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Carl S. Pace, Assoc. VP Facilities & Busjness Services - NMIJ
Kathy Richards, Director ofEngineering & Planning - NNIU
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1401 Presque l$le Avmue
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AIR QUALITY DIV.

SUBJECTT Permit to Install Apprication for a New circulafing Fhridized Bed Bo er
Northenr Michigan U iversity - Ripley Heating plant

Dear Ms. Dolehanty:

Enclosed is a Permit to Install Application for the proposed installation ofa new solid lirel-fired circulating
fluidized bed (cFB) boiler at the Northern Michigan university (lnv.Iu) - Ripley Heating plant. in .uppo.t ol
the Govemor's 21" Century Energy Plan, this project will be designed to allow operation on Renewable
Resources (specifically wood cbips) up to 100% of the total heat input, with the capability to operate on sub-
bituminous coal, and natural gas if the Renewable Resource fuel is unavailable or not economically feasibte.
The application requests that all fllels be allowed up to a possible 100% of the rotal heat input into the boiler. It
is anticipated that NMU may blend these solid fuels as needed, to support the heat input required with the
Renewable Resource fuel givcn preference ra'henever feasible. Natural gas is only intended io be used lor
startup, shutdown, and backup purposes.

NMU recently received PTI 126-05 for hvo (2) new oil/gas fired boilers. Since NMU is proposing tn
install the new solid fuel boiler within the contemporaneous period, we have included these boilers in the
analysis for the n€w CFB. Based on our analysis, lhc facility wiil continue to comply with all applicable
standards. In addition, we have provided correspondence fiom the U.S, Fish & Wildlife Service regarding the
impacts to endangered species,

We authorize Mr' Jeffrey P. Jaros of NTH Consultants, Ltd., to serve as our agent in responding ro your
questions concerning this application and to negotiate the conditions for the revised permit. Should you have
any questions concerning the application, please contact Mr, Jaros at (517) 484-6900.

Sincerely yours,

Exhibit  4
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February 5, 2007

MGH:kag

cc: JeffJaros, NTH Consulrants, Ltd.
Randy Russell, P.E., Cummins & Bamard, Inc.
Carl S. Pace, Assoc. VP lacilities & Business Services _ NMU
Kathy Richards, Director of Engineering & Planning - NMU
Robert Ryan, Project Manager - NMU

Wffi?F.,
Michigan Dept of Environmental euality
Attn; Ms. Maxy Ann Dolehanty, Supervisor
AQD - Thermal Process Unit
P.O. Box 30260
Lansing, Mi 48909

SUBJECT: Permit to Insrall Application for a New circulatins Fruidizeal Bed Boirer
Northern Michigan University - Ripley Heating pLnt

Dear Ms. Dolehanty:

Enclosed is a Permit to Install Application for the proposed installation ofa new solid fuel-fired circulating
fluidized bed (CFB) boiler at the Nofthern Michigan unlversity it ttrtq - Ripley Heating plant. In support of
the Govemor's 21"' Century Energy Plan, this project will Le'designed to ailow opJution on Renewable
Resources (specifically wood chips) up to 100% ofthe total heat inpu! with the capabilif,y to operare on sub-
bituminous coal, and natural gas if the Renewable Resource firel is unavailable o, not 

""onomically 
feasible.

The application requests that all fuels be allowed up to a possible 100% ofrhe total heat input into the boiler. It
is anticipated that NMU may blend -these solid fucls as needed, to support the heat input required with the
Renewable Resource fuel given prefetence whenever feasrble. Natural gas is only intended io be used for
startup, shutdorvn, and backup purposes.

NMU recently received PTI 126-05_for two (2) new oil/gas fired boilers. Since NMU is proposing to
install the new solid fuel boiler witlrin rhe contemporaneous leriod, we have insluded these boilers in the
analysis for the new CFB' Based on our analysis, the facility will continue to comply with all applicable
standards ln.addition, we have provided correspondence ftom the U.S. Fish & Wildlife bervice regarding the
impacts to endangered species.

