober2000).
NOx, CO, and vac emissions include constant pilot gas flow (nalural gas).

3. NOX emissions were calculated as a sum oflhe thermal and fuel generated NOx. Thermal NOx
emissions were calculated using an emission factor from Table <I (similar to CO) for en
unassisted flare buming low Btu gas. Thermal NOx emissions from the continuous,pllot were calculated
using the Table 4emission factor for high BTU gas. The fuel NOx emissions were calculated using the guIdance
In Tabla 4 thatindicates NOX Is 0.5 wt% oflnle! NH3.

4. The CO emission faetor Is from Table 41n the TCEQ Guidance Document and Is fOr an
unassisted flare bumlng low Btu gas. CO ernissions for the continuous pilotwere calculated usIng the
TCEQ Table 4 emission factor for high BTU gas.

5. Fuel voe emissions were calculated based on guidance in the TCEQ GuIdance DocUment
which indicates that 98% ofvacs entering the flare in the fuel will be combusted. The emissions
are equal to 2 percent 01 the incoming flow of cos.

6. voes from pilot gas combustlon a~ calculated assuming natural gas density of O.04241b/scf. and
des1rUction effidency of 9B%

7. S02 emissions are asum olthe S02 from the H2S combustion and from the COS combustion.
Table 4 IndIcates thaI 98% of Incoming H2S is convartad 10 502, and since COS is a VOC,
98% of that compound will also be combusted and converted to S02-

8. Emissions from normal operations represent only the continuous p\lo~ since normal operation does
not include hi9h pressure vents to flare.

19
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MedIcine Bow Fuel & Power Industrial Gasification &Uquefaction Plant
LP Flare Detail Sheet

Source 10 Number
Equipment Usage

Equipment Make
EquIpment Model
Serial Number
Installation Date
Emission Controls

Gas Flow Rate 1

Gas Heat Content 1

Flare Firing Rate
Hours of Operation

Pilot Fuel Flow Rete
Pilot Fuel Heat Content
Flare Pilot FIring Rate
Hours of Operation. Pilot

Flare
Emergency FlarelLP Flare

TBO
TBD
TBD
TBO
None

3.9891b/hr
8,831 Btuflb

35 MMBtulhr
8 hrslyr

12 hrsfyr

200 scflhr
1,020 Btu/scf
0.204 MMBtulhr
8.760 hrslyr

Selexol Reflux Drum vent

(low BTU gas)
Malfunctions
Initial Year (Cold Starts)

Natural Gas (HIgh BTU gas)

Continuous pilot

24" dlemet!!r

EsUmaled Flare Gas Composition During Coal Firing

Component Flow Rale MolWf.

(Ibfhr) Ibl/b-mof
CO 160 28
H2 399 2

CO2 1,167 44

H2O 199 18

CH4 0 18
Ar 0 40
N2 ........... ......... .•..,.. '.•.. ..':0' . 0.. ;·· .. 28 .'

H2S 1,955 34

COS 0 60

NH3 120 17
Total 3,989

Potential EmisSions 2

...' ; ~ ';~:.'':- ::..,. !: . . ::.... ;'_" ,:;..'.:';, ...... -i...... , i "(,.

Pollutant Emission Factors Destruction Estimated Emissions Estimated Emissions Estimated Emissions
Low BTU gas High BTU gas EfficIency Pilot (Normal OparaUon)1 COld Slar! & MalfunoUon' MalCunctions Only
(lbfMMBtuJ (IbfMMBtu) (%) (lbIhr) (tpy) (Iblllr (tpyl (Ib!hr) (tPY)

NOx 3
0.Q641 0.1380 0.03 0.1 2.86 0.0 2.86 0.0

C0 4 0.5496 0.2755 0.06 0.2 19.36 0.2 0.06 0.0

VOC 6 96% 0.17 0.7 0.00 0.0 0.17 0.0
S02 6

0.0006 1.20E-04 5.3E-ll4 3,601.15 36.0 3.601.15 14.4

Notes:
1. Rare gas composition and flow rate are from Flare RV Lag, December 2007
2. These emissIons are based on the calculation methodology and emission factors presentad In the TCEt;! GUidance Document for Flares and

Vapor Oxidgers (RG-109, October 2000). NOX, CO, and VOC emissions InClude constant pilot gas flaw (natural gas).
3. Fuel NOx emIssions were calculated usIng TCEQ guidance (Table 4) that indicates NOx Is 0.5 wt% of Inlet NH3.

Thsrmel NOx contribution from the proceae vent stresm Is assumad to be negilgbls; for the pllot9as, thsrmal NOx la calculatad usln9 the TCeQ Table 4
emission factor for high BTU gas. .

4. CO emIssions for the continuous pilotwere calculaled using the TOea Teble 4 emissIon factor for high BTU ges. TCeQ Table 4 emissIon factor
for high BTU 9SS. CO emIssIons are from the pilot fuel only.

5. VOCs from pilot gas combustion are calculated assuming natural gas densliY of O.0424Iblscf. and destruction emclen'cy of'911% •
6. 802 emissions are asum oftha S02 from the H2S colilbusUon and from the COS combustlon.Table 4 Indicates that9B% of Incoming H2S Is

converted to 802. and since COS Is a VOC. 98% of that compound wm also be combustad and converted to S02-
7. Emissions from nOTJTlsl oparations represent only .the continuous pilot, sln6e normal operatIon does not InclUde low pressure vents to ilare.
8. The initial year (I.e., cold start) emissIons represent amlsslons from tha low pressurs vant gas to the flare, Emissions are

estimated fOr the worst-case (high flow rate, hi9h H2S content) vent straam directed to tha l.P Flare.1ind ltlclude both cold start and malfunction hours.

20
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Medicine Bow Fuel & Power Industrial Gasification & Liquefaction Plant
Preheater Detail Sheet

Source ID Number
Equipment Usage

Equipment Make
Equipment Model
Serial Number
Installation Dale
Emission Controls

Design Heat Rate

Cold starlUD
Gas Heating Value
Gas Potential Operation
Gas Potential Fuel Usage

Gasifier Preheater 1
Refractory Preheating

TBD
TBD
TBD
TBD
None

21.00 MMBtu/hr

1020 Btu/sof
500· hr/yr

2.06E-02 MMscflhr

• c••. ,.••;>') .
\

\
i

/

Potential EmissIons from Startup Operation (firing natural gas)
Pollutant Emission Estimated Emissions Source of

Factor Emission
(IblMMscf) (Iblhr) (tpy) Factor

NOx 50.00 1.0~ 0.26 AP-421

CO 84.00 1.73 0.43 AP-421

voe 5.50 0.11 0.03 AP-422

S02 0.60 0.01 3.09E-03 AP-422

., PM10 . ." . . ;". J" "
.. . 7.60 .. ·::·J1.16 .. .0.D4 .." AP-42: .- ....

Benzene 2.1E-Q3 4.32E-05 1.08E-05· AP-423

Dichlorobenzene 1.2E-03 2,47E-05 6.18E-06 AP-423

Fonnaldehyde 7.5E-Qi 1.54E-03 3.86E-04 AP-423

Hexane 1.8E+OO 3.71E·02 9.26E-03 AP-423

Toluene 3.4E-03 7.00E-05 1.75E.05 AP-423

1 EPA AP-42, Volume I, Fifth Edition - September 1998, Table 1.4-1. Emission Factors for Nitrogen Oxides and
Carbon Monoxide from Natural Gas Combustion

2 EPA AP-42, Volume I, Fifth Edition - September 1998, Table 1.4-2. Emission Factors for Criteria Pollutants and
Greenhouse Gases from Natural Gas Combustion .

3 EPA AP-42, Volume I, Fifth Edition· September 1998, Table 1.4-3. Emission Factors For Speclated Organic
Compounds From Natural Gas Combustion .
Additional notes:
The average heating value for natural gas is used in these calculations (as provided in Section 1.4 of AP-42).
The PAH emission factor is asum of all the constituent PAH emission factors in Table 1.4-3.

. .: ..:"." '" .... ' . ~"'; ! ':
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Medicine Bow Fuel & Power Industrial Gasification & I.iquefaction Plant
Preheater Detail Sheet

Source ID Number
Equipment Usage

Equipment Make
Equipment Model
Serial Number
Installation Date
Emission Controls

Design Heat Rate

Cold Startup
Gas Heating Value
Gas Potential Operation
Gas Potential Fuel Usage

Gasifier Preheater 2
Refractory Preheating

TBD
TBD
TBD
TBD
None

21.00 MMBtulhr

1020 Btu/scf
500 hr/yr

2.06E-02 MMscf/hr

~ ", '" ....

Potential EmissIons from Startup Operation (firing naturalgas)
Pollutant Emission Estimated Emissions Source of

Factor Emission
(IblMMscf) (Iblhr), . (tpy) Factor

NOx 50.00 1.03 0.26 Ap-42'
CO 84.00 1.73 0.43 AP42'
VOC 5.50 0.11 0.03 AP-4~

S02 0.60 0.01 3.09E-03 AP-422

PM10 .'
" 7.60 0.16 0.04 AP-422

AP-423
'..

Benzene 2.1E-03 4.32E-05 1.08E...Q5
Dichlorobenzene 1.2E-03 2.47E-05 6.18E...Q6 AP-423

Formaldehyde 7.5E-02 1.54E-03 3.86E-04 AP423

Hexane 1.8E+00 3.71E-02 9;261:-03 AP-423

Toluene ME-03 7.00E-05 1.75E...Q5 AP-423

1 EPA AP-42, Volume I, Fifth Edition· September 1998, Table 1.4-1. Emission Factors for Nitrogen Oxides and'
Carbon Monoxide from Natural Gas Combustion

2 EPA AP-42, Volume I, Fifth Edition - September 199a, Table 1.4-2. Emission Factors for Criteria Pollutants and
Greenhouse Gases from Natural Gas Combustion .

3 EPA AP-42, Volume I, Fifth Edition· September 1998, Table 1.4-3. Emission Factors ForSpeclated Organic
Compounds From Natural Gas Combustion
Additional notes:
The average heating value for natural gas is used in these calculations (as provided inSection 1.4 of AP-42).
The PAH emission factor is a sum of all the constituent PAH emission factors in Table 1.4-3.
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./ "'", Medicine Bow Fuel & Power Industrial Gasification & Liquefaction Plant
: \ Preheater Detail Sheet

Source 10 Number
Equipment Usage

Equipment Make
Equipment ModeJ
Serial Number
Installation Date
Emission Controls

Design Heat Rate

Cold Startup
Gas Heating Value
Gas Potential Operation
Gas Potential Fuel UsaQe

Gasifier Preheater 3
Refractory Preheating

TBD
TBD
TBD
TBD
None

21.00· MMBtu/hr

1020 Btu/scf
500 hr/yr

2.06E.Q2 MMscf/hr

,,.

Potential Emissions from Startup Operation (firing natural gas)
Pollutant Emission Estimated Emissions Source of

Factor Emission
(lbfMMscf) (Ibihr) (tpy) Factor

NOx 50.00 1.03 0.26 AP-421

CO 84.00 1.73 0.4~ AP-421

VOC 5.50 0.11 0.03 AP"-422

S02 0.60 0.01 3.09E-03 AP-422

'. PM10 .... . "f ,. ~,~ ....... ·.1 ,_ . .. ,:. ...... 1.RO...•.. , .. __ .Q.1.6 ....... ,.0.04 ". ~.' ." AP-422

Benzene 2.1E-03 4.32E-DS 1.DBE-OS AP-423

Dichlorobenzene i.2E-03 2.47E..QS B.1BE-OB AP-423

Formaldehyde 7.5E.Q2 i.54E-03 3.86E-04 AP-423

Hexane i,8E+OO 3.7iE.Q2 9.26E-03 AP-423

Toluene 3.4E.Q3 7.00E.Q5 1.75E.QS AP-423

~ EPA AP-42, Volume I, Fifth Edition - September 199B, Table 1.4-1. Emission Factors for Nitrogen Oxides and
Carbon Monoxide from Natural Gas Combustion

2 EPA AP-42, Volume I, Fifth Edition - September 1998, Table 1.4-2. Emission Factors for Criteria. Pollutants and
Greenhouse Gases from Natural Gas Combustion .

3 EPA AP-42, Volume I, Fifth Edition - September 199B, Table 1.4-3. Emission Factors For Speclated OrganIc
Compounds From Natural Gas Combustion
Additional notes: .
The average heating value for natural gas is used in these caiculations (as prOVided in Section 1,4 of AP-42).
The PAH emission factor is a sum of alllhe constituent PAH emission factors in Tabie 1.4-3.'
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Medicine Bow Fuel &Power Industrial Gasification & Liquefaction Plant
Preheater Detail Sheet

Source ID Number
Equipment Usage

Gasifier Preheater 4
Refractory Preheating

Equipment Make
Equipment Model.
Serial Number
Installation Date
Emission Controls

TBD
TBD
TBD
TBD
None

Design Heat Rate 21.00 MMBtulhr

Cold startup
Gas Heating Value
Gas Potential Operation
Gas Potential Fuel Usage

1020 Btu/scf
, 500 hr/yr

2.06E-02 MMscf/hr

Potential Emissions from startup Operation (firing natural gas)

: ": ·:;;·::l;::~~';~:~"7.i:·:1':".:·:·': '•.,; l:;~.. :4.' '_ 4f .' . .:: ,~:'-: ) ,.;:

\.,

Pollutant EmIssion Estimated Emissions Source of
Factor Emission

'. (lbIMMscf) (Iblhr) (tpy) Factor..

NOx 50.00 1.03 0.26 AP-421

CO 84.00 1.73 CA3 AP-421

VOC 5.50 0.11 0.03 AP-4i'
502 0.60 0.01 3.09E-03 AP-422

PM10 7.60 0.16 0;04 AP-422

. Eleriiene' ..•.... :..~,'.....,~....." "'-·t:1E~03 . ..'4;s2E-05' . ,,", ·'1.08E~05"' ., :>' ;···.. AP423 .•.. ".

Dichlorobenzene 1.2E-03 2.47E-05 6.18E-OB AP-423

Formaldehyde 7.5E-02 1.54E-03 3.8BE-04 AP-423

Hexane 1.8E+DD 3.71'E-02 9.26E-OS AP-423

Toluene 3.4E-03 7.DOE-05 1.75E-05 AP-423

1 EPA AP-42, Volume I, Fifth Edition - September 1998, Table 1.4-1. Emjssion Factors for Nitrogen Oxides and
Carbon Monoxide from Natural Gas Combustion

2 EPA AP-42, Volume 1, FIfth EditIon - September 1998, Table 1.4-2. Emission Factors for Criteria Pollutants and
Greenhouse Gases from Natural Gas Combustion

3 EPA AP-42, Volume I, Fifth Edition - September 199B, Table 1.4-3. Emission Factors For Speclated OrganIc
Compounds From Natural Gas Combustion
Additional notes:
The average heating value for natural gas is used in these calculations (as prOVided in Si:1ction 1.4 of AP-42).
The PAH emission factor is a sum of all the constituent PAH emission factors in Table 1.4·3.
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Medicine Bow Fuel'& Power Industrial Gasification & Liquefaction Plant
Preheater Detail Sheet

Source JD Number
EquIpment Usage

Equipment Make
Equipment Model
Serial Number
Installation Date
Emission Controls

Design Heat Rate

Cold Startup
Gas Heating Value
Gas Potential Operation
Gas Potential Fuel Usage

Gasifier Preheater 5
Refractory Preheating

TBD
TBD
TBD
TBD
None

21.00 MMBtu/hr

1020 Btu/scf
500 hr/yr

2.06E-02 MMscf/hr

Potential Emissions from Startup Operation (firing natural gas)
Pollutant Emission Estimated Emissions Source of

Factor Emission
(lb/MMscf) (lb/hr) (tpy) Factor

NOx 50.00 1.03 0.26 AP-421

CO 84.00 1.73 0.43 AP-421

VOC 5.50 0.11 0.03 AP-4z2
S02 0.60 0.01 3.09E-03 AP-4z2
PM10 " , .. -- 7.6Q. '.'" 0.16

'" ,J, ,. ,0.04. AP-422.

Benzene 2.1E-03 4.32E-05 1.08E-05 AP-423

Dichlorobenzene 1.2E-03 2.47E-05 6.18E-06 AP-423

Formaldehyde 7.5E-02 1.54E-03 3.86E-04 AP-423

Hexane 1.8E+OO 3.71E-02 9.26E-03 AP-423

Toluene ME-03 7.00E-QS 1.75E-05 AP-423

'. ~~; : ,'.,.;.'.-:_.•__._ .,.0.; .:_.~ : ~t __..:.;" ": :;'~:.:·.. .::•.•:.:. ../:".,i:'.:.,··}:"':-: '.:

1 EPA AP-42, Volume I, Fifth Edition - September 1998, Table 1.4-1. Emission Factors, for Nitrogen Oxides and
Carbon Monoxide from Natural Gas Combustion

2. EPA AP-42, Volume I, Fifth Edition - September 1998, Table 1.4-2. Emission Factors for Criteria Pollutants and
Greenhouse Gases from Natura) Gas Combustion '

3 EPA AP-42. Volume I, Fifth Edition - September 1998, Table 1.4-3. Emission Factors For Speclated Organic
Compounds From Natural Gas Combustion
Additional notes:
The average heating value for natural gas is used in these calculations (as provided in Section 1.4 of AP-42).
The PAH emission factor is a sum of all the constituent PAH emission factors in Table 1.4-3.
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Medicine Bow Fuel & Power Industrial Gasification & Liquefaction Plant
Generator Detail Sheet

Source JD Number

Engine Usage
EngIne Make
Engine Model
Serial Number
Installation Date
Engine Configuration
Emlsslon Controls

Black-Start Generator 1

Startup Generators
Caterpillar
TBD
TBD
TBD
Natural Gas
None

Design Rating 1650 ekW
Site Rated Horsepower 2889 BHP
Fuel Heating Value 1020 Btu/sm
Heat Rate 19.49 MMBtu/hr
Engine Heat Rate 6748 Btu/hp-hr
Potential Operation 250 hr/yr

&:.P.;:o~te;;;nt;;,;ia;.:.1 :.,:Fu:;;e;:.1;;;Us_a:&:;,ale ..:;4.;:.78.... ...;M_M_s_c~f/vl.:.rr....lAt100% load (worst case emissions)

Potential Emissions

Emission Factor Estimated Emissions Source of
Pollutant Emission

(1b/MMBtu) !alhp-hr) IIb/hr) (mv\ Factor

NOx 1 6.37 0.80 Manf. Date'
CO 2.43 15.48 1.93 Manf. Data'
voe 0.9 5.73 0.72 Manf. Data'
802 0.000588 0,0115 0.001 AP-422

PM10Totai 0.000077 0.0015 0.00019 AP-422

i,3-Butadiene 2.67E-04 5.21E-QS 6.51E-04 AP-422

'. ?,?H~!me.t~y.!p.~J)~~e, 2:50E-~~, ;. ~.',~ ........ '.' ..~,.8!E~q~.:, _..6.09.E.:01... .. :. ~.P-4:2~ ;;
Acetaldehyde 8.36E-03 1,63E-01 2.04E-02 AP-422

Acrolein 5.14E-03 1.00E-01 1.25E-02 AP-422

Benzene 4.40E-04 8.58E-03 1.07E-03 AP-422

Biphenyl 2.12E-04 4.13E-03 5.17E-04 AP-422

Ethylbenzene 3.97E-Q5 7.74E-04 9.67E-05 AP-422

Formaldehyde 5.28E-Q2 1.03E+OO 1.29E-01 AP-422

Mathanol 2.50E-03 4.87E-02 6.09E-03 AP-422

n-Hexane 1.11E-04 2.16E-Q3 2.70E-04 AP-422

Toluene 4.08E-Q4 7.95E-03 9.94E-04 AP-4?
Xylene 1.84E-04 3.59E-03 4.48E-04 AP-422

..: : .•. ~ _•. ," :..•'.."O.I.;.·.·,~I: '.,..•.'; ..•.~~••.',: '.: ~~ ,'_' .. ,'~ ~ ,',", ,. ..-- ...... ,... '~.".. ( ..

, Manfaeturers SpecIfication.
2 EPA AP-42, Volume I, Fifth EdlUon - October 1~96, Table 3.2-2, Uncontrolled Emission Factors for4-Stroke Lean-Burn Engines.
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Medicine Bow Fuel & Power Industrial Gasification & Liquefaction Plant
Generator Detail Sheet

Source ID Number

Engine Usage
Engine Make
Engine Model
Serial Number
Installation Date
Engine Conflguration
Emission Controls

Black-Start Generator2

Startup Generators
Caterpillar
TBD
TBD
TBD
Natural Gas
None

Design Rating 1650 ekW
Site Rated Horsepower 2889 BHP
Fuel Heating Value 1020 Btu/sct
Heat Rate 19.49 MMBtulhr
Engine Heat Rate 6748 Btuthp·hr
Potential Operation 250 hr/yr

L:.P.::o~te:::.n:.::tia:::.I.:.F.:::ue::.:.I.::U~sa:iagil.:::le ....__..;4;:.;.~78;;... ....:M:.::M::.::;;:s~:.:.:flv.L:rr","""",At100% load (worst case emissions)

Potential Emissions

Emission Factor Estimated Emissions Source of
Pollutant Emission

IIb/MMBM (o/ho-hrl IIb/hrl I (tov) Factor

NOx 1 6.37 0.80 Manf. Datal

CO 2.43 15.48 1.93 Mant. Datal

voe 0.9 5.73 0.72 Mant. Datal

602 0.000588 0.0115 0.001 AP-4z2
PM10 Total o.oooon 0.0015 0.00019 AP-4z2

1~3-Butadjene - - ,.2~67E-D4-·-- .; --- 521E-oS 6.51E-04 - -AP-4z2 :

2,2,4-Trlmethylpentane 2.50E-04 4.87E-oS 6.09E-04 AP-4z2
Acetaldehyde 8.36E-03 1.63E-01 2,04E-02 AP-4z2
Acrolein 5.14E-03 1.00E-01 1.25E-02 AP-4z2
Benzene 4.40E-04 8,58E-03 i.07E-03 AP-422

Biphenyl 2.12E-04 4.131:-03 5.115-04 AP-422

Ethylbenzene 3.97E-05 1.74E-04 9.61E-05 AP...4z2
Formaldehyde 5.28E-02 1.03E+00 129~01 AP-4Z2

Methanol 2.50E-03 4.B7E-02 6.09E-OS AP-4z2
n-Hexane 1.11E-04 2.16E-03 2.70E-04 AP-4Z2

'Toluene 4.08E-04 7.95E-03 9.94E-04 AP-422

Xylene 1.84E-04 3.59E-03 4.48E-04 AP-422

.... ','i ,,..;:-', ~:' :i.l':' .•.. :

1 Mantacturers Specification.
2 EPA AP-42. Volume I, Filth Edi1ion - October 1996, Table 3.2-2, Uncontrolled Emission Factors for 4-8troke Lean-Bum Engines.
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Medicine Bow Fuel & Power Industrial Gasification & I.lquefactlon Plant
Generator Detail Sheet

Source ID Number

Engine Usage
Engine Make
Engine Model
Serial Number
Installation Date
Engine Configuration
Emission Controls

Black-Start Generator 3

Startup Generators
Caterpillar
TBD
TBD
TBD
Natural Gas
None

Design Rating 1650 ekW
Slte Rated Horsepower 2889 BHP
Fuel Heating Value 1020 Btu/set
Heat Rate 19.49 MMBtu/hr
Engine Heat Rate 6748 Btu/hp-hr
Potential Operation 250 hr/yr

J,;,P..;o;.;;te;;,:n:;;;tla:;;I.;.F,;;,ue:;;I..;U;.;;s;;;:81:i1,;:lEe:....__--:;4.:.;.7;:;.8 ...;;:M;.;;M;;;s:;;cf;.,:/~vr.:,.r--IAt 100% load (worst case emissions)

Potential Emissions

Emission Factor Estimated 'Emisslons Source of
Pollutant Emission

(lb/MMBM lo/ho-hr\ (Jb/hr\ llov) Factor

NOx 1 6.37 0.79615 Mant. Data'
CO 2.43 15.48 1.93464 Mant. Data'
voe 0.9 5.73 0.71653 Mant. Data'
802. ::i": .:.....~~:..:-;" : .p.QOpS.!l8 '. ',; : ":-: "1~:;":'~':':'~ ,',' . 0,0115 . 9:°01 .. ,. AP-422

PM10Totai 0.000077 0.0015 0.00019 . "AP-422

1,3-Butadlene 2.67E-Q4 5.21E-03 . 6.511:-04 AP-422

2,2,4-Trimethylpentane 2.50E-Q4 4.87E-03 6.09E-Q4 AP-422

Acetaldehyde B.3BE-OS 1.6SE-01 2.04E.Q2 AP-422

Acrolein 5.14E-03 1.00E-01 1.25E-02 AP-422

Benzene 4.40E-Q4 B.58E-OS 1.07E-OS AP-422

Biphenyl 2.12E-04 4.13E-03 5.17E-04 AP-422

Ethylbenzene 3.97E-OS 7.74E-04 9.67E-05 . AP-422

Formaldehyde 5.28E-02 1.03E+OO 1.29E-01 AP-4?
Methanol 2.50E-03 4.87E-02 6.09E-03 AP-422

n-Hexane 1.11E-04 2.16E-03 2.70E-04 AP-422

Toluene 4.0BE-04 7.95E-OS 9.94E-04 AP-422

Xvlene 1.84E-04 3.59E-03 4.48E-04 AP-422

".' ':'., ~. \'" ':'- ~ : ~:. ,..:,; :::.~;7.~·~·:·:""~'~'" .,' ~~~): ..~::~.~ :.1.,' .•

"

1 Manfacturers SpecIfication.
2 EPA AP-42, Volume I, Fifth EdItion - October 1996, Table 3.2-2, Uncontrolled Emission Factors for4-Stroke Lean-Bum Engines.

I'
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(--.. '\ Medicine Bow Fuel & Power Industrial Gasification & Liquefaction Plant
... . Engine Detail Sheet

Source 10 Number Firewater Pump

Engine Usage
Engine Make
Engine Model
Serial Number
Installation Date
Engine Configuration
Emission Controls

Firewater Pump Engine
TBD
TBD
TBD
TBD
Fuel Oil
None

Design Rating
Fuel Heating Value
Fuel Density
Heat Rate
Potential Operation
Potential Fuel Usage

575 BHP
18300 Btunb

7.341b/gal
3.85 MMBtulhr
500 hr/yr

28.70 oallhr

... '.:.....:.:. .... :.".'-.

Potential Emissions from Fuel Oil Operation

Emission Factor Estimated Emissions Source of
Pollutant Emission

(Ib/MMBtu) (a/ho-hr) (Ib/hr) (tnv\ Factor
NOx 4.75 6.02 1.51 Vendor1

. CO...·.··· '.. :.;\, .....:,. . ,
, . p' ·.. :·•. :.0.29 ... · . 0.37,. .'<. 0.09: . . .vend0F<--':"'. .

VOC 0.35 1.35 0.34 AP-4:f
S02· 6.0SE-03 1.52E-03 Eng. ESt,3
PMi0Totai 0.06 7.6iE-02 0.02 Vendor~

1,3·Butadiene 3.91E-05 i.~iE-04 3.77E·05 AP-424

Acetaldehyde 7.67E-04 2.96E-03 7.39E·04 AP-424

Acrolein 9.25E-05 3.57E-04 8.9iE-05 AP-424

Benzene 9.33E-04 3.6oE-03 8.99E-04 AP-424

Fonnaldehyde i.18E-03 4.55E-03 1.i4E-03 AP-4~
Naphthalene 8ASE-05 3.27E-04 8.i7E-05 AP-424

Propylene 2.58E-03 9.94E-03 2.49E-03 AP-424

Toluene' 4.09E-04 i.58E-03 3.94E-04 AP-424

Xylene 2.85E-04 i.10E-03 2.75E-04 AP-424

Total HAPs 2.46E-02 6.14E-03

,'. """)":"iI

", .....

1 N9x, PM, and CO e~issions are estimated based on vendor specifications.

2 EPA AP-42, Volume I, Fifth Edition - October 1996:Table 3.3-1, Emission Factors for
Uncontrolled Gasoline and Diesel Industrial Engines.

3 802 emissions are estimated based on 15 ppm S and assuming that 100% of S is converted to 802.

4 EPA AP-42, Volume I, Fifth Edition - October 1996, Table 3.3-2, Speciated Organic
Compound Emission Factors for Uncontrolled Diesel Engines.

I
J

DEQ 000262
• '. ' : .. , •••.• _ •••.•••••• ".'-._. _ ••;.... .14__-.~.:.....-t .-.:...t , " ~,_ ~
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M!ldlclnl Bow Fug; & POW'llr Indnstrial GasHlcaUDn &UqUrnll:UCMl Plant
TlmkDetallSheul

PcfonflolVOC EmI#IonI

Tank Atlnua! TotalVOC C ..Ion !as AP Emllllan Rita
SDUl'CIIO SoamNaml C',:~ly n.;::~Ul Proltucl "";,=.. Db/h- """

H:,: ~~8 T~=
Elhy1b8nzenl XY~':,);'"l "',~,:,o ,1bI,,;OTAL

lIOYl~DbI,",

7llD SIopoTsnk 7.000 42,1lOD M100. 600.6 0.07 o,a le~ 4.19 4024 = l.31l 0 31l.30 0.0

7BD MelllllnolTsnk#l 0,341.984 25~67,936 Mslllsnol 2,2ll6 D.25 1.1 D D D D D 2,285 2284.66 1.1

7BD Mothilncl TanJrHZ 8,341.&04 Z5,S8T,9311 MethAnel 2,286 D.25 1.f D 0 D 0 0 2,26S 2264.68 1.1

7BD SIlIOIIn. Producl #1 0,341,1l84 36,254,959 PIlldIlOl"'_ 23,611 2.ell 11,6 110.01 11&B2 129Jl6 6.54 35.9B 0 4Dl.40 Il.2

7SD GasoUnD Pruduct#2 0,341,684 36,254.959.
ProdIlOl ..._

23,611 2.sa 11,6 110.01 11&92 12US 6,54 35.9B 0 401.40 002

7BD G8SOlln.I'ro'1lOl #3 6,J41,9M 36,2.54,859 ProdllCll3llsolno 23,611 2.11' 11,6 110.01 118.82 '''''! 'l.84 3.... 0 4D1.40 002

TSD GoIdtno PIDdud1U 8,341.;84 H,Z54,as; Prod~CluoJnI 23,511 2.98 11.8 110.01 ".... 128.05 11," SS,RB 0 401.4D 0.2

7SD GDsoIlrlsPn>dlIcl#S 6,341,654 36,254,859 Product_no 23,511 2.68 11.' 110.01 11&82 12!Ul5 8.54 35.98 0 40Mll ' '1J.2

7BD BbBollne ProdUCt #6 6,341,684 36,254,658 PIOdIlOlG_ 23,611 2,6' 11.' 110.01 1111,82 121J.l1S IJ.54 35." D 401AO D.2

TBD _Pn>d..cl/fT e.:i411984 36,254,809 PIOduclG=... 23,611 .... 11.8 l1D.Dl 11&82 12ll.O6 IJ.64 35.0B D 40'\.4D D.2

7llD _PlOduol#. 8,341.684 a6.254,959 PlOduct .....1lnIl 23,511 2.ell 11.8 11D.lll 1111.11:1 12IJ.llI5 Il.54 35.98 0 401.40 IJ.2

7110 H'IlYYGIIIOlIn,Tank 4,7631841 36.761,340 Hes'YGa_ 6,837 1.1D 4.6 6llBll 6732 94.78 BA6 27.5B 0 297.Dl 0.1

TBD MIlIhBl'lai OIf..BpIC Tint a,ODO :lO,DOll MeU1lmol Zllll D.ll2 0.1 D 0 0 D D 208088 BllI5,68 D.l

TBD 0._. OWoo8peo Tsnk 8.000 3O,ODO Product Bucl1tnl 2,143 D024 1.1 10.01 l1J,8 11.43 0.72 So04 I1lID sa O,D.... O.49SS16 D.£I216&S O.S 415 .03Tl26 0.159915 2,987<49 '.1
AP..spaciflcTPY

Noles:
All emlasforswore caeutated uslng Ul8 EPA TANKS Progtam, vomcn.4.C9.d.
Annual hoUls of openlUon were assumed 10 be 8760.

i.:.,. :, ~'... ~ t., .... I.~.'.,
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"'-.,.... ", "
Medicine :BowFuel & Power Industrial Gasification & Liquefaction Plant
Arch Coal Company, Saddleback Hills :Mine

BACT Option 1 (In-Pit Stacking Tubes) PM-I0 Emissions '

Emission
Source Type

Dozer Reclaim Fugitive

Description
CatDll Dozer
Emission Factor
Total Throughput

Dozed Throughput
Dozer Productivity
Operating HIs
TSP Emissions
PM·IO Emissions

Control
None

8.0 LbIHr
3,200,000 TonslYr
1,500,000 TonsIYr

750 TonslHr
2,000 Hrs

8.00 TonslYr
2.40 TonslYr

Additional Information

WDEQ 2002 Guidance

Total' Coal TJrruugh Storage
Portion to DeadStorage
Estimatefor 300,000 Ton Pile'
ProducttvitylThroughput
E=(EF x Op Hrs)12000

30%ofTSP

Stacking Tubes

0.017 Lbrron WDEQ'EmissionFactor

0.75 WDEQ Emission Factor
50.00% Estimated

3,200,000 TonslYr Total Coal Through Storage
10.20 TonsIYr E=(EFx%$USxMJ)!2000)x(1-CF)
3.06 TonstYr 30%ojTSP

Coal Dumping to Stockpile

Emission Factor
%Suspended
Control Factor
Material Dumped
rSp Emissions

PM·IO Emissions

CoalStacker Fugitive

Coal Reclaim Fugitive Vibratory & l'Ile Activator Feeder Passive Control

.- '., ~" ..

Emission Factor
%Suspended
Control Factor

" ¥!iterjal ~eclaim:<d,
TSP Emissions

PM-IO Emissions

0.017 Lbrron WDEQ'Emission Factor
0.75 WDEQEmissionFactor

100.00% Esrimated
, 3,200,000,T~r, ','" T'ltal Cqal· 'lJrr:ougMt.orage

0.00 TonslYr E=(EFx% $US dlR/2000)x(1-CF)
0.00 TonstYr 30% ofTSP

Coal Stockpile fugitive Wixid Erosion on Stockpiles
Emission Factor
Pile Size
Fraction Suspended
HoUlS
Ave. WmdSpeed

WetDays
Control Factor
TSP Emissions
PM-IOEmissions

Water
1.2 Lb/AcrelHr

11.0 Acres
0.75

8,760 HOUIS
5,03 meters/Sec

60·
0.00%
182.40 TonsIYr
54.72 TonslYr

WDEQ Em/$sion Factor
CaIculatedfrom Pile Size

WDEQ Emission Factor
Total Annual
Adjustedfor in-pit
Seminoe Mine S-YearA.verage

E=(EFxAW'Sx 9/pSusxPSx
((36S-WD)1365) x (l-CF))/lOOO

TOTAL PM-IO EMISSIONS 60.2 TonstYr

,
I

./

..~ ....

31

..' ...: _ ,-~ '. - .
",.

DEQ 009264



Medicine Bow"Fuel & Power Industrial Gasification & Liquefaction Plant
Equipment Leaks Emission Summary

Controfled Emissions Uncontrolled Emsfslons
SOCMI Factors SOeMI Factors

VOC HAP VOe HAP
Emissions Emissions Emissions Emissions

Process Stream Service Type (ton/yr) (tonlyr) (tonlyr) (ton/yr)
IAcid Gas Gas 0.09 0.09 0.12 0.12
Flare KO Drum Drainage Gas 4.99 1.61 6.70 2.16
Gasifier Vent Gas 0.16 0.16 0.22· 0.22
Gasoline Gas) Gas 9.87 3.18 12.38 3.99
Gasoline Light Liquid) Liaht Liauid 17.12 5.52 36.22 11.67
Gasoline Heavv Liquid) Heavv liQuid 0.26 0.09 0.26 0.09
LPG Light Liquid 1.12 0.00 2.21. 0.00
Methanol Gas Gas 1.04 1.04 1.28 1.28
Methanol Pure Liquid Liaht L1auld 0.65 0.65 1.44 1.44
Methanol Product MeOH 1 Light LIquid 7.86 7.85 14.90 14.86
Methanol Product MeOH2 Liaht Liquid 0.23 0.23 0.54 0.54
Methanol Product MeOH3 Light Liauid 0.23 0.23 0.54 0.54
Methanol Product MeOHS Gas 0.40 0.40 0.50 0.50
Mixed Fuel Gas Gas 0.52 0.02 1.77 0.06
MTG Fuel Gas Gas " 4.42 0.05 5.44 0.06
Propylene Gas 22.35 0.00 24.36 0.00
Total 71.32 21.10 1GB.86 37.52

.. -., . ""';" ·.·:.t'l:·,.~.\.··:.:· . " ••• '.' ~lJ~ .'•... J,:' ~.! ..•• \ .~ .:. i . '" " ..
Controlled Emissions Uncontrolled EmsisJons

SOCMl Factors SOCMI Factors

HAP HAP HAP HAP
Emissions Emissions Emissions Emissions

Individual HAPs (Iblhr) (ton/yr) (Iblhr) (ton/yr)

Carbonyl Sulfide (COS) 0.06 0.26 0.08 0~35

Methanol (MeOH) 2.37 10.40 " 4.39 19.22
C6 ~ C10 Aromatics (Assumed to be Benzene) 2.38 10.44 4.10 17.96
Total 4.82 21.10 '8.57 37.52
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Medicine Bow Fuel & Power Indu!?trial Gasification & I.lquefaction Plant
Controlled HAP Summary

ControlledEmissions (800MI Factors)
COS MeOH Benzene·

Process Stream (Ib/hr) (ton/yr) (Ib/hr) (tonlyr) (Ib/hr) (tonlyr)
AoldGas 2.13E-02 9.34E-02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
Flare KO Drum Drainage 1.29E-03 5.66E-03 O.OOE+OO O.OOE+OO 3.67E-01 1.61E+00
Gasifier Vent 3.67E-02 1.61E-01 O.OOE+oo O.OOE+OO O.OOE+OO O.OOE+OO
Gasoline (Gas) O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 7.26E-01 3.1BE+00
Gasoline (Light Liquid) 0.001:+00 0.001:+00 O.OOE+OO 0.001:+00 1.26E+00 5.52E+00
Gasoline (Heavy LIquid) 0.001:+00 O.OOE+OO O.OOE+OO 0.001:+00 1.94E-02 8.51E-02
LPG 0.001:+00 0,001:+00 0.001:+00 0.001:+00 O.OOE+OO 0.001:+00
Methanol Gas 0.001:+00 O,OOE+OO 2.36E-01 1.04E+OO O.OOE+OO O.OOE+OO
Methanol Pure Liquid O.OOE+OO O.OOE+OO 1.48E-01 6.50E-Q1 O.OOE+OO O.OOE+OO
Methanol Product (MeOH 1) O.OOE+OO O.OOE+OO 1.79E+00 7.85E+OO O.OOE+OO O.OOE+OO
Methanol Product (MeOH 2) O.OOE+OO O.OOE+OO 5.21E-02 2.28E-Q1 O.OOE+OO O.OOE+OO
Methanol Product (MeOH 3). O.OOE+OO O.OOE+OO 5.19E-02 2.271:-Q1 O.OOE+OO O.OOE+OO
Methanol Product (MeOH 5) 0.001:+00 O.OOE+OO 9.03E-02 3.95E-Q1 O.OOE+OO O.OOE+OO
Mixed Fuel Gas O.OOE+OO O.OOE+OO 4.23E-03 1.851:-02 O.OOE+OO 0.001:+00
MTG Fuel Gas O.OOE+OO O.OOE+OO O.OOE+OO 0.001:+00 1.15E-02 5.031:-02
Propylene O.OOE+OO 0.001:+00 O.OOE+OO 0.001:+00 O.OOE+OO O.OOE+OO
Total 5.94E-02 2.60E-01 2.37E+00 1.04E+01 2.38E+00 1.04E+01
* Benzene 16 aS6umed from emiSSIons of C6-C1 0 aromatics..

Uncontrolled HAP Summary

Uncontrolled emissions (SOeMI Factors)

Benzene 16 aS6umed from emiSSions of C6-C1 0 aromatics.

COS MeOH Benzene·
Process Stream (Ib/hr) (tonJyr) (Ib/hr) (tonlyr) (Ib/hr) (tonlyr)
Acid Gas 2.79E-02 1.22E-01 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
Flare KO Dryro..Dralrlllge, ·"'I::.,,,,:;'.•,j!.;. ',,' 1.73E",03 ... .7.59Ec03 . ..O.OOEtOO. . ... O.OOE+.OP 4.92E.,Q1 . 2.15EtOO .'
GasfflerVent 4.92E-Q2 ·2.15E-01 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
Gasoline (Gas) O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 9.10E-01 3.99E+00
Gasoline (I.ight liquid) O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.66E+00 1.17E+01
Gasoline (Heavy Liquid) 0.001:+00 0.001:+00 O.OOE+OO O.OOE+OO 1.94E-D2 8.51E-02
LPG 0.001:+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O,OOE+OO
Methanol Gas O.OOE+OO O.OOE+OO 2.92E-01 1.28E+00 O.OOE+OO 0.001:+00
Methanol Pure Liquid O.OOE+OO 0.001:+00 3.28E-01 1.44E+OO O.OOE+OO 0.001:+00
Methanol Product (MeOH 1) O.OOE+OO O.OOE+OO 3.39E+00 1.49E+01 O.OOE+OO O.OOE+OO
Methanol Product (MeOH 2) O.OOE+OO O.OOE+OO 1.23E-01 5.40E-01 O.OOE+OO O.OOE+OO
Methanol Product (MeOH 3) O.OOE+OO O.OOE+OO 1.23E-01 5.38E-01 O.OOE+OO O.OOE+OO
Methanol Product (MeOH 5) O.OOE+OO O.OOE+OO 1.15E-01 5.02E-01 O.OOE+OO O.OOE+OO
Mixed Fuel Gas O.OOE+OO O.OOE+OO 1.44E-02 6.32E-02 O.OOE+OO O.OOE+OO
MTG Fuel Gas O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 1.41E-02 6.18E-02
Propylene 0.001:+00 0.001:+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.001:+00
Total 7.881:-02 3.455-01 4.391:+00 1.92E+01 . 4.101:+00 1.805+01
*
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Med1clne Bow Fuel & Power Industrial Gasification & Uqueraallon Plant
AcId Gas Procass Stream

Stream Neme: Acid Gas
SeIVI"" Type: Gas
Hours of Oporatlon: 8780
This piping Is Inoludad In th. LOAR progrem.

Mol.cular
CAS WeIght Wel9ht% Mole Mole

Chemical Name Numbar VOC HAP IIbllb-moll FractIon Parcent
CO 83D-llB-D N N 28.01 0.00'10 O.ooE+OO 0.00%
H2 1333-7~ N N 2.02 0.00'10

I ~;:
0.00%

CO2 124-3B-ll N N 44.01 55.94% 47.86%
H2O 7732· 8.0 N N 18.02

~
.05%

CH4 74-82-8 N N 18.04 0.00%
Ar 7440·37-1 N N 39.98 n.oo%
N2 7727.37-9 N N 28.01 0.00 0.00%
H2S 77B3-0B-4 N N 34.08 1.18E·02 44.37%
COS 463-58-1 Y Y 60.07 0.26% 4.68E-05 0.18%
NH3 7664-41.7 N N 17.03 0.25% 1.45E-04 0.55".4
02 7782-44-7 N N 32.00 0.00'10 O.OOE+OO 0.00%
S02 7446-09-0 N N 64.06 0.00% 0.00E+00 0.00%
Cl2 7782·50-0 N. Y 70.91 .0.00% O.OOE+OO 0.00%
HCI 7847·01-0 N Y 36.46 0.00% 0.00E+00 0.00%
M.OH 87-56-1 y Y 32.04 0.00% 0.00E+00 0.00%'
ElI1anol 64-17-5 Y N 45.07 0.00% O.OOE+OO 0.00%
Dlmelhvl Elhar 115-1o-e y N 46.07 .00% O.ooE+OO 0.00%
M.llwl Acelata 79-20-8 Y N 74.08 0.00% .00EtOO 0.00%
Pra.anol 71·23-8 y N 60.10 0.00% O.OOE+oo 0.00%
Butanol 71-35-3 Y N 74.12 0.00% O. 0.00%

E
67.04-1 Y N 58.08 0.00% 00 0.00%
75-93-3 Y N 72.11 0.00% 0 0.00%
74-84-0 N N 30.07 0.00% O.OOE+OO 0.00%
74-65-1 Y N 28.05 0.00% O.OOEtOO O.OW"

ProDane 74-98-6 Y N 44.10 0.00% O.OOE+OO 0.00%
Proovlene 115-07-1 Y N 42.06 0.00% O.COE+OO O.OW"
Isobutane 75-28-5 Y N 58.12 0.00% O.OOEtOO O.OW"
N.Bulana 106-97-8 Y N 58.12 0.00% O.OOE+OO 0.00%
BuMena 26167.Q7·3 Y N' 58.11 0.00% 0.005+00 0.00°.
Isooentsna 78-78-4 . y. N. 72.15 0.00% 0005+00 0.00%
C4.012 Paraflns NIA y N 114.23 0.00% 0005+00 0.00%
C4 • 012 Olefin. NIA Y N 112.21 0.00% O.OOEtOO 0.00%
06 • 010 N.ohlhenes NlA y N 112.21 0.00% O.OOE+OO 0.00%

. 06 - 010 Aromallcs' , ..••..,..". NlA ..~ ., y. i. .. . '. Yo" .., .,' . .76.11-" ". ••••t .. 0.00% .... , . ,O.OOE+OO··.· ·..·:.0.00% .~..
OTAl.S 100.00% 2.66E-oZ 100.00Y.