We authorize Mr. Jeffrey P. Jaros of NTH Consultants, Ltd., to serve as our agent in responding ro your
questions. conceming this application and to negotiate the conditions for the revised-permit. S'bould you nave
any questions concerning the application, please contact M_r. Jaros at (517) 4g4_6900.

Facilitiee Department
Facilities Specialist I Planner

1401 Presque Isle Avanue
Marquette, MI 498565401
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MICHIGAN DEPAR'MENT OF ENVTRONMEMIA OI,IALITY - AIR AUALIW DrV|SION
PERMIT TO INSTALL APPLICATION

Fof authw lo ItLtEll, co]'Eltucl tw..nstucl, ,?/h.'de, u filldity Noceet, fual,tur'nhrg ot rch&a boming quipnanl ardfu
conlrcl equlpnenl. Peml$ to lostdl ere req Ed by adninislJaov; in€/s purs{Jant lo Sedtoo 5505 ot 1*, pA i61, as snrqnded.

DCA

Pl€se t ps or p{nt cleady, The "Appllcation Instruolions" and 'lntctrmaton Requircd tor an Administratr&ty Comptete pemit to lnsta Appficatr'arf are
available on the AOD Permlt Web Page at http:,t {lrw.dsq.state,mi.us/aps. or contiact lhe Air Quality DMsirfl at 6 i 7€73.7023.
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North€rn Ulehlgan UnLv€rsity - RLD].ey tteBtL3lE ptant

3. AITPLtcANi ADDRESSi lNumber and Str€€t)
1{01 Presqua IEle Averl]le

MAIL CODE:

CITY: (Cily, Vilbg€ or Townsh,p)
!{arquetsts M!

ltP (;ooE

{ 9 8 5 5
4. EaUTPMEN' OR PROCES,S LOCATION: (Numbsrand Slreet _ lt dtfierent thafl ltem S)

srj Y: (city, vi ag€ ofTownshtp) ZIP CODE: gOIJNTY:

trlarqustla
5- GENERAL NATURE OF BTJSINES}S:

C@bi.laal tl6at ald Pow6E

Northem Micblgan UtlLversLty ia Droposirrg to dDatall a new lg5./Z0S tttuBtu (? !tW)
cirsulatiag f,luldized b€il (cFB) bol.l€r capabl6 of, f,iring solid fu€ls, ilcLudj.rg coal
aDd arood ' ra ?005, Nldu receivad prr 126-05 to {astalL Ewo (2) D€w f,u€1 oil/nacural gag
fired boilErg to !€Dtac€ 2 onLslirrg boilere tl.at w€r6 decdlld.ssioned. and rgvLelredl.
gince this proJect j-6 withiB tb€ co4t€Erlroral€ou6 period, Nttt, ls subnltliag thg erelosed
applLcation to l-ncludle both the new solid fu€]. ClB alrd tlJg aerp oLl./gas boilers.

INSTALLATION / CONSTRUfiION OF NEL{,I EOUIPMENT OR PROCESS
RECONSTRUCTION / MODIFICATION / RELOCATJON OF EXISTING EQUTPMENT OR PROCESS - DATE INSTALLED:

OTHER -DESCRIBE

8. IF THE EOUIPMENT OR PR@ESS THAT WILL BE COVERED BY THIS PERMITTO INSTALL (PTD IS CURRENTLY COVERED BY ANY ACTIVE FERMIIS,
LISTTHEPTt NUMBER(Sj :  126-05

L DoEsrHls FAcrLrw HAVE AN ExlsfrN6 REITEWABLE opERATlNG pERMrr (Rop)? fi lrorennltcAsre I eemrnc nmrrcnT|ot Ives
p€NDrNGApprcAloNoRRopNuMBER Ml-ROp-82357-2006

,]U. AUI HORIZED EMPLOYEEI
Michael IIel]JnaD

I IE:

Facil,l,tL6s Pl"a$aer
PHONE NUMBER: (lnclud€ Area Code)
906-22? -2L20

t^'*'=' (/1e/4*,.- DATE:
Fabruary f. 2OO7

E.MAIL At]DRESI':
heL ]Joan@Dm.r -€du

1 1; ,JANTACT: (lf dttferFnnhan Authodzdd Emptoyee. The person to conte@
.t€f f rsy F. ifaros

r'r-r(JArE NuMtsEtii {tnctude Af€a code)
517 - {8 { -6900

CONTACT AFF'LL{TION:
NTH Consultants. Ltd, E,|[4AILADDRESS:

JJ aroaBnthcorsultant E. cdr

1 2. ls rHE coNTAcr PERSoN AUTHoRTzEo ro NEGonATE THE TERMS AND coNDtrroNs oF THE pERMtr ro tNsrALL? EI ves I lro
j ;n l

DATE OF RECEIPTOFALL IIITOWMOru *E

DATE PERMIT TO INSTALL APPROVED: SIGNATURE:

SIGNATUREi

SIGMTTIRE:

' ' .
EQP 5515E (Rev. 09/2004)



hT{
r@N

TABLE OF CONTENTS

INTRODUCTION

PROCESS DESCRIPTION

SUMMARY OF REGULATORY REQUIREMENTS

SUMMARY OF EMISSION ESTIMATES

CONTROL TECEI{OLOGY REVIEW

AMBIENT IMPACT ANALYSIS

ADDITIONAL IMPACT ANALYSIS

APPENDICES

Appendix A - Site Drawings

Appendir B - Emission Summary Tables

Appendix C - Dispersion Modeling Support Information

Appendix D - RACT/BACT/LAER Clearinghouse Results

Appendix E - ESA Documentation

Appendix F - Cooling Tower Modeling Output

Appendix G - Visibtlity Modeling Support Information

Page No.

l4

23

33

51

80

1.0

2.0

3.0

4.0

5.0

6.0

7.0



hTl
t(9t*-

r.O INTRODUCTION

Norlhem Michigan University (NMU) is submitting the attached permit to install application for

the construction of a circulating fluidized bed (CFB) boiler capable of firing coal and wood. The

cFB boiler will have a maximum heat input capacity of 185 million Btu per hour (MMBtu/}r) for

100 percent coal firing and 205 MMBtr.r/tu for 100 percent wood firing. The existingNW 
? 0i.

power plant consists of three {3) 84 MMBtu/hr natural gasA,lo. 2 oil fire<l boilers, covered by (, C,_,t,*{
Permit No. 126-05. The facility is located at 1401 presque Isle Avenue, Marquette, Michigan )
[sRN: M3792].

NMU is cunently not considered a major source because its potential to emit ofany criteria
pollutant is limited to 99.9 tons per year (tpyi by federally enforceable conditions in permit No.

126-05. The oxisting facility is also not a major sor.rce of hazmdous air pollutants (HAP) because

it does not have the potential to emil 10 tpy of any single HAP, or 25 tpy of any combination of

HAPs.'fhefacility,however,willbecomeamajorsourceasdefinedinMichiganRule2ll(l)(a)

upon initial starh.rp ofthe CFB boiler, as the CFB boiler has the potential to emir i00 tpy or more

of any criteria pollutant. NMU will remain a minor source of HAPs after issuance of this permit,

as NMU requests federally enforceable permit conditions limiting the facility's potential

emissions to less than l0 py for a single HAP, and less than 25 tpy of all HAPs combined.

As a major source ofnew source review regulated air contaminants, the CFB boiler will be

subject to the federal Prevention ofSignificant Deterioration (PSD) regulations at 40 CFR part

52.21. The CFB boiler will also be subject to the federal New Source Performance Standards

(NSPS) for Industrial-Commercial-Institutional Steam Generating Units at 40 CI'R part 60,

Subpats A and Db. As NMU will be a minor, or area, source of I{APs after issuance ofthe

petmit, the facility's boilers will not be subject to the National Emission Standards for Hazardous

Air Pollutants (NESHAP) for lndustrial, Commercial, Instiruhional Boilers and Process Heaters,

40 CFR Parts A and DDDDD. In addirion to rhe federal air quality requirements, the CFB boiler

will be subject to the Michigan air toxics requirements under Rules 224-232.