Assum.d Colane
Aeaum.d Colene
Assum.d cycloocJane
~~~.~~~~8I!e ,'.N ';!' ~;;';r-.:..:';'.~."•. 'i'''''-'~ ':~ ...~'..•.~ •. ~'.:,., ...

W.lght %TOC 0.28%
W.lght %vec 0.2&%
Wol ht % HAP 0.2&%

EPA-4531R-95-017 Prato",j for equipment Leak Emission Esllmates (Table 2.-1).
~EPA-4531R-95-017 Protocol for 5qulpmsnl Laak Emi..ion Eslirnatos (Tobie 5-2). Assumes monthly monitoring with Isak dsfinillon of 10,000 ppmv.

UncOntrolled
Faglllve EmissIons. SOCM!Fa<:tors ControlledEmisSions EmtsSions
EqUipment SOCM! TOC VOC Hours of VOC voe
Typ•. Emission Factor' %Control Source EmIssion emission Operation Emissions EmiSsions

Ck"lhr,soufcel WIIhLDAR~ Count Rat. Ikg/hrl RatG Ckglhrl Clovl ItDvl

Veiv..-Gas 0.00597 87.00% 204 0,0004 0.0004 8760 4.305-0S 3.3011·02
V.lv....Light Uquldl 0.00403 84.00% 0 0.0000 0.0000 8760 0.005tOO 0.005+00
V.lv....H••vy Uqulds 0.00023 0 0.0000 0.0000 8760 0.005+00 O.OOEtOO
Pump Seals-Light Uqulds 0.01SS0 6S.00% 0 0.0000 0.0000 6760 O.OOE+OO 0.005+00
Pump Seals-Heavy Liquids 0.00862 0 0.0000 0.0000 6760 O.OOE+OO 0.005+00
ComprosssorS.als-lOu 0.22600 0 0.0000 0.0000 8760 O.ooE+OO O.OOE+OO
R.llefValvss-lOaslVapor 0.10400 Z7 0.0079 0.0079 8760 7.625-02 7.62E-D2
Connactol'li 0.00163 130 0.0007 0.0007 8760 6.45&03 ll.45E-D3
Open-ended Unos 0.00170 0 0.0000 0.0000 8760 O.OOE+OO O.OOE+OO
Sam lina Cannecllans 0.01500 15 0.0007 0.0007 8760 6.51&03 6.51E-D3
Totals 0.01 0.01 0.09 0.12,

HAP EmIssions. SOCMI Fecfors ConlTol/ed Emissions Uncontrolled Emissions
HAP HAP

Individual HAP Hours of Emleslons HAPffml~~lons HAP EmissIons emissions
HAP Welnht% VOeWaJaht% OoetaUon flblhrl tonlvr . rlblhrl (ton/vrl
COS 0.28% 0.28% 8760 2.13E.Q2 B.34E-DZ 2.79&:-02 1.22E-01
012 0.00% 0.28% 8760 O.OOE+OO 0.00800 O.OOEtOO 0.0011+00
Hel 0.00% 0.28% 8760 O.ODE+OO O.OOE+OO O.OOE+OD 0.005+00
MaOH 0.00% 0.28% 8760 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
06 - 01 0 Aromallcs 0.00% O.2B% 8760 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
Tolal 0.02 0.09 0.03 0.12
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Medicine Bow Fuel & Power Industrial Gasification & UqueraCtion Plant
Flare KO Drum DrainagQ Process Stream

alream Name; Flore KO Drum Dralnege
SeNI"" Type: Gas
Hours of OperaUon: 8760
This piping Is Included In the LDAR progrem.

Umed Ootane
Assume<! Oclene

ume<! Cyolooaane
ume<! Benzene
~'-:.:... ' ~ .. ::·::·:·'·f;-:;':,"::'·I"'~'~~"':::;:-;:!:~::~~-'·~·:lo\·; ·;l:.I......I;.,,~-':~~: :' ~'!"";'::

50.09%
50.06%
16.18%

Weighl%TOC
W.lghl% VOC
Wei hl%HAP

Mole""l.r
CAS Weight Weigl1t% Mole Mole

Chemical Name Number vac HAP ~b/lb-moij Fmction Percent
CO 630-05-0 N N 28.01 22.46% 8.02E-03 •HZ 1333-7+{) N N 2.02 1.16% 5.77E-03
CO 124-38-9 N N 44.01

I
4.12E-03

H2O 7732-1a-s N N 18.02 416E-03
CH4 74-112-8 N N 16.04 2.0BE-05 0.07%
Ar 7440037·1 N N 39.95 929E·05 0.34%
N2 7727.37.9 N N 2B.01 0.12 4,25E-05 0.1
H2S 7783006-4 N N 34.08 0.16% 4,72E-05 0.17%
COS 463-58-1 Y Y 60.07 0.06% 9A4E-06 0.03%
NH3 7664-41-7 N N 17.03 0.01% 3.151:-06 0.01%
02 7782-44-7 N N 32.00 0.00% O.oOE+oo 0.00%
802 7445-09-5 N N 64.06 0.00% O.OOE+OO 0.00%
CI2 7782-50-5 N Y 70.91 0.00% O.OOE+OO. 0.00%
HCI 7647-01-0 N Y 36046 O.CO% O.OOE+OO 0.00%
MeOH 67·56-1 Y Y 32.04 0.00% 0.005+00 0.00%
Ethen I 64-17-5 y N 46.07 0.00% O.oOE+OO 0.00%
Dlmelhvl ether 116-10-5 y N 46.07 0.00% O.OOE+OO 0.00%
MetnVlAeetate 79-20-9 Y N 74.08 . 0.00% 0.005+00 0.00%
Pro anol 71·2a-S Y N 60.10 0.00% O.oOE1'00 0.00%
Butanol 71-36-3 y N 74.12 0.00% O.oOE+OO 0.00%
Acelone 67·64-1 Y N 58.0B 0.00% 0.005+00 0.00%
MEK 76-93-3 Y N 72.11 0.00%

I
0.00%

Ethene 74-84-0 ·N N 30.07 0.00% 0.00%
Ethvlene 74-85-1 Y N 28.05 0.00% 0.00%
ProDane 74-96-6 Y N 44.10 0.00% 0.00%
ProeVlene 115-07·1 Y N 42.08 0.00% 0.00%
!sobutane 75-28-0 Y N 55.12 0.00% 0.00%
N-Butane 106-97-8 y N 58.12 0.00% 0.005+00 0.00%
Bu"'le e 25167-67-3 Y N 5R.11 0.00% 0005+00 0.00%
ls00entane 78-78-4 y N 72.15 0.00% 0.005+00 0.00%
C4·012P.ralins NIA y N 114.23 23.93% 2.09E-03 7.86% Ass
C4' 012 Oleflns NIA y 112.21 4.20'1 3.74E-04 1.37%
C5 - C10 Naohlhenes NIA y N 112.21 5.77% 5.14E-04 1.8B% Ass
C5 • C1 0 Aromatics NIA Y Y 7B.11 . .15.11% 2.06E-03 7.54% Ass

'" ,., .... ' .. .....,.... .... ~, .. ' ..,......-,..~. ~ .... ,. .~.. .,., ..........;....... '.... .' .~... ~ .' .... '.. .... • oj .. :....: .... ",~' , '"
...... .. ... ..

TOTALS 100.00% 2.73E.QZ 100.00%

EPA-453/R-95-Q17 Protocol for equlpmenll.eak Emission Estnlates (Table 2-1).
, EPA-4631R-95-017 Protocol tor Equipment Leek Emission EstImates (Table 5-2). Assumes monlhly monitoring WIth leak definillon 0/10,000 ppmv.

UnCQntrolled
Fu"ftive EmissIons _SOCMI~c1oTs CcmtrolJed Emissions Emissions
Equipment SOCM! TOC voe Hours of VOC VOC
Type Emission factor % Control Source Emission Emissian Operation I:missions EmIssions

(k!llhr-source) W"rth !-DAR' Counl Rate IkuJhr) Rate IkuJhr) (tpyJ (lpy)
VeJves-Ges 0.00597 87.00% 66 O.OZ54 0.0254 8760 2.55&01 1.96E+OO
Valves-Ugh! Liquids 0.00403 54.00% 0 0.0000 0.0000 8760 0.005+00 O.OOE+OO
Valves·Heavy Uqulds 0.00023 0 0.0000 0.0000 8780 0.001:+00 O.OOE+OO
pump seals-Ught Uqulds 0.011l90 69.00% 0 0.0000 0.0000 8760 O.OOE+OO O.OOE+OO
Pump seals.fieavy Liquids 0.00862 0 0.0000 0.0000 8760 0.001:+00 0.005+00
Compresssor Seels-Gas 0.22800 0 0.0000 0.0000 8760 O.OOE+OO o.oOE+OO
Relief Valvas-GasNapor 0.10400 B 0.4167 0.4165 8760 4.025+00 4.025+00
Connectors 0.00163 4B 0.0440 0.0440 B750 4.24E-01 4.24E-01
Open-ended Un.. 0.00170 0 0.0000 0.0000 B750 O.OOE+OO O.ooE+OO
Samolina Connedions 0.01500 4 0.030t 0.0300 B750 2.90E-01 2.90E-01
Tomls 0.52 0.52 4.99 6.70
1

HAP EmissIons· aOCMIFactors ControlledEmissions UncontrolledemIssions
HAP HAP

Individual HAP Hours of Emissions HAP Emissions HAP Em;ssions Emissions
HAP Weight % VOC Weight % Operation (Ibllu) (Ion/yr) (Iblhrl (tonlyrj
COS 0.05% 60.05% 8760 I.29E-03 5.55E-03 1.731:-03 7.596-03
CI2 0.000/. 50.08% B750 0.005+00 O.ooE+OO 0.005+00 0.006+00
HCI 0.000/; 60.06% B760 O.OOE+oo 0.005+00 O.OOE+OO 0.006+00
MeoH 0.00% 50_06% 8750 O.OOE+oo O.OOE+OO O.ooE+OO 0.006+00
C5 • 010Aromatios 16.11% 50.06% 8750 3.67E-01 1.61E+00 4.92E·01 2.15E+OO
Total 0.37 1.61 0.49 2.16
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Medicine Bow Fuel &Powerlndustrlal Ga.meatlon &UquefacUon Plant
Gasifier Vent Process Stream

Stream Name: Gasifier Vent
Service Typa: Gas
Hours of OperaHcn: 8760
This piping Is Includad In the LDAR program.

B\Imed Oateno
Assumed Celene

BUrned Oy.looolMa
BUrned eenzene
~':•..~ ::.~.;,.~~., ." ': :~: .. ··:t:'.;.. •..~""!r1··~ ...·-;,~.ir:~':."~·~~:,

Molocul;r
CAS W.loht W.lght% Mol. Mol.

Chomlc:aJNam. NumbIJr voe HAP flbJlboliloll Pnlctlon Peresnt
CO 630-06-0 III N 28.01 44.91% 1.80E·02 •H2 133:>-74.0 III N 2.02 2.53% 1.15E-02
002 124-36-9 N N 44.01 36.27% 8.24E.Q3
H2O 7732-18-5 III N 18.02 15.00'10 8.35E.Q3
OH4 74-82-8 N N 16.04 0.07% 4.00E-05 0.00%
Ar 7440-37-1 N N 39.S5 0.74% 1.88E·04 0.42%
N2 1727·37·9 III N 2801 0.24% 5.50E·05 0.19%
H2S 7783-06-4 N N 34.08 0.52% 9.45E·05 0.21%
OOS 463·5fl.1 Y y .60.07 0.11% 1.89E·05 0.04%
NH3 7664-41-7 III N 17.03 0.01% 6 0.01%
02 7782-44-7 III N 32.00 0.001'. 0.00%
S02 7446-09-5 N N 64.06 0.00% 0.00%
012 7782-50-5 N Y 70.91 0.00% 0.00E+00 0.00%
HOI 7647'()1'() N Y '36.48 0.00% 0.00E+00 0.00%
MaOH 67·66-1 Y Y 32.04 O,DO% O.OOE+OO 0.0w.
Etheno 64-1, -S Y N 46.01 0.00% o.oOE+OO 0.00%
Dlmall,.1 Ether 115-1()' N 46 0% 0.00 00 .00%
MethvlAcelale 7902M Y N 74.08 0.00% O.OOE+OO 0.00%
Procenol 71·:zs.s Y N 80.10 0.00% 000&1-00 0.00%
8ulanol 71-36-3 Y N 74.12 0.00% o.oOE+DO 0.00%
Acetone 51-54-1 Y N 58.08

I
O.OOE+OO 0.00%

MEl< 78-93-3 Y III 72.11 O.OOE+DO 0.00%
Elhane 74-B4.o III N 30.07 O.OOE+OO 0.00%
Ethvlane 74-85·1 Y III 28.05 O.OOE+OO 0.00%

I;
74-98-6 .. Y III 44.10 0.000 O.OOE+OO 0.00%
116-07-1 Y .N 42.08 0.00% O.OOE+OO '0.00%
75-28-5 Y III 58.12 0.00% o.OOE+OO 0.00%
106·97·8 Y. N 68.12 0.00r. O.OOE+OO 0.00%

Butvlane 2B1870117-3 Y III .56.11 0.00% o.OOE+OO 0.00%
Ise entane 7&-' 804 Y III 72.15 0.00% O.OOE+OO 0.00%
C4. C12 ParsOns NlA Y III 114.23 0.00% o.oOE+OO 0.00'1'. M
C4 - C12 0 annB NlA Y N 112.21 0.00% 0.00E+00 0.00%
C5 - 01 0 NaDl1lhenos NlA .Y III 112.21 0.00% o.OOE+OO 0.00% IUJ
C6 - C10 Aromatics NlA Y Y 78.11 0.00r. o.OOE+OO 0,000/0 Asl

;:', "; .. ':"~"': .:~..:::.-:: ., .,.,,:",. :"h; :' l' "~~~":-~':~"~~ .,·.~",,':i':':
,.. .' .. .' :...• :':' .~ -. '.

.....;,. ., ...... •• ~ !..':: . .. - ...... ... " .. -
TOTALS 100.00% 4.4SEoll2 100.00"10

Weight % Toe
Welghl%VOC
Wei ht%HAP

0.18%
0.11%
0.11%

Uncontroll."
FUlIlUve Emissions. SOOMIFaclars Cantralle" Eru/ssJans EmIsSIons
EqUipment SOeMI TOC voe Hours of VOO VOC
Type Emf.alan Facioi' %Canl",1 Source Eml....ran Eml&slon OperaUon Emissions' EmlsslOnB

Ike/hr..our.el With LPAR2 Count Raletko/hrl Rete Ikolhrl (tDvl 1I0vl
Velvel>-G.. 0.00697 87.00% S57 0.0013 0.0008 6760 8.14E.Q3 6.26E-02
Valvas-Llght Uquld. 0.00403 64.00% 0 0.0000 O.OODO 6760 0.005+00 O.OOE+OO
Valve..Heovy liqUids 0.00023 0 0.0000 0.0000 6780 0.005+00 O.OOE+OO
Pump Seals-LlihL Uqulds 0.01990 89.00% 0 0.0000 0.0000 8780 o.ooe.oo 0.00&1-00
Pump Seala-Heavy Uqulds 0.00882 0 0.0000 O.OODO 6760 O.OOE+OO 0.00&1-00
Cornprasssor Seals-Gas 0.22600 0 0.0000 0.0000 6760 O.OOE+OO 0.00&1-00
Reller Valv...GasNapor 0.10400 112 0.0206 0.0132 B760 1.28E-Ol ~.28c-01 .
Connactom 0.00183 604 0.0.026 0.0017 8760 1.81E-02 1.61E-02
Open-tlnded Un.. 0.00170 0 0.0000 0.0000 8760 0.001:+00 0.00&1-00
Samollll<l Connedlons . 0.01500 55 0.0016 0.0009 8750 9.04E-03 . 9.04E'()3
Totals 0.03 0.02 0.16 0.22

, EPA-453/R·95-017 Pmlocollor EqulpmsntLeak Emission Estimates (Table 2-1).
'EPA-463/R-96-017 Protocol for EqUipment Leak Emlsslon Estimates (Table 5-2). Assume. monthly'monitoring willi leak dBflnlUon of10,000 ppmv.

HAP =ml••/on• • SOeMI Pe.tom Conlra/,.,d Eml••lon. Uncon/tolled Eml••/on"
HAP HAP

IndivIdual HAP Hours of E!ml.elone HAP Eml.s'on. HAP Emleelons Emle.lone
HAP Weight % VOeWeloht% O.eratlon C1blhrl rton/yrl (lblhrl (tonivrl
cos 0.11% 0.11% 8760 3.87E.o2 1.61E.o1 4.92E·02 2.15E-01
C12 0.00% 0.11% 8780 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
HCI 0.00% 0.11% 8760 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
MeOH 0.00% 0.11% 8760 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
C6 - C1 0Aromatics 0.00% 0.11% 8760 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
Total 0.04 0.15 0.05 0.22
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~.... ........, NBdic;\ne Sow Fuel 8& PowerlndU$1al Gasification & Uquefaction I'lant
... \ Ga.ollne (Gas) Process Stream

Strll8m Nama: Gasoline (Gas)
Service Typt: Gas
Hours or Operation: 8760
This piping Islndude<lln thaLOAR program.

um.dOcton.
um.dOotene
med Cyclooctane
m~d.~e~;:~;:;:..'; ..::":.:"":"~i;:- .:..,..:..:., ~.~..; :~,,, .~, ...;;.~.':"~~,.: .: ..~..:.

Molecular
CAS Welght Weight % Mole Mole

Chemical Name Number VOC HAP (Ibnb....ol) Fraction Percent
CO 630-08-0 ·N N 28.01 0.00% O.ooE+oo 0.00%
H2 1333-7~ N N 2.02 0.00% O.OOE+OO 0.00%
CO2 124-38-9 N N 44.01 0.00% O.OOE+OO 0.00%
H2O 7732·18-5 N N 18.02 0.00% O.oOE+OO 0.00%
CH4 74-82-<1 N N 16.04 0.00% O.OOE+OO 0.00%
Ar 7440-37·1 N N 39.96 0.00% O.OOE+OO 0.00%
N2 7727·37·9 N N 28.0' 0.00% O.OOE+OO 0.00%
H25 7783-06-4 N N 34.08 0.00% O.OOE+OO 0.00%
COS 463-68-1 Y y 60.07 0.00% O.oOE+OO 0.00%
NH3 7664-41-7 N N 17.03 0.00% 0.00E+OO 0.00%
02 7782-4+7 N N 32.00 0.00% O.OOE+OO 0.00%
502 744I'Hl9-5 N N 64.06 0.00% O.oOE+OO 0.00%
CI2 77B2-50-5 N Y 7O.s1 0.00% O.OOE+OO 0.00%
HCI 7547-OHl N Y 36.46 0.00% 0.005+00 0.00%
MaOH 67·58-1 y y 32.04 0.00%

•
0.00%

Ethanol 64-17-5 Y N 46.07 0.00% 0.00%
Dlm.th.... 5thar 116-10-6 y N 46.07 0.00% 0.00%
Metnvl Acelat. 79-20-9 y N 74.08 0.00% 0.00%
Procanol 71·23-8 y N 60.10 0.00% .OOE+OO 0.00%
Butanol 71-36-3 y N 74.12 0.00% O.OOE+OO 0.00%
Acetone 67-84-1 Y N 56.08 0.00% 0.001:+00 0.00%
MEK 76-93-3 Y N 72.11 0.00% O.OOE+OO 0.00%
Ethane 74-84-0 N N 30.07 0.00% O.OOE+OO 0.00%
Elhvlene 74-85-1 Y N 28.05 0.00% O.OOE+OO 0.00%
Prol'lane 74-98-5 Y N I 44.10 0.00% O.OOE+OO 0.00%
Proevfene 115-07-1 Y N 42.08 0.00% O.OOE+OO 0.00%
Isobutana 76-28-5 Y N 58.12 0.00% O.OOE+OO O.OO'¥.
N-BU1One 108-97·8 Y N 58.12 0.00% O.OOE+OO 0.00%
Butvrene 25187-67-3 Y N 56.11 0.00% 0.005+00 0.00%
Iso ntan. 78-78-4 Y N 72.15 0.00% 0.005+00 0.00%
C4·CI2Paratlna NJA Y N 114.23 47.85% 4.19E003 41.52% As.
C4. C12 Oloiins NJA y N 112.21 8.39% 7.48E-04 . 7.41% Ass
C6 - Cl0 Naohthenes NJA y N 112.21 11.54% 1.03E-03 10.19% Assul

. C6-Cl0Aromatios .. N/A .... - ..... . y ...... . .. ...,y.• ., ... 76.11 .. 32.Z1% 4.12E-D3.. '.40.87.%.. ~u.....

TOTA~S 100.00% ·1.o1E-DZ 100.00%
":"""""'?""'>':~:"

', ../
Weighl%TOC
Welghl% VOC
W.lghl%HAP

100.00%
100.00%
32.210/.

5PA-453/R-95-017 Protocol for equipment ~eak Emission Estlma1as [fable 2·1).
'EPA-4531R-95-017 Protocol for Equipment Leak EmIssion EstImates [fable 5-2). Assumes mon1tlly menUoling with leak dofinlUen or 10,000 ppmv.

Unconlrol/ed
Fuaitive Emissions" SOCMIFactors ControlledEm;ssiom'i; Emis$;ons
Equipment SOCMI TOC VOC Howsof VOC VOC
Type emission Faclar! %Control Source Emission Emission Operafion Emissions Emissions

(kalhr-souroel With !.DAR' Count Rate lko/hrl Rate Iko/hrl IlpY) (lllYl
Valv..-Ga. 0,00597 87.00% 50 0.0388 0.0368 8760 3.75E-01 2.885+00
V.IVIIs-Ughl Uqulds 0.00403 84.00% 0 0.0000 0.0000 8760 0.001:+00 0.000.+00
Valve••Hsavy Uqulda 0.00023 0 0.0000 0.0000 8760 0.005+00 0.000..00
Pump Soals-Ught ~lqulda 0.01990 69.00% 0 0.0000 0.0000 8760 0.005+00 0.005+00
Pump Soaio-H••vy Uqulds 0.00862 0 0.0000 0.0000 6780 0.005.00 0.005+00
Comp"",""or Seala-G.. 0.22600 0 0.0000 0.0000 8760 0.000.+00 0.00];+00
Relief Valv....GasNapor 0.10400 9 0.9360 0.9360 8760 9.040.+00 9.04];+00
connectors 0.00183 Z5 0.0476 0.0476 8780 4.595-01 4.59E-Ol
Open-ended Unes 0.00170 0 0.0000 0.0000 8760 O.OOE+OO 0.005+00
SamplinCl Connections 0.01500 0 0.0000 0.0000 8760 0.005+00 0.005+00
Totals 1_0Z 1.0Z 9.87 12.38, .

HAP Emlu/oM· SOeMI Faejol'$' Controllod EmI""I.ns Uncontrollod Em/$sfons
HAP HAP

IndividulllHAP Hcurs of EmissioruJ HAP Emissions HAP Emissions Emissions
HAl' Weight % VocWclgbl% Operation (iblhr) (ton/yr) (Iblllr) ltonlyr)
COS 0.00% 100.00% 6760 O.OOE+OO O.ooE+OO 0.005+00 O.OOE+OO
CI2 0.00% 100.oor. 8760 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
Hel 0.00% 100.00% 6760 O.OOE+OO O.OOE+OO 0.005+00 0.005+00
MeOH 0.00% l00.00r. 6760 O.OOE+OO 0.005+00 O.OOE+OO 0.001:+00
C6 -Cl0AromaUcs 3Z.21% 100.00% 6760 7.265-01 3.16E+OO 9.105-01 3.991:+00
Total 0.73 3.18 0.91 3,99

/
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Medicine Bew Fuel & Powerlnt!<lslrlal Gaslflcallen & LlquefacUon Plant
Gasoline (~Isht LIquid) Proc••• Stream

stream Namo: Gasoline (LIght Liquid)
S""'lee Typa: Light LIquid
Heu.. of Oparatlen: 6760
This piping Islncludad In tho LllAR program.

Assumsd OoI8ne
Assumed Oolene
Assumad Cyclccclene
Assumed Benzene..•....:.::..

MolBt:ular
'CAS Walghl WalQht% Male Mala

Chemical Nama Number VOC HAP r1bnb-mal)

•
Percanl

CO 630-08-0 N N 28.01 0.00% 00 0.00%
H2 1333-74-0 N N 2.02 0.00% 00 0.00%
CO2

II
N N 44.01 0.00% 00 0.00%

H2O N N 18.02 0.00% 0

~
OH4 N N 16.04 0.00% 0
N N N 39.96

~
0

N2 N N 28.01 O.OOE->OO
H2S 7783-06-4 N N 34.08 O.OOE+nn
COS 463-58-1 Y Y 60.07 o.OOE->OO 0.00%
NH3 7664-41-7 N N 17.03 O.oOE->OO 0.00%
02 7782-44-7 N N 32.00 0.00% O.oOE+OO 0.00%
S02 7446-09-5 N N 64.06 0.00% O.oOE+DD O.DO"I0
012 7782-50-5 N y 70.91 0.00% O.oOE+DD 0.00"10
HOI 7647-01-0 N y 36A6 0,00% O".oOE+OO 0.00"10
M.OH 67-66-1 Y Y 32.04 0.00% 0.0010+00 0.00%
Ethanol 64-1706 Y N 46.07 0.00% 0.00E+00 0.00%
DlmaUwl Ethar 116-10-6 Y N 46.07 0.00'1.

I
0.00%

Ii
79-20-9 Y N 74.08 0.00% 0.00%
71-2306 y N 80.10 0.00% 0.00%
71-96-3 Y N 74.12 0.00% 0.00%
67·64-1 Y N 68.08 0.00% 0.00%

MEK 18-93-3 Y N 72.11 0.00% O.OOE+OO 0,00%
Ethane 74-64-0 N N 30.07 0.00% O.OOE+OO 0.00%'
Eth lene 74-85,-1 Y N 28.05 0.00% O.OOE+oo 0.00%
Pronane 74-98-6 y N 44.10 0.00% O.oOE+OO 0.00%
ProuViene 115-07·1 Y N 42.08 0.00% O.OOE+OO 0.00%
lsabulane 75-28·5 Y N 58.12 0.00% O.OOE+OO '0.00%
N-Butan. 106-97-8 Y N 58.12 0.00% 0.005+00 0.00%
Butylene 25167-87-3 56.11 0.00% 0.005+00 0.00%
lsa entane 78-76-4 y N 72,16

JI"
0.0010+00 0.00%

C4 • C12 Paraflns NJA N 114.23 4.19&03 41.520/,
04·012 laflns NJA y N 112.21 7.48E-04 7.4 %
06 • Cl0 NSDhlhanss NJA Y N 112.21 1.09E-03 10.19%
06· Cl0 Aromatics NJA Y Y 78.11 4.12E-ll3 40.67%

"
. ,.... ..... ,... '~'.. ..'.. .-.... '.: ,.:.~ . ; ...."~.l·. " ',.; ...,.; .:.....:. .~:..... ...... . ".;'-",: ; ....... .. ;",..." ...;:, .. ' .... :

TOTALS 100.00% 1.01E.Q2 100.00%

Weight %TOe ,
Welght%VOe
Wei ht'14llAP

100.08%
100.08%
32.21%

Fua/tlve Emlsslans. SOCMIFactors
U..;rmlrclled

Controlfecf Emissions Emissions
Equipment soeMI Toe voe Hours of vee voe
Type Emll'Elon Factor' 0/0 Cantrol Scurae Emission emission Operatfon EmISlrlcn5 Ernlaslons

(kg/hr-source) With ~DAR' Count Ratelka1l1rl Rale lkalhrl !Iovl /tovl
Valves-Gss 0,00697 67.00% 0 0.0000 0.0000 6760 O.OOEtOo 0.005+00
Valves-Light Uqulds 0.00403 84.00% 487 0.3140 0.3140 8760 S.08E+00 1.695+01
Velve..Heavy Uqulds 0.00023 0 0.0000 0.0000 8760 O.OOE+OO 0.005+00
Pump Sesls-Ughl Liquids 0.01990 89.00% 24 0.1481 0.1481 5760 1.43EtOO 4.615+00
Pump Seols·HIIVY Liquids 0.00882 0 0.0000 0.0000 8760 O.OOE+OO O.OOE+OO
CcmpresssD' Seals-Ges 0.22800 0 0.0000 0.0000 8760 0.005+,00 0.005+00
Rellsl Valves-GasNapar 0.10400 0 0.0000 0.0000 8760 0.005+00 0.005+00
COnnectors 0.00188 348 0.6388 0.6366 8760 6.155+00 6.155+00
OpOlHlnded Unes 0.00170 0 0.0000 0.0000 8760 0.0080p 0.005+00
Semolina Connecllo.. 0.01500 45 0.6750 0.6750 8760 6.52E+00 5.525+00
Tobls 1.77 1.77 17.12 36.22

, EPA-463/R-96-017 Protoool far Equlpment~eak 5mloslnn E.lImat.. (Table2-1).
• EPA-453IR·9&-017 Protocol for Equipment Laak Eml..lan Estlmates (Teble 6-2). Asoumas mant?ly manllaMg with look def\nlUon af10,000 ppmv.

HAP Emissions· seeMI Factors eonllDl/6d Emissions Uncontrolled EmissIons
HAP HAP

Individual HAP Hours 0' Emissions HAP Em~~lons HAP ErnisalDIlS Emla.lona
HAP Walght% VOCWolghl% Oa.ratlon rlblhrl (ton/vr Ublhrl Iton/yr)
COS 0.00% 100.00% 6780 O.OOE+OO O.OOE+OO 0.005+00 0.00800
012 0.00% 100.00% 8760 O.OOE+OO O.OOE+OO 0.005+00 O.OoEtOO
HCI 0.00% 100.00% 8760 0.005+00 0.00800 0.00800 0.005tOO
MeOH 0.00% 100.00% 8760 0.00800 0.00800 0.005+00 0.00800
06 • C1 0Aromatics 32.21% 100.00% 8760 1.26E+00 5.S2E+D0 2.665+00 1.175tOI
Total 1.26 5.52 2.66 11.67
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Medicine Bow Fuel & Power indusllial Gasification & Uquefacllon Plant
Ge.oUne (Heavy Uquidj Process stream

Stream Name: GasoDne (Heavy Uquld)
Service Type: Heavy Liquid
Houra of Operation: 6760
This piping Is included In the LDAR progr2!m.

umed Oolane
umod Octelle
umod Cyclooclane
~.~e~,~e~. '~;;.::: ..~".1;.~"::'\::~~ ··:L...\.~ :::, ....::.._..:.:.::: '.

100.00%
100.00%
32.21%

Welg~t %'100

Welghl%VOO
Wei hl%HAP

Mol!cUlar
CAS Weight Weighf% Mol. Mole

Chemlc:aIName Number VOC HAP (Ibnb-moO Fraction Percent
CO 630-08-0 N N 28.01 0.00% 0.001'_ 0.00%
H2 13~74-0 N N 3,02 0.00% 0.001"00 0.00%
CO2 124-3&09 N N 44.01 0.00% O.oOE'OO 0.00%
H2O n32·1&05 N N 18.02 0.00% o.oOe-OO 0.00%
CH4 74-82-8 N N 16.04 0.00% O.OOE<OO 0.00%
Ar 7440.37·1 N N 39.95 0.00% o.oOE<OO 0.00%
N2 n27·3T·9 N N 28.01 0.00% O.OOE<OO 0.000/.
H2S n63-01l-4 N N 34.0B 0.00% O.OOE<OO 0.00%
COS 463-53-1 Y Y 60.07 0.00% O.OOE<OO 0.00%
NH3 765441-7 N N 17.03 0.00% O.OOE<OO 0.00%
02 nB2-44-7 N N 32.00 0.00% O.OOE<OO 0.00%
S02 7448-09-5 N N 64.06 0.00% O.OOE<OO 0.00%
CI2 n82·51l-5 N Y 70.91 0.00% O.OOE<OO 0.00%
HCI 7647·01-0 N Y 36.46 0.00% O.OOE+OO 0.00%
MeOH 67·56- Y Y 32.04 0.00% O.OOE+OO 0.00%
Ethanol 64-17-0 Y N 46.0T 0.00% O.OOE+OO 0.00%
Dlmeth IEther 115-1006 N 46.07 0.00% 0.00%
MettlVl AcelBte 79-20-9 Y N 74.06 0.00% 0.00%
Procanol 71-23-a Y N 60.10 0.00% 0.00%
Butanol 71-36-3 Y N 74.12 0.00% 0.00%
Acetone 67-64·1 Y N 55.06 0.00% O.OOE<OO 0.00'
M5K 78-93-3 Y N 72.11 0.00% O.OOE<OO 0.00%'
Ethane 74-84-0 N N 30.07 0.00% O.oOE_ 0.00%
Ethvlene 74-85-1 Y N 28.05 0.00% O.OOE"OO 0.00%
ProDane 74-98-6 Y N 44.10 0.00% O.OOE<OO 0.00%
Proovlane 118-07·1 Y N 4:2.06 0.00% 0.005<00 0.00%
l.obulBn" 76-2&05 Y·. N 68.12 0.00% O.OOE<OO 0.00%
N-Blrtano 106·97-8 Y N 86.12 0.00% O.OOE<OO O.OO~

~
26167-87-3 Y 66.11 0.00% 0.005<00 0.001<.

78-78-4 Y N 72.16 0.00% O.OOE<OO 0,001<.
NIA Y N 114.23 47.66% 4.16~3 41.52% "'""NlA Y N 112.21 6.39% 7.46~ 7,41% "'""OS - C1 0 Naohthenes NlA Y N 112.21 11.54% 1.03&03 10.19% lAss

. C6. C1 0 Aroma1ics
" .. NlA· ,': ' . ': ...... ."y...:, '",:.-. ·.Y' .. ' .; ·76.11 " ;32.21% 4.12~ " ..40.67.0/0.•"" ,,-

TOTALS 100.00% 1.01E-02 100.00%

. .. .,'. ;;~ .... :..\
I \

\ ....j

EPA-453IR-S6-017 Protocol for EqurpmenlLeak Emission Estimates [feble 2·1).
2EPA-4531R-96-017 Protocol for Equipment Leak Emls.lon Es1imetes [fable 6-2). Assumes monthly monitoring with leek definition of 10,000 ppmv.

Unconlrolred
f'uaItlve Emissions· SOCMIFactors Controlled Emissions Emfsslons
EqUipment SOeMI TOC VOC HDWSof voe VOC
Type Emission Factor' %Control Source Ernission EmissiDn Operation Emissions Emissions

Ckq/hr..ou",el WrthLDAR· Count Rate !k!lll1r\ Rate fkglhr) [tpv) flov)
Valves--Gas 0.00567 67.00% 0 0.0000 0.0000 8760 0.001:->00 O.OOE+OO
Valvee-Ughl Uqulde 0.004OS 84.00% 0 0.0000 0.0000 8780 0.001:<-00 O.OOE+OO
Velvae-H..'I)I Uquida 0.00023 6 0.0014 0.0014 6760 1.335-02 1.33E002
Pump S.als-Ughl L!<lulda 0.0'960 69.00% 0 0.0000 0,0000 8760 o.ooe+oo O.OOE<OO
Pump SeaI...Hoavy Uqulds 0.00662 0 0.0000 0.0000 6760 0.005+00 o.oOE+OO
Compres..or Seals-Gas 0,22600 0 0.0000 0.0000 8760 0.001:->00 O.OOE+OO
RellsfValve..ClasNapor 0.10400 0 0.0000 0.0000 6760 O.OOE+OO O.OOEtOO
Connectors 0.001113 6 0.0110 0.0110 B760 1".06E001 1.06&01
Open-ended I..Jnes 0.00170 0 0.0000 0.0000 6760 O.OOE-tOO O.OOE.OO
Samolino COnnections 0.01500 1 0.0150 0.0150 6760 1.455-01 1.45E-ol
Totals 0.03 0.03 0.26 0,26,

HAP Emissions. SOGM/ Factors Gontrollael Emissions Uncontrolled Eml$$lons
HAP HAP

Individual HAP Hours gf Emissions HAP Emissions HAP Emissions Emissions
HAP Wel9ht% voe WeIght % Operation (Ib1hr) (lon/yr) (Iblhr) (ton/yr)
COS 0.00% 100.00% 6760 0.00Ei()0 O,OOE'OO 0.00El-00 0.005+lJO
CI2 0.00% 100.00% 8760 O,OOE<OO 0.00e-00 0.00e-00 0.005+00
HCI 0.00% 100.00% 6760 O.OOE<OO O.OOE+oO O.OOE<OO 0.005<00
NeOH 0.00% 100.00% 6760 0.00Ei()0 O.OOE+OO O.oOE"OO O.OOE-tOO
C6 - Cl0 Aromatics 32.21% 100.00% 8760 1,94E-C2 6.51E-<l2 1.94E-02 8.515-02
Total 0,0:< 0.09 0.02 0.09

/

39 DEQ 000272

:. -..,,'.- ..:.. ' .:.....-:.~.. :.'" -.';"" --:.,
.'

.<..: ;.,.~""=-,·.~..•·...1.:.~·M.:._ :..



Medicine Bow Fuel & Power Industrial GasIfication & L1quoracUon Phlnt
LPG Pro""",, Slreem

St""'m Name: LPG
Service Type: LI9hl Uqultl
Ho"", of OpotaUon: 5760
1111s piping Is Included In !he WAR Pro9tam.

Moleculer
CAS W.lg~1 Welg~l% Mele Mole

Chemloel Nama Number VOC HAP f1bnb-meO Ftacllon Parcent
CO 630-06-0 !of N 2B.01 8.34% 13.04%
H2 1333-74-0 N N 2.02 0.00' 0,00%
CO2 • N N 4.1 0.00'.. OOO~

20 N N 18.02 '0.00% O.oOE+OO 000%
CH4 N N 18.04 0.00% 0.00 +00 0.00%
Ar N N 39.95 0.00% O.OOE+OO 0,00%
N2 77Zl·'$1·9 N N 28.01 0.00% O.OOE+OD 0.00%
H25 7783-08-4 N N 34.08 '0.00% O,OOE+OD 0.00%
COS 463-58-1 Y y .60.07 0.00% D.ODE+OD 0.00%
NH3 7684-41.7 N N 17.03 0.00% O,OOE+OO 0.00%
02 7782-44-7 N N 32.00 0.00% O.ODE+OD 0.00%
S02 7446-09-5 N N 64.06 0.00% O.ODE+OD 0.00%
CI2 7782·50-5 N y 70.91 0.00% O.DOE+OO 0.00%
HCI 7547·01-0 N Y 38.46 0.00% O.OOE+OO 0.00%
MeOH 67-56-1 y y 32.04 0.00% O.ODE+OD 0.00%
5theno 64-17-6 Y N 46.07 O.DO% O.OOE+OO 0.00%
DlmelJ1V1Elher 115-10-6 V N 46.07 0.0011 o.ooe+oo 0.00%
MelJ1 IAoalele 79-20-9 V N 7408 0.D01l o.ooe+oo 0.00%
Pro'.nol 71·23-8 V N 60.10 0.00% O,OOE+OO 0.00%
5ulenol 71-36-3 V N 74.12 0.00'" o.oOE+OO O,OO%>

67-84-1 V N 66.08 0.00% O.OOE+OO 0.00%
78-93-3 V N 72.11 3.60% 5.00E-04 2,19%
74-84-0 N N 30.07 0.00%

I
0.00%

Ethvlene 74-85-1 V N 28.05 21.86% 7.79 34.13%
ProDane 74-98-6 V N 44.10

~
. 0.00%

ProDV1ane 115-Q7-1 V N 42.08 0.00%
lsobUlene 76-28·5 V N 58.12 •N·Bulane 108·97-11 Y N 58.12
BuMena 25167-57·8 .V N 6611 25.38%
I.ocentene 76-78-4 V N 72.16 0.00%
C4 • 012 P_taftns N/A y N 114.23 0.00% 00 0.00%
C4·0120Iefins N/A V N 1 2.21 0.00' 00 0.00%
C6 - C10 Naohlhenes N/A V N 112.21 0.00% 0.005+00 0.00%
C6 - 010 AromaUcs NlA y y 78.11 0.00% o.OOE+oo 0.00%...... ... ....~..'-' .. ,.....~ " , .:' "."" . ';'" ... .. , .. , '... .. ' .... .. . .. , ..
TOTALS 100.00% 2.28&02 100.00%

AssIlmid OcIl1la
Assumed Oolene
Aasumed Cyclooolena

~~~~~ '~~~~~:'~''I'';:!t';"~;::'::'~':Il';'''II:-~~:;~~''f;''''N:'';''~' - ~':•.' ~."'~:' "~.'

Walght%TOe
Weight 'k voe
Wei ht%HAP

91.65%
91.66%
O.DD%

Ullcontrclled
FzmJtJve EmIssions - SOCMI FactDIS CDnlrol/ed EmissIons EmIssions
Equipment soeMI TOC VOC Hours ef voe vee
Type Emls.lon Faotor' %Centrcl Source emleslon Emlaslen OperatJon . EmJsslon6 Emissions

lkg/hr",euroaj WlthLDAR2 Ceunt Rale/kalllr) .Rat" /kaJl1r) ltcv) llevl
Valves·Ge. 0,00697 87.00% 0 0.0000 0.0000 8760 0.005+00 0.006+00
Valvas·Ughl Liquids 0.00403 84.00'k 26 0.D165 0.0165 8760 1.60e-ol 9.965-01
Valves-H••vy Uqulds 0.00023 0 0.0000 0.0000 8760 0.005+00 0.006+00
Pump S.als-Light Liquid. 0.01990 69.00% 2 0.0113 0.0113 8780 1.09E-D1 3.62E-01
Pump Soela-Haavy Uqulds 0.00882 0 0.0000 0.0000 8780 0.005+00 0.006+00
Comp..ssso, Seels-Gas 0.22600 '0 0.0000 0.0000 8780 O.ool:;+oP 0.001!+00
RellefValves-GaslVapor 0.10400 0 0.0000 0.0000 8760 0.005+00 o.ooe+oo
Connaolors 0.00183 20 0.0335 0.0335 8750 3.24&01 3.24E·01
Open-endad Un.. 0.00170 0 0.0000 0.0000 8760 0.00E+00 o.ooe+oo
Samelne Connactlons 0.01500 4 0.0550 0.0550 8760 5.31E-'01 5.315-01

olals 0.1~ 0.12 1.12 .2.21
1 EPA-4:;3/R-95.017 Prctoccllcr EqulpmentLaek I:mlsslon "sUmates (rable 2-1).
2 EPA-453/R-96-D17 Pretocel for equipment Leak Emlolllcn EsUmalos (Tebla 5-2).Assum.~ monthly m,enllc~n9 wllJ1laak dennlllcn ef10,000 ppmv.

HAP EmIssions· SOeMI Fa.lelS ConlTclled Em/ss ons UnoontrelledEm/lUI ons
HAP HAP

Individual HAP Heursef Emission, HAP Eml••lene HAP Emlsslone E~~:~naHAP WeJaht% VOCWelghl% Oeetatlcn (IbJhr\ /ten/yrl flb/hr) Ie r)
COS 0.00% 91.66% 6760 0.00E+00 o.OOE+OO o.OOE+OO 0.00E+00
CI2 0.00% 91.66% 6760 O.OOE+OO 0.005+00 0.00E+00 O.OOE+OO
HCI 0.00% 91.66% 6760 0.00800 o.OOE+OO O.OOE+OO O.OOE+OO
MeeH 0.00% 91.66% 8760 O.OOE.OO o.OOE+OO O.OOE+OO O.OOE+OO
C6 - e10 ATom.1Ies 0.00% 91.66% 8760 O,OOE+OO 0.00800 0.00E+00 O.DOE+OO
Tolal 0.00 0.00 0.00 0.00.
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Medlclne Bow Fuel & Pewer Induslriol Gaslfieatien & Uquofaclion Plant
Methanol Gas Pro..... Stnlom

Stnlam Nama: Mathanol Gas
Sarvteliype: Gas
HeulS or Operallon: 8760
lhls piping Is InclUded In the !.OAR program.

Assumad Ootene
Assumad Oelana
Assumed Cyclooctana

~:':I.~~ ..~.~!:-!.:~::.!;.i.:-':'!f~;:!:::,..~.:.,.:;:~~;~r;;;:..;~;;:~;t'~: ..";.~~..\o~.r' ~

96.420/.
96,4Q%
96.19%

Welght%TOC
Weight %voc
Weight % HAP

Molecular
CAS Welgkt Welgkt% Mole Mole

Chemical Name Number VOC HAP rlblllHnoO Fraction Percent
CO 630-01>-0 N N 28.01 0.02% 6.44E-06 0.02%
H2 1333-74-ll N N 2.02 0.00% 3.19E-06 0.01%
CO2 12<h'iB-9 N N 44.01 0.30% S.92E-05 0.22%
H2O 7732-18-5 N N 18.02 3.16% 1.7SE-OS 5.49%
CH4 74-82-8 N N 16.04 0.03'.. I.S9E-05 0.05%
Ar 7440-37-1 N N 39.95 0.06% 1.61E,.05 0.05%
N2 7727·37·9 N N 28.01 0.03% 1.14E-05 0.04%
H2S 7763-06-4 N N 34.08 0.00% O.OOE+OO 0.00%
COS 463-61>-1 Y Y 60.07 0.00% O.ooE+OO 0.00%
NH3 7664-41-7 N N 17.03 0.00% 0.0081l0 0.00%
02 7782-4+7 N N 32.00 0.00% 0.0081l0 0.00%
S02 7446-09-5 N N 64.06 0.00% O.OOE-tOO 0.00%
CI2 7782-50-5 N Y 70.91 0.00% O.OOE-tOO 0.00%
HCI 7647-01-0 N Y 36.46 0.00% o.ooe-tOo 0.00%
MeOH 87·56-1 y Y 32.04 96.19% aooe-02 94.01%
Ethanol 64-17·5 Y N 48.07 0.05''- 1.0410-05 0.03%
Olmethvl Ether 116-1D-6 y N 46.07 0.03% 7.31E-06 0.02%
MeltllAce1ale 79-20·9 Y N 74.08 0.06% 1.10E-05 0.03%
Pro.anol 71·23-6 Y N 60.10 0.02% 4.00&06 0.01%
6utanol 71-36-3 Y N 74.12 0.02% 2.60&06 0.01%

IE
67-54-1 Y N 56.08 0.00% 3.31E-07 0.00%
711-93-3 Y N 72.11 0.00% 1.S3E-07 0.00%
74-84-0 N N 30.07 0.00% O.OOe-tOO 0.00%
74-85-1 Y N 2ao5 0.00% O.OOE-tOO 0.00%

Prooane 74-911-6 Y N 44.10 0.00% 0.0010+00 0.00%
Pronvlene 116-07·1 Y N 42.08 0.00% • 0.00%
lsobutane 76-28-5 Y N 5612 0.00% 0.00%
N·Butana 11J8097-8 Y N 5.12 0.00%
8''''''a·a 25167-87-$ Y N 56.1 0.00% O.OOY.
IsoMntana 78-711-4 Y N 72.15 0.00% O.OOEHllO' 0.00%
04 • 012 Pamns 'N/A Y N 114.23 0.00% 0.0010+00 0.00%
O4-01201OOns N/A Y N 112.21 0.00% 0.0010+00 0.00%
CS - 01 0 Nanh!h<!nes N/A Y N 112.21 0.00%' O.ooe-tOo 0.00%
C6 - C10 Aromatics .. .' ..... , ., N/A. .. ,Y... .. ~ . .. .y, 78.11 . , .0.00% o.OOE+OO .0.00%

•• 'w .-.. .. ' ..... ,.. . .~ . .... .....
~. '" ........ ,.- .. -~. ~. ", o••••• .. '" .. "

TOTALS 100.00% 3.19E-02 100.00%

EPA-45SIR-96-017 Protocol fer Equlpmant~aak emISSion Estimates (Table 2-1).
, EPA-45SIR-96-017 Protooollor Equipment ~a.k emission EstImates (Table &-2). AssUmes monthly monitoring with leak definldon .f10,000 ppmv.

Uncontrolled
Fuaitive Emissions .. SOeMI Factors Controlled Emissions Emissions
equiptnent SOCMI TOC VOC Hours of VOC vee
Type Emission Factor1 % Control Source Emis-slon Emls-s;on Opera~on Emissions EmiSSions

(kofhr-souree) Yrrtl1 WAR' Count Rate Ckolhrl Rata (kg/hrl ItDvl I_I
Valvas-Gas 0.0069r 67.00% 5 0.0037 0.0037 8760 3.615-02 2.78E-Ol
Vaivas-Lighl Lkiulds 0.00403 84.00'10 0 0.0000 0.0000 8760 O.OOEofOO O.OOE+OO
Val""",Hasvy Uqulds 0.00023 0 0.0000 0.0000 8760 0.001i!+00 0.005+00
Pump Sesl8-~lght ~Iqulds 0.01980 69.00% 0 0.0000 0.0000 6760 O.OOE.OO O.OOE+OO
Pump Sa.I..H.avy Uqulds 0.00682 0 0.0000 0.0000 6760 o.oOE+<lO O.OOEofOO
Cempresssor SaBlo-Gas 0.22800 0 0.0000 0.0000 8760 O.OOEofOO O.OOE+OO
Relief ValVos-GasNapor 0.10400 1 0.1003 0.1003 8760 9.68E-Ol 9.68E-01
Connectors 0.00188 2 0.0085 0.0085 8760 S.41E-02 3.41E-02
OperHnded Woes 0.00170 0 0.0000 0.0000 8760 O.ODEofOO 0.005+00
Samo~na Connections 0.01600 0 0.0000 0.0000 8760 O.ODE-tOO 0.001:+00
0"10 0.11 0.11 1.04 1.28

1

HAP EmissIons. SOCMT Factors Controlled Emissions Uncontrolled Emissions
HAP HAP

Indlvldual HAP Hourscf Emissions HAP Emissions HAP Emissions: Emissions
HAP Woight% VOC Weight % Operation (lbIh'l (ton/yrl llbfhrl (tonlyrl
COS 0.00% 96.40% 8760 O.ODEofOO o.OOE+Oo O.DOE+OO O.ODE+OO
CI2 0.00% 96.40'10 8760 O.OOe-tOO D.OOE+OO O.oOE+OO O.OOE+OO
HCI 0.00% 96.40% 6760 O.OOe-tOO o.OOEofOO O.OOeofOO O.OOE+OO
MeDH 96.1sr. 96.40% 8760 2.38EoOl 1.04E+00 2.92E-01 1.28EiTOo
C6 - C1 0 AromaUcs 0.00". 96.40% 6160 O.OOe-tOO 0.0010+00 O.ooe-tOO O.OOEiTOO
Total 0,24 1.04 0.29 1.28

)
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Medicine Bow Fuill & POWllr InduslrfaJ GaslllcaUon & UquefacUon Plant
Methanol Pure UquJd Proce.. Stream

Stream Neme: Methanol Pure ~lquld

Service Type: Ughl Uquld
Hours ofOperaUcn: 8760
Thl. piping Is tncluded In the !DAR program.

Assumed OCtana
Assumed OClene
Assumed Cyolooclana
Assumed Benzena

:,. ,:., ".; "J,::: :•.'::,·'I.· ..~.'.:.:;h"}~. ~:". ";'-'(.:~' .l"'··'::r·.I:•.~: ... \.~~•.

Molecular
CAS WeIght Welghtr. Mole Mole

Chemlc.1 Name Numb.r VOC HAP Ilbnb-moll FraetIDfl Percant
CO 630-ll1Hl N N 28.01 0.00% O.oOE+OO 0.00%
HZ 1333-74-0 N N 2.02 0.00% O.oOE+OO 0.00%
CO2

I
N N 44.01 000% O.OOE+OO

~
H2O N N 18.02 0.00% O.OOE+OO
CH4 N N 16.04 0.00% O.OOE+OO
Ar N N 39.95 0.00% O.OOE+OO
N2 N N 28.01 0.00% O.OOE+OO
HZS N N 34.06 0.00% 0.00E+00 0.00%
COS Y Y 60.07 0.00% O.OOE+OO 0:00%
NH3 I N N 17.03 0.00% O.OOE+OO 0.00%
02 N N 32.00 0.00% O.OOE+OO 0.00%
502 N N 64.06 0.00% O.OOE+OO 0.00%
CI2 N Y 70.91 0.00% O.OOE+OO 0.00%
HCI 7847-01·0 N Y 36.46 '0.00% O.OOE+OO 0.00%
MeOH 87-56-1 Y Y 32.04 100.00% 3.12E·02 100.00'11.
5thanol 64-17·6 Y N 46.07 0.00% O.OOE+OO 0.00%
Dlm.1Il lEthe' 115-10-6 Y N 46.07 0.00% O.OOE+OO 0.00%
Moth IAcelalo 79-20-9 Y N 74.06 0.00% O.OOE+OO 0.00%
Prooanol 71·23-8 Y N 60.10 0.00% O.OOE+OO 0.00%
Bulanol 71-36-3 Y N 74.12 0.00% 0005+00 0.00%
Acetone 87-64-1 Y N 58.08 0.00% 0.005+00 0.00%
MEK 78-93-3 Y N . 72.11 0.00% o.OOE+OO 0.00%
Ethane 74-84-l1 N N 30.07 0.00% O.OOE+OO 0.00%

Ii
74-85-1 Y N 28.05 0.00% O.OOE+OO 0.00%
74-96-6 Y N 44.10 0.00% 0.00&00 0.00%
111Hl7-1 Y N 42:08 0.00% 0.00&00 0.00%
75-28-5 Y N 58.12 0.00% 0.00&00 0.00%

NoButane 105-97-8 Y N 68.12 0.00% O.OOE+OO 0.00%
BuMane 25187·67-3 Y N 55.11 0.00% 0.001:+00 0.00·0
IIs0eentane 76-78-4 Y N 72.15 0.00% O.OOE+OO 0.00%

iii
NlA Y N 114.23 0.00% 0.005+00 0.00% .

04·01 NlA Y N 112.21 0.00% 0.005+00 0.00%

g::~;~. .. ~. ".......
NlA Y N 112.21 0.00% 0.005+00 0.00%
NIA Y Y 78.11 0.00% 0.005+00 0.00%

., .. ., .... ,. .. , :,.... ", . . .,'. ':: ~ ... ........ .;..... ....... ,~ .. . , .."', . . . .
TOTA~S 100.00% 3.12E002 100.00%

Welght'l'oTOC
Weight 'l'o VOC
We ht'l'oHAP

100.000/,
100.00%
100.00%

. Unconrrolled
Fualllve Emls.lons· SOCMIFactom ControUedemissions EimlsslolJS
Equlpmant SOCMI TOe voe HoulS of VOC VOC
Type !'mIg.lon Faclor' %Conlrol SoureD Emlsslon Emlaelon Oparatlon Eml&sIons Eml..loO$

IkglhNlourcg) WlthLOAR" Count Rate/it""'r) Rate Iko/hrl llpy) (tpy)

Valves-Ga. 0.005S7 87.00% 0 0.0000 0.0000 8750 0.0010+00 0.001:+00
Valve..Ughl ~IquIdB 0.00403 84.00% 15 0.0103 0.0103 . 8760 s,!Ia~ 6.22E-01
Valve..Heavy UquidB 0.00023 0 0.0000 0.0000 8780 O.OOE+oo .0.00E-t00
Pump S.al..~lght ~lquJds 0,01990 69.00V, 2 0.0123 0.0123 8760 1.19E:001 3.84E-01
Pump Seale-Heavy LiqUids 0.00852 0 0.0000 0.0000 8750 O.OOE+OO 0.005+00
CompraessorSeals·Gas 0.'22800 0 0.0000 0.0000 8750 O.ooE+OO 0.005+00
Ralie! VelVe..GasNapor 0.10400 0 0.0000 0.0000 8750 0.0010+00 O.OOE+OO
Connectors 0.00163 8 0.0146 0.014S 8750 1.41E:001 1.41E-01
Open-Bnded ~lnes 0.00170 0 0.0000 0.0000 8750 0.005+00 O.OOE+OO
5amollno Connectlons 0.01500 2 0.0300 0.0300 8750 2.90E-lJ1 2.S0E-01
Totals 0.07 0.07 0.65 1.44
1EPA-453/R-950017 Protocol for EqUlpmBntLBak emission Estlmale. (Table2-1).
" EPA-459/R-9~17 Protocol for Equlpmonl ~e.k Eml••lon E.Ilm.tes (Teble 5-2). Assumes monthly monlloring wIth Ioak dBflnttlon of10,000 ppmv.

HAP !!missIons· $OCMI"••/o," Controlled Ermlsslons Uncontrolled I!mlsslons
HAP

Em:oASIndividual HAP Hours of EmissiOns HAP Eml..lon. HAP Eml••lone
HAP WeightY, VOC Weight % Op.sraUon (lblhr, (tonlyr) (Iblhr) (tonlyr)
COS 0.00% 100.000/, 8760 O.OOE'IOO O.OOE+OO O.OOE+OO 0.00800
CI2 0.00% 100.00% 6760 O.OOE+OO 0.005+00 O.OOE+OO 0.005+00
HOI 0.00% 100.00% .~750 0.005+00 0.005+00 0.00800 0.005+00
MaOH 100.00% 100.000/, 8750 1.48E-Ol 6.50E-01 3.28&01 1.445+00
C5 - 010 Aromatles 0.00% 100.00% 8750 O.OOE+OO O.OOE+OO O.OOE+OO 0.00800
Total 0.15 0.55 0.33 1.44

42
DEQ 000275

. ',.1\-•••, :.,•• "'41



......~..
/. .,

i

Medicine Bow Fuel & Pawar Industria' Gasification & Uquefactlon Plant
Methanol PI'DdUGt (MeOH 1) Process Stre.m

Stnlam Name: Methanol Product (MeOH 1)
SOM<:ll Type: Ugh! Uquld
Hours of OpenlUon: 8760
11110 piping IslnelUded In 1110 toAR program.

umed Octone
umed Octene
umed CycIooclane
~f!l:~~~ ...:,;...,.. ,_...:,~:",,/., ...~...;..~..:.;.......,.,~,:,",,!:.;..!.,~:' ...~.

Molecular
CAS Welglrt Welght% Mole Mole

Chemical Name Number vee HAP lIb11b-moQ Fraction Percent
CO 63[).lJ8-!l N N 28.01 0.02% 6.44&06 0.02%
H2 1333-74-0 N N 2.0Z 0.00% 3.19E-tl6 0.01%
eoz 124-38-9 N N 44.01 0.30 05 0.22%
H2O 7732-18-6 N N 18.02 3.'6% 3 5.49%
CH4 7A.82-8 N N 16.04 0.03% 0.05%
Ar 7440.37·1 N N 39.95 0.05% 1.61E.Q5 0.05%
1012 7727·37·9 N N 28.01 0.03% 1.14E.Q6 0.04%
H2S 776:>-0&4 N N 34.08 0.00% O.OOEOOO 0.00%
COS 45:>-58-1 Y Y 60.07 0.00% O.OOEOOO 0.00%
NH3 766441-7 N N 17.03 0.00% O.OOEOOO 0.00%
OZ 7782-'1+7 N N 32.00 0.00% O.OOEOOO 0.00%
502 7446-09-5 N N 54.06 0.00% O.OOE<OO 0.00%
CI2 778~SO-5 N Y 70.91 0.00% O.OOE<OO 0.00%
HOI 7647.QHl N Y 36.46 0.00% O.OOE<OO 0.00%
MeOH 67-56-1 Y Y 32.04 96.19% 3.00E.Q2 94.01%
Ethon.1 64-17-5 Y N 48.07 0.05% 1.04E.Q5 0.03%
Dimethvi Ether 116·10-6 y N 46.07 0.03% 7.31E.Q6 0.02%
Moth,; Acetale 79-20.9 y N 74.06 0.06% 1.10&05 0.03%
Prooanol 71·23-8 y N 60.10 0.02% 4.00E.Q6 0.01%
Butanol 71·36-3 Y N 74.12 0.02% 2.60E.Q6 0.01%
Acetone 67-54-1 Y N 56.06 0.00% 3.31E.Q7 0.00'10
MEK 76-93-3 y N 72.11 0.00% 1.33E.Q7 0.00%
Ethane 74-84-0 N N 30.07 0.00%

11
0.00%

E1hvlene 74-85-1 Y N 28.05 0.00% 0.00%
Prooane 74-98-6 Y N 44.10 0.00% 0.00%
Propvlene 115-07-1 Y N 42.03 0.00% 0.00%
I"butane 75-28-5 Y N 5B.12 0.00% O.ooE+OO 0.00%
N·BulOne 106-97-6 Y N 66.12 0.00% . 05+00 0.00%
BlIlvl"". 5167oS7-3 y N 61 0.00'" 000 +00 00%
SCDSnmne 78-78-4 y. N 72.15 0.00% O.OOE+OO 0.00%

C4 • 012 Perefin. NlA Y N 114.23 0.00% O.OOEOOO 0.00% Ass
C4 • 012 Olefins NJA Y N 112.21 0.00% O.oOEOOO 0.00% Ass
C6 • 010 Naohlhenes NJA Y N 112.21 0.00% O.oOE<OO 0.00% Ass
C6 • C1 0 Aromatics N1A y. Y 76.11 0.00% O.OOEOOO 0.00% ~.' .. -- ... .... " .
TOTAL.S 100,00% 3.19E-II2 100.00%:..".• ""~""(~":)""': t:::7:'7:::-=::----::":'-::::--~
Weight %TOC 96.42%
Weight %vee 06.4D%
Wei hi % HAP 96.19%

EPA-453IR·S5.Q17 Protocol for EqUIpment Leak Emission Esllmates (rable 2-1).
• EPA-453/R-95-017 Protocol10! Equipment ~aak emission Estimates (rabie 5-2). Assumes monthiy monlto~n9 wlth leak definition pf 10,000 ppmv.

Uncontrolled
Fu_aitive Emissions .. SOCMI Factors Controlled Emissions Em;ssToD9
Equipment seCMI TOC VOC Hoursof VOC VOC

Type Emission radDr1 %Control Source Emission Emission Operation Emissions Emissions

IIcqlhr-sourcel Wl!h WAR' Coun! Rate Ikolhrl Ratelkolhn IIPvl (toY)
Valvss-Gao 0.00597 87.00% 0 0.0000 0.0000 8760 O.OOE+OO 0.005+00
Valves-l.lQhl Liquids 0.00403 84.00% 134 0.0633 0.0633 8760 8.045-01 6.035+00
Valv..-Heavy Uqulds 0.00023 0 0.0000 0.0000 8760 O.OOEO+OO o.oOE+OO
Pump Seal&-Ughl Liquids 0.01990 69.00% 22 0.1309 0.1308 8780 . 1.26E+OO 4.07E+00
Pump Seals-Heavy Uqulds 0.00862 0 0.0000 0.0000 8760 O.OOE~OO O.OOEOOO
CompresssorSeals-G8s 0.22800 0 0.0000 0.0000 8760 O.OOE+OO O.ooE+OO
RallefValve..G·osNapor 0.10400 0 0.0000 0.0000 B760 0.005·00 0.00=+00
Connectors 0.00183 96 0.1694 '. 0.1693 8760 1.63E+00 1.635+00
Open-ended Unes 0.00170 16 0.0262 0.0262 8760 2.535-01 2.635.Q1
SamPling Connec60ns 0.01500 2B 0.4050 0.4049 8760 3.915+00 3.915+00
Totals 0.81 0.81 7.86 14.90
1

HAP Emw/ons - SOOMI Focto'" Conln>lledEmIssIons Uncontrolled EmissIons
HAP HAP

Individual HAP Houl'$of Emissions HAP Emis:sions HAP Emi$$ions Emissions
HAP Woi9ht% VOCWol9hl% Operation {lblhrl (tonlyr) (Iblhr) (tonl)'TJ
COS 0.00% 96.40% 8760 0.005<00 0.00E-tll0 O.OOEOOO O.OOETOO
CI2 0.00% 96.40% B760 O.OOEOOO 0.00E-tll0 o.oOE-tllO o.OOEOOO
HOI 0.00% 96.40% 8760 0.005000 0.005-Hl0 o.ooE-tllO O.OOEOOO
MeOH 96.19% 96.40% B780 1.79E.00 7.65E+00 3.39EOOO 1A95+01
C6 • 010 AromaUcs 0.00% 96.40% 8760 0.005'00 O.OOE+OO O.OOEOOO 0.005'00
Total 1.79 7.85 3.39 14.86

,
'. I

J
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Medicine Bow Fuel & Power Indusbial Gasification & Llquera.tlon Plant
Methenol Product (M'OH 2) P,ocess Slream

Sllllam Neme: Melhanol Product (MeOH 2)
Service Type: Light Uquld
Hours of OpelllSon: 8760
111ls piping" Included In lba LDAR program.