The process description and boiler specifications are provided in Section 2.0. A regularory

analysis is provided in Section 3.0, and provides a summary of pertinent fedeml and state air

s: hoil|]ot idt60i0r-Nlrtr xtrru TSD Fidt.d6c 
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L q.tality requiremotts that are applicable to the proposed CFB boiler and the NMU facility.

Emission estimates for this application are provided in Section 4.0, and include estimates for

criteria pollutants, hazardous air pollutants (HAP), and toxic air contaminants (TAC) from the

new CFB boiler. The best available conhol technology (BACT) analysis has been conducted for

particulate matter (PIv[{PMle), sulfur dioxide (SO2), nitrogen oxides (}JO*), and carbon monoxide

(CO) and is presented in Section 5.0, and also includes Michigan's requirements for BACT for

VOC and toxic air contaminants. Section 6.0 presonts an air quality modeling analysis that

demonstrates compliance with state and federal ambient air quality standards. Additional impact

analyses as required by the PSD rules [40 CFR 52.21(o)] are provided in Section 7.0. A site map

is provided in Appendix A, and additional permit to install application supporling information is

attached as Appendices B through G.

S:,Ppj,2007,16,06050+Nitru,NNllr TSD_Iinsl-d0c
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2.O PROCESS DESCRIPTION

NMU is proposing to install and operate a cogoneration (combined heat and power (CHP)) | 85

MMBru/hr coal/wood/nahrral gas fircd circulating fluidizcd bed (CFB) boilcr fiat will include a

10 MW gross electrical output generator, and be capable ofproducing 120,000 pounds ofsteam

per hour. The new boiler will be located next to NMU's oxisting Ripley Heating Plant, which is

located on the north end of NMU's camnus.

2.1 CIRCULATING FLUIDIZED BED BOILER AND STEAM TURBII{E

The CFB techlology that will be employed by NMU is a non-reheat steam generator that will

provide steam to an electrical turbine generator, and supply steam for the NMU campus. At this

time, NMU has not decided upon ths vendor for this equipment. Therc will also be a new wet-dry

mechanical draft-cooling tower to acco rmodate additional heat reiection liom the system.

The new CFB plant cycle conslsts ofa turbine generalor with four (4) feedlvater heaters, including

a deaerator to removo dissolved gases from the process feedwater. Dissolvetl gases, including

oxygen and carbon dioxide, increase the conosiveness ofthe waier by lowering pH lovels, which

leads to boiler tube failures. The nominal steam flow ofthe CFB generator will be 120,000

pounds per hour at average ambient conditions. The boiler will be designed to accommodare

bituminou$ and subbituminous Powder River Basin (PRB) coals, virgin wood, and natural gas.

Natural gas will be used primarily for boiler starnrp, and any other times when solid fuel firing

may not be available; i,e., as a back-up fuel source and for initial startup, Coal will come from

either the Marquette Board oflight & Power, or the nearby WE Energy Presque Isle Power Plant,

Virgin wood fuel will be supplied from independent wood suppliers and natural gas will be

pipeline quality gas from NMU's supplier. ofnatural gas.

Coal and limestone sorbent are fed into the bottom ofthe CFB at a molar ratio of calcium to sulfur

of approximately 4:1. Primary and secondary air for combustion is forced into the fumace

approximately one-third flom the bottom of the boiler. Flue gas exiting the boiler passes through

a meohanical and tho rernoved ron or loss on

fuels empties through the bottom of the CFB and is removed. Once the flue gas passes through
*-- - ) - - "  -  : . .  .  , -

S: .PDi 1007.l6.t60j0{ l(MLiNltU TSD Final.d.c
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the oyolone it gnten the convection pass, superheater and economizer surfaces where heat is
%--.F*q-* 
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fatrric filter at an estimated maximum rate of 108,700 actual cubic feet per minute (ACFM),

which is while I00% wood fuel. The plot plan for the campus, showing the location ofthe

Steam produced from the CFB boiler will be used to feed the steam turbine to produce eiectricity,

and will supply steam for use on the campus; mostly for on-site campus heating, hot water for

bathrooms, and for lauadry equipmont.