#.-~ _ ":_of .',,;'.,' """"';" "7" '-: •• ~ #'. :.. .. ".'

""sumBd cetanB
AssumBd Octsns
Assumsd Cyclcac1ane
Assumed Ban2ene

Molecular
CAS Weight Walght% Molo Mele

Chemical Name Number' VOC HAP IlbIlb·mol) Fraction Percent
CO 630.Q8-0 N N 28.01 0.08% 2.89E-06 0.09%
H2 1333-74-0 N N 2.02 0.02% 1.09E-04 0.34%
CO2 124038-9 N N 44.01 0.42% 8.63E·05 0.30%
H2O 7732·18-6 N N 18.02 3.32% 1.84E·03 6.74%
CH4 7<l-82-6 N N 16.04 O.OB% 4.B1E·06 0.16%
AI 7440-37·1 N N 39.95 0.44% 04 0.34%

7 7·37·9 N N 2B.01 0.18% ·05 0.20'10
H2S 7783-05-4 .N N 34.09 0.00% 00 0.00%
COS 463-56-1 y Y SC.D7 0.00% 00 0.00%
NH3 7564-41·7 N N 17.03 0.00% O.OOE+OO

~
02 7782-44-7 N N 32.00 0.00% O.OOE+OO
S02

if
N N 54.06 O.OOE+OO

012 N Y 70.91 O.OOE+OO
HOI ·0 N y 36.46 o.oOE+OO .00%
MaOH 1 y Y '2.04 95.46% 2.98E·02 92.84%
Ethannl 7·5 y N 46.07 0.00% 0.001:+00 0 0
DlmBlhvlElhe, 115-10-6 y N 46.07 o 0% 000""'-00 o In~

MethYl Acatete 79-,20-9 Y N 7 08 0.00% 0.001:+00 0.00%
Proal 01 71.23-6 y N 60.10 0.00% 0.001:+00 0.00%
Butanol 7103603 Y N 74.12 0.00% 0.001:+00 0.00%
ACQWn9 67064·1 Y N 5B.OB 0.00% 0.001:+00 0.00%
MEK 78-93-3 Y N 72.11 0.00% O.ooE+OO 0.00%
Ethane 74-84-0 N N 30.07 0.00% O.OOE+OO 0.00%
Elbvlene 74-85-1 Y N 2B.06 0.00% 0.005+00 0.00%
ProDsne 74-98-6 Y N 44:10 0.00% 0.00E+00 0.00%
ProDv!ane 115'07-1 y N ·42.0B 0.00% 0.00E+00 0.00%
lsobutane 75-26-5 Y N 6B.12 0.000/, 0.001:+00 0.00%
N·Bulane 106·97-6 Y N 58.12 0.000/, o.oOE+OO 0.00%
8uMene 28167-87·3 Y N 5B.11 O.OOy, o.oOE+OO 0.00%
180 entana 76-78-4 Y N 72.16 O.oOy, O.OOE+OO 0.00%
04·012 Paraffnl NlA y N 114.23 0.00% O.OOE+OO O.OOY.
C4. 012 Olaflns NlA Y N 112.21 0.00% O-OOE+OO 0.00%
06 • C1 0 Naohthenas NlA y N 112.21 0.00% O.OOE+OO 0.00%
06 • C1 0 AromBIics NlA Y y 7B.11 0.00% O.OOE+OO 0.00%.. " .... ........~..... ~ . .~•••" •• i.:·••~, .. :::#>•. #. . ".....• -;........... ' .....,. ~... ....••..... ..-.;-:...... .- .,. ... -'. ~.

TOTALS 100.00% J.21E·02 100.00%

Welght%70C
Wslght%VOC
Wslght%HAP

95.64%
95.46%
95.46%

Uncontrolled
FuolUve Emissions· SOCM/Fact= Controlled EmissIons Emissions
EqUipment SOCMi TOe veo HoulSol VOC voe
Type Emission Factor' %.CDntrol Source Emleslon EmJm;Ioli Opera90n EmissIons Emfsslons

1~R1h.....ourcel WIth LDAR" Count Rete Ik"lbr} Rete Ik"lbr} liPyl ltoyl
VSIVa&-GB' 0.00697 87.00% 0 0.0000 0.0000 8760 0.005+00 O.OOE+OO
Valves-Light Liquids 0.00403 84.000/, 10 0.0082 0.0082 6760 5.94E-02 . 3.71E-01
Vslva&-Hssvy Uqulds 0.00023 0 0.0000 0.0000 87DO 0.005+00 0.001:+00
~ump Saal,·Llghl Llqulda 0.01990 69.00% 0 0.0000 0.0000 87DO 0.001:+00 0.001:+00
Pump Saal..HIIIlVY Uqulds 0.00862 0 0.0000 0.0000 B780 0.001:+00 O.OOE+OO
Compresssor 6Bals.Sas 0.22800 0 0.0000 0.0000 87DO 0.001:+00 O.OOE":OO
RellBrValVes-GaSIVapor 0.10400 0 0.0000 0.0000 8760 0.005+00 O.OOE+OO
ConnectofS 0.00183 10 0.0175 0.0175 B760 1.69E·01 1.691:-01
OpBn-andBd Un.. 0.00170 0 0.0000 0.0000 8760 0.001:+00 0.005+00
Sampffno Connections 0.01500 0 ·0.0000 0.0000 8760 0.005+00 0.00800
Totals 0.02 0.02 . 0.23 0.54
1 EPA-453/R-95-D17 Protocclfor EqulpmenlLeek Emission Esfimatas (Table 2·1)•

.zEPA-4531R.95-017 Protocol far EqulpmBnt Leek Emi..lon Eslim,tas (Table 5-2). Assumes monthly monitoring with laal< dBfinlUan of10.000 ppmv.

HAPEml••lons· SOCMI Faotora ControlledEm/oslan. Uncontrolledem/Ba/ona
HAP HAP

Indlvldum HAP Houraof l!mlaslona HAP Emiasloll8 HAP Eml••lons Emissions
HAP Welghl% VOOWeluhl% OparaUon lIbll1r\ lton/yrt lIblhrl ttonlYrl
OOS 0.00% U6,46o/, B760 O.OOE+OO 0.001:+00 O.OOE+OO O.OOE+OO
CI2 0.00% 95.46% 8760 O.OOE+OO 0.00E+00 0.001:+00 O.OOE+OO
HCI 0.00% 95.48% 8760 O.QOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
MeOH 95.46% 95.46% 8760 5.2115-02 2.28E'01 1.23E-ol 5.405-01
06 - Cl0 AramaUcs 0.00% 95.46% B760 0.001:+00 . O.OOE+OO o.ooaoo 0.00800
Total 0.06 0.23 0.12 0.54
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Medicine Bow Fuel & Power tndustrial Gasification & Uquefadion Plant
Methanol Produc:l (MeOH 3) Process Stream .

Stream Name: Melhanol ProOUC! (MeOH 3)
SONlee Type: Ughl Uquld
Hours 0' Operation: 8760
This piping Is Indudad In Iha IDAR program.

Assumed Octane
Assumed Octllne
Assumed Cycloodane

~t!fn~:t~.':~ ..~,~~..·..~... \., ;'"

96.21%
96.12%

96.12%

Welghl%TOC
Wolght%VOe
Wei ht%HAP

Molecular
CAS Welght~l Waight% Mole Mole

Chemical Name Number VOC HAP Obnb-mol Fraction Percent
CO 63().08.0 N 'N 28.01 0.07% 2.57E-05 0.06%
H2 1333-7~ N N 2.02 0.02% 1.166-04 036%
CO2 124-38-9 N N 44.01 0.42% 9.656-05 0.30%
H2O 7732-18-6 N N 18.02 3.62% 2.016-03 625%
CH4 74-82-8 N N 16.04 O.O8°~ 6.166-06 0.16%
Ar 744().37·1 N N 39.96 0.48% 1.18E-04 0.3EI%
N2 7727.37·9 N N 28.01 0.19% 8.766-06 0.21%
H2S 7783-06-1 N N 34.08 0.00% 0.006+00 0.00%
COS 463-68-1 Y Y 60.07 0.00% 0.006+00 0.00%
NH3 7664-41-7 N N 17.03 0.00% O.OOE+OO 0.00%
02 7782-44-7 N N 32.00 0.00% O.OOE+OO 0.00%
502 7446-09-6 N N 64.08 0.00% 0.006+00 0.00%
CI2 7782·50-5 N Y 70.91 0.00% 0.006+00 0.00%
HOI 7647-01-0 N Y 36.46 0.00% 0.006+00 0.00%
MaOH 67·66-1 Y y 32.04 95.12% • 92.2"',
ElIlanol 64-17-15 Y N· 46.07 0.00% 0.00%
Olmeth 16ther 116-1G-6 y N 46.07 0.00% 0.00%
MethYl Acetole 79-ZD-a Y N 74,08 0,00% 0.006+00 0.00%
Propenol 71·23-8 y N 60.10 0.00% 0.006+00 0.00%
ButanDI 71·36-3 Y N 74.12 0.00% 0.006+00 0.00%

I

A

:

one 67-64-1 y N 5s.o8 0.00% 0.006+00

~.78-93-3 Y N 72.11 0.00% 0.006+00
74-84-0 N N 30.07 0.00% 0.006+00
74-85-1 y N 28.05 0.00% O.OOE+OO

ProDane 74-98-6 Y N 44.10 0.00% O.OOE+OO 0.00%
PropYlene 115-07-1 Y N 42.08 0.00% a 0.00%
lsobulane •• Y N 58.12 0.00% 0 0.00%
N-Bullme Y N 58.12 0.00% 0.00'
BuMone Y N 56.11 0.00% 0.00%
lsooenteoe Y 7 15 0.00% 0.006+00 . 0.00%.
C4.C12Parsilns NlA y N 114.23 0.00% 0.006+00 0.00'1.
C4. 012 Olefins NlA y N 112.21 0.00% 0.006+00 0.00%
C6 • 010 Naohlhenes NlA y N 112.21 0.00% 0.006+00 0.00%
C6 - 010 Aromatics NlA Y Y 78.11 0.00% 0.006+00. .0.00% ..,..
TOTALS 100.00% 3.22E-llZ 100.00%

Uncontrcllt>d
Fu.qitiYe Emissions .. SOeMI ractors ControlledEmissirms Emlssians
Equipment soeMI Toe voe Hours of VOC voe
Type Emission Fact:or1 %CoJrtroI Source Emission Emission Operation Emissions Emissions

Ikg/hr-sou",o} W'oth LeAR' CQunt Rate Ikolhr} Rale l1lalhr}· Ilpv} (!lJ\I\
ValverGas 0.00697 67.00r. 0 0.0000 0.0000 8760 O.OOE+OO O.OOE+OO
Va"...Ughl liqUids 0.00403 84.00~, 10 0.0061 0,0061 8760 5.92E·02 3,706-01
Valv...Heavy Liquids 0.00023 0 0.0000 0.0000 8760 O.OOE+OO O.ooE+OO
pump Soals-Ughl Uquldc 0.01990 6g.00% 0 0.0000 0.0000 8760 O.OOE+OO 0,006+00
pump Soals-Heavy Liquids 0.00862 0 0.0000 0.0000 8760 o.oOE+OO 0,006+00
CClmpl'2$$sor Saals-Gas. 0.22800 0 0.0000 0.0000 8760· O.OOE...oO 0.006+00
Ran., Velves-GaoIVopor 0.10400 0 0.0000 0.0000 8760 O.OOE+OO 0,0010+00
Connectors 0.00183 10 0.0174 0.0174 8760 1.686-01 1.686-01
Open-ended Unes 0.00170 a 0.0000 0.0000 8760 o.ooe+oo 0.006+00
SamplinQ Connections 0.01500 0 0.0000 0.0000 8760 o.ooe+oo 0.006+00
Tolals 0.02 0.02 0,2:3 0.54

, ePM53!R·S5-017 Protocol for 6quipmentLeek emission Estimates (Table2-1).
• EPA-463IR·96-C17 PlOloool for 6qulpment Leak 6mlsslon EsUmates (Tabla 5-2). Assum•• monthly monllorlng with I.akdafinltlon of 10,000 ppmv.

HAP EmissIons. SOCMI FoclO'" ConlTOlJadEmissions UnC<JntTOllod emissIons
HAP HAP

Individual HAP Haul1ii of emissions: HAP Emissions HAP Emission. Emissil)n&
HAP Wni9hl% VOCWelghl% Operation (Iolhr) (lonlyr) (Iolhr) (lonlyr)
COS 0.00% 95.12% 8760 0.0010+00 O.ooE+OO 0.006+00 0.00E+00
CI2 0.00% 95.12% B750 O.ooE+OO 0.006+00 0.001:+00 b.OOE~OO
HOI 0.00% 95.12% 8760 0.0010+00 O.OOE+OO 0.001:+00 O.OOE+OO
MeOH 95.12% 95.12% B760 5.1910-02 2.276-01 1.2310-01 . 5.366-01
C6 • 010 AromaUcs 0.000/. 95.12% 6760 0.0010+00 O.OOE+OO 0.006+00 O.OOE+OO
Total 0.05 0.23 0.12 0.54

,
i
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Medicine Bow Fuel & Powerindustrial GaslflcaUon & UquafacUon Plant
Methanol Product (MoOH 5) Process Slresm

Stream Neme: Molhonal Product (MoOH 6)
Sorvlce Typo: Gos
Hou", 01 OporaUon: 8750
Thlo plplns lolncludod In the !DAR proSram.

Assumed oetane
Assumed OCtane

ssumed Dyclooctana
Assumed IlBnzene

.' .-:. .,' . ". :. ~.: ••• :""t'" "!;~ ~_.;-," .,- :.",.~~ ~.,. ;;;.;, ~.:.: ~':;":'''P:':'7''':

Mgleculer
CAS Wolsht Welsht'!> Mole Mole

Chemical Neme Nomber vee HAP flb/Ib-moll Practlon I PereantCO N N 28.01 15.02% -H2 N N 2.02 9.73%
CO2 N N 44.01 3.93%
H2O N N 18.02 0.05% 0.04%
CH4 74-82-8 N N 16.04 2.78% 2.28%

'" 7440-37-' N N 3S.85 47.22% 1.18E-02 15.63%
N2 S N N 28.01 1S.S8% B.S95-03 S.24%
H2S N N 34.08 0.00% O.OOE+OO 0.00%
CDS Y Y 50.07 0.00'4 O.OOE+OO 0.00%
NH3 7 N N 17.03 0.00% 0.00%
02 7 N N 32.00 0.00% 0.00%
S02 N N 54.06 0.00% 0.00%
CI2 7762-50-5 N Y 70.91 0.00% O.OOE+OO 0.00%
HOI 7547-01..0 N Y 35A5 0.00'4 O.OOE+OO '0.00%
MeOH 67-55·1 Y Y 32.04 1.70% 5.29E·04 0.70%
Ethsnol 64-17-5 Y N 45.07 0.00% O.OOE+OO 0.00%
Clmalh IElher 116.10-6 Y N 45.07 0.00% MOE+OO 0.00%
MalhYiAcelat. 79-21).S Y N 74.08 0.00% O.OOE+OO 0.00%
Prcr:JBnol 7143-8 N 50.10 0.00% o.OOE+OO 0.00%
Bulllnol 71-35-3 Y N 74.12 0.00% O.OOE+OO 0.00%
Acalone 57-84-1 Y N 56.08 0.00% O.OOE+OO 0.00%
MEK 7B-!l:Hl Y N 72.11 0.00% O.OOE+OO 0.00%
Elbone 74-94-0 N N 30.07 0.00% O.oOE+OO 0.00%
Elhvlene 74-95-1 Y N 28.05 0.00% O.oOE+OO 0.00%
pronarle 74-96-6 Y N 44.10 0.00% O.oOE+OO 0.00%
ProDVlene ,115-07-1 Y N 42.08 0.00% O.DOE+OO '0.00%
Isobolllne 75-28-5 Y N 5B.12 0.00% O.OOE+OO 0.00%
N·Bulane 106-97·8 Y N 5B.12 0.00% O.OOE+OO 0.00%
BuMene 25167-87-3 V N 65.11 0.00% O.OOE+OO 0.00%

-
711-78-4 Y N 72.15 O.OOf. O.OOE+OO 0.00%

04·012 N/A y N 114.23 0.00% O.oOE+OO 0.00%
04-012 N/A Y N 112.21 0.00% O.OOE+OO 0.00%
05·010 oS NlA Y N 112.21 0.00% O.OOE+OO 0.00% A
C6-010 NlA .y y 7B.11 0.00% O.OOE+OO 0.00"'\'
. ..'... ':''':''";' -."'.,"- .......•..~....... ;.. ~. ~ ....~.. ~..'.-...._~ ............... ." .. ~ ,...., ".~..... ;,.~.: .... ; .. .- '. . '.'l"~ :,'•.•• ..

"" . "
OTALS 100.00.% 7.56E·02 100.0D%

Weight %TOe
Welght%VOe
Wei ht%HAP

4.47%
1.700/.
1.70%

Uncontrolled
Fuoltive Emissions. SOCMIFactor.s Controlled Emissions Emissions
Eq"lpment SOOMI TOC VOt; Hours of vac vee
Typa Emission Faotorl %Control Source ~ml••lon Emission OporaUon Emissions Emleslons

lkll/hr"'''''rcel WHh LDAR' Count Rate IkRlhrl Ratalklllhrl ftovl (tOYI
Valve6"'Gas 0.00697 87.00% 125 0.0043 0.0018 6760 1.59E-02 1.22E-D1
V.IVeHlght UqUlds 0.00403 84.00% '0 0.0000 0.0000 6760 O.OOE+OO 0.00E+00
Valves-HBlI'IY UqUldB 0.00023 a 0.0000 0.0000 8750 O.OOE+OO O.ooEtOO
Pump Seels-Llght Llqulde 0.01990 5S.00% 0 0.0000 0.0000 8780 O.OOEtOO o.ooe+oo
Pump Se.Is-Hs.vy Liquids 0.00852 0 0.0000 0.0000 8750 0.005+00 o.ooe+oo
CompreSSBor SaeJs.Gas 0.22800 0 0.0000 0.0000 8760 O.OOE+OO o.oOEtOO
RaUeI VaIVes-GasNepor 0.10400 16 0.0745 0.0262 8760 2.721;-01 2.72E-01
Conneclors 0.00163 136 0.0111 0.0042 8760 4.08E·02 4.085-02
Open-ended Unes 0.00170 0 0.0000 0.0000 8760 0.00E+00 0.00E+00
Samolino Connectlons 0.01500 27 0.0161 0.0069 6760 6.63E-02 6.635-02
Totals 0.11 D.04 0.411 0.60
, EPA-453IR-95-017 Prolocol for EqulpmenlLeak Emission Estimates (Table 2-1).
• EPA-4631R·9S.017 Protocol for Equlpmant Leak Emlssloo EsUmates (Tabl. 5-2). AssJ."los monllily monltorin9 wlth Iaak dofinlllon 0110.000 ppmv.

HAP EmissIons. SOc;MI Pactors Controll.d Eml••/an. Uncontroll.d Em/Ulan.
HAP HAP

Individual HAP Houreof liimlsslons HAP Elmlselons HAP Emissions Emleslons
HAP WelohtV. VOCWelghl% OoeraVon (Iblhrl Ilon/yrl IIblht) lton/vr)
COS 0.00% 1.70% 8760 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oo
012 0.00% 1.70% 8760 O.ooE+OO 0.005+00 O.OOE+OO 0.00E+00
HOI 0.00% 1.70% 6780 O.OOE+OO O.OOE+OO 0.005+00 O.OOE+oo
MeOH 1.70% 1.70% 6760 9.035-02 S.9SE-Q1 1.165-01 5.02E-Ol
06 - 010 Aromatics 0.00% 1.70% 8760 O.OOE+OO O.OOE+OO 0.00E+00 O.OOE+OO
Total 0.06 0.40 0.11 MO
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,,"--'" MedIcine Bow Fuel &'Power Indusb1aJ Gas_on & Uque_on Plant
Mixed Fue' Gas Prwess Stream

Stream Name: Mixed Fuel Gas
Sarvlce Type: G••
HOUri of Operation: 8750
This piping Is Included in lhe l..DAR program.