2.2 COAI & WOOD HANDLING

Bulk deliveries ofcoal and wood will be received via trucks. The trucks delivering the bulk solid

fuels will be unloaded inside dedicated areas that have a 3-sided enclosure to reduce wind effects

and will minimize fugitive emissions- The site has ihe capacity to store up to a 3-day supply of

coal and wood in dedicated silos controlled by vent filters. Unloading of the solid fuels will be

done in a fashion to minimize fuqitive emissions.

Coal and wood fuels will be supplied to the CFB boiler from the silos. Coal reseived will already

be sized correctly, so that there will be no coal processing performed on-site. Wood will be

received chipped, and there will not be wood chipping performed on-sito. Coal and wood fuels

will be delivered to the CFB boiler inside enclosed transfer equipment. The fuel silos can hold an

approximate 3-day supply of fuel, which will allow boiler operution through weekends and

holidays, Finally, fiom the fuel silos, fuel is gravity fed onto a ssrew conveyor system that feeds

the CFB for combustion.

2.2.7 FugitiyeEmissions

Emissions ofparticulate as a result ofcoal/wood handling and storing are expected from 3

sources; h'uck unloading and receiving, fuel, ash, and limestone storage silos, and the conveyance

of solid fuels and limestone to the CFB boilEr. On average, NMU will receive a shipment every

dan except on weekends. A tlpical shipment will consist of40 tons ofcoal and/or 40 tons of

wood. The arnual maximum delivery of each fuel would equate to approximately 68,669 tons of

bituminous coal,95,329 tons ofPRB coal, and 199,533 tons ofwood. However, due to reduced

s:,P.di?007.lt06o5oLNML\n_MU TSD Fi.al.dtr 
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new boiler and stack, is included in Appendix A.
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capacity factors as a result of starhtp, shutdown, and maintenance activities, ihe shipments will be

lower.

The coal and wood will be unloaded directly from the delivery trucks into 3-sided enclosures to

minimize fugitive emissions. Transfer from the silos to the boiler will be done in enclosed

conveyance systems. Dust from coal or wood transfer points will be controlled with fabric filters.

Once the coal and wood is received, it will be stored in dedicated silos, and each silo will be

conbolled with a vent filter.

2.3 ASH HANDLING & STORAGE

Ash removed from the CFB will be stored in a dedicated silo with vent frlter. Ash will be loaded

out ofthe ash silo periodically, and placed in covered trucks for final disposal off-site ofthe NMU

campus. The final plans for this activity have not yet been finalized.

2,4 LIMESTONE HANDLING & STORAGE

Limestone will be received via trucks and pneumatically transferred to a silo with a vent filter.

Limestone will then be removed from the silo on an as-needed basis for co-firine into the bed of

the CFB boiler.

2,5 ALTERNATIVETECIINOLOGYREVIEW

The control technology analysis presented in Section 5 does not include a detailed technical

evaluation ofother potential fossil-fueled power generaiion technologies for this project such as

Integrated Casificarion Combined Cycie (IGCC) or Pulverized Coal boilers (PC). These are other

power plant design technologies that are not appropriate and rejected for the reasons identified in

this Altemative Technology Review. There are sound reasons for not including the analysis of

these technologies into the BACT analysis included with this application, Primarily, there aro no

IGCC units that are cogeneration or eombined heat and power units.