Auumed Oelane
Auumed Octene
Auumed CycIooctane

~~~.~~~~~;; ....,;-. ;,:.;.: ..".:::••~~ ~. I •• , , ......".,...;~:;~••~......~ '"

Molicular
CAS Weight Weight % Mole Mole

Chemical Name Number VOC HAP f1b11b-moQ Fractlon Percent
CO 63Q.OB-O N N 28.01 1.58% 6.71lE-04 1.36%
H2 1333-74-<1 N N 2.02 2.06% 1.o2E-02 20.76%
CO2 124.311-9 N N 44.01 3.38% 7.68E.()4 1.560/.
H2O 7732-18-5 N N 18.02 0.01% 7AOe.-o5 0.02%
CH4 74-S2-8 N N 15.04 39.92% 2A91:-o2 50.87%
At 744~7-1 N N 39,95 15.43% 3.851:.a3 7.87%
N2 7727-37-9 N N 26.01 7,59% 2.71E.aS 5.52%
H2S 7763-06-4 N N 34,08 0.00% 0.001:"'ll0 0.00%
COS 463-58-1 Y V 60.07 0.00% O.o05"'ll0 0.00%
NH3 7664-41-7 N N 17.03 0.00% o.oOE"'110 0.00%
02 7762-44-7 N N 32.00 0.00% O.oOI:"'110 0.00%
502 744B-09-5 N N 64.06 0.00% O.oOE"'110 0.00%
CI2 7762-50-5 N Y 70.91 0.00% O.OOEffiO 0.00%
HCI 7647-01-0 N y 35.46 0.00% 0,005~00 0.00%
MBOH 87-56-1 . Y Y 32.04 0,89% 3,091:·04 0.53%
Ethanol 64-17-5 y N 46.07 0.00% O,OOE:"'110 0.00%
Dimalhvi 5lher 115-10-5 Y N 46.07- 0.00% 0,005"'ll0 0.00%
MethVl Acelate 79-20-9 Y N 74,08 0.00% 0.005"'!lC 0.000/.
Pro anol 71-23-8 y N 50,10 0.00% 0.005+00 0.00%
8utenol 71-35-3 Y N 74,12 0.00% 0.005+00 0.00%

~
61-64-1 Y N 58.05 0.00% 0.00%
76-93--3 Y N 72.11 0.00% 0.00%
74-64-0 N N 30.07 2.02% 1.37%

Ethvlene 74-85-1 Y N 28.05 0.20% 6.965-05 0.14%
pronane 74-9B-li Y N 44.10 7.00% 1.595-03 323%
Proovlene 115-07·1 y N 42.08 0.36% 8.565-05 0.17%
lsobulane !>-2R.~ Y N 8B.12 16.300/. 5.710/,
N-Buione 106-97-8 Y N 58.12 0.000/, n.OOE+OO O.no'll.
BUMene 25157-67·3 Y N 55.11 2.32% 4.14E-04 0.640/,
Iso olane 78-711-4 . y N 72.15· 0.47% ·6.53 0.13%
C4.CI2Poraflns N1A Y N 114,23 0.08% 6.80e-06 0.01%
C4 - C12 Olefin. N1A y N 112.21 O.OCw. 0.00E"'ll0 0.00%
C6 - 010 Naohlhei>es N1A Y N 112.21 0.00% O.OOE"'110 0.00%
C6.•.010Aromatics .. N1A Y Y 7B.11. 0.00% 0.00E"'ll0 0.00%. '." '..

TOTALS 100.00% 4.91E-112 100.00"k

Weight·" TOC
WoIght%VOC

8 hto/. HAP

51l.66'1o
27.71%
0.99%

UnoonlroUed
Fugitjye Emissions - SOCMl Factor.s Controlled Emissions Emissions
Equlpmenl 50CI\lI TOC VOC Hours of VOC VOC
Type Emission Faclo~ %COntrol Souree Emission Emission Operallon Emissions Emissions

(k!lIhr-source) WlthLDAR2 Count Rate lkaJhrl Rate Iko/hr\ IlDV) '1IDV)
Valves-Gas 0.00597 87.00% 90 0.0457 0.D194 8760 1.871:-01 1.445+00

, Valvos-Ughl LiqUids 0,00403 84.00% 0 0.0000 0.0000 8760 O.OOE+OO O.OOE+OO
Valva..H••vy Uqu1cls 0,00023 0 0.0000 O.OODO 5760 O.OOE"'110 0.005+00
Pump Seale-Ughl Uquids 0,01990 59.00% 0 0.0000 o.oODO 8750 O.OOE+OO O.OOE+OO
Pump Seals-"'oavy Uqu1cls 0.00852 0 0.0000 O.DOOO 8160 o.oOE:"'!lO O.OOE+OO
Camp,....., Soals-Gas 022800 0 0.0000 0.0000 8760 0.001:"'ll0 o.oOE.OO
Rollef Vofveo..GasNepor 0.10400 1 0.0724 0.0288 8750 2.786-01 2.78E·Ol
Connet*Jnl 0.0011lS 11 0.0140 0.0056 8760 5.396-02 5.39E-02
Open-ended Unos 0.00170 0 0.0000 0.0000 B160 0.005+00 0.001:+00
SamolinQ ConnecUons 0.01500 0 0.0000 0.0000 8750 O.OOE~OO O.OOE+OO

o13ls 0.14 0.05 0.52 1.77

1 I:P/;-4531R-S5-017 Protocol for EqUIpment Leak emission EstImates (Table 2-1).
2 EPA-453JR-95-017 Protocol for Equipment Leak 5misslon Estimate. (Table f;-2). Assumes monlhly monl1orinll wtlh leak definition of 10,000 ppmv.

HAP EmissIons. soeMI Factors ConfrDlIed Emissions UnOOnlTol/ed emissions
HAP HAP

Individual HAP Hours of emissions HAP Emissions HAP cmiaions Emi;sions
HAP Welghl% VOCWelght% Operation (Iblbr) (Ion/yr) Ilb/hr1 [lon/yT)
COS 0.00'0/0 2.7.71% 8760 0.00E"'ll9 0.005..00 O.OOE..OO O.OOE~OO

CI2 0.00% 27.71% 8760 O.OOE"'110 O.ooE"oo O.ooE~OO 0.001:+00
He! 0.00% 27.71% 8760 0.005"'ll0 O.OOE+OO 0.001:+00 0.001:+00
MBOH 0.99% 27.71% 8760 4.23E-D3 1.85E-02 1.44E-02 6.325·02
C5 - 010 Aromatics 0.00% 27.71% 8760 0.00E"'ll0 O.DOE+OO 0.001:+00 0.0010+00
Tolal 0.00 . 0.02 0.01 0.06
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MedicIne Bow Fuel & Power Industrial GaslflcaUun & LlquefacUon Plant
MTG Fuel Gas Process Stream

Slream Name: MTG Fuel Gas
SsIVlea Typa: Gas
HOUlS 01 Operation: 8760
This piping Is Included In the LDAR program.

~'.'" .' :~, '" . , ~'.,".

MolaculBr
CAS Wolgh! Wolght% Molo Molo

Chemlael Nem. Numbor VOC HAP (IbHb-mol) Fraotlan Percent
CO 63CHl8-0 N N 26.01 34.27% 1.22E-02 54..25%
H2 1333-74-0 N N 2.02 0.01% B.11E-06 0.17%
CO2 124-38-6 N N 44.01 0.00% 0.001:+00 0.00%
H2O 7732-18-5 N N 16.02 0.39% 2.17E-04 0.61%
CH4 74-82-8 1'1 N. 16.04 22.67% 1,41E-02 39.68%
Ar 7440037·1 N 1'1 39.95 0.00% DO 0,00%
1'12 S 1'1 N 28.01 0.00% 00 0.000/.
H2S N N 34.08 0.00% 0.00%
COS Y Y 50.07 0.00% 0.00%
NH3 7654-4' -7 1'1 1'1 17.03 0.00% 0.00%
02 7762-44-7 1'1 1'1 32.00 0.00% 0.00%
S02 7446-09-5 1'1 .1'1 64.06 0.00% 0.00%
CI2 7762-50-5 .1'1 Y 70.91 0.00% 0.00%
HOI 7647-01·0 1'1 Y '35.46 0.00% 0.00%

liL~t~
87·66·1 Y Y 32.04 0.00% 0.00%
84-17·5 Y N 46.0 0.00% 0.001:+00 000%

115-100B Y 1'1 46.07 0.00% 00015+00 0.00%
79.2Q.!1 Y 1'1 74.08 o 001l. 0.001:+00 0.00'll.

",oanol 71- 3-8 .y N 60.10 0.00% 0,' 01:+00 0.00%
8ulonol 71-38-3 Y 74.12 O,OO~. O.OOE+Oo 0.00%
Acetone 67-64·1 Y N 68.06 0.00% 0.001:+00 0.00%
MEK 78-93-3 Y N 72.11 0.00% O.OOE+OO 0.00%
E.thane 74-84..Q 1'1 N 30.07 8.92% 2.97E-03 6.31%
Ethylene 74-85.1 Y N 28.06 5.59% 2.031:-03 . 5.66%
ProDsne .74-98-6 Y N 44.10 6.95% .1.561:-03 4,41%
PtoDvlene 115-07-1 y N 42.08 0.30% 7.24E;:05 0.20%
',obUlane .75-28-5 Y N 58.12 '2.52% 4.345-04 1.21%
NoBulan. 108-97-8 Y 1'1 58.12 0.43% 7.48E-05 0.21%
SUlVlene 25167·67·3 Y N 56.11 0.76% 1.895-04 0.39%
l,oo.nlBne 7ll-7B-4 y 1'1 72.15 6.20f. 7..215-04 2.02%

104. C12 pe:n. NlA Y 1'1 114.23 7.46 .. 6.545-04 1.83%
O4·C12 NlA Y N 112.21 2.59% . 2.3913-04 0.87%
06-C nas NlA y N 112.21 1.31% 1.17E-04 0.33%
06-C NIA Y Y 78.11 0.36% 4.9110008 0.14%

" .... . _ . M._ ........... ,.... ~_..;~.... ....... ~ ..... " ....' ···;.···.... ···:~·.,.· ....... l.·.··. ,~ "., "~" ~: .:.' . ..... ... ,.. , .... " . .... '~" .. " .. .' . .,
TOTALS 100.DD% 3.571:0112 1DO.~0'"

Assumed octana
Assum.d Ootene
Assumed CyoIoootana
Assumed Benzene

W.lght'loTOC
Welghl'loVOC
Weight % HAP

G5.33%
33.74%
D.3B%

EPA-453IR-96-017 Protocolfor EqulpmenlLaak emission Estimates (Table2-1~

2 EPA-453IR-95-017 PlOtocol for Equipment Leak Emission Estimates C!able 5-2). Assumes monthly monitoring with leak dannlUon D110,000 ppmv.

Unconrrollod
FUQIUvu Eml••lon. - SOCMIFacIalS Controlled EmlsslDns EmIssIons
Equlpmant SOOMI TOO voe Hours 01 voe vao
Type Emission Factor' %Control Source Emission Emission Operation EmIssions EmissIons

lkalhr:.ou....) With LDAR' Count Rate !kglhr) Rate Ikalhr) flaV) . (tov)
Valves-Sea 0.00697 87.00% GO 0.0304 0.0157 87GD 1.621:-01 1.175+00
Valv...UghIUqulds 0.00403 84.00% 0 0.0000 0.0000 8760 0.005+00 D.001:+00
Valves-Hesvy Uqulde 0.00023 0 0.0000 0.0000 B76D 0.005+00 0.005+00
Pump a.al..Ushl Uqulds 0.01990 89.00% a 0.0000 0.0000 6760 0.005+00 0.001:+00
Pump Saale-Heavy Uq~ld& 0.00B62 0 0.0000 0.0000 6760 0.00et-00 0.001:+00
Compres..or Ssals-Gas 0.22800 4 0,58158 0.3077 6780 2.871Ot00 2.97E+00
RenefValVes-GaslVepcr 0.10400 2 0.1368 0.0702 6760 6.771::-01 6.77E..Q1
Connectors 0.00163 66 0.1062 0.OSQ3 6760 5.241:-01 5.24E..Q1
Open-ended Unos 0.00170 0 o.oodo 0.0000 6760 O.ooEtOO 0.001:+00
samDlinD ConnectiDns 0.01500 .2 0.0196 , 0.0101 6760. 9,77E-02 9.77E..Q2
Total. 0,69 0.46 4.42 5.44,

HAP Emlselons· SOOM! Faclors Cont1'oll.d EmIssIons Uncontrolled EmIssIons
HAP HAP

IndivIdual HAP Hours of Eml..lons HAP EmissIons HAP Eml..lon. Emission.
HAP Welghl% VOOWelghl% Operallon t1blhr) (lonlyr) Ublhr) (lonIYr)
COS 0.00% 33.74% 6760 O.OOE+Oo 0.001:+00 0.001:+00 0.005+00
012 0.00% 33.74% 6760 o.OOE+OO 0.005+00 0.001:+00 O.OOEtOO
HCI 0.00% 33.74% 6760 O.OOE+Oo O.ooE+OO 0.001:+00 O.OOEtOO
MeOH 0.00% 33.74% 6760 0.001:+00 0.005+00 0.001:+00 0.005+00
CS-010Aromatics 0.3B% 33.74% 6760 1.15E·02 5.03E-02 1,41E..Q2 6.16E-02
Total 0.01 0.05 0.01 0.06
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./ . Medicine Bow Fuel & Power Industrial Gaslficatlon & UqueFac60n Plant
Propylene Pro"""" Stream

S1ream Namo: PlOpylene
Service Type: Gas
Hours ofOperation: 6760
This piping Is Included In the LDAR pn:>gram.

AasIllTled Odene
Assumed octane
Assumed Cycloodian.

~Y.~.~~.~.':';jlh ...r·":'.,'::'~;l""' •."."'.':'.;' ...~; ...._"I.:.,.•• ~:.;.., ...'

100.00%
100.00%
0.00%

Weight %TOy
Wolsht% voc:
Weight % HAP

Molacular
CAS Weight Welght% Mole Mole

Chemlcol Name Number vee HAP (lbnb-moO Fraction Percent
CO 630.08-0 N N 28.01

B
O.OOE+OO 0.00%

H2 1333-74-0 N N 2.02 O.OOEtOO 0.00%
CO2 124-3&-9 N N 44.01 O.OOE+OO 0.00%
H2O 7732·1&-5 N N 18.02 ,005+00 I 0.00%
CH4 74-52-8 N N 16.04 0,00% 0.005+00 0.00%
At 7440-37-1 N N 39.95 0.00% 0.005+00 0.00%
N2 7727-37·9 N N 28.01 0.00% 0.005+00 0.00%
H2S 7783-0B-4 N N 34.08 0.00% 0.005+00 0.00%
COS 463-5&-1 Y Y 60.07 0.00% I 0.005+00 0.00%
NH3 7584-41·7. N N 17.03 0.00% O.OOEtOO 0.00%
02 7782_7 N N 32.00 0.00% O.ooEtOO 0.00%
aoz 7448-09-5 'N N 64.06 0.00% o.oOEtOO 0.00%
C12 7782-50-5 N Y 70.91 0.00% O.OOEtOO 0.00%
HCI .7647-01-0 N Y 36.46 0.00% O.OOE+OO 0.00%
MoOH 67·56-1 y y 32.04 0.00% o.ooe+oo 0.00%
Ethanol 64-170<; y N 46.07 0.00% o.ooe+oo 0.00%
Olmel!1Vlether 115-1006 y N 46.07 0.00% 0.005+00 0.00%
MethVlAceillte 79-2Q.9 Y N 7 .08 0.00% o,ooe+oo 0.00%
PIOMnol 71·23-8 Y N 60.10 0.00% O,OOEtOO 0.00%
Butanol 71·36-3 Y N 74.12 0.00% 0.005+00 0.00%
Acetone 6.7-64-1 Y N 58.06 0.00% 0.005+00 0.00%
MEK 7B-93-a Y N 72.11 0.00% o.ooe+oo 0.00%
Ethane 74-84-0 N N 30.07 0.00% O.OOEtOO 0.00%
EthVlene .74-85-1 Y N 28.05 0.00% O,OOE+oO 0.00%
Prooane 74-98-8 Y N 44.10 0.00% o.ooe+oo 0.00%
Proovlene 118-07·1 Y N 42.08 100.00% 2.38&02 100.00%
sohuhlne 75-28-5 Y N 58.12 0,00% 0,005 0 0.00%
-Bulane 106-ll7-8 Y N 58.12 0.00% o.ooe+oo 0.00%

Butvlono 25167-87-3 y N 58.11 0.00% 0.005+00 0.00%
Iso entane 78-7804- y N 72.15 0,00% o.ooe+oo, 0.00'
C4.C12_no N/A y N 114.23 0,00% o.ooe+oo m=C4-C120IGlins NIA Y N 112.21 0,00% O.ooE+OO
C6 - C1 aNaDhthenes NIA Y N 112.21 0.00% o.ooe+oo
C6 - C1 0 Aromatics .' NIA.. ·Y .. Y , .7a11 0,00% 0.005+00 '" 0.0 ..
TOTALS 100.00% 2.3a5·02 100.00%

EPA-453/R·95-017 Protocol for 5qulpment Leak emISSion Estimates (Table 2-1),
2 EPA-453/R.95-017 Prolocol1llr Equipment LeaK emission EstImates (Table 5-2). Assumes monthly monitoring with I••kdeflnltlon of 10,000 ppmv.

Unc;ontrolJed
Fugitive Emi""«,,,s - SOeMI Factors ControlledEmi:lsions Ermssions
Equipment SOCM! TOe vae tioursof vee voc
Type E~sion Factor' %ContJ'ol Source Emission Emission Operation Emissions Emissions

lka/hr.,;ourcel With tDAR2 c:ount Rate Ikelhrl Rate /kolhrl (tpvl flOyl
v"lvas-Gas 0.00597 87.00% 40 0.0310 OD310 8760 3.00E-01 2,31E+00
v"lvas-Ughl LiqUids 0.00403 84.00% 0 0.0000 0.0000 8760 o.ooeo+Oo 0.005+00
Velvos-H.ovy Uqulde 0.00023 0 0.0000 0.0000 8760 o.OOE+OO 0.005+00
Pump Se.lo-Ught Uqulds 0.01980 69.00% 0 0.0000 0.0000 8760 O.OOE+OO O.OOE+oo
Pump Saal..Heavy Uqulde 0.00862 0 0.0000 0.0000 8780 O.OOE+OO 0.005+00
Comprasosor Seal~.. 0.22800 8 1.8240 1.B240 8760 1.76e+01 1.78e+Ol
RaUef Velves-GesN.por 0.10400 4 0.4160 0.4160 B760 4.025"00 4.02E+00
Connactas 0.00183 a 0.0146 0.0146 B760 1.41E-01 1.41E·01
Ope~nded Lines 0.00170 0 0.0000 0.0000 8760 0.005+00 O.OOEtOO
Samplin!=J Connections 0.01500 2 0.0300 0.0300 8760 2.905-01 2.90E-01
Totol. 2.32 2.32 22.35 24.36,

HAP Emissions. SOCMI FaelDrs Controllod EmIssions Uncontrolled emIssions
HAP HAP

Indlvidual HAP Hours of Emissions HAP Emissions HAP Emissions Emissions
HAP Weight % VOCW.ight% Operation (Iblhr) (tonlyr) (iblhr) {toniyry
COS 0.00% 100,00",1, 8760 O.ooEtOO O.OOE+OO 0,005+00 O,OOE-tOQ
CI2 0.00% 100.00% 8760 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO
HCI 0.00% 100.00"10 8760 O.OOE+OO O.ooE+OO O.OOE+OO O.OOE+OO
MeOH 0.00% 100.00% 8750 0.005+00 O.OOE+OO O.OOE+OO O.OOE+OO
C6 • C10 Aromatics 0.00% 100.00% 8760 0.005"00 0.005+00 O,ooE+OO O.OOEtOO
Tolal 0.00 0.00 0.00 0.00

j
.'
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TANKS 4~O.9d

Emissions Report +Detail Format
Tank Indentifi.cation and Pbysical Characteristics

~ttb~ ~ V.L ~v

'r
'0.

j

.,
Of •

Deck Fitting/Status

Access Hatch (24-ln. Dlam.}/Unbolted Cover, Ungasketed
Automatic Gauge Float WelllUnbolted Cover, Ungasketed
Column Well (24-in. Dlam.)/Bullt-Up Col.-Slidlng Cover, Ungask.
Ladder Well (36-in. Diam.}/8Iiding Cover, Ungasketed
Roof Leg or Hanger Well/Adjustable .
Sample Pipe or Well (24-1n. Diam.)lSm Fabric 8ea110% Open
stub Drain (1-ln. Diameter)/Slit Fabric 8ea1.10% Open'

~)

J.

... -. F

QuantIty

1
1
9
1

58
1

180

,..., II~ ,...,. y,... 'rn AI'\A l' ,- , . ~:
:~.
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" .L.n..L'l.l."\..lJ -r.v .L,-VilU.L \,

......- .

Vacuum Breaker (10-ln. Dlam.)/Welghled Mech. Actuation, Gask.

/_ ......
.'

l ;:
'.---./

~ Ql:;\J.LJ \..1.1. ~v

__ ._...l

>

Meterologlcal Data used In Emissions Calculations: Cheyenne. Wyoming (Avg Atmosphertc pressu~ ~ 11.76 psla)
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TANKS 4.0.9d
Emissions Report ,;, Detail Format
Liquid Contents of Storage Tank

Med Bow F&P Gasoline Tank -Internal Floating Roof Tank {
Medicine Bow, Wyoming

".,

liquId

vapor Pressure (psIs) :}
Llquld VaporDeily l1quld Surf. Bulk Vapor

Temperalure (deg F) Tamp Mol Mass Mass Mol. aesls for Vapor Pressure
Mlxture/Componenl ManU! Avg. Min. Max. (de9 F) Avg. MIn. MBX,. WelghL Fract. Freel. Walght CalculeUona

Gasonna (RVP 15.0) Jan 38.11 33.24 41'..99 45.61'. 5.3659 tIlA N/A. 60.0000 92.00 Option 4: RVPe15, ASTM Slopa-3
1,1'.,4-Tdmelhylbanzane 0.0081 NlA N/A:. 120.1900 0.0260 0.0001 120.19 OpUon 2: A=7.04383, 8=1573.267. C=208.56
Benzene 0.6159 NlA N/A. 76.1100 0.0180 0.0032 '78.11 Option 2: A=6.905. 6=1211.033, C=2I'.O.79
CyclohaXane 0.6465 NlA NlA 84.1500 0.0024 0.0004 84.16 OpUon 2: A=6.841. B=1201.53.=65
Elhylbenzene 0.0485 NlA NIA 106.1700 0.0140 0.0002 108.17 OpUon 2:A=6.975. B=1424.255. 0=1'.13.21
Ho><sno (·n) 1.0503 NlA N/A 88.1700 0.0100 0.0030 86.17 OpUon 2: A-B.876, B=1171.17, 0=224.41
Isooalane NlA NlA: 114.2200 0.0400 0.0000 114.22
isopropYl benzena 0.0202 NfA NlA'; 120.2000 0.0050 0.0000 120.20 OpUon 2: A=6.93666, 6=1460.793, 0=207.78
Toluene 0.1509 NfA NIA 92.1300 0.0700 0.0032 92.13 Option 2: A=6.954, 8=1344.6, 0=1'.19.48
Unidenliliad Componenls 6.9375 NlA NI"; 59.7961 0.7456 0.9891 89.36
Xylene (·m) 0.0401 NfA NIA: 106.1700 0.0700 0.0006 106.17 OpUon 2: A=7.009, 8=1482.266, 0=1'.15.11

Gasoline (RVP 13.5) Feb 39.75 34.55 44.94 45.62 4.8987 NlA NIN 62.0000 92.00 OpUon 4: RVP=13.5, ASTM Slope=3
1,1'.,4-Ttlmethylbenzene 0.0087 NIA NlA 11'.0.1900 0.0250 0.0001 120.19 OpUon 2:A=7.04383, 8=1573.267, 0"208.56
Benzene 0.6476 NfA NlA 78.1100 0.0180 0.0035 78.11 Option 2: A=6.905. 8=1211.033, 0=21'.0.79
Cyclohexane 0.6811 N/A NIA 84.1600 0.0024 0.0005 84.16 Optlon:>.= A=8.841. 8=1201.53.=65
EUtylbenzene 0.0517 N/A NIA 106.1700 0.0140 0.0002 106.17 Option 2: A=6.975, B=1424.2.55, C=213.21
Hexane (-n) 1.1006 N/A NIA':' 8a.1700 0.0100 0.0033 86.17 Option 2: A=6.876, 8=1171.17, C=224.41
1sooct3ne N/A NIA:. 114.2200 0.0400 0.0000 114.22
Isopropyl bel1lBl1e 0.0216 NfA NI"., 120.2.000 0.0050 0.0000 120.2.0 OpUon 2:A=6.93666, 8=1460.793, 0=1'.07.78
Toluene 0.1702 N/A NIt>; 92.1300 0.0700 0.0036 92.13 OpUon 2: A=6.954. 8=1344.8, (;=1'.19.48
Unlden"UIled Compononls 8.3261 NlA NIt.: 81.78f7 0.7458 0.9878 89.36
Xylene (.m) 0.0428 NlA NI"; 106.1700 0.0700 0.0009 106.17 Optlon2:A=7.009. 8'"1462.2.66, C~215.f1

Gasonne (RVP 11.5) Mar 42.08 . 3M8 47.80 45.62 4.2591'. N/A NIA 65.0000 92.00 Option 4: RVP=11.:l, ASTM 5lopo=a
1,2,4-Trtmelhylbenzene 0.0098 NlA NIA 12.0.f900 0.0250 0.0001 12.0.19 Option 2: A~7.04383, 8=1573.267. C--20B.56
Benzene 0.6954 N/A NIA 78.1100 0,0180 0.0042 78.11 OpUon :>.= A-G.905, B=f211.033, 0--:>.20.79
Cyclohexane 0.7302 NlA NI'" 84.1600 0.0024 0.0006 84.16 Option 2:A=6.841. 6=1201.53. C=I'.22.85
Elhylbenzene 0.0566 NfA NIA 106.1700 0.0140 0.0003 106.17 OpUon 2: A=6.976, 8=1424.265, C=213.21
f1exane (-0) 1.1766 N/A NIA 88.1700 0.0100 0.0039 68.17 CpUon 2: A=8.876, 8=1171.17, C=224.41
isooclane NfA NIA. 114.2200 0.0400 0.0000 114.2.2

. lsopropyllJenzene 0.0236 NlA NlA: 120.2000 0.0050 0.0000 120.20 OpUon 2: A=6.113666, 8=1460.793, 0=207.78
Toluene 0.1844' NlA NlA: 92.1300 0.0700 0.0043 92.13 CpUon 2: A=6.954. 8=1344.8, 0=1'.18.48
Unldentlned Componanls 6.4867 NlA NlA 64.76f2 0.7456 0.985B 89.36
Xylene (·m) 0.0468 N/A NIP; f06.1700 0.0700 0.0011 100.17 Option 2: 1\=7.009, 8=1462.266, 0=1'.15.11

Gasoline (RVP 9) Apr 46.48 40.03 52.9Z 45.62 3.5067 N/A NIP. 67.0000 92.00 Option 4: RVP=9. ASTM S1ope=3
l,l'.,4-TrfmoUtylbenzene 0.0117 NlA NIA 120.1900 0.0250 0.0001 12.0.19 Option 2:A=7.04383, 8=1573.267, C=208.56
Benzene 0.7928 N/A NIA 78.1100 0.0180 0.0056 78.11 OpUon 2: A=6.905, 8=1211.033, C=220.79
CycIohexane 0.8289 NlA NlA' 84.1000 0.0024 0.0008 84.16 OpUon2: A=6.841. 8=12.01.53, C=222.65
Ethylbenzene 0.0667 NlA Nil\- 106.1700 0.0140 0.0004 106.17 OpUon 2:A=6.975, 8=1424.265. C=213.21
Hexane (·n) 1.3307 NlA NIA· 66.1700 0.0100 0.0052 86.17 OpUon2:A=6.676, 8=1171.17, C=224.41

'.
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Isooclane HIA NIA 114.2200 0.0400 0.0000 114.22
I.opropyl benzllll8 0.0285 NtA NIA.• 120.2000 0.0050 0.0001 120.20 Option 2: .0,-6.93666,8=1460.793,0--207.78
Toluene 0.2137 NIA HlA 92.1300 0.0700 0.0059 92.13 Option 2: .0,"6.954, 8=1344.8, 0=219.48
Unidentified COmpanenls 4.5022 NtA NIA, 66.6954 0,7456 0.9605 89.36
Xylono (-m) 0.0563 NtA NIA, 106.1700 0.0700 0.0015 106.17 Option 2: .0,=7.009, 8=1462.266, 0=215.11

Gasollna (RVP 9) May 50.96 44.16 57.74 45.62 3.8475 NIA NIA' 67.0000 92.00 Option 4: RVP=9, ASTM Slop a=3'
1,2,4-Trlmolhylbenzeno 0.0141 NtA NIA' 120.1900 0.0250 0,0001 120.19 Option 2:.0,=7.04383,8=1673.267,0=208.66
Benzehe 0.9040 NtA NIII 78.1100 0.0180 0.0058 78.11 OpUon 2: .0,-6.905, 0-1211.033, 0'220.79
°YGlohexallo 0.9433 NtA NIA" 84.1600 0.0024 0.0008 84.16 OpUon 2: A=ll.841, 8=1201.53, 0=222.65
Elhylbonzene 0.0787 NtA NIA. 106.1700 0.0140 0.0004 108.17 Oplloll 2: .0,=6.976,8=1424.255,0=213.21
Hoxane ('11) 1.5048 NIA NIA.· 86.1700 0.0100 0.0054 86.17 Opllon 2: A=ll.876, 8=1171,17,0=224.41
Isooclane NIA NIA:; 114.2200 0.0400 0.0000 114.22
Isopropyl benzene 0.0340 NIA NIA~ 120.2000 0.0050 0.0001 120.20 OpUon 2: A"6.93666, 8-1460.793, 0=207.76
Toluono 0.2476 NtA NIA·· 92.1300 0.0700 0.0062- 92.13 OpUolI 2: .0,=0.954, 8'1344.8, 0=219.~6
UnldonllRod Componenls 4.9336 NtA NIA 66.6799 0.7456 0.9796 89.36
Xylalla(-m) 0.0653 NIA N/A,' 106.1700 0.0700 0.0016 '106.17 0pUOII 2: .0,=7.009,8=1462.266, 0=215.11

GasoUne (RVP 7.8) Jun 55.41 48.17 62.84 45.62 3.5821 NtA NIA 68.0000 92.00 OpUon 4: RVP=7.8, ASTM Slope=3
1,2,4-Trlmelhylbonzone 0.0170 NlA NIA' 120.1900 0.0250 0.0002 120.19 Option 2: .0,=7.04383,8=1573.267,0=209.56
Eenz8ne 1.0267 NIA NIA" 78.1100 0.0180 0.0070 78.11 OpUon 2:.0,=6.905, 8=1211.033, 0'220.79
OYclohexane 1.0882 NtA NIA~: 04.1600 0.0024 0.0010 84.16 OpUon 2:.0,.6.041, 8=1201.53, 0=222.85
Elhylbonzene 0.0923 NIA N/A 106.1700 0.0140 0.0005 106.17 Option 2: .0,=6.975, 8=1424.255, 0=213.21
Hexeno (-nJ 1.6957 NtA N/A.. 88.1700 0.0100 0.0064 86.17 Option 2:.0,=6.876. 8=1171.17, 0=224.41
Isooclane NtA NIA_ 114.2200 0,0400 0.0000 114.22
Isopropyl benzone 0.0404 NlA NIA' 120.200.0 0.0060 0.0001 120.20 Optlon2:A=6.93666, 8=1460.793,0=207.78
To(uene 0.2857 NtA NIA: 92.1300 0.0700 0.0076 92.13 OpUon 2:.0,=6.954, 8=1344.8, 0=219.46
Unidentified Gomponenls 4.5767 NtA NIA·· 67.6236 . 0.7456 0.9753 69.36
Xylene (-m) 0.0768 NIA NIA' 106.1700 0.0700 0.0020 106.17 Opllon 2:A=7.~, 8=1462.288, 0=215.11

Gooollno (RVP 7.8) Jul 58.48 61.00 65.97 45.62 3.8131 NIA NIA 68.0000 92.00 Option 4: RVP=7.8. ASTM Slope=3
1,2,4-Trlmelhylbenzene 0.0192 NtA NIA;' 120_1900 0.0250 0.0002' 120.19 OpUon 2: .0,=7.04383, 0-1673,267, 0=206.56
Benzene 1.1196 NtA NIA, 70.1100 0.0160 0.0072 76.11 Option 2: .0,=6.905, 8=1211,033, 0=220.79
Gyclohexene 1.1625 NtA NIA' 04.1600 0.0024 0.0010 04.16 Option 2: A=ll.841. 8=1201.53, C=222.65
Ethylbonzene 0.1020 NlA NIA:' 106.1700 0.0140 0.0005 106.17 OpUon2:A"6.970, 8=1424,255, 0=213.21
Hexene (-n) 1.8301 NlA NIA. 86.1700 0.0100 0.0065 86.17 OpUon 2: .0,=6.876,8=1171,17.0=224.41
lsoochmo NIA NIA' 114.2200 0.0400 0.0000 114.22
Isopropyl bonzone 0.0404 HIA NIN:' 120.2000 0.0050 0.0001 120.20 OpUon2:A=6.93666, 8-1460.793, 0=207.76
Toluene 0.3149 NtA NIA" 92.1300 0,0700 0.0078 92.13 Optlon2:A=ll.954. 8=1344.6, 0=219.48
Unldentlned componenls 4.8691 NtA NIA' 67.6117 0.7456 0.9746 89.36
Xylene (-m) 0.0857 NlA NIA: 106.1700 0.0700 0.0021 106.17 Option 2:.0,=7.009. 8=1462.268, 0=215.11

Gasoline (RVP 7.8) Aug 67.29 50.16 64.44 45.62 3.7225 NlA N/A' 68.0000 92.00 Option 4: RVP=7.0, ASTM Slope=3
1,2,4-TdmeU'ylbenzeno 0.0183' NlA N/A; 120.1900 0.0260 0.0002 120:19 OpUon2:A=7.04393, 8=1673.267. 0=208.58
Bonzone 1.0829 HlA NIl\:: 78.1100 0.0160 0.0071 78.11 Optlon2:A-6.90S. a"1211.033. 0-220.79
Cydohexane 1.1253 NtA NIA 84.1600 0.0024 0.0010 84.16 Option 2: A=6.841, 8=1201.03,0=222.65
Ethylbonzene 0.0087 NlA NIA 106.1700 0.0140 0.0005 106.17 Option 2:A=6.975, 8=1424.255, 0=213.21

1!1~\ \ Hoxene (-n) 1.7828 NlA NIA 86.1700 0.0100 0.0065 86,17 Option 2: A=6.876, 8=1171.17, 0=224.41Isaac1ene NlA NIA 114.2200 0.0400 0.0000 114.22:i I.opropyl benzona 0.0434 NtA NIA. 120.2000 0.0060 0.0001 120.20 Option 2:.0,"6.93666,8=1460,793,0=207.70~j' .. Toluene 0.3033 NtA NIA 92.1300 0.0700 0.0077 92.13 OpUon 2: .0,=6.954, 8=1344.8, C=219.46., Unlde.lmed COmpano,;ls 4.7546 NlA NIA: 67.6184 0.7466 0.9749 89.36
.' Xylena (-m) 0.0821 NtA NIA. 106_1700 0.0700 0.0021 106.17 Option 2: A=7.009. 8=1462.266, C=215.11
~: Gaoollne (RVP 9) Sop 52.89 46.11 69.67 45.62 4.0013 NtA N/A 67.0000 92.00 Opllon 4: RVP=9, ASTM Slope=3
.:.' 1,2,4-Trlmelhylbenzene' 0.0153 NtA N/A 120.1900 0.0250 0.0001 120.19 Option 2: A-7.04383, 8-1573.287, Ca208.56Benleh8 0.9557 NIA N/A 78.1100 0.0180 0.0059 78.11 OpUon 2: .0,=0.905.8=1211.033, C=220.79Gyclohexol1B 0.9960 NlA NIt>. 04.1600 0.0024 0.0008 84.16 Opllon2: A=6.841, 8=1201.53, 0=222.65Elhylbonzeoo 0.0844 NlA NfA 106.1700 0.0140 0.0004 108.17 Opllon2:A=6.975, 8=1424.255, C=213.21

~ ~ . Hexene(-n) 1.5854 NtA NIl!,. 86.1700 0.0100 0.0054 86.17 Option 2:A=6.876, 8=1171.17, C=224.41; lsooclano NIA NIA 114.2200 0.0400 0.0000 114.22
IElopropyi bonzeno 0.0367 HIA NIA 120.2000 0.0050 0.0001 120.20 Opllon2:A=6.93666, 8=1460.793, 0=207.70Tolu8118 0.2636 HlA MIA 92.11llio 0.0700 0.0063 92.13 Opllon 2:A=6.954, 8=1344,8,0=219.48UnldenUfied Components 5.1293 NtA N/I'i 60.0731 0.7466 0.9792 89.36

~.: ..
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XylenB(.m) 0.0701 NIl'. N/A 106.1700 0.0700 0.0017 106.17 OpUon 2:1'.=7.009. 8=1462.266, 0=215.11

; G.oollne (RVP 10) 001 47.76 41.6B 63.83 45.62 4.0663 NIA NIl'. 66.0000 92.00 Optlcn 4: RVP=10. ASTM Slope=3
'i· 1,2,4-T,lmulhylbanzene 0.0123 NIl'. NIl'. 120.1900 0.02.50 0.0001 120.19 OpUon 2:1'.=7.04303, 8=1573.267, C=200.56

Benzene 0.8233 NIl'. NIl'. 78.1100 0.0180 0.0051 78.11 opUon 2: 1'.=6.905. 8=1211.033,0=220.79., Cyclohexane 0.8610 NIl'. NIl'. 84.1600 0.0024 0.0007 84.16 OpUcn 2:1'.=6.841, Ba1201.53, C=222.65
Elhylbenzene 0.0699 NIl'. NIl'. 106.1700 0.0140 0.0003 106.17 OpUon 2:P>o6.975, 8=1424.255, 0=213.21
Hexene (-<l) 1.3786 NIl'. WI'. 86.1700 0,0100 0.0047 86.17 OpUcn 2:A--G.876. 8=1171.17,0=22.4.41
fsooolane NIl'. NIl'. 114.2200 0.0400 0.0000 114.22
Isopropyl benzene 0.0300 NIl'. NIl'. 12O.2lioo 0.0050 0.0001 120.20 OpUon 2:1'.=6.93666, 8=1460.793, 0=207.78

1· Toluene 0.2229 NIl'. NIl'. 92.1300 0.0700 0.0053 92.13 OpUon 2:A=6.954,8=1344.8, 0=219.48
UnldenUned Componelils 5.2260 NIl'. N/A 65.7131 0.7456 0.9823 69.36
Xylene (-m) 0.0580 NIl'. MIA 106.1~0 0.0700 0.0014 106.17 Option 2:1'.=7.009, 8=H62.266, 0=215.11
G850nn~ (RVP 11.5) Nov 42.06 37.01 47.17 45.62 4.2591 NIl'. N/'" 65.0000 92.00 Option 4: RVf'o>l1.S, ASTM Slope=3

~: .. ' 1,2~4-Tdmelhylbenzene 0.0096 NIA Nil'. 120.1900 0.0250 0.0001 120.19 OpUon2:A=7.04363, 8=1573.267, G=208.S6
Benzene 0.6954 NIl'. Nll\ 78.1100 0;0180 0.0042 78.11 Option 2:P>o6.90S, 8=1211.033, 0=220.79f· Cyclohexene 0:7302 NIl'. N/A 84.1600 0.0024 0.0006 84.16 OpUcn 2: 1'."'6.841. 8=1201.53, C=222.65t·
Elhylbenzene 0.0566 NIl'. NIl'. 106.1700 0.0140 0.0003 106.17 OpUcn2:~5. 8=1424.26S, 0=213.21
Hexane (-n) 1.1768 NIA NIl'. 86.1700 0.0100 0.0039 86.17 OpUon 2:1'.=6.876, 8=1171.17, C=224.41
Isooctane NIl'. NIl'. 114.2208 0.0400 0.0000 114.22
Isopropyl benzene 0.0238 - NIl'. NIl'. 120.2000 0.0050 0.0000 120.20 Optlcn 2: A=6.93666, B=1460.793, C-""207.78
Toluene 0.1844 NIl'. NIP. 92.1300 0.0700 0.0043 92.13 Opllon 2:1'."'6.954,8=1344.8, 0=219.48

.. Unldenlmed Componenls 5.4886 NIl'. lilA 64.1612 0.7456 0.9858 89.36
i' '..,." Xylona (-m) 0.0468 NIl'. lilA 106.1700 0.0700 0.0011 106.17 Opllcn 2:1'.=7.009. 8=1462.266, C=215.11

easoUne (RVP 13.5) Dec 36.56 33.67 43.30 45.62 4.7054 NIl'. NIl'. 82.0000 92.00 Opllcn 4: RVP=13.5, ASTM Slcpa=a
~( . 1,2,4-Trimelhylbenz.ne 0.0083 NIl'. IIII'. 120.1900 0.02.50 0.0001 120.19 OpUon 2:1'.=7.04383.8=1573.267,0=208.56

Benzene 0.6249 NIl'. NIl'. 78.1100 0.0180 O.0D3S 78.11 Opllon 2: 1'.=6.905, B=1211.003, 0=220.79
~ Cyclohexane 0.6518 NIl'. lilA 84.1600 0.0024 O.OllOS M16 OpUon 2: 1'.=6.841, 8=1201.63. 0=222.66

Elhyfbenzene 0.04110I NIl'. NIA 106.1700 0.0140 0.0002 106.17 Opllon 2:A=8.916. B=1424.26., C--:!13.21
H.xene(-<l) 1.0647 NIl'. IIII'. 86.1700 0;0100 0.0033 88.17 OpUcn 2: 1'.=8.816,8=1171.17,0=224.41

Ii Isooelane NIl'. .NlA 114.2200 0.0400 0.0000 114.27.
C Isopropyl benzene 0.0206 NIl'. NIl'. 120.2000 0.0050 0.0000 120.20 OpUon 2:A=8.9366G, 8=1460.793, 0=207.78
" NiAl. • Tcluene 0.163!i NIl'. 92.1300 0.0700. 0.0005 92.1~ OpUcn 2:A=6.954, 8=1344.8,0=219.46[ Uiddentlft.d Compon.nls 6.1804 NIl'. NIl'. 61.7849 0.7456 0.9680 09.36r. Xyf.ne{-m) 0.0409 Nil'. NIA 106.1700 0.0700 0.0009 106.17 Option 2: A=7.009. B=1462.266, C=o215.11
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TANKS 4~b.9d

Emissions Report ~. Deta~1 Format
Detail Calculations (AP-42)

~ U ob""' U VJ.. ~V

\
. i.......~

Med Bow F&P Gasoline Tank ~ Internal Floating Roof Tanl(
Medicine Bow, Wyoming

t.: ........-... . , _. ". -... _~ _. - "'-'. _.- ._..._..._._-~._-_._~--_ ....__.....' ...-.'" --.-_... - -" -'-~' ._.....~._-_.--_....---_..__.. _.__.._.._.-..-......_-_._.-._-_._._------_.---- -- ...._--------.
March Apdl

,.
May Juna July Augus' Saptamber Octobar DucernberMonth: January February November

. ' .. .- - ... __ ......... _. _...- ......... . .. - _•.•••_____..._ •• _.____•••••._ ........_ ............... ". R'" ___..............___••_.___ • __••• - ....... _ ..... ~................_ ........_ ...

f

Rim Soel Loesos ~b): . 760.6405 696.2795 600.4664 495.7876 664,0962 615.8131 566.2495 S40,2G13 681.3535 584.1775 609,4595 674,3793
Seel Factor A (Ib-moleln·yr): 6,7000 6.7000 6,7000 6.7000 '.6,7000 6.7000 6,7000 G.7000 6.7000 6.7000 6,7000 6.7000
Seal FaclorB (lb-moIeIn.yr(mph)"n): 0,2000 0.2000 0,2000 0.2000 '0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0,2000 0.2000
Value of Vapor Pressure Functlon: 0.1512 0.1339 0.1120 0,08a4 '0,0987 0.0906 0.0977 0.0949 0.1036 0.1057 0,1120 0.1299
Vapor Pre.sure al DaUy Averege Uquld

4.2592 3.5087 :3.8475 3.5821 3.8131 4.0013Surlaes Tempel1llure (psla): 5.3659 4.8987 3.7225 4.0663 4,2691 4.7864
I. Tank Dlamelar (ft): 150.0000 OOסס.150 160.0000 15U.OOOO 150.0000 150.0000 150.0000 150.0000 150.0000 15U.0000 160,0000 150.0000

Vapor Molacular Walght (Ibnb-mola): 60.0000 ooסס.62 65.0000 67.0000 67.0000 68.0000 68.0000 68.0000 67.0000 66.0000 65.0000 62.0000
Product Faclor: 1.0000 1.0000 1.0000 1.0000 '.1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Withdrawal Losses (Ib): 4,3540 3.8533 4.1562 3.8993 :4,0293 3,8441 3.9723 3.9723 3.8717 4.0788 4.U221 4,2862
Number of Golumns: 9,0000 OOסס.9 9,0000 9.0000 '.9.0000 9.0000 9.0000 9.0000 9.0000 9.0000 9.0000 9.0000
Elfecllve Golumn lllamelar (fi): 1.0000. 1.0000 1.0000 1.0000 '1,0000. 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
NetThroughpul (gaIlmo.): 3,265,881,00002,891.196.0000 3,118,453.0000 2,925.720,0000 3,023,244,0000 2,884,298.0000 2,980A41.0000 2,900,441.0000 2,905.009.0000 3,060,351.0000 3.017.858.0000 3,200.987.0000
Shell Cllngago Factor (bbV1000 6qfl): 0.0015 U.OC15 0.0015 0.0015 ;.0.0015 0.0015 0.0015 . 0.0015 0.0015 0.0015 0.0015 0.0015
Avomga 9rganlc Uquld Den.lly (Iblgel): 5,6000 5.6000 5.6000 5,6000 '5.6000 5.5000 5.6000 5.6000 5.6000 5.6000 5,6000 6.6000
Tani< Dlameler (ftJ: 150,0000 150.0000 150.0000 150.0000 1~0.0000 150.0000 150,0000 150.0000 150.0000 150.0000 150.0000 150.0000

Deck FIlling Losses Qb): 938.3361 858.8269 762,8262 612.4085 684.4316 637.1447 687.0927 667.3438 718.1017 721.5900 762,8189 833.0096
Value of Vapor Pressura Function: 0.1512 0.1339 0.1120 0.0884 '0.0987 0.0906 0.0977 0.0949 0.1036 0.1057 0.1120 0.1299
Vapor Molacular Welghl (lbnb'mole): 60.0000 62.0000 65,0000 67,0000 67.0000 00.0000 68,0000 68.0000 67.0000 66.0000 65,0000 62,0000
Product Factor. 1.0000 OOסס.1 1.0000 1.0000 '1.0000 1.0000 1,0000 1.0000 1.0000 1.0000 OOסס.1 1.0000
Tal. Roof FIlling loss FaolQb·mololyr): 1,241.4000 1,241.4000 1,241,4000 1,241.'1000 1,24.1.4000 1,241.4000 1,241.4000 1,241.4000 1,241.4000 1,241.4000 1,241.4000 1.241.4000

Dock Seam losses ~): 765.7265 719.1478 630.3677 512.8074 573.1167 533.5204 575.3400 558.8079 601.3108 604.2317 630.3816 697.5301
Deck Seam Length (ft): 5,631.5600 5,831.5800 5,831.5600 5,831.5800 5,63,1,5600 5,831.5800 5,831.5600 6.831.5800 6,631.5600 5,631.5800 5,631.5800 5,831.5800
Oec1<: Seam Loss per Unll Length

'.0,1400Fao\or (lb-molo1ft·yr): 0,1400 0.1400 0.1400 0.1400 0.1400 0.1400 0.1400 0.1400 0.1400 0.1400 0.1400
Deck Seom Longlh Foclor(flIeqll): 0.3300 0.3300 0.3300 0.3300 '0.3300 U.3aoo 0.3300 0.3300 0.3300 0.3300 0.3300 0.3300
Tonk Olomol... (ft): 160.0000 150.0000 150.0000 150.0000 150.0000 150.0000 150.0000 150.0000 160,0000 150.0000 160.0000 150.0000
Vapor Molacular Welghl ~bnb·molel: 60.0000 62.0000 65,0000 67.0000 67.0000 68.0000 68,0000 611.0000 67.0000 66.0000 65.0000 62,0000
Producl Faclor. 1.0000 1.0000 1.0000 1,0000 .1,0000 1.0000 1,0000 1.0000 1.0000 1.0000 1.0000 1.0000

Tolellos.o. ~b):

Roof FllIlng/SIatus

2,468.0652 2,277.1065 1,996.8354 1,824.9027 1,81~.6728 1,6911.3223 1,822.6595 1,770,3851 1,904.6378 1,9f4'o780 1,998.6821
••• _._ _ •••_., • '_'L'_ ."' _--".•_.~.• .._ .-.. ~~ •__• .n _':. •• ___.__ __ __. •__ _ ••• _. _

'., Roof FIlling Loss Faclor8
auenllly :.! KFaOb-molelyr) KFb(lb'molel(yr mplr'n)) m Losse.(lb)

.........- -.... ..-- ~ ~--~._.~---.-..-..-------- - '--_._ - ,..----_.-_.__._----_.._----.._--------_ -._.•._-.-_.- ._ __ _..

2,209.1851

::~

':1'

"

Access Haleh (24.Jn. Dlam.)/Unbollod Gover, Ungaskoled
AulomaQc GatJg<I Floal WelllUnbollod Covor, Ungaskeled
Column Well (24·1n. D1am.)!BuII1·Up CoL-Sllding Cover, Un9aek.
ladder Woll~ Olam,)lSlldlng Govor, Ungaskeled
Roof log Dr Hongor WeIIlAdJueloble
Scmplo Plpn orWell (24~n. Dlam.)/SlIl Febric 8eal10"'(' Opan
Slub Ornln (1·In.OIemo!ar)!
Vacuum Break... (10·1n. Dlam,)!Welghtod Moch. AcluaUon, Gaek.

1 36.00 5.811 1.20 256.9292
1 14.00 5.4u 1.10 99,9169
9 47.00 0.00 0.00 3,018,9184
1 76,00 0.00 0.00 542.4061

58 7.90 0.00 0,00 3,270.1381
1 12.00 O.OU 0.00 85.6431

180 1,20 O.OU 0.00 1,541.5754
1 G.20 1.20 0.94 44.2489

-'
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Emissions Report for: Annual

TANKS 4.0.9d
Emiss.ioilS Report- Detail Format
Individual Tank Emission Totals

i
r~

~i"

!:

Med Bow F&P Gasoline Tank - Internal Floating Roof Tank
Medicine Bow, Wyoming

;.:

t"

.}

r'

t:

~ .
?

I II '. Losses(lbs) I
Icomponents II Rim seal LosslI Withdraw! LosslI Deck FItting LosslI Deck Seam LosslI Total Emlsslonsl

Gasoline (RVP 13.5) II 1.369.6611 8.1211 1,691.8411 1.416.6811 4,486.291

1,2,4-Trimethylbenzene II 0.0911 0.2011 0.1111 0.0911 0.491

Benzene II 4.8111 0.1511 5.9411 4.9711 15.861

Cyclohexane II 0.6711 0.0211 0.8311 0.7011 2.221

Ethylbenzene II 0.3011 0:1111 0.3711 0.3111 1.091

Hexane (-n) II 4.5411 0.0811 5.6111 4.7011 14.941

Isooctane II 0.0011 0.3211 0.0011 0.0011 0.321

Isopropyl benzene II 0.0411 0.0411 0.0511 0.0511 0.191

Toluene II 4.9011 0.5711 6.0611' 5.0711 16.601

Unidentified Components II 1.353.0711 6.0511 1,671.3sl1 1.399.s211 4,429.991

Xylene (-m) II 1.2311 0.s711 1.5211 1.2711 4.581

IGasoline (RVP 15.0) II 759.6511 4.3511 938.3411 785.7311 2,488.071

I 1.2.4-Trimelhylbenzene II 0.0411 0.1111 o.osil o.osll 0.251

I Benzene II 2.41\1 0.0811 2.9711 2.4911 7.951

I Cyclohexane \I 0.3411 0.0111 0.4211 0.3511 1.121

I Ethylbenzene \I 0.1511 0.0611 0.1811 0.1511 0.541

Hexane (-n) II 2.2811 0.0411 2.8211 2.3611 7.501
Isooctane II 0.0011 0;1711 0.0011 0.0011 0.171
Isopropyl benzene II 0.0211 0.0211 0.0311 0.0211 0.091
Toluene II 2.4411 0.3011 3.0211 2.5311 8.301
Unldentined Components II 751.3611 3.2511 928.0911 m.1sl1 2,459.851
Xylene (-m) II 0.6111 0.3011 0.7sll 0.6311 2.301

IGasoline (RVP 11.5) II 1.218.9211 8~1811 1.505.6511 1,260.7711 3,993.521

! 1.2.4-Trimethylbenzene !! 0.10!! 0.20!! 0.1211 0.1011 0.521
h II ,

".
DEQ 000289

("""'I J l.rt \-n. ~"11 \fT1I ':I ... .nn 1\ 11· .. 1 4 "In I .. n I""r..n.,..,



J..n..l'lJ.'\o..\.JI ...V J.'-"l'VJ. L

\

;..

r····, :~
\ .

l j ..

,----,';"

.:- .
.,'

J. ell''' U OJ. J.V

_/

.:•.1... · ~.

Benzene II 5.0711 0,1~11 6.2611 5.2411 16.721

Cyolohexane II 0.7111 0,0211 0.8611 0.7311 2.341

Elhylbenzene II 0.3211 0.1111 0.4011 0.3311 1.161

Hexane (-n) II 4.77\1 0.0811 5.891\ 4.931\ 15.67\

Isooclane II 0.0011 0.331! 0.0011 0.0011 0.331

Isopropyl benzene II 0.0511 . M~II 0.0611 0.0511 0.201
Toluene II 5.2311 0.5711 6.4611 5.4111 17.671

Unidentified Components II 1,201.3611 6.1011 1,483.9411 1,242.6011 3,933.99/

I Xylene (-m) 1\ 1.3311 0.5711 1.6411 1.3711 4.911

IGasollne (RVP 9) II 1,631.2411 11.8011 2.014.9411 1,687.2311 5,345.211

I 1,2,4-Trimelhylbenzene II 0.2011 0.3°11 0.2511 02111 0.961

I Benzene II 9.4211 0.2111 11.6311 9.7411 31.011

I Cyclohexane II 1.311! 0.0311 1.6211 1.3611 4.311

I Ethylbenzene II 0.6311 0.1711 0.781\ 0.6611 2.241

I Hexane (-n) II 8.7211 0.1211 10.7711 9.0211 28.63l

I Isooclane II 0.0011 0,4711 0.0011 0.0011 0.471

I Isopropyl benzene II 0.1011 o.Q611 0.1211 0.1011 0.381

I Toluene II .10.0111 0.8311 12.3711 10.3511 33.561

I Unidentified Components II 1,598.2111 8.8011 1.974.1411 1.653.0711 5,234.221

I Xylene (-m) II 2.63\1 0.83\1 . 3.2511 2.7211 9.441
IGasoline (RVP7.8) \I 1,612.3211 11.7911 1,991.5811 1.667.6711 5,283.371

I 1.2,4-Trimelhylbenzene II 0.2711 0.2911 0.3311 0.2811 1.171

I Benzene II 11.4111 0.2111· 14.0911 11.8011 37.501
lCyciohexene II 1.5811 0.0311 1.9511 1.6311 5.201

I Elhylbenzene '11· O.B111 0.1711 1.0011 0.8411 2.811

I Hexane (-n) II 10.4311 0.1211 12.B911 10.7911 34.231

I Isooctane II 0.0011 0.4711 0.0011 0.0011 0.471

I Isopropyl benzene II 0.1311 0.0611 0.16/1 0.1311 0.471

I Toluene II 12.411\ 0.8311 15.3311 12.8~1 41.421
I UnldenUDed Components \I 1,571.93\1 8.I9\1 1.941.688 1,625.891\ 5,148.291
I Xylene (-m) II 3.3611 0.8311 4.1511 3.4711 11.811
IGasollne (RVP 10) II 584.1811 4.0.811 721.5911 604.2311 1.914.081
I 1,2,4-Trimelhylbenzene II 0.0611 0.1.011 0.0811 0.0611 0.301
I Benzene II 2.9711 0.0711 3.6711 3.0711 9.781
I Cyclohexane II 0.4111 0.D11\ 0.51\1 0,431\ 1.36\
I Ethylbenzene II 0.2011 '. 0.~611 0.2411 0.2011 0.701
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I Hexane (-n) II 2.7611 0.0411---- ----~I 2.8611 9.Q71

I Isooclane II 0.0011 0.1611 0.0011 0.0011 0.161

I Isopropyl benzene II 0.0311' 0.0211 0.0411 0.0311 0.121

I Toluene II 3.131/ 0.29/1 3.8611 3.2311 10.501
I Unidentified Components II 573.8111 3.0411 708.7811 593.5.111 1,879.141

I XylenE! (-m) II 0.8111 0;~911 1.0011 0.8411 2.941
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TANKS 4~9.9d

Emissions Report -;Detail Format
Tank Indentification and Pl)ysical Characteristics

.~'. .
-<

.J.ao.... .J. V.J.V

Identification
User Identification:
City:
Slate:
Company:
Type ofTank:
Description:

Med Bow F&P MeOH Tank
Medicine Bow
WyomIng
Medicine Bow Fuel & Power LLC
Internal Floating RoofTank
Methanol tank; total 2 Identical tanks.

:~.:

".:.~
:":::

::-:

~;:

Tank DImensions
Diameter (ft):
Volume (gallons):
Turnovers:
Self Supp. Roof? (y/n):
No. of Columns:
Eff. COl. Dlam. (It):

Paint Characteristics
Internal Shell Condillon:
Shell ColOifShade:
Shell Condillon
Roof Color/Shade:
Roof Condition:

Rim-5eal System
Plimary Seal:
Secondary Seal

Deck CharacterIstics
Deck Fitting Category:
Deck Type:
Conslrucllon:
Deck Seam:
Deck Seam Len. (It):

Deck FItting/Status

N

Light Rust
WhiteIWhlte
Good
WhltelWhlte
Good

Vapor-mounted
None

Typical
Balled
Panel
Panel: 5 x7.5 Ft

150.00
6,341,984.00

4.(lO

9.00
1.00

5,831.58

,.;.

t.
-'

""';!

.:..:
":.:.

..,"~

,-

~~ Quantity

Access Hatch (24-ln. Dlam.)/Unbolled Gover, Ungasketed
Aulomatic Gauge FJoatWelUUnbolted Cover, Ungasketed
Column Well (24-ln. D1am.)/Built-Up COI.-8liding Cover, Ungask.
LadderWell (36-ln. Dlam.)/Sliding Cover, Ungasketed
Roof Leg or Hanger Well/Adjustable
Sample Pipe or Well (24-1n. Dlam.)ISlit Fabric Seal 10% Open
Stub Drain (i-in. Diameter)/Sllt Fabrio Seal 10% Open

)

:~:"

i""

'.

1
1
9
1

58
1

180

"-"1 11r-t \ T'\ ....,... 'ITT .. Ann on ~. 1 ,

DEQ000292
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Vacuum Breaker (10-ln. Dlam.)/Welghted Mech. Actuation, Gask.

.../_ .
i .
~

',',.­.,

.I. "'5'" ~ VJ. V

"

"._./

! ..~ . .,:

~} .

Melereloglcal Data used In Emissions Calculations: Cheyenne, WyomIng (Avg Atmospheric press~j:e=11.76 psia)
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TANKS 4.0.9d
Emissions Report - Detail Format
Liquid Contents of. Storage Tank

Med Bow F&P MeOH Tank -Internal Floating Roof Tank
Medicine Bow, Wyoming

47.49 41.37 53.62 46.62

VaporPressure (psla) _;,
Avg. MIn. 1'.Ia1';

CpU"n 2:1'.=7.097, 8=1474.08, C=229.13

Basis forVaporPressura
CaleulaUons

Mol.
Wei9ht

32.04

Vapor
Mass
Fmcl.

LIquid
Mess
Fract.

Vapor
Mol.

WelghL

32.0400

..\

f:

N/ANIl'.0.9814

LIquid
Bulk

Temp
(deg F)

Dally LIquid Surf.
Temperalura (deg F)

Month AV~, Min. Max.

AI

Mlxture/Componenl

Methyl ateehol

.lIi
)
j
.~ .

r-,
'~r '.
\" '
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'i·

f
f
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TANKS 4.0.9d
Emissions Report .. Detail Format

Detail Calculations (AP-42)

.1.U5v'""TV.I. V

,
0- __,Ii

:,
f:

Med Bow F&P MeOH Tan~ -Internal Floating Roof Tank
Medicine Bow, Wyoming

Annual Emlsslon calcaulallons

:?,

Access Hal<:h {24-1n. D1am.)lUnbolled Cove" Ungoskalad 1 36.00 5.9Cl 1.20 24.5909
Aotomallo Googe Float W.ll1UnboUed Cove" Ungaskotod 1 14.00 5.40 1.10 9.5631
Column Well (24-1n. Dlam.)fBullt.Up CoI.-8lldlng Cover. Ungask. 9 l 47.00 0.00 0.00 288.9427
Ladder \'Veil (3tHn. DIam.)fSlldlng Cover, Ungaskeled 1 76.00 Cl.OO 0.00 51.9141
Roof Leg or Hanger Wa",AdJo.teble 58 7.0Cl 0.00 0.00 312.9872
Sempla Plpa o,WalI (24~n. plam.)l8I1l Febrlc 8eal10% Opon 1 12.0Cl 0.00 0.00 8.1970
Stub Drain (1-ln. DIameter)! _ 100 f.2Cl 0.00 0.00 147.5452
Vacuum Breakor (10.Jn. Dlam.)lWelghled Mech.. Actusllon, Ge.k. . f

"
6.20 1.20 0.94 4.2351

r
I
I:
: ~

~ ;

a·

~:

,,~{,!,.•.

0:':
li'

~~
-i;

t
!i'
:",
·!'L: .

:~:

:,;:

:i;~

.:.:".-

Rim Soal LoooOS (Ibt-
Seel Faclor A(Ib-molo/ll-yr):
Soal Faclor B (lb-mcloffl-Yr (mph)'n):
Valuo orVepor l'Ies.um Funcllon:
Vapor Pra.9IJfe al Dany Averaga LIquId

Surfaca Temperolura (psla):
Tank Olamalar (II):
Vapcr MolecuiarWaighl (Ibnb·mola):
Producl Factor:

W1nldrawal La.."" (Ill):
Number ofColumns:
ErrecnVa Colurm Dlamaler (II):
Annual Ne\ ThroughpUl (gallyr.):
8Ilen Cingege Factor (bbl/l000 sqfl):
Averoge Organic Uquld Den.lly (Ib/gal):
Tank Dlamaler (II):

Dock Riling La..... (Ib):
Value ofVapor Pressure FuncUon:
Vopor Moleculer Weight (Ibnb·mole):
Producl Factor:
Tal. Roof Filling Loss Fact.{lb·molelYr):

0001< Soom L...... (l»:
Deck Seam Longlh (n):
Deck Seam L... per Unll Lenglh

Foclor (Ib-moIo/1l-yr):
Dack 80am Langlh Factor{Wsqn):
Tank Dlamate, (n):
Vapor MolecuiarWeighl (Ibnb-mole):
product Faclor:

Tolal Los.e. ~b):

Roor FlllInglSlalus

686.~962

6.7000
0.2000
0.0213

0.9614
150.0000
32.0400

1.0000

40.0263
9.0000
1.0000

25,367,936.0000
0.0015
6.6300

150.0000

847.9752
0.0213

32.0400
1.0000

1,241.4000

710.0619
5,831.5800

0.1400
0.3300

150.0000
32.0400

1.0000

2,284.5806

. Quanllly

,.
.'

;""

Roof Filling Loss Faclors
,:. KFaVb-rnoIelyr) KFb(lb-mole/(yrmph"n» m Los.e·Vb)

.~ .
'~;

F
;Ii
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TANKS 4.0.9d
Emissions Report - Detail Format
Individual Tank Emission Totals

Emissions Report for: Annual

Med Bow F&P MeOH Tank - Internal Floating Roof Tank
Medicine Bow, Wyoming

.I. ".0'" J V~ V

/~
;"

1
.¥

·r
'.~~ .

~~ .

.~.~ .
~I •

x·
(:
.~~

~:

-t··
.'
-l,i

't(
.~:,-
'J

;.:

".;....
f ~

i:;;! ~
~;
"i"'.-~
·t;
r·

'~i

f
~i
';!

;:
.~ -:

:J}.

1- c-II------------ Losses(lbs) . ------------- I
Icomponents II RIm seal LosslI Wlthdrawl LosslI Deck FIlling LosslI Deck Seam LossII Total Emisslonsl

IMethyl alcohol II 686.5011 40.0311 847.9811 710.0611 2,284.561

~.
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~
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Access Hatch (24-1n. Dlam.)/Unbolted Cover, Ungasketed
Automatic Gauge Flqat Well/Unbolted Cover, Ungasketed
Column Well (24-ln. Dlam.)/Built-Up Col.-Sliding Cover, Ungask.
Ladder Well (36-in. D1am.)ISliding Cover, Ungasketed
Roof Leg or Hanger WelllAdJustable
Sample Pipe orWell (24-ln. Diam.)lSnt Fabric 8eal10% Open
Stub Drain (i-In. Dlameter)/SlIt FabrioSeal10% Open

Deck Fitting/Status

Rlm-5eal System
Primary Seal:
Secondary Seal

Paint Characteristics
Internal Shell CondlUon:
Shell Color/Shade: .
Shell Condlllon
Roof Color/Shade:
Roof Condition:

.. ,." , .. n I¥"\nr.r-t

DEQ 000297

1
1
8
1

47
1

136

Quantity
~:.:.

....
r·

..'"

4,380.16

130.00
4,763,841.0Q

7.72

8.00
1.00

Ar.n 1\

Light Rust
WhllelWhlte
Good
WhltelWhila
Good

Vapor-mounted
None

TANKS 4.0.9d­
Emissions Report·. Detail Format

Tank Indentification and Physical Characteristics

N

Med Bow F&P Hvy Gaso Tank
Medicine Bow
Wyoming
Medicine Bow Fuel & Power LLC
Internal Floating RoofTank
Heavy Gasoline Tank

- Typical
Bolted
Panel
Panel: 5 x 7.5 Ft

".,.,

"

1"'"" 11r-t \ T'lo

Declt Characteristics
Deck Filling category:
Deck Type:
Construction:
Deck Seam:
Deck Seam Len. (It):

Tank Dimensions
Diameter (It):
Volume (gallons):
Turnovers:
Self Supp. Roof? (yIn):
No. of Columns:
Eff. Col. Dlam. (tt):

Identification
Userldentificatlon:
CIty:
State:
Company:
Type ofTank:
Description:

l·~-

":1,

:,
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t
:J

~II
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Vacuum Breaker (10-ln. Dlam.)/Welghled Mech. Actuallon, Gask.

Meterological Data used In Emissions Calculations: Cheyenne, Wyoming (Avg AImospheric Pressure =11.76 psla)
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TANKS 4.0.9d
Emissions Report - Detail Format
Liquid Contents of Storage Tank

Med Bow F&P Hvy Gaso Tank -Internal Floating Roof Tank
Medicine Bow, Wyoming

.1."1:5'" J V.l.V

Liquid
Dally LiquId Surf. Bull' Vapor Uquld Vapor

Temperature (dog F) Temp Vapor Pressure (psla) MoL Mass Mass Mol. Basis for Vapor Pressure
M1xturo/Componenl Monlh Avg. Min. Max. (dog F) Avg. Min. Max. WeighL Fmet. Fmet. WeIght CeleulaUons

Gasoline (RVP 6) All 47.49 41.97 69.62 46.62 2.2481 NIA NlA 69.0000 92.00 OpUon 4: RVP=ll. ASTM Blope=3
1.2,4-Trimolhylbenzene 0.01~ NIA NIA 120.1900 0.0250 0.0002 120.19 CpUon 2: A=7.04383, 8=1573.267, C=208.58
Benzene 0.8169 NlA NlA 78.11QO 0.0180 0.0087 78.11 CpUon 2:A=B.905, 8=1211.033, C=220.79
cyclohexane 0.8545 NlA MIA 84.1600 0.0024 0.0012 04.16 Option 2: A=6.841. 8=1201.53, C=222.65
Elhylbonzene 0.0693 NlA NIA 106.1700 0.0140 0.0006 106.17 Option 2:A:6.975, 8=1424.255, C-""213.21
He""no (·n) 1.3685 NlA NIA 86.1700 0.0100 0.0081 86.17 Option 2: A-6.87B, 8=1171.17. C=224.41
lsooctsne NlA NfA 114.2200 0.0400 0.0000 114.22

'.1- Isoprop)! benzene 0.0297 NlA NlA 120.2000 0.0050 0.0001 120.20 Option 2: A:6.93666, 8=1460.793, =.78
Toluene 0.2210 NIA NIA 92.13QO 0.0700 0.0092 92.13 OpUon 2:A=6.954. 8=1344.8, C=219.48
UnldenUfted Components 2.8580 NlA NIA 68.5540 0.7466 0.9695 89.36
Xylene (·m) 0.0574 NIA NIA-' 106.1700 0.0700 0.0024 106.17 OpUon 2:A=7.000. 8=1462.266, C=215.11

",
",I

;

:j

{
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;"

"; ...
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TANKS 4~b.9d

Emissions Report .:Detail Format
Detail Calculations (AP-42)

.1. a~v .... U'.1. V

....\
,

".~•• ....,1'

Med Bow F&P Hvy Gaso Tank -Internal Floating Roof Tank
Medicine Bow, Wyoming

~ ' -" ..

Anllllel Emission Calcaulallon5

;.:"'!'
';

Rim Seallossas (lb):
Se.1 Faclor A(Ib-moleJll·yr):
Sa.1 FAClor B (Ib-moIe/ll-yr (mph)hn):
Value of Vapor Prassure Fllncllon~

Vapor Prassure 0\ Dally Average Liquid
Surfece Tempemture{psle):

Tank Dlomeler{fI):
Vapor Moleculor Welghl Qbnb·mole):
Product Foclor:

Wllhdrowal Losses (Ib):
Numbar of Columns:
Effecllvo Column Dlarnolor (Il):
Annual Nol Throughput (goVyr.):
Shell Cllngage Factor (bb111 000 sqll):
Average orgonlo Uquld Den51ly (Iblgal):
Tonk Dlemeler (fit.

Deck FIlling losses (Ibt.
Value ofVapor PI8SSure Funcllon:
Vepor Molecular Wolghl ~bnb-molet­
Producl Factor:
Tal. Roof FIlling loss FecI.Qb·moleJyr):

Dock Soam losses Qb):
Deok Soom length (ft):
Deck Soom loss pur Unlt Longth

Feol.r (lb-moIeJll·yrt.
Deck Seam Lenglh Faclor(fVsqll):
TAnk Dlemeler (ft):
VApor Molecular Welghl Qbnb-mole):
Producl Factor:

Tole11.05585 (lbt-

3,184.8746
6.7000
0.2000
0.0530

2.2461
130,0000

69.0000
1.0000

56.6142
6.0000
1.0000

36,761.340.0000
0.0015
5.6000

130.0000

3,856.5659
0.0530

69.0000
1.0000

1.054.7000

2,654.9706
4,360.1619

0.1400
0.3300

130.0000
a9.0000

1.0000

9,953.0542

Roof Fllllng/Slalus

...._~ ..__ .,._.__ ._~ .. _.. ...~..._...._, .... .__._._.... .. _ ..._......._.._...._..~... _... _ .. __._.__...-...... _M.... _. __. ._. __..__ .~ . ...___..._........
Roof FllIIngl05s Facio,"

. ......._ •••__••__• ..__.. ...__.._~~~~~.._ ..._:~••__.~~~IHno~~•.~~~~~~~~~~__ ..._-=....._..._._.....~ ... ._._.~~~~Qb~
Aoasss Haloh (24-10. Dlem.)lUnbolted Cover. UngB.:skolod 1 36.00 5.90 1.20 131.6366
Aulomollo GOIJg8 FIoeI WelllUnbolled Cover. Ungaskelsd 1'h 14.00 5.40 1.10 51.1920
Column Well (24-1n..lJlem.)IBulIl·Up Col.-Sliding Cover. Unge.k. 8

'':,
47.00 0.00 0.00 1,374.6712

Ladder WeU (36-111, JJIllm.)!SlIdlng Cover. Ungaskeled 1 76.00 0.00 0.00 277.8995
Roof Leg or HangarWalfJAdJustabl. 47 7.90 0.00 0.00 1,357.6853
Sample Plpa orWell (24-ln. D1em.)!SIII Fabrlo 503110% Opan 1 12.00 0.00 0.00 43.8789
Slub Drain (1-1n. Dlamater)! 138 1.20 0.00 0.00 606.7626
VaCUum Braaker (1O-1n. Dlem.)lWelghled Mech. AcIuallon, Gask. 1 6.20 1.20 0.94 22.6707

1"'1 11/'"1 \"no T1"1 \"., AAn"1\ ~. 1 ,

DEQ 000300
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TANKS 4.0.9d .
Emissions Report· Detail Format
Individual Tank Emissio.n Totals

Emissions Report for: Annual

Med Bow F&P Hvy Gaso Tan'k - Internal Floating Roof Tank
Medicine Bow, Wyoming

.L ue,v J V.L V

I =:]1 Losses(lbs) I
IComponents II Rim Seal Lossil Withdrawl Losall Deck Fitting Loasll Deck Seam Lossil Total Emissionsl

IGasoline (RVP:6) II 3,184.8711 56.6111 3,856.5911 2,854.9811 9,953.051

I Hexane (-n) II 25.8511 0.57/1 31.3011 23.1711 80.891

I Benzene II 27.7711 1.02/1 33.6311 24.9011 87.321

I Isooctane II 0.0011 2.2611 0.0011 0.0011 2.261

I Toluene· ~I 29.2211 3.96/1 35.3811 26.1911 94.761
Elhylbenzene ~I 1.8311 0.7911 2.2211 1.6411 6.481
Xylene (om) ~I 7.5911 3.9611 9.2011 6.8111 27.661

Isopropyl benzene =:11 0.2811 0.2811 0.3411 0.2511 1.151
1,2,4-Trimelhylbenzene II 0.5811 1.4211 0.7011 0.5211 3.201
Cyclohexane ~I 3.8711 0.1411 4.6911 3.4711 12.171
Unidentified Components II 3,087.8711 42.2111 3,739.1311 2,768.0311 9,637.241·

DEQ 000301
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TANKS 4.0·.9d

Emissions Report m Detail Format
Tank Indentiflcation and Physical Characteristics

J.aJ:,'" J. UJ. J.V

Identification
User Identification:
City:
State:
Company:
Type ofTank:
Description:

Tank Dimensions
Diameter (ft):
Volume (gallons):
Tumovers:
Self supp. Roof? (yIn):
No. of Columns:
Eff. Col. Dlam. eft):

Paint CharacterIstics
Inlemal Shell Condlllon:
Shell Color/Shade:
Shell Condition
Roof Color/Shade:
Roof Condition:

Rlm-5eal System
Primary Seal:
Secondary Seal

Deck Characteristics
Deck Filling Category:
DeokType:
Construction:
Deck Seam:
Deck Seam Len. eft):

Deck Fitting/Status

Med Bow I"&P Gasolfne Off-5pec Tank
Medicine Bow
Wyoming
Medicine Bow I"uel & Power LLC
Inlemal Floating RoofTank
Gasoline Off-Spec Tank

8.50
5,000.00

5.72
N

1.00
1.00

Lighl Rust
WhilelWhite
Good
WhltelWhlle
Good

Vapor-mounted
None

TypIcal
Bolted
Panel
Panel: 5x7.5 Ft

18.73

Quantity

Access Hatch {24·In. Dlam.)/Unbolled Cover, Ungasketed
Automatic Gauge Float WelllUnbolled Cover, Ungasketed
Column Well (24-ln. Diam.)/Bullt-Up Col.-Sliding Cover, Ungask.
ladder Well (36-ln. Dlam.)lSUding Cover. Ungasketed
Roof Leg or Hanger Well/Adjustable
Sample Pipe or Well (24-ln. Dlam.)/SII! Fabrlo Seal 10% Open
Siub Drain (i-in. Dlame!er)/Slit FabrkiSea( 10% Open

r:1~.I1""'.\n_ • ....... n~1._\FT'1_•• 1 _AnO.1\ . ..•. . _1~_ .1_ 1."...

1
1
1
1
6
1
1
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Vacuum Breaker (10-in. Diam.)lWelghted Mech. Actuation, Gask.

Meterologlcal Dala used In Emissions Calculations: Cheyenne, Wyoming (Avg Atmospheric Pressure =11.76 psla)
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TANKS 4.0.9d
Emissions Report - Detail Format
Liquid Contents of Storage Tank

Med Bow F&P Gasoline Off-Spec Tank -Internal Floating Roof Tank
Medicine Bow, Wyoming

Uquld
Uquld VaporDally UquldSUlf. Bulk Vapor

Temperalure (de9 F) Temp Vepor Pre••ura (psis) Mol. Ma.n Mass Mol. 13asls for Vapor Pressure
Mixture/Component Monlh AV9. Min. Max. (deg F) AV9. MIn. Max. WeIght. Frac!. FIBct. WeIght CalculaUons

Gasoline (RVP 15.0) Jan 38.11 33.24 42.99 46.liZ . 5.3859 NIA N/A 60.0000 92.00 OpUon 4: R~15.ASTM Slope=3
l,2,4-TdmeIhYlbenzane 0.0081 NlA NIA 120.1900 0.0250 0.0001 120.19 OpUon 2:A-7.04383, 8<01573.267, C~206.58
benzana 0.6159 NlA N/A 78.1'tOO O.OlBO 0.0032 78.11 OpUon 2: A=6.905, 8<01211.033, ~0.79
Cyclohoxane 0.6488 NlA N/A 84.1000 0.0024 0.0004 84.16 OpUon 2: A~6.841. 8<01201.53, ~ZZZ.65
Elhy\benzene 0.0485 NlA NlA 106.1700 0.0140 0.0002 106.17 OpUon 2: A~6.975,8=1424.255, ~13,21
Hexane (·n) 1.0503 NlA NtA 86.1700 0.0100 0.0030 06.17 OpUon 2: A~8.878, 8=1171.17, C~224.41
isooctane NlA N/A 114.2200 0.0400 0.0000 114.22
Isopropyl benzene 0.0202 NlA NIp, 120.2000 0.0050 0.0000 120.20 OpUon 2: A~8.93888.8~460.793.~207.78
Toluene 0.1609 NlA N/A 92.1300 0.0700 0.0032 92.13 OpUon 2: A=6.954, 8~1344.6. C~219.46
UnldanUnad Components 8.9376 NlA N/A 59.7961 0.7466 0.9991 89.36
Xylene (-m) 0.0401. NlA N/A 108.1700 0.0700 0.0008 106.17 CpUon 2:A~7.009. 8=1462.266, ~15.11

Gasoline (RVP 13.5) Feb 39.75 34.55 44.94 45.62 4.8987 NlA N/A 62.0000 92.00 Option 4: RVP=13.5. ASTM Sfope=3
l,2,4-Trlmelhylbenzene 0.0087 N/A 'N/A 120.1900 0.0250 0.0001 120.19 OpUon 2:A=7.04383, 8~573.267, 0=208.56
Benzene 0.8475 N/A N/A 76.1100 0.0180 0.0035 78.11 OpUon 2:A=6.905, 8=1211.033. C--220.79
eyclohexane 0.6811 NIA N/A 84.1600 0.0024 0.0005 84.16 Option 2:A=6.841, B~1201.53.C~222.65
Elhylbenzene 0.0517 NIA N/A 106.1700 0.0140 0.0001 106.17 OpUon 2: A=6.975. B~1424.255, C~13.21
Hexan~ (·n) 1.1008 N1A N/A 86.1700 0.Q100 0.0033 86.17 Opuon 2: A=6.876, 8=1171.17. 0=224.41
Isooctane N/A NlA 114.2200 0.0400 0.0000 114.22
IsopropyJ benzene 0.0216 NlA N/A 120.2000 0.0050 0.0000 120.20 Option 2:A=6.93666. ~460.793,C~07.78
Toluone 0.1702 N/A NIA 92.1300 0.0700 0.0036 92.13 OpUDn 2:A~6.954. 8=1344.8. G~19.48
UnldonUfled Components 6.3261 NlA N/A 61.7817 0.7456 0.9878 89.86
Xyleno(-m) 0.0426 NlA N/A 106.1700 0.0700 0.0009 106.17 OpUon 2: A=7.009, 8=1462.268, ~215.11

Gasoline (RVP 11,5) Mar 42.09 36.39 47.80 45.62 4.2592 NIA N/A 85.0000. 92.00 OpUDn 4: RVP~l1.s,ASTM Slopo=3
1,2,4-Trlmethylbonzon. 0.0096 NIA N/A 120.1900 0.0260 0.0001 120.19 Opllon 2:A=7.04883, 8<01573.267, C=206.56
Benzene 0.6954 N1A N/A 78.1100 0.0150 0.0042 78.11 Opllon 2:A=6.905. 8=1211.033, ~0.79
Cydohuxsne 0.7302 N/A N/A 84.1600 0.0024 0.0006 84.16 OpUon 2:A=6.841, ~201.53,~222.85
EUlylbenzene 0.0566 NIA N/A 106.1700 0.0140 0.0003 106.17 OpUon 2:A=6.975, 8<01424.255, ~213.21
Hexane (-n) 1.1768 NIA NIA 86.1700 0.0100 0.0039 86.17 OpUon 2:A=6.676. 8~1171.17.0=224.41
Isooclane .NlA NJA 114.2200 0.0400 0.0000 114.22
Isopropyl benzene 0.0238 NIA NlA 120.2000 0.0050 0.0000 120.20 Opuon 2:A=6.93666, 8=1460.793, C~207.78
Toluene 0.1844 NIA NlA 92.1300 0.0700 0.0043 92.13 OpUon 2:A=6.954, 8=1344.6, G~19.48
UnldenUlied Ccmponenls 5.4887 N/A N/A 64.7612 0.7456 0.9856 89.38
Xylene(-fTl) 0.0468 N/A N/A 106.1700 0.0700 0.0011 106.17 Option 2:A=7.009, 6=1462.266, ~15.11

Gasoline (RVP 0) Apr 46.48 40.03 52.92 45.62 3.5067 N/A NJA 67.0000 92.00 OpUon 4: RVP~.ASTM S1ope=3
1,2,4·Trlmelhylbenzen. 0.0117 NIA N/A 120.1900 0.0250 0.0001 120.19 OpUon 2:A~7.D4383, B~573287, G~208.58

Benzene 0.7928 N/A N/A 78.1100 0.0180. 0.0056 78.11 OpUon 2:A=6.905, 8=1211.033, ~220.79
CYdohexano 0.8199 NlA N/A 84.1600 0.0024 0.0008 84.16 OpUon 2: A=6.841, 8=1201.6'3, ~ZZZ.65
Elhy\bel1Zena 0.0667 N/A NIA 106.1700 0.0140 0.0004 106.17 Option 2:A=6.975. 8=1424.255, C-'"213.21
Hemn. (-0) 1.3307 N/A NlA 86.1700 0.0100 0.0052 66.17 Option 2:A=6.876, B=1171.17. C=224.41
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Isooclane NlA WlA 114.2200 0.0400 0.0000 114.22
Is.opropyl ben::tene 0.0285 NlA NIA 120.2000 0.0050 0.0001 120.20 Option 2: A=6.93666. B~1460.7g3, C~207.78
Toluene 0.2137 NIA NiA 92.1300 0.0700 0.0059 92.13 opUon 2: A9I.954, 8~1344.8, 0~219.48
UnldenUned Componenls 4.502<! NlA NIA 66.8954 0.7458 0,0605 89.36
Xyleno (·m) 0.0559 NlA NlA 106.1700 0.0700 0.0015 106.17 OpUon 2: A=7.009. B=1462.266, C=216.11

Go..Hne (RVP 9) May SO.96 44.19 07.74 45.62 3.8475 NlA WlA 67.0000 92.00 OpUon 4: RVP~9. ASTM Slops~
1,2.4-TIlmelhylbsJ12sns 0.0141 NlA NIA 120.1900 0.0260 0.0001 120.19 OpUon 2: A=7.04383, B=1573.267, C~20B.5B
Benzene 0.9040 NlA NIA 76.1100 0.0160 0.0058 76.11 OpUon 2: A=6.905, B~1211.033, C=220.79
Cyclohexane 0.9433 NlA NlfI 84.16!JO 0.0024 0.0008 84.16 OpUon 2:A~6.841, B~1201.53. C-222,65
Elhylbonzeno 0.0787 NlA NIA 106.1700 0.0140 0.0004 108.17 Opllon 2:A~8.975, B=1424.255, C~213.21
Hoxane (-11) 1.5048 NlA NIA 86.1700 0.0100 0.0054 86.17 OpUon 2:A=6.876. B=1171.17, C=224.41
)sooclono NlA WlA 114.2200 0.0400 0.0000 114.22
)sopropyl benzene 0.0340 NlA NlfI 120.2000 0.0060 0.0001 120.20 OpUon 2: A~6.93666, 8=1460.7.93, C=207.70
,.oIueno 0.2476 NlA. WlA 92.13!JO 0.0700 0.0062 92.13 Opllon 2:A=6.954. B~1344.6, C~219.48
Unldenllned Componsnls 4.9336 NlA NlfI 66.6799 0.7466 0.9796 89.36
Xylene (-m) 0.0853 NlA N/A 106,170n 0,0700 0.0016 106.17 Opllon 2: A=7.009. B~1462.266, C~215.11

Gosollne (RVP 7.6) Jun 55.41 40.17 62.64 45.62 3.5621 NlA NIA 68.0000 92.00 Opllon 4: RVP=7.0, ASTM Slopo=9
1,2.4-Trimolhylbonzone 0.0170 NlA NtA 120.1900 0.0250 0.0002 120.19 OpUon 2:A=7.04383, 8=1573.261, 0=208.56
Benzene 1.0267 NlA NtA 78.1100 0.0180 0.0070 78.11 OpUon 2:A~8.905. B~1211.033, C~220.79
Cyc)ohexane 1.0882 NlA NtA 84.1600 0.0024 0.0010 84.18 OpUon 2:A=6.841, B~120f.53. C~222.65
Elhylbonzeno 0.0923 NlA NlA 10G.1700 0.0140 0.0005 106.17 OpUon 2: A=G.915, B=1424.255, C=213.21
Hoxone(·n) 1.8907 NIA Nth 86.1700 0.0100 0.0064 86.17 Option 2:A=6.876. B=1171.17. C.224.41
IsooclanB NlA NIA 114.2<!00 0.0400 O.ootio 11422
Isopropyl bonzene 0.0404 NIA Nih 120.2000 0.0050 0.0001 120.20 option 2: A=6.93666, B=1460.793, C~207.78
ToIUeho 0.2807 NIA Nih 92.1300 0.0700 0.0076 92.13 Option 2:A=6.954. B=1344.8. C=219.48
Unidentified Componenls 4.6767 NIA NtA 67.6238 0.7466' 0.9759 89.36
Xylene (-m) 0.0768 NIA Nih 106.1700 0.0100 0.0020 106.17 Opllon 2:A=7.009. B=1462.266, C.215.11

Ge.ollne (RVP 7.6) Jul 58.48 51.00 65.97 45.62 3.B131 NIA NtA 68.0000 92.00 Option 4: RVP=7.8. ASTM Slopa~3
1,2,4-Trimolhylbenzono 0.0192 NlA NIA 12D.1900 0.0250 0.0002 120.19 OpUon 2: A=7.04363. B=l573.287, C=208.58
Benzene 1.1196 NIA NtA 79.1100 0.0180 0.0072 78.11 OpUon 2: 0'.=8.905, B=1211.033, C=220.79
Cyclohexene 1.1625. NlA Nih 84.1600 0.0024 0.0010 84.16 Opflon 2:A=8.641, B=1201.53, C=222.85
Efhylbenzene 0.1029 NlA NtA 106.1700 0.0140 0.0005 106.17 Option 2: 0'.=6.976, B~1424.255, C.213.21
Hexene(·n) 1.8391 NIA NIA 68.1700 0.0100 0.0065 66.17 Option 2: 0'.=6.876, B=1171.11, C=224.41Isooolaoe NlA NIA 114.2200 0.0400 0.0000 114.22
~sopropyl bonzane 0.0454 NIA Nih 120.2000 0.0050 0.0001 120.20 Option 2: A=6.93658. B=1460.793. C~207.79
Toluene 0,3149 NlA N/A 92.1300 0.0700 0,0078 92.13 Option 2: A=6.954. B=1344,8, C=219.48
UntdenllRed Components 4.0691 NIh NtA 87.61.17 0.7456 0.9746 89.38
Xylons(-m) 0.OB57 NlA Nth 106.1700 0.0700 0.0021 106.17 Option 2: 0'.=7.009. B:1462.266. C=215.11Gasoline (RVP 7.6) Auo 57.29 60.15 64.44 45.62 3.7225 NlA N/A 6B.0000 92.00 Opllon 4: RVP=7.a. ASTM Slope.3
l,2,4-TJlmelhylbonzene 0.0163 NlA N/A 120.1900 0.0260 0.0002 120.19 OpUon 2: A=7.04383, 8=1673.267, 0=208.56BenZene 1.0829 NtA N/A 78.1100 0.0160 0.0071 78.11 OpUon 2: A=8.905. 8=1211.033, C=220.79Cyclohexane 1.1253 NlA NtA 84.1600 0.0024 0.0010 84.16 Opllon 2: A=8.841. 8=1201.53, C=222.65ElhYlbenzene 0.0987 NlA NIA 106.1700 0.0140 0.0005 108.17 OpUcn 2: A=6.975. B~1424.265, ~213.21Hexone ('n) 1.7826 NlA Ntfl 86.1700 0.0100 0.0065 86.17 Option 2: A=6.876. B=1171.17. 0=224.411300010n8 NIh NtA 114.2200 0.0400 0.0000 114.22
Isopropyl benzeno 0.0434 NIh NIA 120.2000 0.0050 0.0001 120.20 Option 2: A=6.93666. B=1460.793, C=207.78TolUeno 0.3033 NIA NlA. 92.1300 0.0700 0.0077 92.13 Opllon 2: A=6.964, B~1344.8, C~210.48UnldenUnad Compooanls 4.7545 NlA N/A 87.8184 0.7456 0.9749 a9.38
Xylene (·m) 0.0621 NIh NtA 106.1700 . 0.0700 0.0021 106.17 Opllon 2: ~7.oo9. 8=1462.266, 0=215.11Go.ollne (RVP 9) Sep 52,89 46,jl 69.67 45.62 4.0013 NIA Nih 67.0000 92.00 OpUon 4: RVP=9. ASTM S1ope~31,2,4-Trlmelhylbenzene 0.0153 NIA Nth 120.1000 0.0260 0.0001 120.19 Opllon 2: A=7.04363. B=1573.2B7, C~208.56Bonxene 0.9567 NJA Nih 78.1100 0.0180' 0.0059 78.11 OpUon 2: 0'.=8.905, B~1211.033, C=220.79Cyclohexane 0.9080 MIA NIA 84.1600 0.0024 0.0008 84.18 Opllon 2: 0'.=6.841, B=1201.53. C'222.65Elhylbenzene 0.0844 MIA NIA 108.HOO 0.0140 0.0004 106.17 Opllon 2: A=8.975. B~1424.255, C~213.21Hoxane (-n) 1.5854 NIA NtA 88.1700 0.0100 0.0054 80.11 Opllon 2: A~6.878. B=1171.17, 0'224.41Isocolone NIA Nth 114.2200 0.0400 0.0000 114.22
Isopropyl benzeno ·0.0361 NIh NtA 120.2000 0.0050 0.0001 120.20 Opllon 2: 0'.=6.93868, B=1460,793, 0=207.78Toluene 0.2836 NlA NIA 92.1300 0.0700 0.0063 92.13 Opl1on 2: A=6.954, B=1344.8. C=219.48Unldenllned Componanfs 5.1293 NlA N/A 66.8731 0.7466 0.9792 69.30
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Xylene(-m) 0.0701 Nfl'. Nil'. 106.1700 0.0700 0.0017 106.17 OpUon 2: A=7.D09, B=1462.2l;6, C=216.11
GasoRne (RVP 10) Oi;t 47.78 41.66 53.03 45.62 4.0663 Nfl'. NlA 66.0000 92.00 OpUon 4: RVP=10, ASThI Slope=3
1,2,~Trtmelhylbenzene. 0.0123 Nfl'. NlA 120.1900 0.0250 0.0001 120.19 OpUon 2: A=7.o4383, 8=1573.287, 0=208.56
Bonzene 0.8233 Nfl'. NIl'. 78.1100 0.010CJ 0.0051 78.11 opUon 2:1'.=6.905, 8=1211.033, C=220.79
Cydohoxane 0.8610 Nfl'. NIl'. 84.1800 0.0024 0.0007 84.18 OpUon 2: 1'.=6.841,6-1201.63, C=222.65
ElhyllJonzene 0.0599 Nfl'. Nil'. 105.1700 0.0140 0.0003 106.17 Option 2:A=6.975, 6=1424.255, C=213.21
Hoxane (-n) 1.3786 Nfl'. N/A 86.1700 0.0100 0.0847 86.17 OpUon 2:1'.=5.876, 8=1171.17, G=224.41
Isooclene 1'111'. Nil'. 114.2200 0.8400' 0.0000 114.22
Isoplllpyl benzene 0.0300 Nfl'. NlA 120.2000 0.0050 0.0001 120.20 OpUon 2: 1'.=8.93686, 6=1480.793, C=207.70
Toluene 0.2229 NIl'. Nil'. 92.1300 0.0700 0.0053 92.13 OpUon 2: 1'.=6.954,6=1344.8, C=219.48
Unldenlllled COmponenls 5.2260 1'111'. NlA 65.7131 0:7458 0.9823 09.36
Xylene(-m) 0.0690 1'111'. NIA 106.17.00 0.0700 0.0014 106.17 Option 2: 1'.=7.009, 6=1462.256, C=215.11

GaSlltlna"(RVP 11.5) Nov 42.09 37.01 47.17 45.62 4.2691 Nfl'. Nil'. 65.0000 92.00 OpUon 4: RVP=11.5, ASThl51ope=3
1,2.4-Trtmelhylbenzens 0.0095 Nfl'. Nil'. 120.1900 0.0250 0.0001 120.19 OpUon 2: 1'.=7.84383, 8=1573.287; C=208.56
Benzene 0.6954 Nfl'. NlA 78.1100 0.0180 0.0042 78.11 Option 2:1'.=6.905, 6=1211.033, C=220.79
Cyclohexane 0.7302 Nfl'. NlA 84.1600 0.0024 0.0008 84.16 Option 2: 1'.=6.841, 8=1201.53, C=222.65
Elhylbonzsne 0.0566 Nfl'. Nil'. 106.1700 0.0140 0.0003 106.17 Option 2: 1'.=6.975, 8=1424.255, C=213.21
Hexane (-n) 1.1766 Nfl'. NIA 88.1700 0.0100 0.0039 86.17 option 2: 1'.=6.876, 6=1171.17, C=224.41
lsooetane Nfl'. NIl'. 114.2200 0.8400 0.0000 114.22
Isopropyl benzene 0.0238 NIl'. Nil'. 120.2000 0.0050 0.0000 120.20 OpUon 2: 1'.=6.93666, 8=1460.793, 0=207.78
Toluone 0.1844 Nfl'. Nil'. 92.1300 0.0700 0.0043 92.13 OpUon 2: 1'.=6.954. 8=1344.8, 0=219.46
Unldonllfled Components 5.4886 NIl'. NlA 114.7612 0.7456 0.9855 89.36
Xylene (·m) 0.8468 Nfl'. Nil'. 108.1700 0.0700 0.0011 106.17 OpUon 2: 1'.=7.009. 8=1462.266, C=215.11

Gesoline (RVP 13.5) De. 38.68 33.87 43.30 45.62 4.7854 N//\ NfA 62.0000 92.00 OpUcn 4: RVP=13.5. ASTM Slope=3
1,2,4-Trimelhylbenzeno 0.0083 NfA NIl'. 120.1900 0.0250 0.0001 120.19 OpUon 2:·Ac 7.043B3. 8=1573.287. C=208.56
Benzene 0.6249 Nfl'. NlA 78.1'00 0.0180 0.0035 78.11 OpUon 2: A=6.905, 8=1211.033, 0=220.79
Cyclohexone 0.8578 NIl'. Nil'. 84.1800' 0.0024 0.0005 84.16 OpUon 2: 1.-6.841, 8=1201.53, C=222.6S
EthyJbenzsne 0.0494 NTA Nfl'. 100.1700 0.0140 0.0002 106.17 OpUon 2: 1'.=6.975, B'oI424.255. C=213.21
Hexane (-n) 1.0647 Nfl'. Nfl'. 66.1700 0.0100 0.0033 86.17 OpUon 2: 1'.=6.876. 6=1171.17. 0=224.41
Isooclane Nfl'. Nil'. 114.2200 0.8400 0.0000 114.22
Isopropyl benzene 0.0208 Nil'. NIl'. 120.2000 0.0050 0.0000 120.20 OpUon 2: 1\=8.93668. 8=1460.793, 0=207.78
Toluene 0.1835 NIl'. Nil'. 92.1300 0.0700 0.0035 92.13 OpUon 2: 1'.=6.954. 6=1344.8, C-"219.48
UnldonUftod Components 8.1804 Nil'. Nfl'. 81.7849 0.7456 0.9880 89.36
Xylone (.m) 0.0409 Nil'. NIl'. 106.1700 0.0700 0,0009 108.17 OpUcn 2:A=7.oo9. 8=1462.288, G-"215.1I
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TANKS 4.0.9d
Emissions Report· Detail Format

Detail Calculations (AP-42)

J.<115'"'UUJ.J.U
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Med Bow F&P Gasoline Off-Spec Tank -Internal Floating Roof Tank
Medicine Bow, Wyoming

Monlh: January FebrusfY March AprU May Juno July Auoust Seplembar Oolobar November December

Rim Soal Lossos (Ib): 43,0460 39.3992 34.5304 28.0940 31.3907 29.2294 31.5200 30.6140 32.9434 33.1034 34.5360 30.2148
Se.1 Factor A ~b-molelll-yr): 6.7008 6.7008 6.7000 6.7000 6.7000 6.7000 6.7000 6.7000 6.7008 6.7088 6.7008 6.7080
Seal Factor B ~b-moIellI'yr (mph)'n): 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000 0.2000
Vatua ofVapor PTassuru Funcllon: 0.1512 0.1339 0.1120 0.0884 0.0907 0.0906 0.0977 0.0949 0.1036 0.1057 0.1120 0.1299
Vapor Pressurs at Dally Avsrsge Liquid

4.6967 4.2592 3.5067 3.6475 3.5821 3,6131 3.7225 4.0013 4.0663 4.2591 4.7654Surfaco Temporalure (psla): 6.3659
Tenk Dlamslor(O): 6.5000 0.5000 8.5000 8.5000 a.500o 8.5000 8.6008 0.5000 8.5000 8.5000 6.5000 0.5000
Vepor MoIoculsrWol9ht (lbIIb·mols): 00.0000 62.0000 05.0000 67.0000 67.0000 60,0000 66.0000 60.0000 67.0000 66.0000 65.0000 62.0000
Product Faclor: 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

WlUldrawal Lossa. Vb): 0.0620 0.0620 0,0620 0.0620 0.0520 0.0620 0.0620 0.0020 0.0620 0.0620 0.0620 0.0620
Numbsr of Column.: 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0800 1.0000 1.0000 1.0080
Erre.llve Column Dismeter (II): 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Nal Throuohput (Oel/mo.): 2,500.0000 2,500.0800 2.500.0000 2,500.0000 2,500.0000 2,500.0000 2,500.0000 2,500.0000 2,500.0000 2,500.0000 2,500.0000 2.600.0000
Shsn CUnoooe Foc:lor (bbl/l000 oqll): 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0016 0.0016 0.0015 0.0015 0.0015
AVeraoe OrganIc liquid Denslly (lb/oal): 5.6000 5.6000 5.6000 5.6000 5.6000 5.6000 5.6000 5.6000 5.6000 5.6000 5.6000 5.6000
Tenk Diameter (II): 0.5000 8.5000 8.6000 8.5000 8.5000 8.5000 8.5000 8.5000 8.5000 0.5000 8.6000 8.5000

Deck FllllnO Losses (Ih): 101.2574 165.0985 146.4227 118.2983 132.2110 123.0768 132.7250 120.0101 136.7150 139.3888 145.4213 lGO.9116
Value ofVepor Pressure Func!lon: 0.1612 0.1339 0.1120 0.0004 0.0907 0.0906 0.0077 0.0949 0.1036 0.1057 0.1120 0.1299
Vepor MoIeculerWel1Jhl (lbIIb.molet. 60.0000 62.0800 65.0000 67.0000 67.0000 68.0000 65.0000 68.0000 OOסס.67 66.0000 65.0000 62.0000
Product Foetor: 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Tol. Roof AlUng Loss Fact.(Ib·mole/yr): 239.8000 230.8000 239.8000 239.8000 239.6000 239,8000 250.8000 239.0000 239.6000 230.0000 239.0000 230.0000

Deck 8sam Losses (Ib): 2.6231 2.3093 2.0242 1.6467 1.B403 1.7132 1.5476 1.7944 1.0309 1.9403 2.0242 2.2390
Deck Ssom Lenolh (II): 16.7266. 10.7258 18.7268 18.7258 18.7258 18.7268 10.7250 18.7258 18.7258 18.7258 10.7268 18.7250
Dsck Soem Loss per Unll Lenglh

Factor (Ib·molelft-yr): 0.1400 0.1400 . 0.1400 0.1400 0.1400 0.1400 0.1400 0.1400 0.1400 0.1400 0.1400 0.1400
Dook Soom LonoU, Foctor(lIIsqll): 0.3300 0.3300 0.3300 0.3300 0.3300 0.3300 0.3300 0.3300 0.3300 0.3300 0.3300 0.3300
Tank Dlameler (II): 6.5000 8.5000 8.6000 8.5000 6.5000 8.5000 6.5000 8.5000 8.5000 0.5000 8.5000 0.5000
Vapor MolecularWslohl (Il'Jlb·mole): 80.0000 62.0000 86.0000 67.0000 67.0000 68.0000 88.0000 60-0000 07.0000 65.0000 66.0000 52.0000
Product Foc\or. 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Toisl Los.e. (Ib): 226.6892 207.6690 182.0453 148.1016 165.5120 154.0612 166,1553 161.3013 173.6512 174.4945 162.0435 201.4253

Roof Fliling/SlolUs KFaVlHnolo/yr)
Roof FIlling Loss Fecto,..

Qusnllly I(Fb(lb-mols/(yr mph'n» m Los•••(Ib)

Ac•••• Hotch (24·ln. Dlom.)lUnbollsd Covsr. UnODOkst.d 1 36.00 5.90 1.20 256.9292
AUfomalic Gauoe Float WelllUnboUed Cover, Ungaskolad 1 14.00 5.40 1.10 99.9159
Column wen (24-ln. Dlsm.}lBullt.Up Col.-SUdlng Covsr. Unga.k. 1 47.00 0.00 0.00 335.4854
LedderWeli (36-111, Dlom.)ISlkJlng Cover, Ungesketed 1 76.00 0.00 0.00 542.4061
Roof lao or Hangar Well/Adjuslable 6 7.90 0.00. 0.00 358.2901
Ssmplo Pipe orWell (24-ln. DI.m.)/SIIl Febrfo 80.110% Open 1 12.00 0.00 0.00 65.6431
Siub Drain (l-in. Dlemaler)/ -1 1.20 0.00 0.00 0.5643
Vscuum Breakor (10.ln. Dlom.)/Wsl0hlod Mech. AcluoOon, Oeek. 1 6.20 1.20 0.94 44.2409

DEQ 000307
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TANKS 4.0.9d
Emissions Report R Detail Format
Individual Tank Emission Totals

Emissions Report for: Annual

Med Bow F&P Gasoline Off-Spec Tank -Intermit Floating Roof Tank
Medicine Bow. Wyoming

.L a.l;;"" f V.L .LV

il . Losses(lbs) . -]

ilComponents Rim Seal LosslI Wlthdrawl LosslI Deck FIlling LosslI Deck Seam LosslI Tolal Emlssionsl

IGasoline (RVP 13.5) 17.6111 0.1211 326.8111 4.5511 409.101

I 1.2.4-Trimelhylbenzene 0.0111 0.0011 0.0211 0.0011 0.031

I Benzene 0.2711 0.0011 1.1511 0.0211 1.441

I Cyclohexane 0.0411 0.0011. 0.1611 0.0011 0.201

Ethylbenzene 0.0211 0.0011 0.Q7·1I 0.0011 0.091

Hexane (-n) . 02611 0.0011 1.0811 0.0211 1.361

(sooclane 0.0011 0.0011 0.0011 0.0011 0.001

Isopropyl benzene 0.0011 0;0011 0.0111 0.0011 0.011

Toluene 02811 0.0111 1.1711 0.0211 1.471

Unidentified Components 76.6711 0.0911 322.8511 4.4911 404.111

Xylene (-m) 0.0711 0.0111 0.2911 0.0011 0.381

Gasoline (RVP 15.0) 43.0511 0.0611 181.2611 2.5211 226.89\

1.2.4-Trlmelhylbenzene I 0.0011 0.0011 0.0111 0.0011 0.011

Benzene' 0.1411 0.0011 0.5711 0.0111 0.721

Cyclohexane 0.0211 0.0011 0.0811 0.0011 0.101

Ethylbenzene 0.0111 0.0011. 0.0411 0.0011 0.041

Hexane (-n) 0.1311 0.0011 0.5411 0.0111 0.68/

Isooclane 0.0011 0.0011 0.0011 0.0011 0.00/

Isopropyl benzene 0.0011 0.0011 0.0111 0.0011 0.011

Toluene 0.1411 0.0011 0.5811 0.0111 0.73/

Unidentified Components II 42.5811 0.0511 179.2811 2.5011 224.401

Xylene (-m) II 0.0311 0.0011 0.1511 0.0011 0.191

IGasoline (RVP 11.5) II 69.0711 0.1211 290.8411 4.0511 364.091

:, 1,2,4-Trimelhylbenzene 11 0.0111 0.0011 0.0211 0.0011 0.031
i .. Ii " Ii Ii ,

DEQ 000308
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I Benzene II 0.2911 0.0011 1.2111 0.0211 1.521

I Cyclohexane II 0.0411 0.0011 0.1711 0.0011 0.211

I Elhylbenzene 0.0211 0.0011 o.oall 0.0011 0.101

Hexane (-n) 0.2711 0.0011 1.1411 0.0211 1.421

Isooctane . 0.0011 0.0011 0.0011 0.0011 0.001

Isopropyl benzene 0.0011 0.0011 0.D111 0.0011 0.021

Toluene 0.3011 0.0111 1.2511 0.0211 1.571

Unidentified Components 66.oell 0.0911 266.6511 3.9911 356.811

.Xylene (-m) o.oall 0.0111 0.3211 0.0011 0.401

IGasoline (RVP 9) 92.4411. 0.1911 389.2211 5.4211 487.26\

I 1,2,4-Trlmethylbenzene . 0.0111 0.0011 0.0511 0.0011 0.D71

I Benzene 0.5311 0.0011 2.2511 0.0311 2.821

I Cyclohexane I 0.0711 0.0011 0.3111 0.0011 0.391

I Elhylbenzene 1\ 0.0411 0.0011 0.1511 0.0011 0.191

Hexane (-n) 0.4911 0.0011 2.0811 0.0311 2.611

Isooctane 0.0011 . . 0.0111 0.0011 0.0011 0.011

Isopropyl benzene 0.0111 0.0011 0.0211 0.0011 0.031

Toluene 0.5711 0.0111 2.3911 0.0311 3.001

Unidentified Components 90.5711 0.1411 361.3411 5.3111 477.361

Xylene (-m) 0.1511 0.0111 0.6311 0.Q111 0.801

IGasoline (RVP 7.8) . 91.3711 . 0.1911 364.7111 5.3611 481.621

. 1,2,4-Trimelhylbenzene 0.0211 0.0011 0.0611 0.0011 0.081

Benzene 0.6511 0.0011 2.7211 0.0411 3.411

Cyclohexane 0.0911 0.0011 0.3all 0.0111 0.471

'Ethylbenzene 0.0511 . 0.0011 0.1911 0.0011 0.241

Hexane (on) 0.5911 0.0011 2.4911 0.0311 3.121

Isooctane 0.0011 0.0111 0.0011 . 0.0011 0.011

Isopropyl benzene 0.0111 0.0011 0.0311 0.0011 0.041

I Toluene 0.7011 0.0111 2.9611' 0.0411 3.721

I Unidentified Components • I 89.oell 0.1411 375.0711 5.2211 469.511

I Xylene (-m) 0.1911 o.d111 0.8011 0.0111 1.021

IGaSOline (RVP 10) . 33.1011 0.0611 139.3911 1.9411 174.491

1 1.2,4-Trimelhylbenzene 0.0011 0.0011 0.0111 0.0011 0.021

I Benzene 0.1711 0.0011 0.7111 om II 0.891

1 Cyclohexane 0.0211 0.0011 0.1011 0.0011 0.121

1 Ethylbenzene 0.0111 0.0011 0.0511 0.0011 0.061

DEQ 000309
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I Hexane (-n) I! 0.1611 0.0011 . -]:66l1 0.0111 0.821

I Isooc;tane II 0.0011 0.0011 0.0011 0.0011 0.001··

I Isopropyl benzene II 0.0011 0.0011 0.0111 0.0011 0.011

I Toluene II 0.1811 0.0011 0.7511 0.0111 0.94\

I UnldenliOed Components II 32.5211 0.0511 136.9111 1.9111 171.381

I Xylene (-m) II 0.0511 0.0011 0.1911 0.0011 0.251

DEQ 000310
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TANKS 4.0.9d
Emissions Report - Detail Format

Tank Indentification and Physical Characteristics

.I. Q.5\J ~ \.1~ V

Identification
User Identification:
City:
state:
Company:
Type ofTank:
Descripllon:

Tank Dimensions
DIameter (fi):
Volume (gallons):
Tumovers:
SelfSuPP. Roof? (yIn):
No. of Columns:
Eff. Col. Dlam. (it):

Paint Characteristics
Internal Shell Condition:
Shell ColorlShade:
Shell Condmon
Roof Color/Shade:
Roof CondiUon:

Rlm-8eal System
Primary Seal:
Secondary Seal

Deck Characteristics
Deck Fitling Category:
Deck Type:
Construction:
Deck Seam:
Deck Seam Len. (f1):

Deck FlltlnglStatus

Med Bow F&P MeOH Off-Spec Tk
Medicine Bow
Wyoming
Medicine BOlli Fuel & Power LLC
Internal Floating RoofTank
Methanol Off-8pec Tank

8.60
5,000.00

6.00
N

1.00
1.00

UghtRust
WhllelWhlie
Good
WhllelWhlle
Good

Vapor·mounted
None

Typical
Boiled
Panel
Panel: 5 x7.5 Ft

18.73

QuantIty

Access Hatch (24-ln. Diam.)fUnbolted Cover, Ungasketed
Aulomatic Gauge Roat WellfUnbolted Cover, Ungasketed
Column Well (24-ln. Dlam.)/Built-Up Col.-8liding Cover, Ungask.
LadderWell (36-in. Diam.)ISliding Cover, Ungasketed
Roof Leg or Hanger WellfAdjustable
Sample Pipe or Well {24-ln. Dlam.)fSIII Fabrlo Seal 10% Open
Stub Drain (1-ln. D1ameter)18Ilt Fabric 8ea110% Open

1
1
1
1
6
1
1

.....' _.-
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TANKS 4.0.9d
Emissions Report w Detaii Format
Liquid Contents of Storage Tank

Med Bow F&P MeOH Off-Spec Tk -Internal Floating RoofTank
Medicine Bow, Wyoming

.I. Q5\J J UJ. \J

LIqUId
LiquidDally LIquid SUrf. BUlK Vapor Vapor

Tamperalura (d"ll F) Tamp Vapor Pressure (pola) Mol. Mass Mass Mol. Basis for Vapor Prnssure
MbduraiComponanl Monll1 Avg. Min. Ma.. (dag F) Avg. MIn. Max. Welghl. FraeL Fracl. Weight Ca!culaUons

Melhyl eleohol All 47.49 41.37 53.62 ~5.62. 0.9814 NIA NIA 32..~~O 32.04 OpU.n 2: A=7.8ffl. 5=1474.06. 0=2.29.13

".

,....1 IIrt\-n. Y"'." \'T'I A I"\,n. 1\ " , .
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TANKS 4.0.9d
Emissions.Report· Detail Format

Detail Calculations (AP-42)

... ,~ov 'T VL V

")

Med Bow F&P MeOH Off-Spec Tk -Internal Floating Roof Tank
Medicine Bow, Wyoming

Annual Emlssloh Caleaulaltons

Rim Seallo••os (Ib)'
5001 Faolor A (Ib-moIelfl-yr):
So.1 Faclor B Pb-mok>Jn-yr (mph)'n):
VaiuB orVapor Pressure Funcllon:
Vapor Pressu'a at Dally Avarooo liqUid

Surface Temperatura (polo),
Tank Dlemeter (ft):
Vapor Matocular Wolght (Ibnb-mola):
Product Factor:

Wllhd,awallos.es pb),
Number of ColUiMS:
Elfecllve Coluom D1W119ter (n):
Annual Nel Throughput (gallyr.):
Sholl Cllngogo Foclo, (bbU1000 sqn):
Averoga Orgenlc liquid Den.lly (Iblgel):
Tenk momaler (n):

Dook FIlUng lossee (lll):
Value orVopor Pruscuro FuncUon:
Vapor Molecular Weight (Ihnlrmola):
Product Faelor:
Tal. RoolAlling Loss Feot.(llHnole/yr):

Deck Soom lo.... (b):
Dock Seam Lenglh (n);
Dock Soom loss per Unltlonglh

Faclor (Ib-mole/ft-yr):
Dock Soam Lonolh Faclor{fII.qnt,
Tonk DI.meler (ft),
Vapor Molocule, Wolght pbnb'mole):
Product Fodor.

Totel to.... (Ib):

Rool AIUngiSlalus

38.9014
6.7000
0.2000
0.0213

0.9614
8.5000

32.0400
1.0000

0.8608
1.0000
1.0000

30,000.0000
0.0015
6.6300
8.5000

163.8025
0.0213

32.0400
1.0000

239.8000

2,2801
18.7258

0.1400
0.3300
8.5000

32.0400
1.0000·

205,8646

OUonUlY
Roof Filling loss Faclors

KFa(lb-molelyr) KFb(lb·molel(yr mph'o» m lo.so.(lb)
_ ••••• ". _...... • __.~ "~'" - -:.,./.uf _ _ .. .H.~ _ _ _ •.•_ .,__",__,--""_,, _, ••__ ~_ ..__. _~_ _.._ __•__._._,__._ _ _. ._._. ••••. _.

Aceess Halch (24-1n. Dlam.)lUnboliad Cover, Uogaskolsd 1 36.00 5.90 1.20 24.5909
Aulomatlo Gauge Float WalllUnboliad Cover, Ungaskoled 1 14.00 5.40 1.10 9.5631
Column Wall (24-In. Olam.)iBullt-Up Col.-Sliding Covar, Ungask. 1 41.00 0.00 0.00 32.1047
ladder Well (3&-10. Dlom.YSlldlng Covar, Ungasketed 1 76.00 0.00 0.00 51.9141
Roolteg .rHanger WeliAdjuslabla 8 1.90 0.00 0.00 32,3180
Samplo Pipe or Wall (24-1n. Dlam.)lSIII Fabelc Saal1OV. Opon 1 12.00 0.00 0.00 6.1970
Slub Drain (1-ln. Dlamato,)! 1 1.20 0.00 0.00 0.6197
Vacuum Breakar(1().Jn. Dlom.)lWolghlad Mach. AcluoUon, Gask. 1 5.20 1.20 0.94 4.2351

DEQ 000314
1""1 Ilrt \-n, T\." \tTI A f\l"\. 1\ l' 1 , 1. r\ ''''' 1: InOO""



.J....c"J...1.....1:~..U' -r.v ~"\,{J:1VL L

TANKS 4.0.9d
Emissions Report .. Detail Format
Individual Tank Emission Totals

Emissions Report for: Annual

Med Bow F&P MeOH Off-Spec Tk • Internal Floating Roof Tank
Medicine Bow, Wyoming

..I. 0.0 ...,.J VL U

I II ---------------- Losses(lbs)-------- - uu,
IComponents II Rim Seal Lossli Withdrawl Lossli Deck Fitting LosslI Deck Seam Lossl! Total Emlsslonsl

IMethyl alcohol II 38.9011 0.8811 163.8011 2.2811 205.861

. ~ ...
"

DEQ 000315
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TANKS 4.0.9d
Emissions Report. Detail Format

Tank Indentification and Physical Characteristics

.l U15\J 1. V-l V

Identification
User IdenUfication:
CUy:
State:
Company:
Type ofTank:
Description:

Mad Bow F&P Slop Tank
Medicine Bow
Wyoming
Medicine Bow Fuel & Power LLC
Internal Floating RoofTank
Slops Tarik

Tank Dimensions
Diameter (ft):'
Volume (gallons):
Turnovers:
Self Supp. Roof? (y/n):
No. of Columns:
Elf. Col. Dlam. (ft):

Paint Characteristics
Internal Shell Condition:
Shell Color/Shade:
Shell Condltlon
Roof Color/Shade:
Roof Condition:

RlmoSealSystem
Primary Seal:
Secondary Seal

Deck Characteristics
Deck FIlllng Category:
Deck Type:
Construction:
Deck Seam:
Deck Seam Len. (ft):

Deck Fitting/Status

N

Light Rust
WhitelWhlte
Good
WhltelWhlte
Good

Vapor-mounted
None

Typical
Bolted
Panel
Panel: 5 x 7.5 Ft

15.00
7,000.00

6.00

1.00
1.00

58.32

Quantity

Access Hatch (24-ln. Diam.)/Unbolted Cover, Ungasketed
AutomaUc Gauge Float Well/Unbolted Cover, Ungasketed
Column Well (24-ln. Dlam.)/Built-Up Col.-SlIdlng Cover, Ungask.
Ladder Well (36-ln. D1am.)/Sllding Cover, Ungasketed
Roof Leg or Hanger Well/Adjustable
Sample Pipe or Well (24-ln. Diam.)/Sllt Fabric Seal 10% Open
Stub Drain (1-ln. Dlameter)/SlIt Fablic 5eaI10% Open

1
1
1
1
7
1
2

....1 II,.... \-n ....,... \r'T' 1 Ann '1' .. .. DEQ000316
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Vacuum Breaker (10-ln. Dlam.)lWelghted Mach. Actuation, Gask.

Meterological Data used In EmissIons Calculations: Cheyenne, Wyoming (Avg Atmospheric Pressure =11.76 psia)

~ ao'"',J., 'UJ. V

..- ...\
i'. .....~

(""1 IIrt \"n ......"., \ f'T1, oolI no 1\ .' 1 •
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TANKS 4.0.9d
Emissions Report - Detail Format
Liquid Contents of Storage Tank

Mad Bow F&P Slop Tan~ -Internal Floating Roof Tank
Medicine Bow, Wyoming

~a5'" J U~ U

Uquld
UqUldDally LIquId Surf. Bulk Vapor Vapor

TempetalUre Ideo F) Temp Vapor P/llSSure (psla) MoL Mass Mass MoL BasisforVapor~u18
Mixture/Component Month Avg. Min. Max. (deg F) Avg. Min. Max. Welghl Freel FracL Weight Calout,Uons

J,t naphtha (JP-4) All 47A9 41.37 53.62 45.62 0.9~98 NlA NIA 80.0000 120.00 OpUon 1: VP40 =.8 VP50 =1
Benzene 0.8169 NlA NIP. 78.1100 D.006o 0.0D77 78.11 OpUon 2: 1'.=6.905, 8=1211.003, 00220.79
Cyclohe""ne 0.8545 NlA NIl'. 84.1600 0.0120 0.D162 84.16 OpUon2:A=6.841,8=1201.53,C=222.65
Ethylbenzene 0.0693 NlA NIh 100.1700 0.0050 0.0005 106.17 OpUon 2: A=8.975. 8=1424.255, Ca2.13.21
Haxane(-n) 1.3086 NlA NlA 86.1700 0.0160 0.0324 86.17 OpUon 2: 1'.=6.876. 8=1171.17. 0=224.41
IsopropYl benmne 0.0297 NlA NIl'. 120.2000 0.0020 0.0001 120.20 OpUon 2: A=8.93686, 8=1460.793, C=207.78
Toluene 0.2210 NlA NIl'. 92.1300 0.0200 0.0070 92.13 OpUon 2: 1'.=6.954, 8=1344.8, 0"219.40
UrildenUlied Components 1.0005 NlA NIl'. 79.6097 0.9160 0.9330 123.26
Xylene (·m) 0.0574 NIA NIl'. 106.1700 0.0250 0.0023 106.17 OpUon 2: A=7.009. 8=1462.266, 00215.11

..' ...:\
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TANKS 4.0.9d
Emissions Report - Detail' Format

Detail Calculations (AP-42)

.l."5\.1'"'TV.J.V

I
l

-.-'

Mad Bow F&P Slop Tank -Internal Floating Roof Tank
Medicine Bow, Wyoming

Annual Emission CalcaulQUon::J

Rim Seal Looses (Ib~
Sa.1 Feclor AVb-molslft-yr):
S••1Feclor BVb-molslft-yr(mph)"n):
Value 01 Vapor Pressure Funcllon:
Vapor Prs..ure 01 Dally Av.,oga Liquid

surfaca Tempsrelur. (psle):
Tenk Dlameler(ft):
Vepor MoIeeularW.lghl (Ibnh-mola);
Producl Feclor.

Wllhdrawallo"s.Ob):
NumberorColumno:
En.cllv. Column Dlamaler (II):
Annual NatThmugbpul (gaVyr.):
Sh.11 Cllngog. Feclor (bbV1000 oqll):
AVerag. Orgenlc liquid Denslly (Ib/gal):
Tonk Dlomel.r (ft):

Deck FIDlng Loooes pb):
Value of Vapor Pressure Funcllon:
Vapor Molecular Welghl Vbnb-mole):
ProduclFoclor.
Tal. Roar FIlling Loss Facl.(lb·mole/yr):

Deck. Seem losses Vb):
Deck Seem length (ft):
Dock Seam loos per Unn Len91h

Faolor (lb·molo/1l-yr):
Deok Soom Length Foclor(ftIsqft):
Tank Dlemeler (II):
Vapor MoreculerWelghl Obnb-mols):
Product FUGtor:

Total Losoas (Ib~

Roor 1'IliIngiSlolus

169,2578
5,7000
0,2000
0.0211

0.9498
16.0000
00.0000
1.0000

0.6438
1.0000
1.0000

42,000.0000
0.0015
6.4000

15.0000

419.1888
0.0211'

80.0000
1.0000

248.9000

17.5058
66.3156

0.1400
0.3300

15.0000
80.0000

1.0000

606.5953

Quanflty
. Roar Filling laos Feolore

KFaVlHnole/yrj KFb(lb-mole/(yrmph"n)) m lQooao(lb/

Aceoss Holch (24-1n. Dlam.)lUnbolled C..,er, Ungaskelad
AulamaUc Gauge Aoal WalVUnballsd Govar, Ungoskelad
Column wen (24-1n. Dlom.)lBuIll-Up CoL-ending Gover, Ungaok.
Ladder Well (30~n. Ilfem.l/Slldlng Cover. Ungaskated
Roof log or Hangor WetllAdJustsblB
Semple Pipe or Well (24-ln. Dlem.)/SIII Fabric Seal 10% Open
StUb Drain (l-ln. Dlamelar}l
Vacuum Brookor (10~n. Dlom.)lWolghled Mach. Acluellon, Go.~.

1 36.00 5.90 1.20 60.6297
1 14.00 5.40 1.10 23.5762
1 41.00 0.00 0.00 78.1554
1 16.00 0.00 0.00 127.0960
7 1.90 0.00 0.00 93.1339
1 12.00 0.00 0,00 20.2099
2 1.20 0.00 0,00 4.0420
1 0.20 1.20 0,94 10.4418

DEQ 000319
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TANKS 4.0.9d
Emissio~s Report· Detail Format
Individual Tank Emission Totals

Emissions· Report for: Annual

Med Bow F&P Slop Tank -Internal Floating Roof Tank
Medicine Bow, Wyoming

.I. U15\J J Vol V

I Losses(lbs) I
IComponents Rim Seal Lossil Withdrawl LosslI Deck Fitting LosslI Deck Seam Lossil Total Emissionsl

Jet naphtha (JP-4) 169.2611 0.6411 419.1911 17.5111 606.601

Hexane (-n) 5.4911 0.0111 13.5911 0.5711 19.651

Benzene 1.3111 0.0011 3.2411 0.1411 4.691

Toluene 1.18\1 0.0111 2.9311 0.1211 4.241
Ethylbenzene II 0.09\1 0.0011 0.2311 0.0111 0.331
Xylene (-m) II 0.38\1 0.0211 0.9511 0.0411 1,391

Isopropyl benzene II 0.0211 0.0011 0.0411 0.0011 0.061
Cyclohexane. II 2.7411 0.0111 6.7911 0.2811 9.821
Unidentified Components II 158.0511 0.5911 391.4211 16.3511 566.401

DEQ 000320
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BTUlIb
degF

,.···~KRW

:. .iSTIMATED PERFORMANCE PG7121

Load Condition
Exhaust Pressure Loss in H2O
Ambient Temperature deg F
Ambient Relative Humidity %
Fuel Type
Fue1LHV
Fuel Temperature

EMISSIONS

BASE
15.0
85.
16.0
Methane
21,515
80

BASE
15.0
85.
16.0
Methane
21,515·
80

50%
15.0
85.
16.0
Methane
21,515
80

BASE
15.0
45.
80.0
Methane
21,515
80

50%
15.0
45.
80.0
Methane
21,515
80

BASE
15.0
O.
80.0
Methane
21,515
80

50%
15.0
O.
80.0
Methane
21,515
80

NOx ppmvd @ 15% 02 154.
NOx AS N02 lblbr 389.
CO ppmvd 10.
CO Iblbr 16.
UHC ppmvw 7.
UHC Iblbr 7.
Particulates Iblbr 5

(pMI0 Front-halfFilterable Only)
*** See Combustion For Emissio~s

EXHAUST ANALYSIS % VOL.

25.
70.
25.
39.
7.
7.
5

25. 25.
41. 78.
***** 25.
***** 42.
-999. 7.
804. 8.
5 5

·25.
45.

*****
*****
-999.
859.
~

25.
80.
25.
47.
7.
8.
5

25.
:46.
*****
*****
-999.
919.
5

~ ..-f\rgon
" ,itrogen
\ .....-C)xygen

Carbon Dioxide
Water

. SITE CONDITIONS

0.90
75.07
'14.04
3.08
6.92

0.87
72.36
12.89
3.29
10.60

0.89
7429
15.19
2.40
7.23

0.85
7229
12.76
3.35
10.75

0.89
74.26
15.'14
2.42
7.29

0.87
73.42
13.47
3.14
9.10

0.91.
75.11
15.53
2.34·
6.12

Elevation
Site Pressure
Inlet Loss
Exhaust Loss
Application
Power Factor Gag)
Combustion System

ft
psia
in H2O
inHZO

7355.0
11.2
3.50
15.00 @ISO Conditions
Air-Cooled Generator
0.8
Quiet Combustor

Emission information based on GE recommended measurementmethods. NOx emissions are corrected to 15% 02 without
heat rate correction and are not corrected to ISO reference condition per 40CFR 60.335(a)(1)(i). NOx levels shown will be
controlledby algorithms within the SPEEDTRONIC control system.

This document and its contents have been prepared by GE and provided to the recipient for the sole purpose ofevaluating the
use of GE products in apotential power generation project. Disclosure ofthis information to any third party, other than a
party assisting the recipient in such evaluation, is strictly forbidden. The data is ofestimate quality only. Specific, reliable

Page 1 of2
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MEDICINE BOW -NrrROGENINJECfIONWlTH AlREXTRACTION
ESTIMATED PERFORMANCE PG7121- IGCC, PRELJM1NARY, FOR SroDY PIlRPOSES ONLY
Load Condition BASE BASE BASE I

rnletLoss in H2O 3,5 3.5 3,5
Exhaust PressufC Loss in H2O 14,0 14,0 14,0
Ambient Temperature degF 45. -12, 85,

"..,_,,__-._"._ , ~~~S~~~~~.~~~tt... , ,..~..__,_ ,_ _.. __.1 _~Q.p_. .. ~P:L __ . .1~·!L - -.... .. _ -.
.- .. ..... ,_..... .. _.... -_ ...-.- -- - -..... _H. ... •.••. ., . ,.

EMISSIONS
NO" ppmvd @ 15% 02 25, 25, 25,

....... _ J - ~ _ •.',
\

.LHV' w., "0

PlowR.ate
Pressure
Temperature

BTUllb
'lb/h
psia
OF .

16399.6
44,450,'/
335.
300,

16399.6
47,910.
335.
300.

16399.6
40,240,
335.
300.

EXHAUST ANALYSIS %VOL.
Argon
Nitrogen
Oxygen
CarbonDioltlde
Water.

1.03
76,82
12.22

. 3,23
6.71

1.03
77.34
12,08
3.32
6.23

1.03
76.71
12.37
3,17
6.73

smCONDITIONS
Elevation
Site P·ressure
BXhaust Loss
Application
Power Pactor (lag)
CombustIon System

ft
........psia

In H20

7354,9
IU.I ... "'
14.00 @ ISO Conditions
Air-Cooled Generator
0.8
IGce Combustor
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MEDICINE BOW -STEAM INJECTION
ESTIMATED PERFORMANCE PG7121-IGCC. PRELIMINARY, FOR STUDY PURPOSES ONLY
Load Condition BASE BASE BASE
Inlet Loss in H2O 3.5 3.5 3.5
Exhaust Pressure Loss in H20 14.0 14.0 14.0
Ambient Temperature deg F 45. -12. 85.
Ambient Relative Humidity % 60.0 80.0 18.0
Output kW 69,500. 74,300. 61,750.
HeatRate (LHV) BTUIkWh 10,340. 10,440. 10,550.
Heat Cons. (LHY) MMBTU/hr 718.4 775.5 651.7
Exhaust Flow x10A3Iblhr 1919. 2023. 1771.
Exhaust Temperature deg F 975. 958. 1001.

EMISSIONS
NO" ppmvd @ 15% 02 25. 25. 25.

PRIMARY FUEL
Compositions: . %Vol

04 59.87 59.87 59.87
Hz 16.40 16.40 i6.40
CH30H 0.50 0.50 0.50
CZH6 1.76 1.76 1.76
C3Hs 2.81 2.81 2.81
CMw 5.20, 5.20 5.20
CsHI2 0.11 0.11 0.11
Ar 6.21 6.21 6.21
H2O 0.01 0.01 om
N2 4.49 4.49 4.49
CO 1.08 1.08 1.08
CO2 1.56 1.56 1.56

LHV BTU/l~ 16399.6 16399.6 16399.6
Flow Rate '16th ' . 43,800. '47,290.. 39,740.
Pressure psia 335, 335. 335.
Temperature "F 300. 300. 300.

C.) HEAD-END DILUENT IN.mCfION
Compositions: %Vol

H2O 100.00 100.00 100.00
Flow Rate Ib/h 68,510. 75,650. 62.260.
Pressure psia 300. 300. 300.
Temperature OF 500. 500. 500.

EXHAUST ANALYSIS %VOL
Argon 1.04 1.04. 1.03
Nitrogen 70.74 70.98 70.73
Oxygen 12.98 12.89 13.08
Carbon Dioxide 3.iS 3.23 3.09
Water 12.10 11.86 12.07

SITE CONDITIONS
Elevation ft 7354.9
Site Pressure psia 11.2
Exhaust Loss ' inH20 14.00 @ ISO Conditions
Application Air-Cooled Generator
Power Factor (lag) 0.8
Combustion Sys~m IGCC Combustor

Emission infonnation based on GE recommended measurement methods. NOx emissions are corrected to 15% 02
without heat rate correction and are not corrected to ISO reference condition per40CFR 60.335(a)(1)(i). NOx levels
shown will be controlled by algorithms within the SPEEDTRONIC control system.

IPS- Version Code- 3.7.1/145AO/3.7. lIIG7121-04A-0403
501543188 11I13/2oo7 13:47 MedicineBow_7EA_Steam.dat

General Electric Proprietary llrformation.
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IGL Plant Source Classification Codes

Emission Unit SCC Code
Auxiliary Boiler 10200602
Black-Start Generators (3) 20100201
Catalyst Regenerator 30600106
C02 Vent Stack N/A
Coal St0rage 30501009
Firewater Pump 20200102
Flares 30490024
Fugitives 30600811
Gasifier Preheaters (5) .30600105
Gasoline Storage Tanks 2501000120
HGT Reactor Charge Heater 30600106
Methanol Storage Tanks 2510000260
Reactivation Heater 30600106
Turbine and HRSG Trains' (3) 20100301

Page 1 of8
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IGL Plant Equipment List

Equipment Type
Centrifugal pump
Centrifugal pump
Centrifugal pump
Centrifugal pump
Centrifugal pump

.Centrifugal pump
Centrifugal pump
Centrifugal pump
Centrifugal pump
Centrifugal pump
Aircooler
Aircooler
Aircooler
Aircooler
Aircooler
Shell and tUbe
Shell and tube
Shell and tube
Shell and tube
Shell and tUbe
Shell and tube
Shell and tube
Shell and tube
Shell and tube
Shall and tUbe
Shell and tube
Shell and tube
Shell and tube
Shell and tube
Shell and tube
Shell and tube
Tower
Tower
Reactor
Reactor
KO Drum
KO Drum
KO Drum
Tank
KO Drum
KO Drum
Aircooler
Aircooler
Aircooler
Aircooler
Aircooler
AirCDoler
AircDoler

Equipment Name
PROCESS CONDENSATE PUMP
PROCESS CONDENSATE PUMP SPARE
SWS BOTTOMS PUMP
SWS BOTTOMS PUMP SPARE
AMMONIA STRIPPER BOTTOMS PUMP
AMMONIA STRIPPER, BOTTOMS PUMP SPARE
SOUR KO DRUM PUMP
SOUR KO DRUM PUMP SPARE
SOUR SHIFT PC PUMP'
SOUR SHIFT PC PUMP SPARE
COS HYDROLYSIS RXTR EFFLUENT
SWS PUMPAROUND CLR
SOUR GAS COOLER
BLOWDOWN WATER COOLER
SOUR SHIFT REACTOR EFFLUENT CONDENSER
LP STEAM GENERATOR
COS HYDROLYSIS PREHEATER
LP BFW PREHEATER
HG GUARD BED PREHEATER
swS REBOILER
AMMONIA STRIPPER REBOILER
SOUR SHIFT LP STEAM GEN
SOUR SHIFT FEEDfEFFLUENT
SOUR SHIFT MP STEAM GEN
AMMONIA STRIP FEED PRE
MP STEAM GENERATOR
1ST MP BFW PREHEATER
1ST MP BFW PREHEATER
VLP STEAM GEN
SWS FEED PREHEATER
SHIFTED HG GB PREHTR
SOUR WATER STRIPPER
AMMONIA STRIPPER
COS HYDROLYSIS REACTOR
CO SHIFT REACTOR
HOT SYNGAS KO DRUfv1
COLD SYNGAS KO DRUM
SOUR GAS KO DRUM
CAUSTIC INJECTION DRUM
SOUR SHIFT KO DRUM
COLD SHIFTED KO DRUM
No 1 Vae Flash Ohead Con
No 2 Vae Flash Ohead Con
HP Flash Trim Air Cooler
No 1 Vac Flash Ohead Con
No 2 Vae Flash Ohead Con
HP Flash Trim Air Cooler
No 1 Vae Flash Ohead Con

Equipment
Tag
P-13001A
P-13001B
P-13002A
P-13002B
P-13004A
P-13004B
P-13005A
P-13005B
P-13007A
P-13007B
AC-13001 .
AC·13002
AC-13003
AC-13004
AC-13006
E-13002
E-13003
E-13004
E-13005

·E-13006
E-13007
E-13008
E-13009
E-13D10
E-13011
E-13011
E-13012
E-13013
E-13014
E-13015
E-13016
T-13001
T-13002
R-13001
R·13002
V-13001
V-13002
V-13003
V-13004
V-13005
V-13006
03E-303
03E-303
03E-302
03E-203
03E-203
03E-202
03E-103

No. of
Identic.aI

Items
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1·
1
1
1
1
1
1
1
1
1
1
1
1
1
1
3
1
1
1
1
1
1
1
1
1
1
1
1
1

Page 2 of8
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IGL Plant Equipment List

,.......-.. ,. Aircooler No 2 Vae Flash Ohead Con 03E-i03 1. \
. ) Aircooler HP Flash Trim Air Cooler 03E~i02 1

Aircooler Quench Water Startup Clr 03E-005 1
Aircooler HP Flash Trim Air Cooler 03E-402 1
Aircooler No 1 Vac Flash Ohead Con 03E-403 1
Aircooler No 2 Vae Flash Ohead Con 03E-403 1
Aircooler HP Flash Trim Air Cooler 03E-502 1
Aircooler No 1 Vac Flash Ohead Con 03E-503 1
Aircooler No 2 Vac Flash Ohead Con 03E-503 1
Centrifugal pump Injector Coolant Pump 02-POO1A1B/C 3
Centrifugal pump Lo.ckhopper Cire. Pump 02-P102AIB 10
Centrifugal pump Slag Sump Pump 02P-103A1B 10

Centrifugal pump Preheat Water Pump 02-P-104A 10

Centrifugal pump Vac. Flash Condo Pump 03p-104A1B 10

Centrifugal pump Slurry Transfer Pump 0iP-iD3 1
Centrifugal pump Slurry Transfer Pump 01P-203 1
Centrifugal pump Slurry Transfer Pump 01p·303 1
Centrifugal pump Scrubber Feed Pump 03P-002 6

Centrifugal pump Settler Bottoms Pump 03-POD5 4

Centrifugal pump Grey Water Discharge Pump OSP-006 4
Centrifugal pump Filter Feed Pump 03P-008AIBIO 3

Centrifugal pump Grinding Water Pumps 03p·OO9AIB/C 3
Centrifuged pump . Quench Water Pump .03P-101AIB 10

Centrifugal pump Vac Flash Bottoms Pump 03P-i03A1B 10

C=)
Centrifugal pump Grinding Sump Pump 01P-005AIB 2
Centrifugal pump Fines Area Sump Pump D3P-007A1B 2

Ejector Startup aspirator 02X-i05 5

Filter Quench water Strainer 02F-102 10

GE Quench Gasifier Quench Gasifier 02R-i01 1

GE Quench Gasifier Quench Gasifier 02R-101 1

GE Quench Gasifier Quench Gasifier 02R~101 1

GE Quench Gasifier Quench Gasifier 02R-101 1
GE Quench Gasifier Quench Gasifier 02R-101 1

KO Drum Gasifier Seal Pot 02V-102 5

KO Drum Aspirator Separator 02V-i03 5

KO Drum Injeotor Coolant Gas Sepr 02V-105 5

KODrum HP Flash Drum 03V-103 5

KODrum LP Flash Drum 03V-105 5
KO Drum Vacuum Flash Drum No 1 03V-106 5

KO Drum Vacuum Flash Drum No2 03V-108 5

KO Drum HP Flash OH Drum 03V-104 5

KO Drum No 1Vac Flash OH Drum 03V-i07 5

KO Drum No 1 Vac Flash OH Drum 03V-i09 5

KO Drum Lockhopper 02V-106 5

KO Drum Lockhopper Flush Drum 02V-107 5

Other Slag Crusher 02X-103 5

Shell and tube HP Flash OH Condenser 03E-101 5

Shell and tube HP Flash OH Condenser 03E-201 5
Shell and tube HP Flash OH Condenser 03E-30i 5

Shell and tube HP Flash OH Condenser 03E-40i 5
\

Shell and tube HP Flash OH Condenser 03E-501 5
-" ..J

Page30f8
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IGL Plant Equipment List

Tank Grey Water Tank 03T-002 1
Tank Slurry Additive Tank 03T·OO3 1
Tank Mill Discharge tank 01T·i04 3
Tank Slurry Tank 01T·i05 3
Tank Injector Coolant Tank 02T-OOi 1
Tank Settler 03T-OOi 2
Tank Filter Feed Tank 03T-004 1
Tank Filtrate Tank 03T·OO5 1
Tower Syngas Scrubber 03V-101 5

Slurry Additive Tank Agit 01A-DOi 1
Grindinl;1 Sump Agitator 01A-D04 1
Mill Discharge Tank Agitr 0iA-102 3
Slurry Tank Agitator 0iA-103 5
Grind Mill Disch HVAC Fan D1C-101 "3
Trommel Screen 01F-iD1 5
Fluxant feed Conveyor 01L-101 3
Grinding Sump 01T·106 1
Fluxant Weigh Feeder 01W-101 3
Slag Sump Agitator 02A-102 5
Oxygen Filter 02F-101 10
Slurry Vibrating Screen 02!=-i02 3
Coarse Slag Screen 02F-103 5
Slag Drag Conveyor 02L-i01 " .. 5
Slag Sump 02T-i02 5
Oxygen Silencer 02X-101 5
Feed Injector 02X-102 10
Preheat Burner 02X."104 5
Settler Rake OSA-OOi 2
Fines Sump Agitator 03A-002 1
Filter Feed tank Agitator 03A-003 1
filtrate Tank Agitator 03A-D04 1
Fines Filter Press 03F-DOi 3
Fines Sump 03T-003 1
No;!Zle Scrubber 03X-101 5
GasifIer Refractory 02R-10i-lnt 5

Filter Crude Methanol Filter H-321 AlB 2
Filter Crude Methanol Filter H-322NB 2
Compressor Syngas Compressor J-11i 1
Compressor Loop Circulator J-121 1
Aircooler Syngas Camp Spilback E-211 1
aircooler Loop condenser No.1 E-221 1
alrcooler Loop condenser No.2 E-222 1
Shell and tube Syngas purifict preheater 1:-111 1
Shell and tube loop Interchanger no.1 E-121 1
Shell and tube loop interchanger no.2 1:-123" 1
Reactor Syngas purification vessl 0-111 2
Reactor Methano Synthesis Reactor 0-121 1
Reactor Methano Synthesis Reactor 0-122 1
KODrum Syngas KO Drum 0-311 1
Reactor PSA Unit - 5 drums total L-121 "5
KO Drum Methanol Catchpot No.1 0-321 1

Page 4 of8
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IGL Plant Equipment List

'., KO Drum Methanol Catchpot No.2 D-322 1,.- \
KO Drum Letdown Vessel D-323 1
Centrifugal pump MaOH Charge P-01 AlB 2
Centrifugal pump Deenthanizer Feed P-02AIB 2
Centrifugal pump MTG Process Water P-03AIB 2
Centrifugal pump Deethanizer Ovhd Cooler P-04AIB 2
Centrifugal pump Stabilizer OVHD P-05AIB 2
Centrifugal pump Lean oil Supply P-06A1B 2
Centrifugal pump Splitter OVHD P-07 AlB 2
Centrifugal pump Splitter BTTMS P-08NB 2
Centrifugal pump Absorber BTTMS P-09A1B 2
Centrifugal pump MaOH Recovery OVHD P-10AIB 2
Centrifugal pump MeOH BTTMS P-11 AlB 2
Centrifugal pump HGT Charge P-351 AlB 2
Centrifugal pump Stripper OVHD P-352 AlB 2
Tower Deethanizer C-1 1
Furnace Regeneration Heater B-1 1
Furnace Reactivation Heater B-2 1
Furnace HGT Reactor Charge B-351 1
Compressor MTG Recycle gas K-1 1
Compressor Regeneration Air K-2 1
Compressor .Regeneratlon Gas K-3 1
Compressor HGT Recycle .K-351 PJ8 1
Aircooler MTG Reactor Effluent Coolers EA-1 J..;,'

/. --" Aircooler Regeneration Cooler EA-2 1
Aircooler Deethanizer Ovhd Condenser EA-3 1

\.... .,...) Aircooler stabilizer OVHD Condenser EA-4 1
Aircooler LpG Cooler EA-5 1
Aircooler Lean Oil Cooler EA-6 1
Aircooler Splitter OVHD Condenser EA-7 l'
Aircooler Light Gasoline Cooler EA-8 1
Aircooler Heavy Gasoline Cooler EA-9 1
Aircooler MeOH Recovery Condenser EA-10 1
Aircooler LT Separator Feed Cooler EA-351 1
Aircooler Stripper OVHD Condenser EA·352 1
Shell and Tube MeOH Preheater E-1 1
Shell and Tube MeOH Vaporizer E-2 1
Shell and Tube MeOHSupper Heater E-3 1
Shell and Tube Recycle Gas/Effluent HX E-4 1
Shell and Tube HP Steam Generator E-5 1
Shell and Tube Regeneration Gal? Interchanger E-6 1
Shell and Tube Deethanizer Reboiler E-? 1
Shell and Tube Deethanizer Feed I Bttms E-8 1
Shell and Tube Stabilizer Reboiler E-9 1
Shell and Tube Splitter Reboiler E-10 1
Shell and TUbe HGT Feed/ Stripper BTTMS E-351 1
Shell and Tube HGT Feed / reactor Effluent E-352 1
Shell and Tube HGT Recycle Gas / HT Separator E-353 1
Shell and Tube Cold Stripper Feed / LT Sep Feed E-354 1
Shell and Tube Stripper Reboiler E-355 1

i Shell and Tube Treated Heavy Gasoline Cooler E-356 1
".. .-/
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IGL Plant Equipment List

KO Drum MeOH Flash Drum D-1 1
KO Drum HP Steam Drum 0-2 1
KO Drum Product Separator 0-3 1
KO Drum DeElthanizer OH Drum D-6 1
KO Drum stabilizer OH Drum D-7 1
KO Drum Splitter OH Drum D-8 1
KO Drum Absorber Feed KO Drum 0-9 1
KO Drum MeOH OVHD Drum 0-11 1
KO Drum HGT Feed Surge Drum D-351 1
KO Drum Low Temp Separator 0-353 1
KO Drum Stripper OH Drum D-355 1
Tower Absoorber G-4 1
Tower MeOH Recovery Column C-5 1
Tower Product Stripper C-351 1
Tower Gasoline Splitter C-3
KO Drum MTG Process Water Flash Drum D-4 1
KO Drum Regeneration Gas Separator D-5 1
KO Drum Absorber OVHD KO Drum D-10 1
KO Drum Height Temp. Separator 0-352 1
KO Drum HGT Recycle Gas KO Drum D-354 1
Centrifugal pump MTG Water Pump 2
Centrifugal pump Methanol Transfer Pump 2
Centrifugal pump Gasoline Send-Out Pump 3·
Centrifugal pump Sulfur Send-Out Pump 2
Centrifugal pump Slops Tank Transfer Pump 1
Centrifugal pump Acid Gas Wash Drum Pump P-31001 AlB 2
Centrifugal pump Contact Condo Circ. Pump P-31005AB 2
Centrifugal pump Desuperheater Cire. Pump P-31 006 1
Centrifugal pump Sulfur Degassing Pump P-31 003 AlB 2
Centrifugal pump Sulfur Transfer Pump. P-31 004 AlB 2
Ejector Sulfur Pit Vent Ejector EJ-310n1 1
Ejector Degassing Vent Ejector EJ-31 002 1
Fan Start-Up Blower BL-31 002 1
Furnace Claus Reaction Furnace H-31001 1
Aircooler Waste Steam Condenser AC-31 006 1
Alrcooler Spent Caustic Cooler AC-31 009 1
Aircooler Contact Condo H20 Cooler AC:-31 014 1
Shell and Tube No. 1 Condenser E-31 002 1
Shell and Tube No.2 Condenser .E-31003 1
Shell and Tube No.3 Condenser E-31 004 1
Shell and Tube No.4 Condenser E-31 005 1
Shell and Tube No.1 Reheater E-31 007 1
Shell and Tube No.2 Reheater E-31 008 1
Shell and Tube No.3 Reheater E-31 009 1
Shell and Tube Hydrogen. Effi. Cooler" E-31 012 1
Shell and Tube Hydrogenator Preheater E-31013 1
Shell and Tube Waste Heat Boller E-31 001 1
Tower Sulfur Degasser T-31xxx 1
Tower Desuperhtr/Contact Condo T-31 003 1
KO Drum Acid Gas KO Drum V-31 001 1
KO Drum Steam Drum V-31 003 1
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DEQ 000331



IGL Plant Equipment List

" "', KO Drum *Claus Converter R-3i 001/213 1

\ ... KO Drum S/U Blower KO Drum V-31xxx 1
Centrifugal pump HP Lean Solvent Pump P-21 001 4
Centrifugal pump Reflux Pump P-2i 002 4
Centrifugal pump Loaded Solvent Pump P-21003 4
Centrifugal pump Semi-Lean Solvent Pump P-21 004 4
Centrifugal pump LP Lean Solvent Pump P-21 005 4
Centrifugal pump Semi-Lean Pump Unshifted P-21xxx 4
Centrifugal pump H2S Pump for Unshlfted P-21x:xx 4
Centrifugal pump Hydraulic Turbine 1 P-21xxx 4
Centrifugal pump Hydraulic Turbine 2 P-21xxx 4
Compressor Stripping Gas Compressor K-21 001 2
Compressor H2S Flash Gas Compo 2 K-21 002 2
Compressor C02 Recycle Compressor K-21 003 2
Compressor H2S Flash Gas Compo 1 K-21 xxx: 2
Compressor TG Compo Stage 1 ' K-2i010 2
Compressor TG Compo Stage 2 K-21011 2
Aireooler H2S Recycle Gas Cooler 2 E-2i007 2
Aireooler H2S Flash Gas Cooler 2 E-2i003 2
Aircooler H2S Recycle Gas Cooler E-21 006 2
Aircooler Reflux Condenser E-21 005 2
Aircooler C02 Recycle Gas COQ.ler. E-21011 2.
Aircooler H2S Flash Gas Cooler 1 E·21Oi0 2
Aircooler Shifted Feed Gas Cooler E-21xxx '2
Aircooler TG Compressor Cooler 1 E-21xxx 2

C,') Shell and Tube Feed / Product Exchanger E-21001 2
Shell and Tube Lean / Rich Exchanger E-21 002 2
Shell and Tube Lean Solvent Chiller E·21 008 2
Shell and Tube Loaded Solvent Chiller E-2i 009 2
KO Drum H2S Rich MP Flash Drum V-2i 001 2
KO Drum Flash Gas KO Drum V-2i 002 2
KODrum Reflux Drum V-2i 003 2
KO Drum C02 Recycle Flash Drum V-2i 004 2
KODrum C02 MP Flash Drum V·2i 005 2
KODrum C02 LP Flash Drum V-2i 006 2
KO Drum H2S Rich LP Flash Drum V-21 xxx 2
Shell and Tube Stripper Reboiler E-21 004 1
Tower H2S Absorber Shifted Gas C-21001 2
Tower H2S Concentrator C-21 002 2
Tower H2S Stripper C-2i 003 2
Tower C02 Absorber Shifted Gas C-21 004 2
Tower C02 Absorbe Unshlfted Gas C-21005 2
Tower H2S Absorbe Unshifted Gas C-2i 006 2
Other Refrigeration Package NB Z-21001AB 2
Tank Methanol Tanks 2
Tank Gasoline Product Tanks 8
Tank MTG Water Tank 1
Tank Liquid Sulfur Storage Tk. 2
Tank S[opsTank 1
Tank Off-spec methanol tank 1
Tank Off-spec gasoline tank 1

j
.J
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IGL Plant Equipment List

Tank
KODrum
KO Drum
Tank
Flare
Centrifugal pump
Centrifugal pump
Centrifugal pump
Centrifugal pump
Centrifugal pump
Centrifugal pump

Heavy Gasoline Tank
MEtHANOL LET DOWN DRUM
Flare KO Drums
LPG Tanks
Flare Stack
MTG Water Pump
Methanol Transfer Pump
Gasoline Send-Out Pump
Sulfur·Send-Out Pump
Slops Tank Transfer Pump
Flare KO Drum Pump
Air Separation Unit
Power Plant
Auxiliary Boiler
Fire Protection
Set Up Transformers
Swltchyard
Water Treatment System

1
1
4
2
2
2
2
3
2
1
4
2
1
1
1
1
1
1

Along with the equipment listed above, tllere will be several conveyors that will
be Used to transfer coal from the mine to the coal storage, and from storage
to the plant There will also be conveyors to move slag from the gasifiers

. to the slag storage area. . .

Page 8 of 8
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BACT Review ofRecent NOx Limits for Combined Cycle Combnstion Turbines Fueled With Other Gaseons Fuels
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Pollution Control Permit Date
Facility Fuel CapacIty NOx Emission Limit Method Basis (Permit

: Number)

Bayport Energy Center Mixture of low- 225 MMBtufhr 3.5 ppmvd (3-hour), 1.9 Dry low- NO", combustors BACT-PSD 1012012003
LP, Bayport Energy sulfur fuel gas and ppmvd (annual) and low- NO", duct burners (P1031)
Center NG

Union Carbide Corp., Primary fuel gas 14.2MW 25 ppmvd @ 15% 02 Low- NO", combustor Other case-by- 112312003
Texas City Operations (each) case (PSD-TX-841)

Tampa Electric Syngas from 190MW 15 ppmvd @ 15% 02 ' Combustion Improvement, Other case-by- 1212312002
Company TECO-Polk petcoke and coal (each) nitrogen diluent injection case (PSD-FL-194)
Power

Exxon Mobil, Exxon Proprietary mix of 35.8MW 8 ppmvd @ 15% 02 Proprietary low-BTU fuel BACT-PSD 6119/2002
Mobil Shute Creek process gas, sales (3D-day rolling average). and low- NO", burners (MD-771)

gas, and hydrogen

Global Energy, Inc., Syngas 170MW 15 ppmvd @ 15% 02 Dilution prior to BACT-PSD 3/26/2002 (03-
Lima Energy Company combustion and dilution 13445)

injection into combustion
zone

Kentucky Pioneer Synthesis gas 197MW 15 ppmvd @ 15% 02 steam injection BACT-PSD 6/7/2001 01-
Energy, LLC, Kentucky 00-049)
Pioneer Energy, LLC -
Trapp

Borden Chemicals and NG / acetylene 473 MMBtu/hr 62 ppmvd @ 15% 02 Steam Injection RACT 5/29/2001
Plastics Operating, LP (PSD-LA-539) .
(COGEN III Unit)

Borden Chemicals and NG I acetylene 471 MMBtu/hr 51 ppm @ 15% 02 Steam injection BACT-PSD 5/29/2001
Plastics Operating, LP (prior (PSD-LA-535
(COGEN II Unit) determination) [M-2])
Valero Refining Co. - Not available 27 ppm@ 15% 02 Not available Other case-by- 2/23/2000
Texas City Refinery fuel gas case (PSD-TX-

822M2)
Sweeny Cogeneration Residue gas 121.3 MW (each) 15 ppm@ 15% 02 Dry low- NOxburners Other case-by- 9/30/1998

Page 1
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Pollution Control Permit Date
Facmty Fuel Capacity NOx Emission Limit Method Basis (Permit

Number)

Limited P~rtnersh.ip (natural gas only.). case (PSD-TX-857)
25 ppm@ 15% 02
(natural gas and residue
gas)

Star Enterprise Syngas or LSDF 90 MW(each) 16 ppm@ 15% 02 Nitrogen Injecoon (firing LAER 3/30/1998
syngas), steam Injection (APC-97l0!503-
(firing LSDF) CONST

Note:
Information was obtained from the RACT/BACT/LAER Clearinghouse based on process type 15.250 (Large Combustion Turbines
[>25 MW), Combined-Cycle & Cogeneration [>25 MW], Other·Gaseous Fuel & Gaseous Fuel Mixtures}. The search period included
the ten-year period from 9/28/1997 to 9/2812007.

Acronyms:
LAER = Lowest achievable emission rate
LSDF = Low-sulfur diesel fuel
MMBtulbr = Million British thermal units per hour
MW = Megawatt
NG = Natural gas
NOx = Nitrogen oxides
O2 = Oxygen
PSD = Prevention ofsignificant deterioration
RACT = Reasonable available control technology

2
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SADpLESACK HiLLS MINE SURFACE FAC1UTY

PrelimInary CO&tEstim~

The foUo'Wing preliminary cost estimates, with an accuracy of± 20%, ate based on three
active storage options '!hat were considered:

6- Option 1 reflects a 300,000 ton active storage pile with stacking tubes and live
reclaim located in a sheltered area located between the high wall and an earthen
berm.

• Option 2 reflects a 300,000 ton active storage pile 'With stacking tubes and live
~claim located in an open area that is un-sheltered from winderos1on.

.lI Option 3 reflects 300,,000 ton. totally enclosed slot storage 'lffi.th. 100% live storage.



PRELIMINARY EMISSIONS AND BACT ANALYSIS
(Pending verification of assumptions, costs, etc.)

Saddleback Hills Mine Storage System

UMS BACT Analysis: InMPit TUbe Stacker vs. Covered Slot Storage

Capital Cost
Mine Life (Years)
Discount Rate (annual cost of capital)
Net Present Value of Annual O&M Cost
Levelized Annual Cost
Annual PM-10 Emissions (tpy)
Differential Emissions Control (tpy)
Differ.ential Techno(ogy Cost per Year
Incremental Control Cost (per ton PM­
10)

$115,000,000
20

8.0%
$0

$5,750,000
0.0

$9,000,000
20

8.0%
$7,363,611

$818,181
64.1

64.1­
$4,931,819

$76,992

UMS BACT Analysis: InMPit Tube Stacker vs. Surface Tube Stacker

Capital Cost
Mine Life (Years)
Discount Rate (annual cost of capital)
Net Present Value of Annual O&M Cost
Levellzed Annual Cost
Annual PM-1 0 Emissions (tpy)
Differential Emissions Control (tpy)
Differential Technology Cost per Year
Incremental Control Cost (per ton PM­
10)

$9,000,000
20

8.0%
$7,363,611

$818,181
64,1

$8,000,000
20

8.0%
$7,363,611

$768,181
62.2

18.1
$50,000

$2,761
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Arch Coal Company, SaddiebackHills Mine
BACT Option 1 (In·Pit Stacking Tubes) PM·IO Emissions

Emission
Source
Dozer Reclaim

Type
Fugitive

Description
Cat Dll Dozer
Emission Factor
Total Throughput
Dozed Throughput
Dozer Productivity
Operating HIs
TSP Emissions
PM-IO Emissions

Control
None

8.0 LblHr
6,000,000 TonslYr
3,000,000 TonslYr

1,000 TonslHr
3,000 Hrs
12.00 TonslYr
3.60 TonslYr

Additional Information

'WDEQ 2002 Guidance
Total Coal Through Storage
Pornon to Dead Storage
Estimate for 300,000 Ton Pile
ProduetivitylThroughput
E=(EF x Op Hrs)12000
30%ofTSP

Coal Stacker Fugitive Coal Dumping to Stockpile
Emission Factor
% Suspended

.Control Factor
Material Dumped
TSP Emissions
PM-IO Emissions

Stacking Tubes
0.017 Lbrron 'WDEQ Emission: Factor
0.75 WDEQEmissionFactor

50.00% Estimated
6,000,000 TonslYr Total.Coal Through Storage

19.13 TonslYr E=(EFx% sus xMDI2000)x(1-CF)
5.74 TonsIYr 30% ojTSP

Coal Reclaim Fugitive Vibratory & Pile Activator Feeder Passive Control
Emission Factor . 0.017 Lblfon 'WDEQ Emission Factor
%Suspended 0.75 WDEQ Emission Factor .
Control Factor 100.00% Estimated
MaterialReclaimed 6,000,000 TonslYr Total Coal T!rroughStorage
TSP Emissions 0.00 TonsIYr E=(EFx% sus x MRl2000)x(1-CF)
PM-IO Emissions 0.00 TonsfYr" 30% ojTSP

Coal Stockpile Fugitive Wind Erosion on Stockpiles
Emission Factor
Pile Size
Fraction Suspended
Hours
Ave. Wind Speed
Wet Days
Control Factor
TSP Emissions
PM·IO Emissions

Water
1.2 Lb/AcrelHr

11.0 Acres
0.75

8,760 HOllIS

5.03 meters/Sec
60

0.00%
182.40 TansIYr
54.72 TonslYr

WDEQ Emission Factor
Calculatedfrom Pile Size
WDEQ Emission Factor
TotalA:n.nual
Adjustedfor in-pit
Semince Mine 5-YearAverage

E=(EF xAWS x %sus xPSx
((365-WDY365) x (1-CF))I2000

TOTAL PM-10 EMISSIONS 64.1 TonsfYr

DEQ,000340



Arch Coal Company, SaddIeback mlls Mine
BACT Option 2 (On-Surface Tube Stacker) PM-IO Emissions

Emission
. Source
Dozer Reclaim

Type
Fugitive

Description
Cat D11 Dozer
Emission Factor
Total Throughput
Dozed Throughput
Dozer Productivity
Operating Hra
TSP Emissions
PM-I0Emissions

Control
None

8.0 LblHr
6,000,000 TanslYr
3,000,000 TansIYr

1,000 TonslHr
3,000 Hra
12.00 TanslYr
3.60 TonsfYr

Additional Infonnation

WDEQ 2002 Guidance
Total Coal Through Storage
Portion to Dead Storage
Estimate/or 300,000 Ton Pile
ProductivitylI'hroughput
E=(EF X Op Hrs)/2000
30%ofTSP

Coal Stacker Fugitive CoalDumping to Stockpile
Emission Factor
% Suspended
Control Factor
Material Dumped
TSP Emissions
PM-I0 Emissions

Stacking Tubes
0.017 LblI'on WDEQ Emission Factor
0.75 WDEQ Emission Factor

50.00% Estimated
6,000,000 TonslYr Total Coal Through Storage

19.13 TonslYr E=(EF:x%susxMDI2000)x(I-CF)
5.74 TonsfYr 30% o/TSP

Coal Reclaim Fugitive Vibratory & Pile ActivatorFeeder Passive Control
Emission Factor 0.017 LblTon WDEQ Emission Factor
%Suspended 0.75 WDEQ Emission Factor
~ontrol Factor 100.00% Estimated
MaterialReclaUned 15,000,000 TonslYr .. . Total Coat Through Storage
TSP Emissions 0.00 TonslYr E=(EF);% sus x MRl2000)x(l-CF)
PM-IO Emissions (),O~ Tonsl'Yr 30% o/TSP

Coal Stockpile Fugitive Wind Erosion on Stockpiles
Emission Factor
Pile Size
Fraction Suspended
HoiJrs
Ave. Wind Speed
Wet Days
Control Factor
TSP Emissions
PM·I0 Emissions

Water
1.2 Lb/AcrelHr

11.0 Acres
0':75

8,760 Hours
6.70 meters/Sec

50
0.00%
242.77 Tons{'fr
.72.83 TonslYr

WDEQ Emission Factor
CalculatedjromPile Size
WDEQ Emission Factor
Total Annual
Avg wind speed at surface
Seminoe Mine 5·YearAverage

E=(EF xAWS x %sus x PSx
((365-WD)/365) x (I-CF))I2000

TOTAL PM·I0 EMISSIONS 82,2 TonslYr
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COSTS FOR MERCURY REMOVAl. SYSTEM

Client OKRW

Service Mercury Guard Beds

Equipment 10 R-2B01 AlB

Capacity, Mlv1scfd (each vessel) 304.00
Flow Rate, Nm3/hr (each vessel) 334,927

Hg Inlet Concentration, /lg/Nm3 91.22

Hg Outlet Concentration, p.g/Nm3 0.02
Hg Mass R.emoved, )lg/Nm3 91.20
Hg Removal Efficiency, % 99.98
Hg Mass Removed, Ib/hr (each vessel) 0.067
Hg Mass Removed, ton/yr (each vessel) 0.295
Hg Mass Removed, tonlyr (both vessels) 0.590

Total Capital Cost

Itemized Expenditures
CAPITAL COSTS:

Carbon Adsorbent Cost
Equipment Installed Cost

Total Installed Cost (TIC)

OPERATING COSTS:

Catalyst Replacement (every 10 years)

Annual Operating Costs

..

Cost in
Estimated

$ 135,000
$ 1,000,000
$ 1,135,000

$ 13,500

$ 13,500

TOTAL ANNUAL COSTS:
Capital Recovery Factor (9.1%, 20 yr life)
Annualized Total Capital Investment

Total Annual Costs,$/yr
HGREMOVAL:

Hg Removed, ton/yr
Cost of Hg Removed, S/ton

0.1103

0.590

xTIC $
$

$

125,223
138,723

235,164

......... J

All costs are based on a mercury guard bed design provided by SME Associates.
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Prepared for SNC

PROJECT: DKRW Energy CGTL
ITEM: Hg Capture

This design was prepared
Call Daren Scott if questions arise
DESIGN CONDITIONS

13-Jun..()6

VAPOR PHASE MERCURY FLITRATION

SME Associates .
13231 Champion Forest Dr, Suite 201
Houston, Tx. 77069
Phone (281)440-7350
Fax (281)440-7353

FLOWRATE:
FLOWRATE:
FLOWRATE:
MOLECULAR WEIGHT:
OPERATING PRESSURE:
DESIGN TEMPERATURE:
H20 SATURATiON TEMP:
H20 RELATIVE HUMIDITY:
COMPRESSIBILITY USED:
DENSITY:
VISCOSITY:
INLET Hg CONTENT:

" n "

II II II

" n II ··." II W · ..
·

11 n II ··11 II II

·
OUTLET Hg CONTENT:
DESIGN VARIABLES
MAXIMUM SUI='ERFICIAL VELOCITY:
MINIMUM CONTACT TIME:
EXTRUDATE SiZE:
LOADING USED:
SELECTION

304 MMSCFDNESSEL
694,414 #/FT3

334,927.4 NM3/HR
20.805

945 PSJA
120 of
120 of
100 %

0.967 Z
3.20 #/FT3

0.017 cp
97 PPB(WT)

10.06 PPB(VOL)
91,223 NANOGRAMS INM3 (ng/Nm3)

91.22 MICROGRAMS/NM3 (ug/Nm3)
0.0912 MILLIGRAMS/NM3 (mg/Nm3)
2.412 GRAMS/MMSCF
1.617 #/DAYHG
<0.02 MICROGRAMS/NM3 (uglNm3)

50 FPM
15 SEC.
4 mm

20

VESSEL ID; USED: 9.5 FT.
SUPERFICIAL VELOCITY: 51.0 FPM
ADSORBENT BED HEIGHT: 12.70 FT.
LID: 1.34
CONTACT TIME: 14.95 SEC.
NUMBER OF DRUMS: 180 DRUMS
NUMBER OF PALLETS: 45 PALLETS

AMOUNT OF ADSORBENT: 30600 LBS.
VESSEL HEIGHT USED: 16 FT.
EST LIFE OF ADSORBENT: 10.4 YRS.
HgA BED PO: 8.9 PSI.
FLOW DIRECTION: DOWN FLOW
PIPE SIZE; USED: 14 IN.
CERAMIC SUPPORT BALLS: 6 IN.(RECOMMENDED)
CERAMIC HOLD-DOWN BALL:;;: 6 IN.{RECOMMENDED)
THIS DESIGN PLAN HAS BEEN PREPARED IS ACCORDACE
WITH GUIDELINES PROVIDED BY SME ASSOCIATES
REFLECTING ITS PAST EXPERIENCE AND LABORATORY
TESTING OFTHIS PRODUCT. PLEASE DO NOT DEVIATE FROM
THIS DESIGN PLAN WITHOUT CONSULTING US FIRST.
NO SPECIFIC WARRANTEE, EXCEPT FITNESS FOR PURPOSE,
IS OFFERED. THIS DESIGN IS NOT A LICENSE TO USE
PATENTS OWNED BY OTHERS.
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Susan,

Robert Moss <rmoss@dkrwaf.com>

11/121200710:30 AM

To "Susan_Bassett@URSCorp.com"
<Susan_Bassett@URSCorp.com>

cc

bcc

Subject FW: Mercury Removal from Syngas

Attached is the vendor sheet (different than the one you sent this morning). Also, note below that there
are two carbon beds and no third bed.

Bob Moss
De.velopmeDt Engineer
DKRW Advanced Fuels
713-425-6533 (0)
713-670-4544 (M)
rmoss@dkrwaf.com
www.dkrwaf.com
www.dkrwenergy.com

This e-mail is theproperty ofDKRW EnergyLLC andlor its relevantaffiliate and may contain confidential andprivilegedmaterial for the sole
use of the intended recipient (5). Any:review, use, distrIbution or disclosure by others is strictlyprolnbited. Ifyoa are not the intendedrecipient
(or authorized to receive for the recipient), please contact the sender orreply to DICRW Energy LLC at info@DKRWeaergy.com and delete all
copies ofthe.message. This e-mail (and any attachments hereto) are not intendedto be an offer (or an acceptance) and do not create or evidence a
binding and enforoeable contractbetween DKRW Energy llC (or any ofits affiliates) and the intended recipient or any otherparty, and may not
be relied on by anyone as the basis of a contractby estoppel or otherwise. ThaIlkyou. .

From: BODDell, Leo [mai1to:Leo.BoDD~ll@snclavalin-gds.com]

Sent: Monday, November 12,2007 10:38 AM .
To: Robert Moss
Cc: Ray Birch
Subject:. FW: Mercury Removal from Syngas

Robert,

Attached is the vendor data sheet for the Mercury GuardBeds that was used for the Feasibility Study.

I had forgotten, but with the long 10 year bed life claimedby the vendor, for the F.S. we decidednot to put a spare
guard bed in. So we wotlld have 2 X 50% capacity beds with, the total carbon adsorbent cost of$135,000.

SNC estimated the purchased costs of the two guard beds to be $4QO,000 for both. The "all-in" installed cost
estimates were not broken down by item, but based oJ;!. the data we developed they should be about 2.5 X the
purchased costs, or $ 1million TIC for the two beds (excluding adsorbent).

Hope this will be helpful.

Regards,
Leo Bonnell
Process Director

! SNC-Lavalin Houston

DEQ 000345



Tel. 713-295-4815
leo.boDD.ell@snclavaIin-gds.com

--------------------------------------. -,._---
From: Daren Scott [mailto:dscott@sme-llc.com]
Sent: Tuesday, June 13,20063:33 PM
To: BODD.ell, Leo
Cc: Birch, Ray; Daren Scott
Subject: RE: Mercury Removal from Syngas
Leo,

Attached is a quick design which would require approx 60,000 lbs ofEgA at $2.25/lb. The lead time wouldbe
16-20 weeks.

I divided the flow into 2 to bring the vessel size to a reas~nable value and even at this you have 2- 10' dia vessels.
The other option would be to use a single 14' dia vessel

Most ofthe required data is on the data sheet but FYI this would give you a 10 year life on the carbon, the
maximum temperature is 180F and we have no problems with any ofthe gas components.

Sincerely;

Daren Scott
8MB Associates, LLC
Ph: 281-440-7350
Fx:281-440-7353
Cell: 832-257-6281
dscott@sme-llc.com

From: Bonnell, Leo [mailto:Leo.Bonnell@snclavalin-gds.com]
Sent: Tuesday, June 13, 2006 1:09 PM
To: Daren Scott
Cc: Birch, Ray
~ubjeat: Mercury Removal from Syngas

To: :qaren Scott, 5MB Associates Inc.

Daren,

As I mentioned today, SNC is doing a feasibility study, and later FEED package, for a co'a1-to-liquids project
in Wyoming for DKRW Energy (www.d1crwenergy.com). The syngas contains mercury from the coal that
must be removedprior to desulfurizing and syngas conversion.

Can you give us a budget quote for a merC'U1'Y removal adsorbent bed for this applicati

Flow and composition ofthe feed syngas:

Temp = 120 deg F
Pressure = 945 psia
Total Flow (lbmoles/br) =66,600
Composition (mole %, dry)
CO=38.0

DEQ000346
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H2= 40.0
C02 = 20.0
CH4=O.1
N2= 1.75
H2S=O.15
C2+=nil.

Water = saturated
NH3 = 100 ppm
Mercury = 10 ppb by volume

Note that the Hg level is based on the highest of several local coal samples.
The 10ng-teIDl average is likely to be less.

Thanks for your help.

Regards,
Leo Bonnell
Process Engineering Consultant
SNC-Lavalin GDS, Inc.
9009 West Loop South, Houston, 'IX 77096
Office: 713-295-4815 Fax: 713-667-9241

Mercuiy liuard Bed Design.pdf
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/' Appendix H

December 2007 HAP Modeling Results

1.1 INTRODUCTION
Additional hazardous air pollutant (HAP) modeling was performed to support the Prevention of
Significant Deterioration (PSD) permit application for the Medicine Bow Fuel & Power (MBFP)
industrial gasification & liquefaction plant (the Plant). New modeling was necessary due to
increased HAP emissions from the revised Plant process design. to produce gasoline instead of
diesel.

Figure H-l is a representative layout ofthe facility" showing receptors and sources included in the
modeling analysis.

Figure B-1. Facility Layout and Receptors
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Figure H-2 is a close-up view of the sources and buildings with labels that match. source
designations in Table H-I and Table H-2.

Fi e H~2. Buildin and Source Locations

N

r
Za90Z

00 G

0000
0000

1.2 HAP EMISSION SOURCES
Eight point source stacks (mostly heaters) that were modeled in the previous modeling analysis
were not included in this analysis because they are not needed to produce gasoline and therefore
have been deleted from the proposed facility. Five point sources were added including an
auxiliary boiler. a regeneration heater, a reactivation heater, a heavy gasoline treatment (HGT)
reactor charge heater. and a low pressure flare. Table H-1 shows a complete listing ofthe point
sources modeled for this analysis and Table H-2 shows volume sources.

Due to increased fugitive emissions from the product storage tanks. eleven volume sources were
allocated for the storage tank emissions. Gasoline is more volatile than diesel and the quantity of
gasoline produced is much greater than diesel production would have been so more tanks were
added to the design. Eight tanks are gasoline storage

Appendix H
Page 2 of 12
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Table H·1. Point Source Modeling Parameters

/

CTGI Point Turbine 391370.9 4623839 2115.03 45.73 I 366.49 I 7.65 I 5.79

CTG2 Point Turbine 391369.2 4623777 2115.19 45.73 I 366.49 I 7.65 I 5.79

CTG3 Point Turbine 391367.5 4623717 2113.97 45.73 I 366.49 I 7.65 I 5.79

GHEATI Point Gasifier Preheater 391050.6 4623694 2117.34 I 25.91 I 422.05 I 7.45 I 0.41

GHEATI Point Gasifier Preheater 391050.2 4623681 2116.41 25.91 I 422.05 I 7.45 I 0.41

GHEAT3 Point Gasifier Preheater 391049.9 4623669 2115.6 25.91 422.05 7.45 0.41

GHEAT4 Point Gasifier Preheater 391049.6 4623657 2114.91 25.91 422.05 7.45 0.41

GHEAT5 I Point I Gasifier Preheater I 391049.2 4623645 . 2114.5 25.91 422.05 7.45 0.41

Z8901 I Point I High Pressure Flare I 390868.1 I 4624066 - 2144.26 91.46 1273.00 20.0 13.60

BSGl I I Point I Black Start Genemtor I 391303.8 I 4623902 2117.48 30.001 I 767.60 I 1.96 I 0.41

BSG21 I Point I Black Start Generator I 391303.5 4623893 2117.57 30.001 I 767.60 I 1.96 I 0.41

FIREPUMP I Point Fire Water Pump 391286.3 4623564 2103.98 6.10 I 739.27 I 45.00 I 0.15

AB I Point Auxiliary Boiler 391252.1 4623722 2103.7 15.24 I 422.05 I 1.60 I 0.91

REGH Point Regeneration Heater 391252.1 4624184 I 2115.4 I 15.24 I 422.05 I 1.60 I 0.91

REAl-l Point Reactivation Heater I 391147.8 I- 4624184 I 2119.2 I 15.24 I ~22.05 I 1.60 I 0.91

HGT Point HGT Reactor Charge Heater1391252.1 14624164 1 2115.9 J 15.24 I 422.05 I 1.60 I 0.91

Z8.902 Point Low Pressure Flare I 390901.1 I 4624308 I 2130.1 I 65.00 I 1273.00 I 20.00 I 13.60

I. The emissions from three Black Start Generators have been equally divided among two stacks. The stack heights for these sources were increased to 30 meters after
initially predicting high fonnaldehyde concentrations. The 30-meter stacks do not exceed Good Engineering Practice (GEP) slack heights.

Appendix H
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Table H~2. Volume Source Modeling Parameters .

TA Volume Gasoline Tank 391011 4624368 I 2124.85 I 14.6304 I 10.6325581 I 2.32

TB Volume Gasoline Tank 391065.9 4624368 I 2123.19 I 14.6304 I 10.6325581 I 2.32

TC Volume Gasoline Tank 391153.9 4624368 2120.26 14.6304 10.6325581 2.32

TD Volume Gasoline Tank 391219.8 4624368 2116.06 14.6304 10.6325581 2.32

TE Volume Gasoline Tank 391011 4624429 2127.74 14.6304 10..6325581 2.32

TF . Volume· Gasoline Tank 391065.9 4624429 2127.19 14.6304 10.6325581 2.32

TG Volume Gasoline Tank 391153.9 4624429 2123.04 14.6304 10.6325581 2.32

TH I Volume Gasoline Tank 391219.8 4624429 2117.6 14.6304 10.6325581 2.32

T I I Volume Methanol Tank 391011 4624538 2128.52 14.6304 10.6325581 2.32

T J I Volume Methanol Tank 391065.9 4624538 2127.12 14.6304 10.6325581 2.32

TK I Volume Heavy Gas Tank 391218.4 4624557 2117.9 14.6304 9.21488372 2.32

VI I Volume Equipment Leaks 391147.8 4624174 2119.77 I 2.5 I 4.65116279 I 4.65

V2 I Volume Equipment Leaks I 391252.1 I 4624174 I 2115.67 I 2.5 I 4.65116279 I 4.65
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tanks, two are methanol storage tanks, and the other is a heavy gasoline tank. Total
emissions for each pollutant were divided equally among the eleven tank volume sources.
Each tank volume source release height was set equal to the tank's height.

Two ground-based volume sources were also modeled to represent fugitive HAP
emissions associated with process equipment leaks. These two fugitive HAP vohnne
sources are geographically located in the synthesis process areas ofthe Plant and were
given a release height of2 meters. Total equipment leak emissions for each pollutant
were divided equally between the two fugitive volume sources. Table H-2 has a
complete listing ofthe volume sources for this modeling analysis.

1.3 HAP RISK ASSESSMENT PROCEDURES
HAP emissions were modeled and compared to the appropriate corresponding USEPA
thresholds in order to evaluate the potential health risks due to short-term and long-term
exposures. Benzene, formaldehyde, xylene, toluene, and methanol maximum I-hour
(short-term) averaged concentrations are compared to the Reference Exposure Levels
(RELs) obtaiJ.""1ed from the EPA Air Toxics Database, Table 2 (EPA, 2005a). An REL is
defined as the concentration level at or below which no adverse health effects are
anticipated for a specified exposure duration. The REL is designed to protect the most
sensitive individuals in the population. Exceeding the REL does not automatically
indicate an adverse health in1pact. ... .~.

No RELs are available for ethylbenzene and n-hexane. Instead, the available
Immediately Dangerous to Life or Health values divided by 100 (IDLH/I00) were used.
Dividing by 100 is a very conservative approach to reduce a pollutant's concentration .
threshold ofconcern to only 1 percent of the level that is considered to be "immediately
dangerous." IDLH values are determined by the National Institute for Occupational
Safety and Health (NIOSH) and were obtained from the EPA's Air Toxic Database
(EPA, 2005a). The maximum ofthe two short-term (grams per second) emission rates
due to cold startup and nornial operations for each pollutant and source were modeled
and are shown in Table H-3. For example, for a particular pollutant, several sources'
emissions will be highest during startup (generators) and other sources' emiss~ons are
highest during normal operations (tank operations at full plant production). For each type
of source, the highest emission rates (from startup or normal operations) were modeled
simultaneously to conservatively estimate air quality impacts.
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Table H·3. Source HAP Emission Rates

CTGl 0.007024 0.001187 0.000000 0.000000 0.012862 0.003166 . 0.006332

CTG2 0.007024 0.001187 0.000000 0.000000 0.012862 0.003166 0.006332

CTG3 0.007024 0.001187 0.000000 0.000000 0.012862 0.003166 0.006332

GHEATl 0.000195 0.000005 0.000000 0.004669 0.000009 0.000000 0.000000

GHEAT2 0.000195 0.000005 0.000000 0.004669 0.000009 0.000000 0.000000

GHEAT3 0.000195 0.000005 0.000000 0.004669 0.000009 0.000000 0.000000

GHEAT4 0.000195 0.000005 0.000000 0.004669 0.000009 0.000000 0.000000

GHEATS 0.000195 0.000005 0.000000 0.004669 0.000009 0.000000 0.000000

Z8901 0.000000 0.000000 0.000000 0.000000 0.000000 0,000000 0.000600

BSGl 0.194544 0.000781 0.000000 0.000409 0.001503 0,000000 0.000678

BSG2 0.194544 0.000181 0.000000 0.000409 0.001503 0.000000 0.000678

FIREPUMP 0.000573 0.000453 0.000000 0.000000 0.000199 0.000000 0.000138

AB 0.000611 0.000017 0.000000 0.014675 0.000028 O.OOOOQO 0.000000
..

RBGH 0.000065 0.000002 0.000000 0.001554 0.000003 0.000000 0.000000

REAR 0.000145 0.000004 0.000000 0.003476 0.000007 0.000000 0.000000

HGT 0.000614 0.000001 0.000000 0.000494 0.000001 0.000000 0.000000

Z8902 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

T_A 0.000000 0.001508 0.006837 0.001418 0.001625 0.000109 0.000458

T_B 0.000000 0.001508 0.006837 0.001418 0.001625 0.000109 0.000458

T_C 0.000000 0.001508 0.006837 0.001418 0.001625 0.000109 0.000458

T-P 0.000.000 0.001508 0.006837 0.001418 0.001625 0.000109 0.000458

Ty 0.000000 0.001508 0.006837 0.001418 0.001625 0.000109 0.000458

T] 0.000000 0.001508 0.006837 0.001418 0.001625 0.000109 0.000458

T_G 0.000000 0.001508 0.006837 0.001418 0.001625 0.000109 0.000458

T_H 0.000000 0.001508 0.006837 0.001418 0.001625 0.000109 0.000458

T_I 0.000000 0.001508 0.006837 0.001418 0.001625 0.000109 0.000458

T_J 0.000000 0.001508 0.006837 0.001418 0.001625 0.000109 0.000458

T_K 0.000000 0.001508 0.006837 0~001418 0.001625 0.000109 0.000458

VI 0.000000 0.150111 0.149600 0.000000 0.000000 0.000000 0.000000

V2 0.000000 0.1501I1 0.149600 0.000000 0.000000 0.000000 0.000000

1.4 MODELING RESUL18

1.4.1 Maximum 1·Hour HAP Concentrations

Table H-4 shows the highest short-term (l-hour) averaged concentrations using worst-
case assumptions and the corresponding RELs. Each ofthe seven modeled HAPs has a
predicted maximum l-hour concentration less than the applicable REL.
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Table H-4. Source HAP Emission Rates