Second, as stated in the U,S. Environmental Protection Agency's (EPA's) New Source Revielv

(NSR) Manual, "Historically, EPA has not considered the BACT requirement as a means to

redefine the design ofthe source when considering available control alternatives. For example,

applicants proposing to construct a coal-fired electric generator have not been required by EPA as

S:frcJr2m7\r5 060t0{-NML-NI{U tSD FiMl.doc
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part ofa BACT analysis to consider building a natural gas-fired electric turbine, although the

turbine may be inherently l€ss polluting per unit product (in this case electricity)." INSR Manual

Page B.13). While the NSR Manual notes that lhere may be instances whero, in a permit

authority'sjudgment, altemative production processes maybe required to be analyzed, this does

not apply to cases where such a process would fundamentally change the project design, as would

the case of IGCC or super critical pulverized coal (SCPC) boilers. EPA's Enviroimental Appeals

Board has consistently upheld state permitting agency decisions to aot require consideration of

fi.rndamentally different designs as part ofthe BACT analysis (ln rhe Matter ofpeflnsauken

County 2 E,A.D. 667 [1998] [firing municipal waste in a power plant rather than in the proposed

MSW cotnbustor]; In the Matter of Hawaiian Commercial & Sugar Co.,4 E.A.D. 95 U9921

[combined cycle or oil fired plant rathor than CFB boiler fired with coal, fuel oil, or bagasse]; In

re: Keldall New Century Development, 2003 EPA APP. LEXIS 26 [constructing a facility with

larger units or operating as a combined cycle plant rather than a smaller simple cycle peaking unit

as proposedl).

The process ofreview under the PSD requiremeffs of the Clean Air Act (CAJ{) is focused on a

single media (i.e., air qualiry) and must be kept in perspective with other govemmental policy and

permit reviews. Under the CAA the applicant must sholv that the Froposed project will meet an

emission limitation based upon the BACT and will not significantly impact air qlality. Howover,

the applicant must consider a nqriad ofother factors, including capital and operating costs, fuel

diversification, availability, economic risks and costs to the applicant and electricity consumers,

and ability to secure finaneing when designing its project proposal. These decisions may be

in{Iuenced by state and federal agencies responsible for the energy policy and by local land use

agencios concemed with the broad publis health and wolfare. But they are not germane to an

evaluation under the CAA of the best available means to gg4! not redesign, the source

proposed by the applicant. Note that the statute does not require an emission limitation based

upon the 'oBest Available Desisn Technology." Therefore, NMU believes that MDEe does not

have the discretion to requile treatment of altemative designs in the analysis of altemative control

technologies that are germane to the satisfaction ofBACT analysis requirements. This position

has been reaffirmed by the position taken by U.S. EPA's Stephen Page, Director ofthe Office of

Air Quality, Plaruring and Standards in his December 13, 2005, lerter regarding the consideration

of ICCC as an element ofBACT or LAER when considering coal {Leled power generation

S Proj2007160d0j0.l.Nvu \vU TSD Fiul d.c 
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projects. ln Mr. Page's letter (copy atrached), EPA clearly stated that IGCC is not to be

considered an element ofBACT or LAER, but rather an Allemative Technology.

NMU recognizes that there is public interest in altemative means ofproducing electricity.

Therefore, it has included an assessment of the design altematives of IGCC and PC for

informational purposes and separate from the BACT analysis, The alternative technology

analysis clearly demonstrares that IGCC and PC are fundamentally different source designs than

proposed byNMU and for a variety ofcost, availability, and other factors, were not appropriate

designs for the proposed project. NMU proposes to construct, own and operate a solid fuel-fired

cogeneration, or combined heat and power, facilily to provide reliabLe and cost efficient electric

power and steam for its campus.

During the initial planning stages ofany cogeneration project, it is necessary to define the project

objectives and criteria including, among other things: requisite electrical and steam generating

capaoity, capital and operating costs, reliability, availability, fuel price, fuel price volatility, ftel

availability, site characteristics, safety factors and pote tial environmental impacts. Based on a

review of technical, financial and practical considerations, NMU determined the appropriate

design for the proposed power plant is a unit capable of firing a range of fuels. Based on a

technical review of the potentially available solid fuel stream and electricity-generating

configurations (e.g., Integrated Gasification Combined Cycle, Sub-Critical or Super-Critical

Pulverized Coal), NMU concluded that the most appropriate fuel conversion technoiogy for a

project of this size is a CFB boiler.