~~~JJ.ic'J~'~:iiliitoi~IICf1{~ifilJ

~+i;~i~~
Benzenel 1087.43 1300

Toluenel 4.09 37000

Ethylbenzene2 0.28 35000

Xylenel 1.23 22000

n-Hexane2 5.98 39000

Formaldehyde) 74.65 94

Methanol l 1722.56 28000
1. EPA AirToxies Database, Table 2 (EPA, 2005b).
2. No REL available for "lhesa HAPs. Values shown are from (IDLH/100) EPA Air Toxies Database.
Table 2 (EPA. 2005b).

1.4.2 Maximum Annual HAP Concentrations

Annually averaged modeled HAP concentrations due to normal operations were
compared to the Reference Concentrations for Chronic Inhalation (RfCS). An RfC is
defined by the EPA as the daily inhalation concentration (maximum annually averaged
for this analysis) at which no long-term adverse health effects are expected. RfCs exist
for both non-carcinogenic and carcinogenic effects on human health (EPA, 2005b).
Annually averaged modeled benzene, ;methanol, toluene, ethylbenzene, xylene, n-hexane,
and formaldehyde concentrations were compared to the non-carcinogenic Rfes shown in
Table H-5. Maximum annual predicted concentrations are well below the applicable
RFCs for each pollutant.

Table H-5. Annually Averaged Ambient Concentrations

Benzene 20.69 30

Toluene 0.075 400

Ethyl benzene 0.005 1000

Xylene 0.021 100

n-Hexane 0.068 200

Formaldehyde 0.004 9.8

Methanol 20.73 4000
1. EPA Air Toxies Database, Table 1 (EPA.2005c).
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1.4.3 Carcinogen Analysis

RiCs for suspected. carcinog€los benzene and formaldehyde are expressed as unit risk
factors 8lld accepted methods for risk assessment are used to evaluate the incremental
cancer risk for these pollutants. The maximum annually averaged modeled concentration
for each pollutant is multiplied by EPA's unit risk factors (URF) (based on 70-year
exposure), and then multiplied by an adjustment factor which represents the ratio of
projected exposure time to 70 years. The adjustment factors represent two scenarios: a
most likely exposure (MLE) scenario and one reflective of the maximally exposed
individual (ME!).

The MLE duration is assumed to be 9 years, which corresponds to the mean duration that
a family remains at a residence (EPA, 1993). This duration corresponds to an adjustment
factor of9170 = 0.13. The duration of exposure for the MEr is assumed to be 70 years
and the corresponding adjustment factor is 1.0.

A second adjustment is made for time spent at home versus time spent elsewhere. For
the MLE scenario, the at-home time fraction is 0.64 (EPA, 1993), and it is assumed that
during the rest ofthe day the individual will remain in an area when~ annually averaged
HAP concentrations would be one-quarter as large as the maximum annual average
concentration. Therefore, the MLE adjustment factor is calculated as follows.

MLE Adjustment Factor = (0.13) x [(0.064 x 1.0) + (0.36 x 0.25)] = 0.095.

The MEl scenario assumes that the individual is at home 100 percent ofthe time, for the
final adjustment factor of(1.0 x 1.0) = 1.0. The values for the cancer risk assessment are
shown in Table H-6.

Table H·G; Cancer Ris~ Assessment Values

MLE Benzene 7.80E-06 0.095 20,69 1.53E-05

MLE Formaldehyde 5.50E-09 0.095 0.004 2.09E-12

MEl Benzene 7.80E-06 1 20.69 1.61E-04

MEl Formalde1J.y.de 5.50E-09 1 0.004 2.2B-ll

1. EPA AirToxics Database, Table 1 (EPA, 20050).

Figures H-3 and H-4 show the receptor locations with respect to the Plant including the
maximum annually averaged concentrations for benzene for each receptor.
Concentration ranges are colored based on the incremental cancer risk analysis. Figure
H-3 corresponds to the MLE and Figure H-4 corresponds to the MEL Each red dot
represents receptors that have concentrations that are at a 1xl0-6 (l-in-a-million) risk or
greater of developing cancer. Black receptors indicate a lower risk ofdeveloping cancer.
Formaldehyde concentrations do not translate to the 1x10-6 risk threshold and therefore
are not shown graphically.
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For the MLE aJ1a1ysis; a concentration of 1.349528 J.lglm3 corresponds to a 1x10-6 risk of
developing cancer due to benzene exposure from Plant emissions.

Figure B-3. :MLE Receptors for Benzene
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1

Ben~nQ

Annual Concentrations
• 0.019880 - 0.128204-

e 0.128205 - 20.688020

For the MEl exposure analysis; a concentration of 0.128205 J.tg/m3 corresponds to 1x10-6

risk.

Figure H-4. MEl Receptors for Benzene
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1.5 CONCLUSION
All maximum I-hour and maximum annual predicted HAP concentrations are below the
applicable RELs and RiCs, respectively. Based on these recognized EPA thresholds,
short-tenn HAP exposure resulting from Plant emissions mel;lts applicable criteria.

With regard to carcinogenic pollutants, predicted formaldehyde concentrations do not
exceed a 1x10-6 risk at any modeled receptor. In contrast, benzene concentrations do
exceed this risk threshold at some locations. MLE greater than 1xl0-6 risk occurs only
along the east side ofthe Plant, while MEr exposure greater than 1x10-6 risk occurs along
the south, east, and north Plant boundaries. The 1x10-6 ME! risk begins to fade away at
500 meters from the south and north Plant boundaries. To the east, :MEl exposures
greater than 1x10-6 risk extend beyond 500 meters.

The closest residence, viewed in aerial photographs, is 3.3 kilometers to the south ofthe
Plant. Consequently, occupants oftbis residence would have significantly less than
1x 10-6 risk ofdeveloping cancer due to exposure to Plant emissions ofbenzene or
formaldehyde. As shown in the wind rose in Section 6.4 ofthe permit application
document, prevailing winds blow from the west or west-southwest more than 52 percent
ofthe time. Winds blowing from the north are extremely: rare.
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1.1

Appendix!

Analysis of Criteria Pollutant Modeling Sufficiency

INTRODUCTION

\
/

Medicine Bow Fuel & Power LLC (MBFP) believes that the near field and far field
criteria pollutant modeling performed for the June 19,2007 permit application remains .
sufficient for the revised permit application. The following pollutant-specific discussions
compare modeled emission rates to emissions rates included in this revised application.

Emissions from the industrial gasification and liquefaction plant (the Plant) have been
_ revised due to a number ofprocess and equipment changes. Emission unit changes are

summarized in Table 1-1. The combustion turbines are the largest emitters ofnitrogen
oxides (NOx), carbon monoxide (CO), and sulfur dioxide (802)' The turbines are also the
largest point source emitters ofparticulate matter with a diameter of less than 10 microns
(PM10). Combustion turbine stack parameters are riot expected to change significantly
and the location ofthe wbines has not changed. Consequently, prior modeling ofturbine
emissions should be adequate.

With regard to other emission sources, many units do not change. However, the Sulfur
Recovery Unit (SRU) incineratoJ;' has been removed from the process. Furthermor~,

many process heaters have been deleted while a few new process heaters have been
added.

. Table 1-1- Emission Unit Changes

Equipment with no Capacity Changes

.J

Combustion Turbine 1
Combustion Turbine 2
Combustion Turbine 3
Black Start Generator 11

Black Start Generator 2!
Black Start Generator 3!
FirewaterPump Engine)
CO2 Vent Stackl

High Pressure Flare

Added Equipment

Auxiliary Boile?
Catalyst Regenerator!' 3

Reactivation Heater!
RGT Reactor Charge Heaterl

Low Pressure Flare

CT-l
CT-2
CT-3
Gen-l
Gen-2
Geil-3

FW-Pump
C02 VS

FL-l

AB
B-1
B-2
B-3
FL-2

66MW
66MW
66MW
2889 hp
2889 hp
2889 hp
575hp
N/A

0.2 MMBtuIhr (for pilot)

66.0 MMBtuIhr
21.5 MMBtuIhr
12.5 MMBtuIhr
2.2 MMEtuIhr

0.2 MMBtufbr (for pilot)
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Table 1-1- Emission Unit Changes

RemovedEquipment

Fractionation Feed Heater
Catalytic Dewaxing Charge Unit
Unicracker Feed Heater
Unicracker Intermediate Heater
Unio:o:finer Feed Heater
Unio:o:finer Intermediate Heater
Sulfur Recovery Unit Incinerator

ModifiedEquipment

Gasifier Preheater 11~ 4

Gasifier Preheater 21
,
4

Gasifier Preheater 31•4

Gasifier Preheater 41.4

Gasifier Preheater 51
•
4

H-5401
H-5301
H-5201
H·5202
H-5l0!
H-5l02
H-3l02

GP-!
GP-2
GP-3
GP-4
GP-5

87 IY1MBtulbr
3.9 MMBtulbr
16.3 MMBtu/hr
44.2 MMBtu/hr
5.1 MMBtuIbr
6.4 MMBtuIbr
11.2 MMBtu/hr

21 :M:MBtull:ir
21 MM:BtuIhr
21 :M:MBtu/hr
21 :M:MBtuIhr
21 :M:MBtu/hr

1. This equipment operates less than 8,760 hr/yr.
2. The auxiliary boiler usually operates on standby at 25% load to prevent freeze ups if there is a Plant
shutdown. The equivalent continuous heat input rate would be approximately 21 MM:Btu/hr.
3. The catalyst regenerator operates only during catalyst regeneration; the average equivalent continuous
rate will be approximately 9 MMBtulhr. . . .
4. Gasifier preheater heat input capacity was increased from 15 MMBtuIhr to 21 :MMBtuIbr for each
preheater.

Table 1-2 summarizes proposed maximum emission rates within this revised application
and compares them to modeled emission rates. Brtrission rates are given in tertns of
grams per second·Cg/sec) for easy comparison to modeled rates. Emission:rates do not
include the following malfunctions: emergency venting to the High Pressure or Low
Pressure Flares and C02 venting during the first plant startup and as a result of
malfunctions thereafter.

Table 1-2 - Revised Emissions Compared to AERMOD Modeled Emissions

NO" 11.451 12.55 1.1

CO 15.281 38.69 26.26

802 1.031 1.23 0.20

PMlPMIO 3.992 4.752 0.76

1. Does not include emergency venting to the High Pressure Flare or startup,
shutdown, or malfunction (SSM) venting to the Low Pressure Flare. This
excludes coal storage emissions (60.2 tpy), which did not change from what
was previously modeled.
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1.2 NEAR FIELD MODELING
Near field modeling was performed for NOx, CO, S02, and P1v.1IPMlO. On a Plant-wide
basis, revised emission rates for all near field modeled pollutants are less than the
modeled rates shown in Table 1-2. Although emission rates would increase from some
emission units, these unit-specific changes are not believed to be significant enough to
necessitate additional near field modeling. Stack parameters (particularly exit velocity
and stack height) used during the previous modeling are not expected to change
significantly.

1.2.1 NOx Modeling

As shown in Table 1-2, maximum Plant-wide NOx emission rates are approximately
1.1 glsec less than the emission rates used for AERMOD modeling. The largest NOx
emitters at the Plant continue to be the three combustion turbines, whose location and
capacitj have not changed. These turbines account for more than 95 percent oftotal
annual emissions during normal operations.

Changes to process heating equipment (including the new auxiliary boiler) affect NOx
emi~sions, with a net decrease in annual NO" emissions from these combustion units.
The added auxiliary boiler will be located near the Plant's power generation equipment.
The three new process heaters will be located in the same general vicinity as the previous
six process heaters.

Since there is a decrease in emissions and equipment changes wi+l occur in.largely the
same areas as the modeled emission sources, MBFP believes that additional NOx
modeling is not necessary. Furthermore, the maximum 'predicted annual NOx
concentration is less than 4 percent ofthe Wyoming Ambient Air Quality Standards
(WAAQS) and less than 13 percent of the Prevention ofSignificant Deterioration (PSD)
Class II increment. Consequently, predicted NOx concentrations are well below all
regulatory thresholds of concern.

1.2.2 CO Modeling

CO is the only modeled criteria pollutant whose Plant-wide emissions will increase.
Based on normal operations, Plant-wide CO emissions will increase from 140.2 tpy to
146.8 tpy. This emission increase does not, however, necessitate additional near field
modeling because previous modeling was based on high CO emission rates for the
combustion turbines.

The combustion turbines and black start generators have the highest CO emission rates
and the turbines have the greatest annual emissions. The capacities and locations ofth.ese
emission units have not changed from the original permit application. Total Plant CO
emissions were modeled at 38.69 glsec. The combustion turbines accounted for
approximately 78 percent ofthis total. Each combustion turbine was modeled with a CO
emission rate of10.10 glsec, which is significantly greater than the cold startup worst­
case hourly emission rate of6.15 glsec (equivalent to 48.771blhr). Based on revised
erillssion calculations for the turbines and other CO-emitting sources, maximum hourly
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Plant emissions are expected to be 15.28 g/sec, which is far less than the modeled
38.69 g/sec.

In addition, maximum predicted hourly CO concentrations are less than 12 percent ofthe
WAAQS, while maximum predicted annual CO concentrations are less than 14 percent
of the WAAQS. (There arenoPSD Class II increments for CO.) MBFP believes that
additional modeling ofCO is not necessary.

1.2.3 802 Modeling

Removal ofthe Sulfur Recovery Unit (8RU) incinerator has deleted the largest single
source of802emissions. However, this reduction in 802 emissions has been largely
offset by increases in 802 emissions from the three combustion turbines. The
combustion turbine emission increases derive in part from firing more natural. gas, which
has a greater sulfur concentration than the syngas that was originally expected to be fired
in the turbines. In addition, the 802 emission factor for natural gas firing that was used in
the emission calculations submitted with the original permit application was too low.

As shown in Table 1-2, modeled Plant 802 emissions are greater than revised emission
estim!:ltes, with modeled emissions of 1.23 g/sec, compared to revised emissions of1.03
g/sec. The location ofthese emissions has will move southeast from the original location
of the SRU incinerator to the Plant's Power Block. The new location is closer to the
eastern Plant boundary. However, maximmn predicted ambient concentrations of802
over the five years modeled are far below the WAAQ8. Table 1-3 summarizes the
modeled S02 impacts and compares them to the WAAQS and to allowable P8D Class II
area increments. Even with source locations closer to the east boundary of the Plant,
ambient impacts would not be likely to exceed allowable levels.

Table 1-3 - Modeled S02 Air Quality Impacts

Annual

24-Hour Highest

3-Hour Highest

1.08

12.24

72.9

60

260

1300

<2

<5

<6

20

91
512

<6

<14

<15

1.2.4 PM/PM10 Modeling

"While coal. storage PM! 0 emissions have not changed (because coal usage has not
changed), PMlO emissions from combustion sources have decreased substantially. The
modeled emission rate for combustion sources was 4.75 glsec compared to only
3.99 g/sec based on revised emissions. Removal ofthe SRU incinerator accounts for a
large share of the PMlO emission decrease. Decreased total heat input to process heaters
8;lso played a role.
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Maximum predicted annual and 24-hour PMlPMlO concentrations are both less than 5
percent ofthe WAAQS. Furthermore, the concentrations are well below the PSD Class II
increments at less than 14 percent and less than 25 percent ofthe annual and 24-hour
increments, respectively. Due to the significant decrease in PMlO emissions and the fact
that the source locations for the largest PMIO emission sources (turbines and coal storage)
have not changed, MBFP believes that additional PMlO modeling is not required.

1.3 FAR FIELD MODELING
Far field modeling was performed using CALPUFF to predict air quality impacts relating
to visibility and nitrogen and sulfur deposition. The modeled pollutants that contribute to .
these air quality impacts are NOx, 802, and PMlO. Plant-wide gram per second emissions
ofeach ofthese pollutants decreased. Consequently, far field impacts are expected to be
less significant than shown by previous modeling. MBFP believes that additional far
field modeling is not necessary.
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.Air Quality Impact Analysis
Responses to Wyoming Air Quality Division -DKRW Medicine Bow

October 17,2007

Near-Field (AERMOD) Impact Analysis

1. Section 6: Near Field (AERMOD) Impact Analysis

Comment. A letter from the Division dated March. 5, 2007 provided comments on the
modeling protocols that were submitted for the project. Item A.3 ofthe letter requested
background information on the quality ofthe meteorological data from the Elmo site,
specifically: "documentation ofQA/QCprocedures that were utilized at the Elmo site
during the period ofmonitoring that will be usedfor input to the modeling. This should .
include records ofsystem calibrations and audits", This inf<,)rmation was not provided in
·the application.

Response. Meteorological data collectedat the Elmo (Seminoe mine) monitoring
station was used for the years 2000, 2001,2003,2004, and 2005. Data collected during
2002 was not used because it was not at least 90 percent complete. Inter-Mountain Labs
(IML) operated the meteorological station in accordance with MeteorologiCal Monitoring
Guidancefor Regulatory Modeling Applications (EPA-454/R-99-005). Th1L performed
semi-annual quality assurance audits on the station and the IML staff conducted quality
control procedures on the data. IML submitted quarterly reports (iJ?cluding semiannual
quality assurance audits) to Dennis Wuertz at Seminoe (Arch ofWyommg, LLC), who
then submitted the reports to Bob Schick at the Wyoming Division ofAir Quality. Cera
Keslar in the Division ofAir Quality Monitoring Division may be contacted with regard
to this data.

Comment. The March 5, 20071etter included item 6, which stated that the application
should ip.clude an analysis of additional Class II impacts to include air quality impacts on
soils/vegetation with significant commercial or recreational value. This analysis, which is
required under the Wyoming Standards and Regulations ewAQSR), Chapter 6, Section
4(b)(i)(B), was not provided in the application.

Response. The Air QualityDivision (AQD) ofthe Wyoming D~artment of
Environmental Quality (WDEQ) has requested that DKRW Medicine Bow (Medicine

.Bow) provid~ further information regarding potential impacts ofits planned facility in
Carbon County, Wyoming, and inparticular as it relates to potential impacts to nearby

. soils and vegetation ofcommercial value.

Medicine Bow believes that the application as originally submitted suggested that
surrounding areas were oflimited commercial value and, given the relatively minor
project impacts, that there should be no additional impacts related to these emissions. The
region surrounding the proposed Medicine Bow facility has been described and is shown
in Figure 1 (the facility source location is indicated by coordinates). The terrain in the
iItlmediate project vicinity is generally rolling with a fairly uniform land cover. Views of
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the area were presented in the application (see Figures 6.1 and 6.2 in the application).
Comparing these images with that shown in Figure 1 suggests the general lack of
commercial or recreational use in the project vicinity.

The potential to emit from the Medicine Bow facility includes four criteria pollutants
(CO, NOx, 802, and PMlPMIO) that will be emitted in excess ofPrevention of Significant
Deterioration (PSD) significant emission levels. The impacts ofeach ofthese pollutant
emissions from the project would be minimal, as shown in Table 1. Impacts attributable
to the Medicine Bow facility are shown in the table and are typically well below 10
percent ofthe National Ambient Air Quality Standards (NAAQS), with the exception of
CO, which is somewhat higher.

Table 1. Medicine Bow - Maximum Project Impacts Compared to NAAQS

Maximum
Modeled

Concentration
over 5 Year Percentage of ClassTIPSD

Period NAA.QS NAAQ8 Increment
Poll'qtant Averacin2: Period (ug/m)) (ug/ms) (%) . (J.tg/ms)

CO I-hour 4268 40000 10.7 None
8-hour 1344 . 10,000 13.4 None

N02 .Annual 2.40 1001 2.4 25
PM,o 24-hour 7.41 1501 4.9 30

.Annual 2.22 502 6.3'" 17
802 3-hour 72.9 13003 . 5.6 512

24-hour 12.2 365 3.3 91
Annuai 1.08 80 1.4 20

1 This standard IS both apnmary standard protecting human health and a secondary standard protecting
fublic welfare (including protection ofvegetation, water quality and visibility).

There are no annual PM1D NAAQ8; however, there is a 50 f.Lg/m3 Wyoming Ambient Air Quality
Standard (J{AAQS) for PMIO.
3 The 3-hour 802 NAAQ8 is a secondary standard, but not a primary standard,

Secondary NAAQS standards are expressly designed to protect public welfare, including
.protection ofsoils, vegetation, and other environmental and man-made attributes.
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Figure 1- Aerial View of Land Use Immediately Surrounding the Medicine Bow Facility
.......':.:.::.~. - ":" ~-_._.~._ _.-_.._~-

. ....

I
,/

Page 3

DEQ000370

.. "-1



,,"-"
;' \.,

'.

Soil Impacts
The US Department ofAgriculture (USDA) Natural Resources Conservation Service
(NRCS) has compiled a detailed list of agricultural yields and soil types for portions of
Carbon County. Ofthe over 540,000 acres surveyed, land capability is classified as
Class 3 or worse (no soils are designated as Class 5). Sqil within the surveyed areas ofthe
county is classified as follows:

• Class 3: Soils have severe limitations that reduce the choice ofplants or that
require special conservation practices, or both.

• Class 4: Soils have very severe limitations that reduce the choice ofplants or that
require very careful management, or both.

• Class 6: Soils have severe limitations that make them generally unsuitable for
cultivation. Rangeland or forestry improvements can be applied.

• Class 7: 'Soils have very severe limitations that make them unsuitable for
cultivation. They can be used for forestry or grazing, but rangeland improvements
are impractical.

e Class 8: Soils and miscellaneous areas have limitations that nearly preclude their
use for commercial crop production. .

Only 1 percent ofthe surveyed land produces alfalfa or hay wi1:hout using irrigation.
With regard to irrigated land (accounting for a small portion ofthe county), the most
productive land produces up to 5 tons of alfalfa per acre. Assuming a value of$13Olton
ofalfalfa, maxlmUID cropland production value is $650/acre on the best-producing land
included in the NRCS survey of Carbon County. Based on ibis information, most Carbon
County land does not have significant commercial value. NRCS crop yields are provided
in Attachment 4 [see Appendix K] and in the electronic file "crops carbon county.pdf."
The NRCS soil survey is provided in Attachment 5 [see Appendix L] (and in file "soils in
carbon county.pdf").

Little information on direct gaseous air pollutant effects on soil is available in the current
literature. While certain soils can be an effective sink for gaseous pollutants such as NOz .
and some studies have been done, accurate methods for routinely quantifying the effects
ofNOz and other pollutants on soil in the field do not exist. The rate ofadsorption is
dependent on the distance from the source, concentrations in the air, soil properties,
vegetative cover, and the prevciiling hydrological and meteorological conditions. No
significant impacts on soils from exposures to acidic gases such as N02 occur unless the
soils experience a large decrease in buffering capacity and the pH ofprecipitation drops
dramatically (Smith, 1981). Because NOz emission increases attributable to the Medicine
Bow facility represent only 2.4 percent ofthe secondary NAAQS for this pollutant, soil
impacts are expected to be low. .

Vegetation Impacts
The Medicine Bow project area is within what has been termed a gently rolling
landscape. The commercial productivity of the lands around the immediate Medicine
Bow area is very low. There are some areas with J3mited agriculture within 10 km ofthe
site. The closest cropland is approximately 2.3 Ian from the Medicine Bow facility.
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Primary land use and vegetation cover is depicted in Figure 2, which shows that the
predominant land lise is fallow or shrubland. Only a small percentage ofthe land
surrounding the facility is cropland. A review ofthe Wyoming Departnient ofAgriculture
and livestock census suggests that Carbon County lands are generally low in productivity
(see Attachment 6 [Appendix M] and. the electronic file "rangeland carhon county.pdf').

Damage or injury to plants from air pollutants is caused primarily through. foliage injury
and not by absorption through the plant roots. As a result, ambient air concentrations of
pollutants are the primary indicators ofpotential impact. The concentration ofa pollutant
and the duration ofthe exposure period are collectively referred to as the dose; the lowest
dose that produces an effect is called the threshold dose. However, because ofthe
relationship between concentration and time, there is no single threshold dose for an
effect.

Reduction in yield, whether quantitative or qualitative, is also ofprime 4nportance but is
difficult to measure. Foliar damage to root crops, for example, may bear no relationship
to the amount of economic damage incurred. If:injury occurs near harvest time, there may
be no detectable yield loss (Capron and Mansfield, 1976).
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Figure 2 - Land Use and Vegetation Cover near Medicine Bow Project Site
(light yellow denotes cropland, darker green is forest, blue is water, light tan is fallow, dark tan is sbrubland)... ..
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Effects of NOx
The direct effects ofNOx on vegetation are usually associated with and confined to areas
near specific industrial sources. For example, vegetation injury from exposure to high
N02 concentrations ha.s been observed near nitric acid factories and arsenals, but there is
little published information regarding vegetation injury in the field d~e to NO or other
NOx (U.S. EPA, 1982a).

Many reports, however, have substantiated NOx effects on vegetation grown in
laboratory conditions (Hill and Bennett, 1970; Capron and Mansfield, 1976; Czeh and
Nothdruft, 1951; Taylor et at, 1975; Kress, 1982). A threshold value of 191 IJ.g/m3 for
long-term (10,OOO-hour) laboratory exposures ofcrops and trees has been widely used
(U.S. EPA, 1982a). The maximum modeled NOx increase from Medicine Bow is low
(2.40 ).Lg/m3 based on aDnual averaging) and well below the threshold value (191 J.l.g/m3

).

Therefore, no detrimental effects on vegetation in the project area will likely result :trom
NOx emissions from the Medicine Bow project.

Effects of 802

S02 enters the plant in gaseous form through openings in the plant's leafsurface called
stomata. Once inside the leaf, S02 contacts wet, cellular membranes, and su1fites and
sulfates may be formed. The formation bfthese compounds can cause changes in the
plant's metabolic system that will produce physiological dysfunctions (U.s. EPA,
1982b).

Short-term (I-hour) peak S02 concentrations are particularlyimportant when assessing
potential vegetation impacts (Houston, 1974). Laboratory experiments have demonstrated
greater relative toxicity ofshort-term exposures at high S02 concentrations than long­
term exposures with the same total treatment (Zahn, 1970; McLaughlin et aI., 1979; Sij,
Kanemasu, and Goltz, 1974; Wilhom et a1, 1978; Miller et al., 1979; Sprogel et aI.,
1980; Houston, 1974; Berry, 1972; Temple, 1972).

The maximum. S02 concentration increase from the Medicine Bow project (1.08 ).Lg/m3

based on annual averaging) is far less than the lowest concentration of240 ).Lg/m3 (Miller
et al., 1979; Sprugei et al., 1980) that has been shown to reduce yield in the most
sensitive agricultural crop, soybean, and the 390 /lglm3 (Houston, 1974) forest species
threshold. .

Effects ofPMlPM10

Adverse impacts on vegetation from PMlPMlo are most often associated with sustained
accumulation ofparticles such as dust <;>r fly ash on the leaf surface. Such particle
accumulation on leaves can result in reduced gas exchange, increased leaftemperature,
reduced photosynthesis, and eventual yellowing and tissue desiccation (parish, 1910;
Darley, 1966).
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The maximum modeled PMlPMlO impact from the Medicine Bow emission units is
7.41 J..Lg/m3 (24-hour average). At less than. 5 percent ofthe secondary NAAQS, this
increase in particulate concentration is not expected to cause plant injury.

REFERENCES

Berry, C.R., 1972:. "Relative sensitivity ofred, jack, and white pine seedlings to ozone
and sulfur dioxide." Phytopathology 68: 231-232. '

Capron, T.M., and T.A. Mansfield; 1976. "Inhibition bfnet photosynthesis'in tomato-in
air polluted with NO andNOz." J. Exp. Bot. 27': 1181-1186. '

Czeh, M., and W. Nothdruft, 1951. lIIrivestigations ofthe damage to field and
horticultural crops by chlorine; nitrous and sulfur dioxide gases." Lcd-zdwirtsch
Forsch.A: 1-36.

Darley, E.F., 1966. I1Studies on the effect ofcement-kiln dust on vegetation.II J. Air
Pollut. Control Assoc. 16: 145-150.

Hill, A.C., and J.H. Bennett, 1970. "Jnhibition ofapparent photosynthesis by nitrogen
. oxides.1I Atmos. Environ. 4: 341-348.

Houston, n.B., 1974. "Response ofselectedPinus strobus clones to fumigation with
sulfur dioxide and ozone.II Can, J.for Res. 4: 65-68.

Kress, L.W., 1982. IIResponse'of several eastern forest tree species to 'chronic doses of
ozone a'nd nitrogen dioxide." PlantDis. 66: 1149-1152.

McLaughlin, S.B., D.S. Shriner, RK. Mconthay, andL.K. Mann., 1979. "The effects of
S02 dosage kinetics and exposure fregtiehcy onphotosynthesis and transportation
ofkidney beans (Phaseolus Vulgaris)." Environ. andExp. Bot. 19: 179-191.

:Miller, lE., H.J. Smith, P.G. Sprugel, and P.B. Xerikos, 1979. "Yield Response of field­
grown soybeans to an acute S02 exposure." Radiol. Environ. Res. Div. Annu.
Rep. Argonne National Laboratory, ANL-78-65, Partm.

Parish, S.B., 1910. tiThe effect of cement dust on citrus trees. 11 Plant World 13: 288-291.

Sij, J.W., E.T. Kanemasu, and S.M. Goltz, 1974. IISome preliminary results of sulfur
dioxide effects on photosynthesis and yield in field-grown wheat." Trans. Kans.
Acad. Sci. 76: 199-207.

Smith, 1981. AirPollution andForests. School ofForestry and Environmental Studies,
Yale University, New Haven, CT.

PageS

DEQ 000375

.,'



·.-........
,,

, ....\
\ )
'- ..-

\

\. . ./

Sprugel, D.G., IE. Miller, R.N. Mueller, H.I. Smith, andP.B. Xerikos, 1980. "Sulfur
dioxide effects on yield and seed quality in field-grown. soybeans."
Phytopathology. 70: 1129-33.

Taylor, O.C., C.R. Thompson, O.T. Tingey, and R.A. Reinert, 1975. "Oxides of
nitrogen." In: Responses o/Plants to Air Pollution. IB. Mudd and T.T.
Kozlowski, eds. Academic Press, Inc., New York, NY. pp. 121-139.

Temple, P.J., 1972. "Dose-response ofurban trees to sulfur dioxide." J. AirPollut.
Control Assoc. 22: 271-274.

u.s. EPA 1980. A Screening Procedure/or the Impact ofAirPollution Sources on
Plants, Soils; andAnimals. EPA-450/2-81-078. December 1980.

u.s. EPA, 1982a. Air Quality Criteria/or Oxides ofNitrogen. U.S. EPA PublicationNo.
EPA 600/8-82-026. September. .

u.s. EPA, 1982b. Air Quality Criteria/or Particulate Matter andSulfur Oxides. U.S.
EPA Publication No. EPA 600/8-82-29c. December.

Wilham, R.G., A. Neely, D. Weber, and L. Grothaus, 1978: "The response of selected
small grains and range grasses, and alfalfa to 802." In: BioenvironmentalImpact
ofa Coal-jiredPower Plant. EM. Preston and T.L. Gallett, eds. U.S. EPA
PublicationNo. EPA 600/3-79-044, U.s. Environmental Protection Agency,
Corvallis Environmental Research Laboratory, Corvallis, Oregon. December. pp.
592·609.

Zahn, R, 1970. "The effect on plants of a combination of subacute and toxicsulfur
dioxide doses." Staub. 30: 20-23.

Gomment. The March 5, 20071etter also included item 7, which stated that the
application should include a risk assessment for Hazardous .Air Pollutants. Specifically,
an applicant should conduct a Tier 1 risk assessment ofHAPs to compare the chronic
carcinogenic, chronic non-carcinogenic, and acute non-carcinogenic risks to the

. respective reference levels. .

Response. The application included HAP emissions (Table 1.2 and Appendix B) that will
be emitted prima<-ily from the operation ofthe turbine sources. For example, ofthe 5.23
ton/year ofHAP emissions cited., 4 tons are to be emitted from the turbines (76 percent of
total HAP emissions). Applying the turbine-specific emitted HAP impacts to the EPA
IRIS levels - Carcinogenic Risk from Inhalation Exposure (CIR 1e-6) or Reference
Concentration for Chronic Inhalation Exposure (RiC) demonstrates that the HAP
exposure from the facility should be much less than these thresholds and therefore HAP
impacts are likely very minor. The results ofthis co~parison are shown. in Table 2.
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Table 2. Medicine Bow - Modeled HAP Concentrations Compared with
EPA IRIS Threshold Levels

source: http://www.epa.govhns/subst!

Modeled EPA IRIS Threshold
HAP Concentration (}.Lg/m3

) Level (l1g/m3) Reference Level
1,3-Butadiene 3.75E-06 0.03 CIR 1e-6
Acetaldehyde 0.000349 0.5 CIR 1e-6
Acrolein 5.58E-05 N/A N/A
Benzene 0.000105 0.13 CIR 1e-6
Formaldehyde 0.000619 0.08 CIR1e-6
Mercury 0.001487 0.3 RIC
Naphthalene 1.13E-05 3 RiC
Toluene 0.001133 5000 RIC
Xvlene 0.000558 100 RfC..

Comment. Section 6.6.5 (Discussion ofResults) - The applicant descn'bes the results of
the preliminary (significance) modeling and tha,t the black start generators contribute
primarily to the maximum predicted impacts. Later, the applicant states that "Normal
operations at the facility will not include the black start generator emissions and therefore
the impacts will be lowered". The Division has mo comments on this: 1) black start .
generators and other equipment that will be used for start-up should not be included in
the preliminary modeling that determines the need for full-impact rvvAAQS and PSD
increment) modeling, and 2) it is not sufficient to merely speculate on the magnitude of
the modeled impacts from normal operation ofthe facility.

{.
....

Response. Additional AERMOD modeling was conducted based onnormal operations
that excluded black start generator operations and emissions. Results indicated that
significance levels were exceeded. Consequently, full-impact rvvAAQS and PSD
increment) mode~g continues to be required ·and has been conducted.

Comment. Tables 6.9 through 6.12 in the application indicate that the results of
preliminary modeling exceed Class n area modeling significance levels for all modeled
criteria pollutants. This would require further analysis to insure that ambient air quality
standards. and PSD inCrements are protected, but no :further analysis was provided. The
applicant should perform full-impact modeling and submit revised modeling files and
documentation to the Division, or the applicant should revise the preliminary modeling to
reflect changes to the'project configuration that would result in modeled impacts that are
below the significance levels.

Response. Medicin~ Bow believed at the time of the application that no other emission
units were located Within the significant impact area ofthe proposed Medicine Bow

. facility; therefore, only Medicine Bow facility emissions were modeled based on the
belief that this accounted for all reasonable impacts in the immediate area.
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.,~ -\ Medicine Bow contacted. the AQD and understands that only tailpipe emissions
associated with the Carbon mine operations need to be included in the off-site emission
inventory for cumulative modeling. Therefore, Medicine Bow has conservatively
modeled the tailpipe emissions as area source emissions. The results ofthe updated
modeling are shown in Tables 6.13 through 6.16 below. These tables include modeled
concentrations for aggregated Medicine Bow and Cumulative inventory impacts.
Aggregate impacts demonstrate compliance with the NAAQS.

2. AERMOD Files Submitted on CD

Comment. The CD containing AERMOD files did not include the surface files for
Rawlins, WY or the upper air files for Riverton, WY that were used in the Stage 1
AERlv.IET processing.

Response. The files are attached as "medi~ine bow rawlins surface data.zip" and
"medicine bow upper air data.zip" files. .

Comment. The CD containing AERMOD files did not include any BPIP input/output or
AERMAP input/output files.

Response. The files are attached as "medicine bow aermap and bpip files.zip" files.
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Table 6.13 - Medicine Bow - Maximum Predicted S02 Concentrations from the Proposed Project and Off-site Inventory
Tailpipes for Comparison witb the WAAQS

Data Period Receptor Location
Averaging (m) Maximum Predicted Concentration WAAQS

Period
Year MonthlDay Hour East North (J.lg/m3

) -(J.lg/m3
)

Endinl:':
2000 -- -- 391800 4624400 0.88
2001 -- - 391600 4624300 1.27

Annual 2003 -- -- 391465 4624330 . 1.29 60
2004 -- - 391500 4624200 1.09
2005 -- -- 391600 4624200 L05
2000 09/28 24 392000 4622000 12.02

24-Hour 2001 02/26 24 389700 4621700 12.77
2003 02/13 24 390400 4621800 11.26 260Highest
2004 02111 24 391055 4623190 . . 8.99
2005 .10/25 24 390300 4622000 10.94
2000 09/28 03 392000 4622000 71.53
2001 01108 21 389700 4621700' . 68.18

3-HoUI Highest 2003 02/28 06 390400 4621900 61.61 1300
2004 . 09/06 24 390649 4623190 70.56
2005 12/07 03 390649 4623190 80.31

"" ........
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Table 6.14 - Medicine B'ow - Maximum Predicted PM/PM10 Concentrations from the Proposed Project and Off-site Inventory
Tailpipes fo~Comparison with the WAAQS

Data Period
Receptor Location

Averaging (m) Maximum Predicted Concentration WAAQS
Period

Year Month!Day
Hour

East North
(J.Lg/m3

) (f.l.g/m3
)

Ending
2000 -- -- 391460 4623780 42.11
2001 -- -- 390649 4623190 17.77

Annual 2003 -- -- 391461 4623880 31.75 50
2004 -- -- 391459 4623630 32.76
2005 -- -- 391459 4623630 34.64
2000 09/28 24 392000 4622000 12.02

24-Hour
2001 02/26 24 389700 4621700 12.77
2003 02/13 24 390400 4621800 11.26 150Highest
2004 02/11 24 391055 4623190 8.99
2005 10/25 24 390300 4622000 . 10.94

Annual values include fugitive mine emissions from open pit mining operations as modeled from an area source as requested by AQD.
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Table 6.15 - Medicine Bow - Maximum Predicted CO Concentrations from the Proposed Project and Off-site Inventory.
Tailpipes for Comparison with the W AAQS

Data Period
Receptor Location

Averaging (m) Maximum. Predicted Concentration WAAQS
Period

Year Mon~Day
Hour

East North (llg/m3) Cllg/m3
)

Ending
2000 09/28 02 390855 4623190 6415.1
2001 01/09 08 391462 4623930 7565.5

I-Hour Highest 2003 09/05 05 390705 4623190 8957.3 40000
2004 09/06 22 390649 4623190. 9150.7
2005 14/07 01 390649 4623190 11224.2
2000 09/28 08 390805 4623190· . 1583.0
2001 11/08 24 391462 4623980 1317.5

8-Hour Highest 2003 01/17 24 391462 4623980 1555.3 10000
2004 01/16 24 391462 4623980 1577.0
2005 12/07 08 390649 4623190 ; 1682.6

Pr ~
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Table 6.16 - Medicine Bow - Maximum Predicted NOx ConcentratiQns from the Proposed Project and Off-Site I,!ventory
Tailpipes for Compadson with the WAAQS

Data Period
Receptor Location

Averaging (m) Maximum Predicted Concentration WAAQS
Period

Year Month/Day
Hour East North

(j.tg/m3
) (j.tglm3

)

Ending
Annual 2000 -- -- 391460 4623780 39.77

2001 -- -- 391460 4623780 . 34.16
2003 -- -- 391462 4623980 27.38 100
2004 -- -- 391459 4623630 26.95
2005 -- -- 391459 4623580 28.85
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Comment. An initial inspection ofthe AERMOD files for PMIO shows that the sources
associated with the adjacent mine (COALSTOR, 2014pit, etc.) are assigned emission rates of
zero. As described in the Division's March S, 2007 letter, flJ,gitive sources from the mine should
be included in the PMlO modeling for the annual averaging period. Please provide revise¢!.
modeling that reflects the emissions from the mine or an explanation ofthe emissions shown in
the submitted modeling files. [Note: Any revision to the AERMOD runs should use the base
elevation ofthe meteorological tower as input for the PROFBASE variable which is used to
specify the based elevation (above MSL) for the potential temperature profile generated by
ARRMOD for use in plume"rise calculations. The submitted AERMOD files used 0 meters and 2
meters as input for PROFBASE. Also, and revision to the AERMOn"mns that includes the use
ofthe open pit source type should include documentation that fully explains the choice of
particle deposition values (mass fractions, particle diameters, etc.)].

Response. Emissions from the pit sources were inadvertently left out of the annual runs
requested by AQD. The annual runs have been updated (Table 6.14 above) to include fugitive
emissions from the mine as well as the coal storage area. The areapoly source was used rather
than the open pit source and therefore no deposition algorithms were invoked. The PROFBASE
was corrected to reflect the tower base elevation.

Far-Field (CALPUFF) ImpactAnalysis "

1. CALMET Files on DVD

Comment. An examination ofthe terrain and landuse output files shows that both include blocks
ofmissing data (see figure below showing terrain for the modeling domain). The applicant
should obtain complete data for the domain, revise the MAKEGO portio:Q. oft4e CALMET
processing and submit the revised input/output files to the Division: [graphic has been deleted]

Response. The files are included within the MAKEGEO file folder.

2. Section 7: Far-Field Air Quality Impact Analysis

Comment. The letter from the Division dated March 5, 2007 provided comments on the
CALPUFF protocol, including item B.6 which requested an analysis ofthe final CALMET wind
field: ''At a minimum, the analysis should include an examination ofthe windflows for selected
times and vertical layers. Theflows produced by CALMETshould be compared to observed
flows as seen in archived weather maps and/or compared to expectedflows (e.g., downslope
winds during stable conditions at night). Otherparameters such as precipitation can a,lso be
compared to observed conditions, /I No analysis was provided with the application.

Response. After running CALMET, the resulting data fields were analyzed using the PRTMET
utility to illustrate the assimilated wind and temperature fields within the domain for quality
assurance purposes. PRTMET enables the user to extract meteorological data fields such as wind
speed and direction, temperature, and mixing height on an hourly "snapshof' or average basis.

Page 16

DEQ 000383

\
i



" ....,
!

()
\..-

\
/

Part of the quality assurance process determined whether wind patterns were influenced·by
terrain; this is a good indication ofwhether meteorological data is properly located relative to the
terrain. Figure 3 shows area contours, with pink. shaded areas representing high terrain.
PRTMET quality assurance graphics are included~ Figures 4 through 11 for an approximate
10 kID. grid to demonstrate that the selection of <;ALMET control options resulted in a reasonable
simulation ofthe meteorology within the domain. Particularly good instances ofterrain
influenced flow can be seen in Figure 4 (March 19, 2003 -:hour 3) at the following locations:

East -220, North -200
East -220, North -20
East 150, North 150
East 75, North 0

Another good example ofterrain influenced flow can be seen in Figure 8 (June 19,2003-
hour 3) at the following locations: .

East -275, North 75
East 50, North -125
East 75, North 0
East -275, North -25

The time for one ofthe hourly wind field vector snapshots was chosen based on the worst
visibility impairment day from CALPUFF modeling. The largest extinction change occurred at
the Savage Run sensitive Class n area on March ·19, 2003. Meteorological conditions on
March 19, 2003 were unusual due to a major winter storm. Attachment 7 [Appe;ndix 0] includes
"Mesoscale Model Simulations in Quasi-Forecast Mode of the Great Western Storm. of 16-20
March 2003." This document summarizes meteorological conditions during that time. The
document is also availabie on the CD-ROM as "Meso_Model_Great_Storm.-2004.pdf"

Since March 19th conditions represent winds flowing toward Class I areas in Colorado, the other
snapshot was chosenbased on the worst visibility impai.TID.ent day for Class I areas in ~yom.ing

such as the Bridger Wilderness area and the Fitzpatrick Wilderness area. The largest extinction
change in both Class I ~eas in Wyoming occurred on June 19,2003.

These snapshot days also represelit one day for summer (June 19, 2003) and one day for winter
(March 19, 2003). Two hours on each day were plotted: 0300 Mountain. Standard Time (MST)
and 1500 MST. Furthermore, for each time period, a surface wind field, corresponding to
Level l, and an upper air wind field, corresponding to Level 8, was plotted. Plots developed in
this stl,ldy are shown in Table 3. these wind fields appeared to accurately capture terrain, slope,
and seasonal effects expected within the modeling domain, and demonstrated generally s~ootb.

translations and continuous Mesoscale flow. These characteristics validated the spatial behavior
ofthe meteorological data set throughout the modeling domain.
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Table 3 .; List ofWind Vector Plots
Date , March 19,2003 .. JUlie 19, 2003
Hour 3,15 3,15
Vertical layer 1,8 18

Windroses from the CALMET model output and the surface observation station data sets
indicated general agreement in wind directions, frequencies, and speeds. Windroses for March
2003 from several surface observation stations such as Aspen, Laramie General Brees Field
(Laramie), Craig~Moffat stations were plotted ~d are shown in Figures 13 through 15. The
locations ofthe selected stations are shown in the Figure 12. The list ofwindroses developed:iIi.
this study is included in Table 4. Windrose plots from surface observation stations and the
CALMET-predicted output are shown in Figures 13 through 15 and indicate good agreement
between s¢ace observations and CALMET predicted output.

Table 4 - List of WincIroses (March l-March 31, 2(03)
Station Data Period (Total Count) Location ofthe Station
Name March I-March 31, 2003

Observation CALMET- Observation CAUv.lET-
Predicte.d (Latitude, Predicted

Longitude) (Grid Cell)
AsPen-- _.-. ..

672 hours 143 hoUrs 39.217N, .- '93,12
I06.867W

Laramie 715 hours 743 hours 41.313N, 118,71
105.674W

Craig-Moffat 684 hours 743 hours 4Q.5N, 79,48
107.533W
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Figure 12· Location of Selected Surface Observation Stations
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........... Figure 13 • Aspen field Windroses (March, 2003)

Aspen Field Observation Station Windrose -672 hours
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Figure 14 • L.aramie field Windroses (March, 2003)

Laramie Field ObseNation Station W;ndrose-715 hours
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..... Figure 15· Laramie field Windroses (March, 2003)

Craig-Moffat Field Observation Station Windrose-684 hours
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AppendiXK

NRCS Irrigated and HonirrigatedYields by Map Unit

for Carbon CountY, Wyoming
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Irrigated and Nonirrigated Yields by Map Unit

Carbon County Area, Wyoming

.

Map symbol Land capability Alfalfa hay Grass hay Pasture

and soil name

I I I IN I N I N I N I

Tons Tons Tons T~ns AUM AUM
4:

Canbum 4w 4w

8: 1.00 1.00
Gerrard 6w 6w

9:

Grieves variant 4w 3w

9H:

Grieves variant, alkali 4w 4w

13; 3.50 3.50

Rhoamett . 6e 45

15A: 3.00 3.00 4.0

Poposhia 4e Se

158: 3.00 3.00 . 4.0
:," "\poposhia 4e 3a
'........j

18A;
Alcova 4e 3e

188;
Alcova 4e 3a

18C; 2.50 5.0

Alcova 4e 4e

18H: 3.50 7.0

Alcova, saline 6e 4e

20:

Debone 7s 4s

22: 3.50 3.50 5.0

Edlin 4e 3e

29:

Canbum variant 4w 4w

31A:

Tiswort~ 6s 4s

...~/
,

USDA Natural Resources This raportshows onlylhe majorsolis in each map unit others may exist.

z:z;;; Conservation Senice
Tabular Dala Version; 5

Tabular Data VersIon Date: 02121/2007 Page 1 of 10
DEQ 000400



Irrigated and Nonirrigated Yields by Map Unit

Carton County Area, Wyoming

Map symbol Land capability Alfalfa hay Grass hay Pasture

and soil name

I I I lN I N I N I N I



Irrigated and Nonirrigated Yields by Map Unit

Carbon County Area, Wyoming .

Map symbol Land capability Alfalfa hay Grass hay Pasture

and soli name
I I I IN I N I N I N I

59:
Absher valiant 6s 4s'

69:
Kiltabar 4s 4s

78A:
Ryan Park 4e 3e

78B:
Ryan Park 4e 3e

790:
Blacl<hall 7e 7e

86;
"Ansel' 6e 6e'

101:
/-)Echemoor 6e 4e
\.. Clayburn 6e 4e

102:
Echemoor 6e 4e
Inchau 7e 6e

105:
Stannan 7e 7e
Barrett 7e 7e

107:
Stannan 7e 7e
Vabem 7e 7e

108:
Lymanson 6e 6e
Youga 6e 4e

109:
Lymanson' 6e 4e
Roxal 7e 6e

111 :
Vabem 7e 7e

,.,~nchau 6e 6e

Tons Tons Tons Tons

3.00

3.00

AUM

­.,

AUM

4.0

4.0

USDA Natural Resources
::?'?=;;';;; Conservation Semce

Tabular Data Version: 5
Tabular Data Version Date: 02l21f2007

1llis report shews enlythe mejer$Oils in each map unit Others mey exist

Page 3 of 10
DEQ..000402



Irrigated·and Nonirrigated Yields by Map Unit

Carbon County Area, Wyoming

Map symbol Land capabIlity Alfalfa hay Grass hay Pasture

and 5011 name
I I I IN I N I N J N I



.........,
\
}

Irrigated and Nonirrigated Yields by Map Unit

Carbon County Area, Wyoming

Map symbol Land capablllty Alfalfa hay Grass hay Pasture

and soil name
I I I IN I N I N I N I

Tons Tons Tons Tons AUM AUM
208:
Pinelli 6e 4e
Foreile 6e 4e

209:
Ghaperton 6e 4e
Boettcher 6e 4e

210:
Absher variant 65 45

217:
Dahlquist 65 4s
Gragosen 75 as

218A: 3.50 7.0
Alcova 6a 3a
Rawlins 6e 3e

,"--\18B: 3.00 6.0
\... ~)Alcova 6e 3e

Rawlins 6e 36

221:
Blazon 7e 6s
Chapertl?n 6e 45

224A: 4.00 4.00 7.0

McFadden 66 36
Brownsto 6s 4s

224B: '3.50 3.50 6.0

McFadden 6e 3e
Brownsto 6s 45

224w: 4.00 4.00 7.0

McFadden, wet 6w 3w
Brownsto, wet 6w 4w

225: 3.00 3.00 7.0

Gushool 6e 45
Rock River 4e 3a

",
/

USDA Natural Resources
~ Conservation Service

Tabular Data Version: 5
Tabular Data Version Date: 02l21{2007

Thls report sbows only the major soils in each map unit Others may exist.

Page 5 of 10
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Irrigated and Nonirrigated Yields by Map Unit

Carbon County Area, Wyoming

Map symbol Land capability Alfalfa hay Grass hay Pasture

and soli name
I I 1 IN J N I N I N I

Tons Tons Tons Tons AUM AUM
229: 3.50 3.50 7.0

Cushool 6e 4s
Cushool variant 6e 4s

235: '"'-

Blazon 7e 6e
Blazon, THIN SOLUM 7e 6e

236:
Cushool 6e 6e
Worfman 7e 6e
Blackhall 7e 6e

237: .-

Seaverson 7e 6e
Blazon 7e 6e

244: 3.00 4.5

Rock River 4e 3e

251: 3.00 7.e.

Grieves 6e 4e
Blackhall 7e 6e

252:
Blazon 7e Be
Blazon, thin solum 7e 7e
Rentsac 7s 7e

253:
Blazon 7e 6e
Cushool 6e 4e

254:
Abston 6s 4s
Seaverson 7s 6s

255:
Ponded solis 8 8

256: 3.50 3.50 6.0

McFadden 6e 4e
Brownsto 6s 6e
Rawlins 6e 4e

USDA Natural Resources
:;;=;==;;;. Conservation Service

,ThIs report shows only !ha malar soli. In ,each map unl~ Cithars may exl.t,

Tabular Data Version: 5
Tabular Data Version Date: 02121f2007 Page 6 of 10
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,..... ",

(

Irrigated and Nonirrigated Yields by Map Unit

Carbon County Area, Wyoming

~

Map symbol Land capability Alfalfa hay Grass hay Pasture

and soil name

I I T 1N I N I N I N I

Tons Tons Tons Tons AUM AUM
257:
Havre variant 4e 35

Glendive variant 4e 35

258: 3.00 4.5
Rock River 4e 3e
Cushoo! 4e 4e

260: 2.00 3.0

Ryan Park 6e 6e
Rock River 4e 4e

261: 5.00 3.00
Luhon 6e 4e
Rock River 4e 3e

, 262:' ',' ..- -
Rentsac 75 75
Thermopolis 7e 6e

\
\.,-.-163: 3.50 3.50 5.0

Edlin 4e 4e
Carmody 6e 4e

264:
Rentsac 7s 7e
Rock outcrop 8

272: '-
Rawlins 6e 4e

275: 3,00 3.00 4.0

Poposhla 4e 3e
Chaperton 6e 4e

278: 3.00 4.0

Ryan Park 4e 3e
Elk Mountain 6e 4e

279:
Blackhall 7e 7e
Grieves 4e 4e

USDA Natural Resources
??:Zi2 Conservation Service

Tabular Data Version: 5
Tabular Data Version Date: 02121/2007

This report shows only the major salls In each map unit Others may exist.

Page 7 of 10
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Irrigated and Nonirrigated Yields by Map Unit

Carbon County Area, WyomIng

Map symbol Land capablllty Alfalfa hay Grass hay Pasture

and soil name

I I I IN I N I N I N I

Tons Tons Tons Tons AUM AUM
280:

Hazton variant 7e 7e
Baggott variant 7e 7e

282: -'- ~

Tisworth 65 6s

284:
Blackhall 7e 7e
Carmody 6e 4e
Rock outcrop 8 8

286:
Tisworth 65 65

296:
Plnelll 6e 4e
Boettcher 6e 4e

332:
Chaperton, dry 6e 4e ~.

Hatermus 7e 6e
Haterton 7e 6e

333: 4.00 3.50 7.0
Sagecreek, alkali 65 65
Sagecreek 4e 4e

334: 3.50 3.00 6.0

Sagecreek, alkali 65 65

336:
Haterton, thin solum 7e 7e
Hatermus 7e 7e
Haterton 7e 7e

380:
Hazten variant 7e 6e
Burgess 6e 4e

400: 2.00 4.00 1.00 3.00
Firth yarlant 4w 3w
Canburn variant 4w 3w

USDA Natural Resources
~ Conservation Service

This report shows only the major Bolls In each map unit. Othars may exist.

Tabular Data Version: 5
Tabular Data Version Date: 02/21/2007 Page 8of 10
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Irrigated and Nonirrigated Yields by Map Unit

Carbon Cou'nty Area, Wyoming

.'

Map symbol Land capability Alfalfa hay Grass hay Pasture

and 5011 name

I I I IN I N I N I N I

Tons Tons Tons Tons AUM AUM
483:
Sandbranch 65 .65

495: ..:..

Chaperton, dry 6e 4e
Sagecreek 4e 4e

502: 3.00
Hagga, saline, alkali 4w 4w

703:
Havre 4e 4e

761:
Glendive variant 4e 4e

911: - 2.50 _. 2.50 5.0
Forelle 4e 4e
Diamondville 4e 4e

/"" -\
\ J12' 3.00 3.00 6.0...... "". .

Evanston 4e 3e

928:
Grieves va~ant 4w 4w
Gerrard 6w 4w

931: 3.00 3.00 6.0

Forelle 4e 3e

1202:
Delplain variant 7e 7e
Marling 7e 6e

1209:
ZlIIman 65 6e
Peyton variant 6e 6e

1217:
ZlIIman variant 65 6e
Highpoint 7e 6e

USDA Natural Resources
::;-=;;:;;; Conservation Service

Tabular Data Version: 5
Tabular Data VersIon Date: 02121/2007

This report.hows only1he majorsolis In each map uniL Others may exlsL

Page 9 of 10
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Irrigated and Nonirrigated Yields by Map Unit

Carbon County Area, Wyoming

..

Map symbol Land capability Alfalfa hay Grass hay Pasture

and soil name

I I I IN I N I N I N I

Tons Tons Tons Tons AUM AUM
1251:
McFadden 6e 4e
Blackhall 7e 7e
Edlin 4e 4e

1252:
Rentsac 7e 7e
Blazon 7e 7e
Rubble land 8 8

1255:
Blackhall 7e 7e
Rentsac 7e 7e

1256:
Rawlins 4e 4e
Rock River 4e . 4e

1260: 3.00 3.00 5.0

McFadden 6e 4e
Edlin 6e 4e

1912:
Peyton variant 4e 4e
Evanston variant 4e 4e

2080:
PInelli variant 4e 3e
ForeUe ·6e 3e

2199:
Anchutz 4e 3e

9120:
Evanston variant 4e 3a

Evanston 4e 3e

W:
Water

USDA Natural Resources
z.z;;;; Conserv~tionServi~e

This ropoTtshows only 111.0 majorsalls In each mop unit. Olhon; mayexlsl.

Tabular Data Version: 5
Tabular Data Version Date: 02121/2007 Page 10 cif 10
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AppendiX1

NRCS Acreage and Proportionate Extent of the Soils
for Carbon CountY, Wyoming
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Acreage and Proportionate Extent of the Soils

Carbon County Area, WyomIng

*
*

*.

*

*

*

0.1

Canbum loam, 0 to 2 percent slopes

Gerrard loam, 0 to 2 percent slopes

Grieves variant fine sandy loam, 0 to 3 percent slopes

Grfeves variant fine sandy loam, alkali, 0 to 3 percent slopes

Rhoamett silty clay, 0 to 2 percent slopes

Poposhla loam, 0 to 2 percent slopes

Poposhia loam, 2 to 6 percent slopes

Alcova sandy loam, 0 to 2 percent slopes

Alcova sandy loam, 2 to 6 percent slopes

Alcova sandy loam, 6 to 12 percent slopes

Alcova sandy loam, sailne, 0 to 3 percent slopes

Debone silty clay loam, 0 to 3 percent slopes

Edlin sandy loam, 0 to 10 percent slopes

Canbum variant fine sandy loam, 0 to 2 percent slopes

Tisworth sandy loam, 0 to 2 percent slopes .

Tlsworth sandy loam, 2 to 6 percent slopes

Tresano sandy loam, 0 to 20 percent slopes.

Rock River sandy loam, 0 to 2 percent slopes

Rock River sandy loam, 2 to 6 percent slopes

Rock River sandy loam, 6 to 12 percent slopes

Rock River sandy loam, saline, 0 to 3 percent slppes

Flveoh very fine sandy loam, 2 to 10 percent slopes

Flveoh loam, saline, 0 to 3 percent slopes

Grieves fine sandy loam, 2 to 6 percent slopes

Yetull variant loamy sand, 2 to 20 percent slopes

Firth variant fine sandy loam, 0 to 2 percent slopes

Patent variant very fine sandy ioam, 0 to 3 percent slopes

Laney loam, 0 to 6 percent slopes

Laney varlant-8l1ckspots complex, 3 to 10 percent slopes

PInelli loam, 0 to 2 percent slopes

Absher valiant silty clay loam, 0 to 2 percent slopes

Kiltabar loam, 0 to 3 percent slopes

Ryan Park sandy loam, 0 to 2 percent slopes

Ryan Park sandy loam, 2 to 6 percent slopes .

Blackhall sandy loam, 6 to 30 percent slopes

Ansel loam, 10 to 30 percent slopes

Echemoor-Claybum association, 0 to 10 percent slopes

Echemoor-Inchau assocIation, 3 to 10 percent slopes

Starman-Barrett complex, 6 to 40 percent slopes

Starman-Vabem complex, 10 to 40 percent siopes

Lymanson-Youga association, 3 to 20 percent slopes

Lymanson-Roxal association, 3 to 20 percent slopes

Vabem-Inchau association, 6 to 30 percent slopes

Map
symbol

!

.... _..--------------------------------------'-------------
_______________M_a_p_u_n_lt_n_am_e ..L. A_CT_e_s_I p_e_rc_e_nt_

397

992

3,759

1,283

388

20

320

1,000

1,000

1,000

1,000

1,300

1,356

1,046

836

332

3,320

5,115

4,206

418
861

3,232

412

833

966

2,986

3,137

1,260

700

262

2,518

320

928

1,922

160

260

260

405

1,940

20

430

300

1,580

4

8

9

9H

13

15A

156

18A

188

18C
18H

20

22

29

31A

31B

34

38A
38B

···· ..';aC
J

·'_A8H

40

40H

43B

45

49

51W

52

528

53A

59

69

78A
78B

790

86

101

102

105

107

108

109

j11

USDA Natural Resources
z=-;=;; Conservation Service

Tabular Data Version: 5
Tabular Data VersIon Date: 02121/2007

* See footnote at end of table.

Page 1 of 3
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Acreage and Proportionate Extent of the Soils

Carbon C?unty Area, Wyomirig

Map
symbol

11BA
118B
128
135B
13BA
138B
140
141
144
147
200

208

209

210
217
218A

218B
221
224A

224B

224w

225

229

2;35
236
237
244

251
252

253

254

255

256

257

258

260
261
262

263
264

272

275

278

Map unit name

Alcova-Rock River sandy loams, 0 to 2 percent slopes

Alcova-Rock River sandy Ioams, 2 to 6 percent slopes

McFadden-Brownsto-Blackhall complex, 6 to 20 percent slopes

Cushbolsandy loam, 0 to 6 percent slopes

Rawlins-Bosler complex, 0 to 2 percent slopes

Rawlins-Bosler complex, 2 to 6 percent slopes

Tlsworth-Poposhia complex, 0 to 8 percent slopes

McFaoden-Brownsto complex, 0 to 8 percent sl~pes

McFadoen-Blackhall sandy loams, 2 to 15 percent slopes

Rogert-Quander-Rock outcrop complex, 20 to 50 percent slopes

Patent varlant-Hagga complex, 0 to 3 percent slopes

Pinelll-Forelle association, 3 to 15 percent slopes

Chaperton-Boettcher association, 3 to 10 percent slopes

Absher variant very fine sandy loam, 0 to 6 per~ent slopes

Dahlquist-Cragosen association, 6 to 40 percent slopes, eroded

Alcova-Rawlins complex, 0 to 2 percent slopes

Alcova-Rawlins complex, 2 to 6 percent slopes

Blazon-Chaperton association, 6 to 12 percent slopes

McFadden-Brownsto complex, 0 to 2 percent slopes

McFadden-Brownsto complex, 2 to 6 percent slopes

McFadden-Browntso complex, wet, 0 to 3 percent slopes

Cushool-Rock RIver association, 3 to 10 percent slopes

Cushool-Cushool variant association, 3 to 9 percent slopes

Blazon-Blazon thin solum Ioams, 6 to 40 percent slopes

Cushool-Worfman-Blackhall sandy loams, 610 30 percent slopes

Seaverson-Blazon complex, 3 to 30 percent slopes, eroded

Rock River sandy loam. 0 to 6 percent slopes

Grieves-Blackhall association, 3 to 30 percent slopes

Blazon,thln solum-Blazon-Rentsac complex, 10 to 50 percent slopes, eroded

Blazon-Cushool association, 2 to 20 percent slopes

Abston-Seaverson complex, 0 to 6 percent slopes

PI<3ya lakes

McFadden-Brownsto-Rawlins complex 6 to 20 percent slopes

Havre variant-Glendive varlal")t complex, 0 to 3 percent slopes

Rock Rlver-Cushool sandy loams, 0 to 12 percent slopes

Ryan Park-Rock River association, 2 to 20 percent slopes

Luhon-Rock River association, 0 to 10 percent slopes

Thermopol1~-Rentsac complex, 10 to 30 percent slopes

Edlin-Carmody sandy loams, 3 to 15 percent slopes

Rentsac-rock outcrop complex, 5 to 50 percent slopes

Rawlins gravelly loamy sand, 0 to 10 percent slopes

Poposhla-Chaperton loams, 0 to 5 percent slopes

Ryan Park-Elk Mountain loamy fine sands, 2 to 7 percent slopes

Percent

0.1

*
*

0.1

0.1

0.3
0.2

*

*

0.2

0.2

0.2
0.7

0.3

0.4

*
0.2
0.1

0.3

0'.3
0.2

0.1

*

0.4

/
Q,

USDA Natural Resources
~ Conservation Service

Tabular Data Version: 5
Tabular Data VersIon Date: 02121/2007

* See footnote at end of table.
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Acreage and Proportionate Extent of the Soils

Carbon County Area, Wyoming

Map
symbol

279

280

282

284

286

296

332

333

334

336

380

400

483

495

502

703

761

911

912
("'""\z8" )

,..,:331

1202

1209

1217

1251
1252

1255

1256

1260

1912

2080

2199

9120

W

Total

Map unit name

Blackhall-Grieves fine sandy loams, 10 to 40 percent slopes

Hazton variant-Baggott variant gravelly sandy loams, 5 to 50 percent slopes

Tisworth loam, 0 to 5 percent slopes

Blackhall-Carmody-Rock outcrop complex, 3 to 50 percent slopes

Tlsworth fine sandy loam, 1 to 5 percent slopes

Pinelli-Boettcher clay Ioams, 2 to 20 percent slopes

Chaperton,dJY-Haterton-Hatermus loams, 2 to 15 percent slopes

Sagecreek alkali-Sagecreek loams, 0 to 10 percent slopes

Sagecreek loam, alkali, 1 to 8 percent slopes

.Haterton,thln solum-Hatermus-Haterton loams, 8 to 30 percent slopes

Hazton variant-Burgess association, 5 to 30 percent slopes

Firth variant·Canbum variant complex, 0 to 3 percent slopes

Sandbranch fine sandy loam, 0 to 6 percent slopes

Chaperton,dry-Sagecreek loams, 2 to 10 percent slopes

Hagga loam, saline, alkali, 0 to 2 percent slopes

Havre loam, 0 to 3 percent slopes

Glendive variant fine sandy loam, 0 to 3 percent slopes

Forelle-Dlamondville loams, 3 to 15 percent slopes

Evanston loam, 0 to 6 percent slopes

Grieves variant-Gerrard complex, 0 to 3 percent slopes

Forelle loam, 0 to 6 percent slopes

Delprain ~ariant-Morflng complex, 6 to 30 percent slopes

ZlIlman-Peyton variant a55OOlalton, 10 to 50 percent slopes

2111man variant-Highpoint association, 10 to 60 percent slopes

McFadden-BlackhaJl-Edlin sandy loams, 5 to 50 percent slopes

Rentsac-Blazon-Rubble land assocIation, 10 to 50 percent slopes

Blackhall-Rentsac complex, 10 to 40 percent slopes

Rawlins-Rock River association, 0 to 15 percent slopes

McFadden-Edlin association, 2 to 20 percent slopes

Peyton variant-Evanston variant flne sandy,loams, 0 to 6 percent slopes

Pinelli variant-Forelle association, 0 to 10 percent slopes

Anchutz sandy loam, 0 to 6 percent slopes

Evanston variant-Evanston complex, 0 to 6 percent slopes

Water

Acres I
2,240

2,500

4,795

1,968

4,398

650

9,900

12,720

3,680

3,185

1,000

2,675

3,175

650

643

2,170

603.

80

2,496

4,589

4,800

2,974

7,000

5,D42

20,463

20,816

6,335

13,968

17,571

9,350

2,858

15,980

5,011

36,203

541,365

Percent

*

0.1

0.2

0.3

*

*
*

*
•

0.1

0.1

•
0.2

0.1

0.5

0.5

0.1

0.3

0.4

0.2

•
0.4

0.1

0.8

12.2

• Less than 0.1 percent

.(
I

,/

USDA Natural Resources
:::=:=z==; Conservation Service

Tabular Data Version: 5
Tabular Data Version Date: 02121/2007 Page 3 of3
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

".
'. .1

Total dry-weight production
Map symbol Characteristic vegetation Rangeland

and soli name
Ecological site

Favorable I Normal I Unfavorable composition
year year year

Lb/Ac Lb/Ac Lb/Ac Pet

4:

Canburn SUBIRRIGATED (10-14SE) 4,300 :UOO 3,000 Basin wlldrye 20

Eiluejoin! 15
Northern reedgrass 15
Prairie cordgrass 15
Nebraska sedge 10
Canada wlldrye 5
Other perennial forbs 5
Slender wheatgrass 5
Tufted halrgrass 5
Western wheatgrass 1

8:
Gerrard WETLAND (10-14SE) 6,000 5,000 3,500 Nebraska sedge 30

Northern reedgrass 10
Willow 10
American blstort 5
American mannagrass 5
Arrowgrass 5
Baltic rush 5
Blueeyed grass 5
Clustered field sedge 5
Common reed 5
Horsetail 5
Tufted hairgrass 5
Water hemlock 5

USDA Natural Rcsour~cs
7?-z:iii Conservation Service

Tabular Data Version: 5·

TabUlar Data Version Date: 0212112007

ThIs reporl shows only the major salls In each map ...IL Others may exTsl.
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

Total dry-weight production
Map symbol Rangeland

and soil name Ecological site
Favorable I Normal I Unfavorable

Characteristic vegetation
composition

year year year

Lb/Ac LblAc LbfAc Pct
9:

Grieves valiant LOWLAND (10-14SE) 3,000 2,300 1,600 W~~rn wheatgrass 20

Basin wildrye 10

Narrowleaf cottonwood 10'

Needl~andthread 10

Silve~ ~agebrush 10

Big sagebrush 5
canby bluegrass 5

Indlan,ric.egrass. 5
Prairie June.grass 5
Yellow rabbitbrush 5

9H:

Grieves variant. alkali SALINE LOWLAND (10.-14SE) 2,500 ·1.800 1.200 Alkali :!lacaton 15
Basin Wlldrye 15
Greas~wood 15
Indian! rrcegrass 5
Inland;saltgrass 5
Western wheatgrass 5

USDA Natural Resources
??:;;;;;;;; r-·-:-1jServation Service Ta!)ular Data Vernion: 5

Tabular Data Vefl:'" -'ate: 02121/2007

This report shows only lhe major soIls In esch msp unit Olhars msyexlst.

'lof 50
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Rangeland Productivity-and Plant Composition

Carbon County Area, Wyoming

\.. ./

Total dry-weight production
RangelandMap symbol Ecological site Characteristic vegetationand soli name Favorable I Normal I Unfavorable composition

year year year

Lb/Ac Lb/Ac Lb/Ac Pct
13:

Rhoamelt SALINE LOWLAND (10-14SE) 2,500- 1,800 1,200 Streambank wheatgrass 40
Green needlegrass 10
~irdfoot sagebrush 5
Bluebunch wheatgrass 5
Multongrass 5
other perennial forbs 5
Other perennial grasses 5
Plains reedgrass 5
Prairie Junegrass 5
Sandberg bluegrass 5
Truckee rabbltbrush 5
Winterfat 5

15A:

Poposhla LOAMY (1Q-14SE) 1,400 1,100 600

15B:

Poposhia LOAMY (1Q-14SE) 1,400 1,100 600

18A:

Alcova SANDY (1O-14SE) 1,500 1,200 700

18B:

Alcova SANDY (1Q-14SE) 1,500 1,200 700

18C:

Alcova SANDY (10-14SE) 1,500 1,200 700

USDA Natural Resources
7?=;;;; Conservation Service Tabular Data Version: 5.

Tabular Data Version Date: 0212112007

This raport showe only the major aolls In each map untt. Olha", may exist.
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

Totaldry·1M~ghtproductlon
Map symbol Rangeland

and soil name
Ecological site

Favorable 1 Noimal I Unfavorable
Characteristic vegetation

composition
year year year

USDA Natural Resources
??:;;";; .P-:,~servation Service Tabular Data Version: 5

Tabular Data Ve~' --""'"'ate: 02121/2007

This report shows only the major soils in each map unlL OlhelS may lllds!.

40f50

DEQ 000418



\.:._1'
C")
~j

Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

)

Total dry-weight production
Map symbol Rangeland

and 5011 name Ecological site
Favorable I Nonhal - I Unfavorable

Characteristic vegetation
composition

year year year

USDA Natural Rcsour~cs
??:;;=;;; Conservation Service Tabular Dala Version: 5

Tabular Data Version Date: 0212112007

This roport ohews only !he mojor solis In oaell map unR. OlhOlS may oxlsL
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Rangeland Productivity and Plant Composition

Carbon County Area. Wyoming

Total dry-weight production
Map symbol Rangeland

and soil name Eoologlcal site
Favorable I Normal I Unfavorable

Characteristic vegetation
composition

year year year

USDA Natural Resources?,?::==t P.-::~servatjon Service .Tabular Data Version: 5
Tabular Data Vel1"~'"'ate: 02i21/2007

Thl. report .h0W3 only the major""i1s In each map unit. Olhers may exist.
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

\ )

Total dry-weight production
Map symbol Rangeland

and soil name
Ecological site

Favorable I Nonnal IUnfavorable
Characterisllc vegetation

composition
year year year

lb/Ac Lb/Ac LbJAc Pet

S81-!:
Rock River. saline SANDY (1Q-14SE) 1,500 1,200 700

40:

Flveoh SANDY (10-14SE) 1.500 1,200 700

40H:

Rveoh, saline SALINE LOWLAND (10.14SE) 2,500 1,800 1,200

438:

Grieves SANDY (10-14SE) 1,500 1,200 700

45:

Yelull variant SANDS (10-14SE) 1,700 1,400 900

49:

Firth variant LOWLAND (10-14SE) 3,000 2,300 1,600

51W:

Patent variant SALINE LOWLAND (10-14SE) 2.500 1.800 1,200

USDA Natural Resources
7?-::;;;;; Conservation Service

Tabular Data Version: 5,

Tabular Data Version 'Date: 0212112007

Thl. raport shows only the major soli. In Bach map unit. olhera may axlst

Page 7 of 50

DEQ000421



Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

Total dry-weightproduclion
Map symbol Rangeland

and50iI name
Ecological site

Favorable I Normal I Unfavorable
Characteristic vegetation wmposilion

year year . year
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Rangeland Productivity and Plant Composition

Carbon County.Area, Wyoming

./

Total dry-weight production
RangelandMap symbol Ecological sIte Characteristic vegetation

and soil name Favorable I Normal I Unfavorable compositlon
year year year

69:

Klltabar

78A:

Ryan Park

78B:

Ryan Park

790:

Blackhall

86:

Ansel

SALINE LOWLANp (10-14SE)

SANDY (1O-14SE)

SANDY (10-14SE)

SHALLOW SANDY (10-14SE)

Lb/Ac

2,500

1,500

1,500

1,200

Lb/Ac

1.,800

1,200

1..200

900

LbfAc

1,200

700

700

700 Needleandthread

Bluebunch wheatgrass

Sedge

Black sagebrush

I~dlan rlcegrass

Muttongrass

Western wheatgrass

Big sagebrush

Prairie Junegrass

Pct

25

20

15

10

10

10

10

5
5

USDA Natnral Resources
??:z:=i Conservation Service

Tabular Data VersIon: 5·

Tabular Data VersIon Date: 0212112007

Thl. report shows only !he mejor salls In each mep mil others mey exIsl

Page90f 50
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

Total dry-weight production
Map symbol Rangeland

and soli name EcologIcal site
Favorable I Normal I Unfavorable

Characteristic vegetation composition
year year year

Lb/Ac LbfAc Lb/Ac Pct
101:

Echemoor LOAMY (15-19SE) 2,000 1.500 800 B1uebunch wheatgrass 20
Griffith wheatgrass 10
Idaho fescue . 10
Need[\'l~ndthread 10
Basfn.Wildrye 5
.Big sa~.ebrush 5

ParrY!? danthonla 5
Prairie Junegrass· 5
Spike fescue 5
Three6p sagebrush 5

Clayburn LOAMY (15-19SE) 2,400 2,000 1,400 Idaho fescue 20
streambank wheatgrass 15
Antelope bitterbrush 10
Big sagebrush 10
Canby bluegrass 10
Other perennial grasses 10
Spike fescue 10
Mountain brome 5
Other perennial forbs 5

USDA Natural Resources
??;;;;; p.::~serva1ionService ""[abular Data Version: 5

Tabular Data VarE'" ··'ate: 0212112007

This report shows only 1he major solis In eech map unn. Others mayexlsl
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'---jRangeland Productivity and Plant Composition

Carbon County Area, Wyoming
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Total dry-weight production
Map symbol Rangeland

and soli name
Ecological site

Favorable I Nonnal I Unfavorable
Characteristic vegetation

composition
year year year

USDA Natural Resources
7?;;;;=; Conservation Service Tabular Data VersIon: 5

Tabular Data VersIon Date: 0212112007

This report shows only the meJor solis In eaoh map unR. OlhslS msy exist.
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

Totaldry-vveightpnoducfion
Map symbol Characteristic vegetation

Rangeland
and soli name Ec~logical site

Favorable I Nolinal I Unfavorable composllion
year year year

Lb/Ac Lb/Ac Lb/Ac Pct

USDA Naftmll Resources
7?=:iiij P-::.~servation Service

' ..

Tabular Data Version: 5
Tabular Data Verf?"· "'ate: 02121/2007

ThIs report shows only !he major salls In each map unit. Others may exist.

P ,of 50
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

..........

.!

Total dry-weight production
Map symbol Rangeland

and soil name
EcologIcal site

Favorable I Normal. I Unfavorable
CharacterlsUc vegetation

composition
year year year

USDA Natural Resources
~ Conservation Service

Tabular Data Version: 5

Tabular Data Version Date: 0212112007

This report shows only lho major sofis in each map unil. Others may eXIst.
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

Map symbol
Total dry-weight production

Rangeland
and soli name Ecological site

Favorable I Nonnal I Unfavorable
Characterlstlc vegetation composition

year year year

109:
Lymanson LOAMY (15-19SE)

Lb/Ac

1,200

Lb/Ac

, 900

Lb/Ac

700 B1uebunch wheatgrass

Weste,mwheatgrass
Black ~agebrush

Muttongrass
Needleandthread
Prairie sagewort:

Pct

20

20
10
10
10

5

Roxal SHALLOW LOAMY (15-19SE)

111:
Vabem SHALLOW LOAMY (15-19SE)

Inchau LOAMY (15-19SE)

118A:
Alcova LOAMY (1Q..14SE)

Rock River LOAMY (1Q..14SE)

118B:
Alcova LOAMY (10-14SE)

Rock River LOAMY (10-14SE)

128:
McFadden SHALLOW SANDY (10~14SE)

Brownsto GRAVELLY (10-14SE)

USDA Natur~l Resources
?P:;;"';;:~~~ervationService

'.

1,400 1,100

1,400 1.100

1,200 900

1,400 :1.100

1,400 1,100

1,400 '1.100

1,400 1.100

1,200 900·

650 450

. Tabular Data Version: 5
Tabular Data Ver>' ''''ate: 0212112007

800

800

700

600

600

600

600

700

300

This report shows only the majorsalls In each map unit Others may exist.
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Rangeland Productivity-and Plant Composition

Carbon County Area, Wyoming

~.\

,;

Total dry-weight production
Map symbol Ecological site CharactertsUc vegetation Rangeland

and soli name Favorable I NOJTnai I Unfavorable composlUon
year year year

USDA Natural Resources
??:::=i;;;; Conservation Service Tabular Data Version: 5

Tabular Data Version Date: 02121/2007

This report shows only !he major solis In each map unit. Olhern may exist.
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Rangeland Productivity and Plant Composition

carbon County Area, Wyoming

Total dry-weight production
Mapsymbot Rangeland

and 5011 name
EoologiGa! site

Favorable I Nonnal I Unfavorable
Characteristic vegetation

composition
year year year

138B:

Bosler

140:
TIsworth

Poposhia

141:
McFadden'

Brownsto

144:
McFadden

SANDY (10-14SE)

SALINE UPLAND (10-14SE)

LOAMY {10-14SE)

SHALLOW SANDY (10-t4SE)

GRAVELLY (10-14SE)

SHALLOW SANDY (10-14SE)

lb/Ac

1,500

650

1.400

1,200

650

1.200

lb/Ac

1,200

500

1,100

900

450

900

Lb/Ac

700

300

600

700

300

700

Needleandthread

StTeambank wheatgrass

Indian ricegrass

Silver sagebrush

Threadleaf sedge

Bluebunch wheatgrass

Plains reedgrass

Prairie Junegrass

Sandberg bluegrass

FQurwing salt!?ush,

Strea~bankwheatgrass

Indiari ricegrass .

Winte[fat

Bottleprush squlrreltail

Greas,ewood

Other perennial forbs

Pet

30

20

15

10

10

5
5
5
5

50

15
10

10

5
5
5

USDA Natural Resources
7?;;:;i;;; /"~9ServationService

'.

Tabular Data Version: 5
Tabular Data Verr-·..· ·....ate: 0212112007

ThIs report shows only the major soils In each map unit. Others may eJdsl.
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

/

Total dry-weight-production
Map symbol Rangeland

and soil name
EcologIcal site

Favorable I Normal I Unfavorable
Characteristic vegetation

compositIon
year year year

Lb/Ac Lb/Ac LbfAc Pet

144:

Blackhall SHALLOW SANDY (10-14SE) 1,200 900 700 Needleandthread 25

Bluebunch wheatgrass 20
Sedge 15

Black sagebrush 10
Indian ricegrass 10
Muttongrass 10
Western wheatgrass 10
Big sagebrush 5
Plaine Junegrass 5

147:

Rogert VERY SHALLOW (15-19SE) 1,400 1~OOO 700 Western wheatgrass 20

Antelope bitterbrush 5
Bluebunch wheatgrass 5
Needleandthread 5
Prairie Junegrass 5

Quander SHALLOW LOAMY (15-19SE) 1,500 1;200 1,000 Bluebunch wheatgrass 25
Antelope bltterbrush 15
Big sagebrush 15
Idaho fescue 15

Mut~ongrass 10
Common snowberry 5
Saskatoon serviceberry 5

Rock outcrop

USDA Natural Resources
:;;==;:;;:a Conservation Service Tabular Data Version: 5

Tabular Data Version Date: 02f21fZ007

this ,eporl shows only Ihe major solis In eech map unlL OIhers mey exIst

Page 17 of 50
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Rangeland Productivity and Plant Composition

.Carbon County Area, Wyoming

Total dry-weight produotion
Map symbol Rangeland

and 5011 name EcologIcal site
Favorable· I Norm;;!1 I Unfavorable

Characteristic vegetation compositlon
year year year

USDA Natural Resources
??z=;;; !?~.,!!servationService

\ ..

. Tabular Data Version: 5
Tabular Data Vers" '~''lte: 02121/2007

This reportshaws only1he major solis In each map unit Olhers may exist.

P '1 of 50
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Rangeland
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Productivity and Plant Composition

Carbon County Area, Wyoming

Total dry-weight productIon
Map symbol Rangeland

and soil name
Ecological site

Favorable I ~onnal I Unfavorable
Characteristic vegetation

composition
year year, year

USDA Natural Resources
7?;;;7;j Consenation Service

Tabular Data Version: 5 .

Tabular Data Version Date: 0212112007

This report shows only the meJor solis 1. each map unit Others may exist
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Rang~land Productivity and Plant Composition

Carbon County Area, Wyoming

Total dry-weight productlon
Map symbol Rangeland

and solI name
EcologIcal site

Favorable I Normal IUnfavorable
Characteristic vegetation

composifion
year year year

USDA Natural Resources
?%::7? :'?-:~servation Service Tabular Data Version: 5;'

Tabular Data Ve~·· --'ate: 02121/2007

1111s report shows only the major salls In each map unIl others may exist.

P 'Jof 50
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

/

Total dry-weight production
Map symbol Rangeland

and soli name
Ecological site

Favorable I Normal' IUnfavorable
Characteristic vegetation

composition
year year year

Lb/Ac LblAc LblAc Pct
224A:

Brownsto GRAVELLY (10-14SE) 650 450 300

224B:

McFadden SHALLOW SANDY (10-14SE) 1,200 ·900 700

Brownsto GRAVELLY (10-14SE) 650 450 300

224w:

McFadden, wet SHALLOW SANDY (10-14SE) 1,200 900 700

Brownsto, wet GRAVELLY (10-14SE) 650 450 300

225:

Cushool SANDY (1O-14SE) 1,500 {200 700 Needleandthread 25
Indian Iicegrass 20
Slreambank wheatgrass 20
Silver sagebrush 10
Big sagebrush 5
Bluebunch wheatgrass 5
Plains reedgrass 5
Sandberg bluegrass 5

USDA Natural Resources
7?:z=ij Conservation Service

Tabular Data Version: 5

Tabular Data Version Date: 0212112007

TIlls report shows only the major sons In each map unlL others may oxlst.

Page 21 of 50
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

Total dry-weight production
Map symbol Rangeland

and soil name
Ecological site

Favorable I Normal I Unfavorable
Characteristic vegetation composition

year year year

USDA NaturalResources
??:;;";;; f-=l~~ervationService

'.

Tabular Data Version: 5
Tabular Data Vert>'·"'---""'ate: 02121/2007

This report 'haws onlY the n$rsOlis In each map unit. Oll1e", may exisl

P <!of 50
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

.,...
1

Total dry-welghtproducUon
Map symbol Rangeland

and soli name Ecological site
Favorable I NOmJal I Unfavorable

Characteristic vegetation
composItIon

year year year

lb/Ac lb/Ac LbfAc

235:

Blazon SHALLOW LOAMY (10-14 SE) 1,200 900 700 Bluebunch wheatgrass

Western wheatgrass

Muttongrass

Black sagebrush

Indian rlcegrass

Sandberg bluegrass

Yellow rabbitbrush

Blazon, THIN SOLUM SHALE(1 0-14SE) 1,200 900 700 Bluebunch wheatgrass

Western wheatgrass

Muttongrass

Black sagebrush

IndIan rlcegrass

Sandberg bluegrass

Yellow rabbltbrush

236:

Cushoo! SANDY (1Q-14SE) 1,500 1,200 700

Worfman SHALLOW SANDY (10-14SE) 1,200 900 700 Bluebunch wheatgrass

Indian rlcegrass

Needleandthread

Prairie Junegrass

Sandberg bluegrass

Skunkbush sumac

Truckee rabbitbrush

Western wheatgrass
Winterfat

Pet

20

20

10

5

5
5

5

20

20

10

5

5

5
5

20

10

10

5
5

5
5
5

5"

USDA Natural Resources
?=:=:;; Conservation Service Tabular Data Version: 5

Tabular Data Version Date: 02121/2007

This reporlshaws only the maJor soUs in each map unit. Others may exist.

Page 23 of 50
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

Total dry-weight production
Map symbol Rangeland

and 5011 name
Ecological site

Favorable I Normal I Unfavorable
Characteristic vegetation

composition
year year year

Lb/Ac Lb/Ac Lb/Ac Pet

236:

Blackhall SHAlLOW SANDY (10.14SE) 1,200 .900 700 Needleandthread 25

Bluebunch wheatgrass 20
Sedge 15

Black sagebrush 10

Indian ricegrass 10

Muttengrass 10

WestE!m whe?-tgrass 10

Big sf!gebrush: 5

Prairie JUI'legrass 5

237:

S.eaverson SALINE UPLAND (10.14SE) 650 500 300 Garor:ter's salfliush. 40
India~ ricegrass' 15
V\feste)1l wheatgrass 15

Bottle~~shsguirreltail 10
BlrdfQpt sagebrush 5
Desert·biscultroot 5·
SandQetg· bluegrass 5

Blazon SHAlLOW LOAMY (10-14 SE) 1,200 900 700 Bluebunch wheatgrass 20
Western wheatgrass 20

Muttongrass 10
Black 'sagebrush 5
Indian rlcegrass 5
sandberg bluegrass 5
Yellow rabbitbrush 5

USDA Natural Resources
z-==;;; P...._-..servation Service Tabular Data Version: 5

Tabular Data Vef:" "ate: 0212112007

ThIs report shows only the major sells In eaoh map IU1It Others mayexist
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

~~ .~.

/

Total dry-weight production
Map symbol Rangeland

and soli name
Ecological site

Favorable I NO\11lal I Unfavorable
Characteristic vegetatIon

composition
year year year

LblAc LblAc Lb/Ac Pct
244:

Rock RIver SANDY (10-14SE) 1,500 1,200 700 Needleandthread 25
Streambank wheatgrass

i
15

Big sagebrush 10
Bluebunch wheatgrass 10
Canby bluegrass 10
Indian ricegrass 10
Bottlebrush squirreltail 5
Truckee rabbltbrush 5

251:

Grieves SANDY (1o-1~E) 1,500 1,200 700 Needleandthread 25
Sueambankwheatgrass 15
Big sagebrush 10
Bluebunch wheatgrass 10
Canby bluegrass 10
Indian ricegrass 10
Botllebrush squirreltail 5
other perennial forbs 5
Other perennial grasses 5
Truckee rabbitbrush 5

USDA Natural Resources
7?:;;;;; Conservation Service Tabular Data VersIon: 5

Tabular Data VersIon Date: 0212112007

Thl. report shows only tho major soli. In each map mil Others msy exlsl

Page 25 of 50
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

Total dry-weight production
Map symbol Rangeland

and soil name Ecological site
Favorable I Nannal I Unfavorable

Characterlstlc vegetation composition
year year year

LblAc LblAc Lb/Ac Pet
251:

Blackhall SHALLOW SANDY (10-14SE) 1,200 900 700 Needleandthread 25

Bluebunch wheatgrass 20
Sedge 15
Black sagebrush 10
Indian· rlcegrass 10
Muttongrass 10
Western wheatgrass 10
Big sagebrush 5
Prairie Junegrass 5

252:
Blazon SHALLOW LOAMY (10-14 SE) 1,400 1,100 800

Blazon, thin solum SHALE (10-14SE) 400 300 200

Rentsac VERYSHALLOW (10-14SE) 600 450 250

253:

Blazon SHALLOW LOAMY (10-14 SE) 1,400 1,100 800 Bluebunch wheatgrass 20
West~rnwheatgrass 20
Muttongrass 10
Black sagebrush 5
Indian ricegrass 5
Sandberg bluegrass 5
Yellow rabbitbrush 5

USDA Natural Resources
??=;;;;; P:::,~servationService Tabular Data Version: 5

Tabular Data Ven' 'ate: 02/21/2007

ThIs report shows only!he major solls In each map unil. Olhers may exist

F <:lof 50
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

I
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Total dry-weight production
Map symbol Rangeland

and soil name
Ecological site

"Favorable I Normal IUnfavorable
Characteristic vegetatIon

composition
year year year



Rangeland Productivity and-Plant Composition

Carbon County Area. Wyoniing

Totaldry-vveightproducUon
Map symbol Rangeland

and soil name Ecological site
Favorable

I
Normal I Unfavorable

Characteristic vegetation composition
year year year

USDA Natural Resources
??:z;;;; F~servationService Tabular Data Version: 5

Tabular Data Verr'---"ate: 02121/2007

This report shows only the major soils In each mep un1t. Others may exist.

F ~8of50
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Rangeland Productivitt~md Plant Composition

Carbon County Area, Wyoming

'..J

Total dry-weight-production
Map symbol Rangeland

and soli name Ecological site
Favorable I Normal I Unfavorable

Characteristic vegetation
composition

year year year

Lb/Ac Lb/Ac LbfAc Pct
258:

Cushool LOAMY (1Q-14SE) 1,400 1;100 600 Streambank wheatgrass 40
Big sagebrush 10
Needleandthread 10
Bluebunch wheatgrass 5
Green needlegrass 5
Needleleaf sedge 5
Other perennial forbs 5-

Other perennial grasses 5
Plains reedgrass 5
Prairie Junegrass 5
~andberg bluegrass 5

260:

Ryan Park SANDY (1Q-14SE) 1.500 1,200 700 Needleandthread 30
Streambankwhea~rass 15
Indian rlcegrass 10
Plains reedgrass 5
Prairie Junegrass 5
Sandberg bluegrass 5
Spineless horsebrush 5
Threadleaf sedge 5
Winterfat 5
Yellow rabbitbrush 5

USDA Natural Resources
??=;::;;;;; Conservation Service Tabular Data Version: 5

Tabular Data Version Date: 0212112007

this report shows only the meJor salls In eech map unll OIhers- mey exlsl
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Rangeland Productivity and Plant Composition

Carbon County Area. Wyoming

Total dry-weight production
Map symbol Rangeland

and soli name Ecological site
favorable I Normai I Unfi:\vorable

Gharactertsticvegelation
composition

year year year

Lb/Ac Lb/Ac Lb/Ac Pet
260:

Roc1<Rlver SANDY (10-14SE) 1,500 1,200 700 Needleandthread 25

Streambank wheatgrass 15
Big sagebrush 10

Bluebunch wheatgrass 10
Canby bluegrass 10
Indian ricegrass 10
BotUebrush squlrreltall 5
Truckee rabbitbrush 5

261:

Luhon SHALLOW LOAMY (1 0-14 SE) 1.500 1,200 700 other perennial grasses 25
Sbea~bankwheatgrass 20
other perennial forbs 15
Big sagebrush. 10
Bluebunch.wheatgrass 10
Needleandthread 10
other shrubs. 10

Rock River LOAMY (1Q-14SE) 1,400 1,100 600 Weste~wheatgrass 35
Needleandthread 15
Big sagebrush 10
Bluebunch wheatgrass 10

Bluegrama 5

Canby bluegrass 5
Indian rtcegrass 5
Truckee rabbitbrush 5

USDA NaturalResources
s-z=;=; P~servationService Tabular Data Version: 5

Tabular Data Vers"" -~"";lte: 0212112007

This report shows only !hem~orsoils In each map unit OlholS may exist
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i )"-.......Rangeland Productivity and Plaht Composition

Carbon County Area, Wyoming
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Total dry-weIght production
Map symbol Rangeland

and 5011 name
Ecological sIte

Favorable I Normal I Unfavorable
Characteristic vegetation

composition
year year year

Lb/Ac Lb/Ac Lb/Ac Pel
262:

Renlsac

Thennopolis

263:

Edlin

Carmody

VERY SHALLOW (10-14SE)

SHALLOW LOAMY (10-14 SE)

SANDY (1Q-14SE)

SANDY (10-14SE)

600

1,200

1,500

1.500

450

'900

1,200

1,200

250

700 Bluebunch wheatgrass 20
Western wheatgrass 20
Needieandthread 10
Big sagebrush 5
Indian rlcegrass 5
Pralrle Junegrass 5

700 Needleandthread 25
Streambankwheatgr~ 20
Indian rlcegrass 15
Big sagebrush 5
Bluebunch wheatgrass 5
Bottlebrush squlrreltail 5
Silver sagebrush 5
Threadleaf sedge 5

700

USDA Natural Resources
?=:z=w Conservation Service Tabular Data Version: 5

Tabular Data Version Date: 0212112007

This report shows only lile major solis In each map unll. Othors may oxlst.
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Rangeland Productivity and Plant Composition

Carbon County Area. Wyoming

Total dry-weight production
Map symbol

~cological site Characteristic vegetation Rangeland
and soil name Favorable I Normal I Unfavorable composition

year year year

Lb/Ac Lb/Ac Lb/Ac Pet
264:

Rentsac SHALLOW LOAMY (10-14SE) 1,000 ·800 500 Bluebunch whE?atgrass . 50

Needleandthread 15
Western wheatgrass 10
Bluegrama 5
Otherjp'erennlal.forbs 5
Otheriperennl.al g.rasses 5
Other:shrubs 5

Rock outcrop

272:

Rawlins SHAlLOW SANDY (10-14SE) . 1,200 -gOO 700

275:

Poposhla LOAMY (10-14SE) 1,400 1,100 600

Chaperton LOAMY (10-14SE) 1,400 1,100 600 Western wheatgrass 35
Needleandthread 15
Big sagebrush 10
Prairie Junegrass 5
Sandberg bluegrass 5

USDA Natural Resources
~ . S .,..... ,r-~serYatlOn emce Tabular Data Ve~lon: 5

Tabular Data Ver;'='at6: 0212112007

This report shows only !he m'!lor soUs in each map unll Olh.", may eldst
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

)

Map symbol
Total dry-weight production

Rangeland
and soil name

EcologIcal site
Favorable I Nonnal IUnfavorable

Characteristic vegetation
composition

.. year year year

lb/Ac Lb/Ac Lb/Ac Pet
278:

Ryan Park SANDY (10-14SE) 1,500 1,200 700 Needleandthr~ad 30

Slreambank wheatgrass 15
IndIan rlcegrass 10
Plains reedgrass 5
Prairie Junegrass 5
Sandberg bluegrass 5

Spineless horsebrush 5
Threadleat sedge. 5
Winterfat 5
Yellow rabbltbrush 5

Elk MountaIn SANDY (10-14SE) 1,500 1,200 700 Needleandthread 30
Streambank wheatgrass 15
Indian rtcegrass 10
Plains reedgrass 5
Prairie Junegrass 5
Sandberg bluegrass 5
Spineless horsebrush 5
Threadleat sedge 5
TrUckee rabbltbrush 5
Winterfat 5

USDA Natural Resources
:;:??;;;;;; Conservation Service Tabular Data Version: 5

Tabular Data Version Date: 0212112007

This raport shows only the major soUs In aach map ""!L.Olham mayaxisl
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Rangeland Product~vity and Plant Composition

Carbon County Area, Wyoming

Total dry-weight production
Map symbol Rangeland

and soil name Ecological site
Favorable I Noimal I Unfavorable

Characteristic vegetation
composItIon

year year year

USDA Natural Resources
??z='ia .r-~nservationService-,

l:abular Data VersIon: 5
Tabular Data Ve~o "ate: 02121/2007

This report shows only lhe major solis In each map unit. OlhslS mayexisl
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Rangeland ProductivitY-~nd Plant Composition

Carbon County Area, Wyoming

J
".

Total dry-weight prOduction
Map symbol Rangeland

and soli name
EcologIcal site

Favorable I Normal I Unfavorable
Characteristic vegetation

composition
year year year

USDA Natural Resources
7?-z=': Conservation Service Tabular Data Version: 5'

Tabular Data Version Date: 0212112007

This reportshWIS only the meJor solie In eacll map unll. Others may exlsl.
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

Total dry-weight production
Map symbol Rangeland

and soil name Ecological site
Favorable I Normal I Unfavorable

CharacteJistic vegetation composition
year year year

USDA Natural Resources
~ P=::-9Servation Service Tablliar Data Version: 5

Tabular Data Verr-~ate: 02121/2007

This report shows only the majorsoils In each map unlL OlhelS may exisL
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

.........,
)

Total dry-weight production
Mapsymbof Rangeland

and soil name
Ecological site

Favorable I NOrJ1lal I Unfavorable
Charactetistic vegetation

composition
year year year

Lb/Ac Lb/Af;; Lb/Ac Pct
332:

Chaperlon, dry LOAMY (7-9GR) 700 500 300 Western wheatgrass 25

Big sagebrush 10
Needleandthread 10
Prairie Junegrass 10
Sandberg bluegrass 10

Halermus SALINE UPLAND (7-9GR) 450 350 200 Bluebunch wheatgrass 30
5treambank wheatgrass 15
Indian rlcegrass 10
Sandberg bluegrass 10
Big sagebrush 5
Black sagebrush 5
Needleandthread 5
Needleleaf sedge 5

Halerlon SHALLOW LOAMY (7-9GR) 450 350 200 Bluebunch wheatgrass 30
Streambank wheatgrass 15
l;Ourwing saltbush 10
Indian r1cegrass 10
Big sagebrush 5
Black sagebrush 5

Needleandthread 5
Needleleaf sedge 5

USDA Natural Resources
7?;;;;;; Conservation Service Tabular Data Version: 5

Tabular Data Version Date: 02121/2007

This ",pori shaWB only lila major solis In each map unlL Olha", may axlsL
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

Total dry-welghfproductlon
Map symbol Rangeland

and 5011 name Ecologlcalslte
Favorable I Nonnal IUnfavorable

Characteristic vegetation
composition

year year year

USDA Natural Resources
??::Zii..P:.-,",servation Service

"

Tabular Data Version: 5
Tabular Data VerT" ·..,ate: 0212112007

This report shows only ilia n$r solis in each map unit Olhere may Illdsl
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Rangeland Productivity and Plant Composition

Carbon County Area, WyomIng

, ./

. Total dry-weight production
Map symbol Rangeland

and 5011 name
EcologIcal sIte

Favorable

I
Normal I Unfavorable

Characteristic vegetation
composition

year year year

USDA Natural Resources
7?-::7"W Conservation Service Tabular Data Version: 5

Tabular Data VersIon Date: 02121/2007

ThIs reportshaws only !he major soIls In eam map unit Olhers may exlsl.
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Rangeland Productivity and Plant Composition

carbon County Area. WyomIng

Total dry-weight production
RangelandMap symbol

Ecological sIte . Characteristic vegetationand soli name Favorable I Nonnal I Unfavorable composition
year year year

USDA Natural Resources
7?:;;;;;, F-'~ervationService

"

Tabular Data VersIon: 5

Tabular DalaVel"~te: 02121/2007

This report shows only lI1e major sells In each map unit. Olhers may exJsL
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

\. )

Total dry-weight production
Map symbol Rangeland

and 5011 name EcologIcal site
Favorable I Normal I Unfavorable

Characteristic vegetation
composition

year year year

USDA Natllral Resources
7?-=Z7i Consen.ation Service Tabular Data Version: 5

Tabular Data Version Date: 02121/2007

This report shows only the meJor solis In each map unit. Olhors may exist.
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Rangeland Productivity an.d Plant Composition

Carbon County Area, Wyoming

Total dry-weight production
Map symbol Rangeland

and soil name
Ecological site

Favorable I Nonna! I Unfavorable
Characterlstlc vegetatlon

composition
year year year

Lb/Ac LblAc LbfAc Pet

911:

Forelle LOAMY (10-14SE) 1,400 1,10Q 600 Western whe!'ltgrass . 40

Big sagebrush 10

Needleandthread 10

Blueb!-lnch wheatgrass 5
Green needlsgrass 5
Needleleaf sedge 5
PIi:l1.ns. reedgrass l?
Pralrl~ Junegrass 5
sandberg bluegrass 5

Diamondville LOAMY (10-14SE) 1,400 1,100 600 Western wheatgrass 30
Needleandthread 15
Big sagebrush 10
Bluebunch wheatgrass 10
Green needlegrass 5
Muttongrass 5
Yellow rabbitbrush 5

USDA Natural Resources
7?:Z7? P~qservationService,

Tabular Data Version: 5
Tabular Data VerF'-' -"'ate: 0212112007

ThIs report shows only !he major soils In each map Unit Olher.; mayexlst
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

Total dry-weight production
Map.syrilbol Rangeland

and soli name EcologIcal site
Favorable I Nonnal I. Unfavorable

Characteristic vegetation
composition

year year . year

Lb/Ac Lb/Ac Lb/Ac Pet
912:

Evanston LOAMY (1G-14SE) . 1,400 1,100 600 Streambank wheatgrass 20
Big sagebrush 15
Needleandthread 15
Bluebunch wheatgrass 10
Canby bluegrass 10
Letterman's needlegrass 10
Indian rlcegrass 5
Other perennial forbs 5
Other perennial grasses 5
Prairle Junegrass 5

928:

Grieves variant LOWLAND (10-14SE) 3,000 2,300 1,600 Western wheatgrass 20
BasIn wlldrye 10
Narrowleaf cottonwood 10
Needleandthread 10
Silver sagebrush 10
Big sagebrush 5
Canby bluegrass 5
tndlan rlcegrass 5
Prairle Junegrass 5
Yellow rabbitbrush 5

USDA Natural Resources
7?:=:iiii7 Conservation Service Tabular Data VersIon: 5 .

Tabular Data VersIon Date: 02121/2007

This report shows only Ihe major salls In eaoh map IIlIl Olhers may exist.
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Rangeland Productivity and Plant Composition

Carbon County ArE~a. Wyoming

Total dry-weight product/on
Map symbol Rangeland

and soil name
Ecological sile

Favorable I Normal IUnfavorable
Characteristic vegetation

composition
year year year

USDA Natural Resources
~~~ervationService Tabular Data Version: 5

Tabular Data Ve~' .....ate: 02121/2007

This repartshaws only lhe m*rsails In each map unIl Olll.rs may exlsl.
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

Total dry-weIght production·
Map symbol Rangeland

and 5011 name
Ecological site

Favorable I Normal IUnfavorable
Characteristic vegetation

composition
year year year

Lb/Ae Lb/Ae Lb/Ae Pet
1209:

ZlIIman COARSE UPLAND (15-19SE) 1,200- ·aoo 500 Bluebuneh wheatgrass 30
Needleandthread 15
Black sagebrush 10
Botllebrush squlrreltall 10
Streambankwhea~rass 10
Antelope bitterbrush 5
Big sagebrush 5
Other perennial forbs 5
Other perennial grasses 5
Sandberg bluegrass 5

Peyton variant LOAMY (15-19SE) 2,200 1;600 1,100 Bluebunch wheatgrass 25
Western wheatgrass 25,
Green needlegrass 15
Needleandthread 10
Uttle bluestem 5
Other perennial grasses 5
Other shrubs 5

USDA Natural Resources
??:=:;=; Conservation Service Tabular Data Version: 5 .

Tabular Data Verslon Date: 0212112007

This report shows only the major salls 1n each map unlL others may exlsL
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

Total dry-weigl1t production
Map symbol Rangeland

and 50ilname EcologIcal site
Favorable I Nonnal I Unfavorable

Characteristic vegetation
composition

year year year

USDA Natural Resources
~ . S .---. P--::~ervation ervJce

.Tabular Data Version: 5

Tabular Data Ver."· ~-'ate: 0212112007

ThIs report shows only the major soils In each map unit. Oll1a... may exist
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

\.. l

Total dry-weightproduction
Map symbol Rangeland

and soil name Ecological site
Favorable I Nonna! IUnfavorable

Characteristic vegetation
composition

year year year

USDA Natural Resources
~ Conservation Service Tabular Data Version; 5

Tabular Data Version Date; 0212112007

This ropert shows only the major solis In eam map unit. Others may exist.
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Rangeland Productivity and Plant Composition

carbon County Area, Wyoming

Total dry-weight production
Mapsymbol. Rangeland

and soli name Ecological site
Favorable I No~mal I Unfavorable

Characteristic vegetation composition
year year year

USDA NaturalRcsources
::??=:77 P~uservationService

. "
Tabular Data Version: 5

Tabular Data Verr ",ate: 0212112007

This report shows only the majorsoils in each map unlt. Others may eldst.
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

"

I
./

Total dry-weight production
Map symbol Rangeland

and 5011 name EcologIcal site
Favorable I Norlj1al I Unfavorable

Characteristic vegetation
composltlon

year year year

USDA Natural Resourtes
7=-:Z:§ Conservation Seniice

Tabular Data Version: 5 .
Tabular Data Version Date: 02121/2007

ihls report shows only the meJor soils In eacll mop unit. Olhers may exist.
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Rangeland Productivity and Plant Composition

Carbon County Area, Wyoming

Total dry-weigtJt production
Map symbol Rangeland

and soli name
EcologIcal site

Favorable I Nanna! I Unfavorable
CharacterIstlc vegetation

composition

. year year year

Lb/Ac Lb/Ac LbfAc Pet
9120:

Evanston variant LOAMY (15-19SE) 2,000 1,500 800 Big sa~13brush. 10

Bluebur:lch wheatgrass 10

Idaho fescue . 10.

Needllilandthreatl 10

Streafllbank whea!!lrass 10

Canby: bluegrass 5

Evanston LOAMY (1S-19SE) 1,800 1,500 900 Big.sagebrush 10

Needleandthread 10

Western wheatgrass 10
Mountain snowberry S
Mutlongrass 5
Prairie Junegrass 5

Saskatoon serviceberry 5

W:

Water

USDA Natunll Resources
z.-=;;;; .P·::::"servation Servicec ..."

T:abular Data VersIon: 5

Tabular Data Ven-" '""1ate: 02121/2007

This report shows only Ibe majorsoils in each map lKIlL Olh.", may aldsL
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AppendixN

Mesoscale Model Simulations in Quasi~Forecast Mode
of the Great Western Storm of16~20 March 2003
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S.3A MESOSCALE MODEL SIMULATIONS IN QUASI-FORECAST MODE OF
THE GREAT WESTERN STORM OF 16-20 MARCH 2003

Douglas A. Wesley I', Gregory Poulos2 , John Snoo1(l , Ed Szoke5 Michael Meyers3

1 "Greg Byrd, Robert Rozumalsk:i3, and Heather McIntyrel

IUCAR/COME~, Boulder CO 2NCARJATD ~OAAJNWS 4ATMET ~OAA!FSLlCIRA

....
I..

1. INTRODUCTION

A massive snowstorm crippled large portions of the
c~ntral Rockies and adjacent plains
during the period 16-20 March 2003. SnoWfall
accumulation In the foothills and mountains exceeded
four feet in relatively large regIons, while on the plains
amounts above two feet were common (Fig. 1; also
see Poulos et al. 2003). The large impacts of this
historic storm are well documented. This paper
examines experimental mes01' scale model
simulations of the event, utilizing larger-scale model-

. generated boundary conditIons, from a forecasting
standpoint.

Public forecasts of this event were generally accurate
up to sev~ral days before the storm hit. NCEP model
gUidance prOVided Initial alarms (in the form of
ensemble forecasts) up to one week prior to the storm
(Szoke et al. 2004). As the potential event
approached, Eta model forecasts were trending
towards a large precipitation event, and by about two
days before the onset of snowfall along Colorado's
Front Range very large precipitation totals (five or
more inches) were output by this model for portions of
the region during the
period of 17-20 March. Accuracy of these forecasts
was perhaps unprecedented In the area, for such a
large event, primarily because the orographic forcing
was so strong. The Eta forecasts clearly provided a
crucial asset towards forecast operations prior to the
storm. The model, however, did show some
shortcomings regarding the precipitation type
distribution, and of course was limited by its relatively
large grid spacing, a reqUired feature given the
domain size of that model.

"Corresponding author address:
Douglas A. Wesley, UCARICOMET, PO Box 3000,
Boulder CO 80307; e-mail <wesley@comet.ucar.edu>

The cripplinq nature of the subsequent s10rm period,
In terms of disrupting transportation and other day-to­
day activities, has shown that even if a very large
snowfall potential Is emphasized in, say, a 2-4 day
forecast, society is still vulnerable to this type of
storm. Insurance claims and a paralyzed international
airport attest 10 this fact. Importantly, the current
challenge is to increase the resolution and details of
the forecast to minimize this vulnerability, as much as
currently possibie.

Close examination of snowfall totals revealed extremely
sharp gradients in snowfall, on the order of several feet
within a horizontal distance of 15 miles or less. Many of
these sharp gradient regions coincided with strong
gradients in elevation; however some did not. For
example, an area on the plains/foothills interface just
north of Denver accumulated only 3-6 inches of wet
snowfall, while 15-25 miles to the south, 24-36 inches
fell, and areas another 20 miles to the south recorded
nearly four feet. Meanwhile, 20-30 miles north of the
aforementioned area of snowfall minimum, 24-36 Inches
fell. All of these locations are at the same approximate
elevation. The current configuration of NWS forecast
zones along the urban corridor Is not designed to handle
these types of gradients, nor is the current configuration
of the Eta model. As NWS forecasts evolve towards
grldded forecast fields, this issue will be addressed to
some degree.

The purpose of this study Is to closely examine the
causes of extreme snowfall and wind variations in this
storm from a mesoscale modeling standpoint in order
to better predict them in the future. The MM5 was run
in quasi-forecast mode (With Eta forecasts initialized
at 00 UTe 17 Mar.) utilizing non-hydrostatic and
multiple-grld configurations, with the smallest grid
exhibiting 1-2 km horizontal grid spacing. The primary
reason for utilizing such a small grid spacing is the
presence of steep and variable topography throughout
the foothills and higher terrain of the Front Range.
The "workstation" Eta was run (non-hydrostaticaily)
utilizing Eta analyses and 3-hr. forecasts at the
boundaries. The smallest grid contained 2 km grid
spacing.
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Fig. 1 Snowfall totals (In feet) for a portion of the Front Range region for 17·20 March 2003. Significant snows fell
In other regions of the Rocky Mountains to the west of this area (see Meyers et al., 2004).

Preliminary indications are that both mesoscale
models produce generally accurate precipitation
distributions, and both produce cooler (but still above
freezing) low-level conditions along the urban corridor
for much of the storm evolution when compared to the
operational Eta forecasts. The MM5 forecasts appear
to capture better detail in the precipitation
distributions, as expected, and exhibit low-level

temperatures closer to freeZing in critical areas near
the rain/snow line. Comparisons with operational
profHer winds show some problems with the strength
of the mid-level upslope, a crItical component of the
storm, and one perhaps related to the relatively warm
low-level conditions along the urban corridor. This
component Is likely a primary factor In determining
precipitation rates, in the sense of the warm conveyor
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belt running up and over the barrier jet, and thus a
critical determinant of surface precipitation type. It
appears that an accurate initial analysis and
subsequent prediction of the depth of the barrier jet Is
a crucial requirement to an accurate precipitation
forecast. Another Important feature of the mid-level
easterly flow is its strong variation through the 3-4 day
period as synoptic waves passed through the region,
and these variations will be compared to the barrier jet
depth and distributions of precipitation rates In the
near futu reo

Initially it also appears that relatively subtle terrain
features along the plains/foothills interface interacted
with the barrier jet to contribute significantly to low­
level vertical motion fields, and likely playa role in the
cause of the snow minima discussed above.

2. STORM DYNAMICS OVERVIEW

During the period 15-17 March, significant troughing
built Into the central and southern Rockies and the
Great Basin as intense mid- and upper-level jet
energy impacted the California coast from the west­
northwest. The amplification of the pattern increased
rapidly as ridging built OV6r the upper Midwest and
mid-Atlantic regions. By 00 UTe 19 March, a strong,
deep cutoff low pr6ssure system was established over
the southem Rockies and central/southern plains (Fig.
2). For a period of about 48 hours, a classic warm
conveyor belt out in front of the cutoff set up and
transported large amounts of moisture directly from
the GUlf of Mexico northwestward into

(")'
\ ..

\~ .J

Fig. 2 500 mb heights and 700 mb RH, analyzed at 00 UTe 19 Mar. 2003. Red regions correspond to saturated
conditions at 700 mb.
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the central Rockies. In the northwestern portion of the
cutoff system, a TROWAL-like feature set up as the
occlusion matured, and this wraparound feature
contributed to heavy precipitation well-removed from
the cutoff center off to the southeast.

The mesoscale features of this mega-storm were of
critical Importance to the resulting precipitation
distribution. Observationally, the role of the barrier Jet
In the storm in producing, first, snow Instead of rain In
the urban corridor, and, second, uplift strong enough
to produce snowfall rates of 1-3 inches per hour for 2­
3 days, cannot be overemphasized. Clearly the barrier
jet was located on the cold side of a persistent
rain/snow boundary that exhibited the classic
characteristics of strongly dlabatlcally-forced
mesoscale dynamics, a feature documented In
previous heavy sprIngtime snowfalls In the urban

corridor (Marwitz and Toth 1993). Furthermore, the
three-dimensional configuration of this barrier Jet Is
critical to the attempt to explain the astounding
snowfall and wind gradients along the urban corridor.
A well-developed barrier Jet was ap~arent by 18
March, and persisted through the 19. Important
facets of this low-level northerly flow regime over and
next to the foothills:
(a) low-level northerly zone was sloped upwards to

the west, essentially modifying the obstacle
encountered by upslope (easterly) flow and
leading to mesoscale uplift In a saturated air
mass over and Just east of the jet

Fig. 3 Vertical cross section shoWing equlv. potential temp. (K) and winds (knots), B-hr. forecast from the Eta
model initialized at 18 UTe 18 Mar.
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(b) large amounts of melting in the low-levels on the
east side of the barrier Jet provided latent cooling,
thus enhancing the blocking and barrier Jet
structure', similar to the March 1990 storm studIed
by Marwitz and Toth (1993) and others.

(c) significant low-level cold advection from the
north/northeast enhanced the stability in the air
mass east of the terrain obstacles.

Note In Fig. 3 the cold air stacked up against the Front
Range, and the moderate northerly flow within that
cold air. Many regions Just east of the foothills
experienced surface wind gusts in the 30 to 40 knot
range, causing extensive blOWing and drifting snow.
Interestingly, at this point a well-defined convergence
line does not exist on the east side of the jet, and this
was confirmed In surface observations. Convectively
unstable conditions are noted over portions of the
plains in Fig. 3.

3. Mesoscale model simulations

The MM5 was set up with a 5-grid nested
configuration, the smallest domain (grid 5) ~entere~

on north-central CO and exhibiting a 1.5 km grid

spacing. Eta operational forecasts from the run
initialized at 00 UTC 17 Mar. served as large-scale
boundary conditions.

Fig. 4 shows the total p~ecipltation (mm) predicted by
the model through 84 hours (ending at 12 UTC 20
Mar.). Notable features are the foothills maxima in
the higher terrain (but east of the Continental Divide)
of Boulder and Larimer Counties (the Divide runs
along the western boundaries of these two counties),
with several locations predicted to have over 130 mm
(more than 5 inches), Three relative minima are also
very interesting:
1. northeastem Boulder Co. (less than 50 mm)
2. southeastern Larimer Co. (43.8 mm)
3. northeastem Larimer Co. (27.5 mm)
All of these regions experienced snow minima
compared to observed snowfall in immediately
surrounding regions of similar elevations (Fig. 1). ThIs
Is best shown by examining high-resolution satellite
Imagery after the storm as the melting process started
under sunny skies (Fig. 5).

\, I
-'
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Fig. 4 MM5-predicted precipitatIon (mm) for 84 hours of simulations ending at 12 UTe 20 Mar..
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Fig. 5 High-resolution visible image (MODIS) on 22 Mar.. Complex patterns on the west side are timbered and
canyon areas. Darker areas just south of the \NY state line, southwest of Fort Collins and west of Longmont are
areas where much less snow accumulation was observed.

DEQ 000472



Dataset: test RIP; rip
Fest: 42.00
TempeI'(l.tW"e
Temperature
Hori:>onW 11ind veot.ol"i!'

1nit: 0000 me lIIon 1'7 Mar 03
Valid: 1800 UTe T1Je 18 Mar 03 (1S00 CST Tue 16 Ma.r (3)

lit Bigma = O,egg
at sigma = o.eg9
at sigma = 0,999

190

160

:1"1'0

:160

150

140

:120

110.

100

90

60

70

60

60

40

80

~O

10

8

6

-2

-4

-6

-6

-10

-18

-14

-16

10 20 30 40 00 60 70 60 PO 100110 120 1:30 14,0 leO 160 l'l'tlleQ 1110

Fig. 6 MM5 42-hr. forecast of lowest level temperature (C) and winds (m/s). Note the relatively warmer areas
along the foothills in southeastern Larimer Co. and northeastern Boulder Co.

Fig. 6 demonstrates several interesting aspects of the
simulations. Relatively warmer conditions are
predicted in general along the eastern portions of
Larimer Co. and northeastern Boulder Co., In
agreement with observations In two of the snow
minima regions. However, In comparison with
observations, these areas are predicted to be a few
degrees F warmer by the model. In the urban corridor
region just south of the Cheyenne Ridge, the snow
minimum region' discussed previously appears to be
caused by lower precipitation values rather than
warmer temperatures (see Wesley et aI., 1995). This
Is often observed In storms characterIzed by strong
north winds at the sUrface in this region. Also note the
northerly flow over the foothills, and a strong

convergence line oriented nearly E-W along the WY
border.

More results of these MM5 simulations are under
Investigation, Including a detailed examination of the
areas that experienced warmer surface conditions and
less snowfall. Potential mechanisms include blocking
of the barrier-jet induced cold advection by small­
scale terrain features, and relatively warm air
(originating over the canyons to the northwest of these
locations) acting as the source region for the surface
conditions over these areas.
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The "workstation" Eta model was also set up non­
hydrostatically, with multiple nested grid configuratIon
and Innermost grid spacing set at 2 km. Fig. 7 shows
the predicted total precIpItation for the 72-hr. period
ending at 12 UTC 20 Mar.. Though the details In the
plot do not resemble those of the MM5-predlcted
precipitation, especially over the eastern foothills and
plains interface, note the maxima in the high terrain
Just east of the Continental Divide, with one elevated
area in northwestern Larimer Co. exceeding 8.5". The
urban corridor values are generally In the 2.25-3"
range, with relatively lower values over eastern
Boulder Co.. Overall, these values correlated well with
observed values in a general sense, including the
magnitudes of the maxima. However, some
underprediction of precipitation is noted in the Fort
Collins and Golden areas, and along the 1-25 zone
north of Denver. Thlilse Issues are under further
investigation, inclUding examining the role of the
diffusion processes In the Eta results.

Fig. 7 High-resolution Eta predicted total precipitation (inches) for the period 12 UTC 17 Mar. through 12 UTC 20
Mar.

DEQ 000474



In regards to the precipitation type and the low-level
temperature fl9lds, the workstation Eta forecast even
warmer conditions along the urban corridor than the
MM5 durIng the storm (Fig. 8). The precipitation-type
forecasts (Fig. 9) which utilize a partial-thickness
approach, exhlblted liquid precipItation for extreme
eastern Larimer and Boulder Counties at 00 UTC 19
Mar. (at this time these areas were receivIng the
heaviest snowfall of the event), but do predict snowfall
In some foothill/plains interface areas that were above
freezing In the model through most of the storm. Note
in FIg. 9 that the liquid precipitation area that extends
westward over northeastern Boulder Co. has some
similarity to the observed snowfall minima shown in
Fig. 1. In Fig. 8, this tendency for warmer surface
conditions is evident in the locations of the 2C and 3C
contours over this area, especially In comparison to
these locations In other areas within the urban
corridor. Further examination of these thermal fields is
currently underway.
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Fig. 8 High-res. Eta-forecast temperatures'(C) and winds at 10m, for 00 UTC 19 Mar. The longest vector on the
chart corresponds to about 25 knots.
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Fig. 9 Eta-forecast precipitation type, for 00 UTe 19 Mar.

The MM5 and Eta models' abilities to capture the
depth and strength of the upslope flow are likely
·critical to the ability to predict the barrier Jet regime
accurately, and thus the low-level temperatures and
precipitation types. This table shows a comparison of
observed and predicted vertical wind speed profiles at
Platteville, eo (about 25 miles north

of Denver) for the ll-component at 06 UTe 19 Mar.
(durIng the height of the storm). The ·profiler" column
is for the winds measured at the site. A value above 0
Indicates a westerly direction.

.Height (msl) prafHer MM5 wEta Eta

.------------------------------------------------------------------

.2km +8 knots -2 +3 ....0

.3 -30 -10 -4 -8

.4 -33 -20 -22 -15

.5 -31 -32 -27 -25

.6 -40 -40 -41 -30

.7 -49 -44 -42 -40
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Obviously, serious Issues exist with the ability of the
models to predict the upslope component accurately
In the 10-15,000 (MSL) foot layer. Whether this Is
related to the warm biases is unclear, and at first
guess is non-intuitive. Another possibility is inaccurate
boundary conditions.

4. SUMMARY

This study has begun to address the applications of
very high-resolution mesoscale model forecasts for a
major wintertime snow event over the high plains and
mountains of central/northem CO. This storm
represented a situation where very strong synoptic
forcing interacted With major terrain-forced processes
to create snow accumulatIons above 40 inches In
some urban areas and above 70 inches In many
foothill locations during a 3-4 day period. In this
research we have set up the MM5 and "workstation"­
Eta models in quasi-forecast mode to investigate
small-scale mechanisms for snowfall maxima and
minima, precipitation type, and wind variations.
Clearly the detailed precipitatlo[l and surface Wind
fields generated by the high-resolution models have
produced Insight Into the physical processes involved,
InclUding blocking, melting, and barrier-jet Induced
uplift. Relatively high accuracy characterizes the total
precipitation fields generated by the models. The
three-dimensional nature of the barrier jet structure
and the temporal dependence of the upslope forcing
also represent important aspects of these simulations.
The problem associated with the predicted vertical
profiles of the upslope flow Is under investigation. In
addition, though the model forecasts seemed to
accurately predict surface temperature gradients, the
Issue of forecast temperatures being too warm (by
both models) in critical areas is also under further
investigation. This is also the subject of a companion
paper on ~his storm (Szoke et a!., 2004).
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