CFB technology was selected based upon its satisfying the following project criteria:

1) CFB technology is readily available in single unit size of generating 7 to l0 MW of

electricity and 120,000 pounds per hour of steam;

2) CFB technology is part ofDOE's Clean Energy Program;

3) CFB technology has proven experience utilizing the range of fuels selected for this

project;

4) CFB technology is highly cost competitive, both in terms of initial capital cost and

operating and maintenance costs for a unit of this size;

s: Pioj 200n16 !5050J-Nil(lNfyiu TSD,Finrl dar
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5) CFB technology can be operated with a high level (i.e., >90 percent) of availability and

't)

8)

reliability;

The commercial risk of CFB technology relating to capital cost, opefating cost,

environmental performance, reliabiliry and availability is considered low;

CPB technology is well suited for the required elecnical output needed; and

CFB has a solid record of demonstrated environmental uerformancs.

The following paragraphs discuss alternate technologies for fuel conversion, which NMU does

not consider appropriate for the needs of its campus.

?,5,1 Integrated Gasification Combined Cycle (IGCC)

IGCC is not structLrrally similar in design or capacity to CFB boilers or eiectrical generation of the

size required to serve the needs ofNMU. IGCC is not based on coal combustion but on coal

gasification; the two processes are firndamentally different. IGCC is not a "control technology"

such as baghouses, electrostatic precipitators (ESPs), SCR, etc. Instead, IGCC would constitute a

tedefinition of a coal-Iired power plant. Furlhermore, there are no IGCC units for cogeneration,

or combined heat and power, needs.

IGCC power systems use a gasilier to convert coal (or other carbon-based solids) into a sgrthesis

gas (syngas) consisting of a mixture of carbon monoxide (CO), hydrogen (H2), ca6on dioxide

(CO2J and races of other gases. Slmgas from the gasifier is filtered and scrubbed to reduco

parliculates, sllfur and other contaminants prior to being combusted in a gas-fued combustion

turbine. Heat from the turtrine exhaust gas is extracted in a heat recovery steam generator

(HRSG) to produce steam to drive a steafi furbine generator.

Gasification processes requirg aa oxidant to react with the coal and maintain the temperature

required for gasiflcation. The oxidant reacts.with coal to produce syngas. The typical air

separation unit (ASU) cryogenically separates ambient air into its major constituents, oxygen (O2)

and nitrogen (N2). Most ofthe 02 is needed in the gasification plant ibr the production ofsl.tlgas.

A small percentage of the 02 is used separately in a sulfuric acid plant. Most of the N2 goes to the

power plant's combustion turbins to dilute the fuel gas for NOx abatement- This diluent N2 also

increases the combustion hrrbine's power production as it expands lhrough the h.ubinc.
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The gasilication process uses one-fifth to one-third ofthe theoreticai oxygen (sub-stoiciometeric)

to partially oxidize the combustible constituents of the feedstock. The major combustible

products ofgasification are co and Hz, with a small liaction ofthe oarbon eompletely oxidized to

CO2, and a small amount of methane (CHa) may also be present.

The minor and trace components of coal are also tmnsformed in the gasification rcactor. Under

the sub-stoiciometeric reducing conditions of gasification, most ofthe fuel's sulfur converts to

hydrogen sulfide (H2S), but some Blso converts to carbonyl sulfide (COS)- Nitrogen bound in the

fuel generally converts to gas€ous nitrogen and ammonia (NH3) ald a small amount ofhydrogon

cyanido (HCN). Most of the chlorine in the fuel converts to hy&ogen chloride (HCl) gas. Trace

elements associated with both organic and inorganic components ofthe coal, such as mercury and

arsenic, are released during gasification and partition between the ash fractions and gaseous

emissions,

Syngas exiting a gasilter contains ash particulate that must be removed prior to combustion in the

combustion turbine. Particulate matter can be removed by hot banier filters (located upstream of

the high-temperatr.ue heat recovery devices) or warm gas watel scrubbers located downstream of

the heat recovery system. Warm gas particulate removal by wet scrubbing is typically employed.

In water scrubbers, the particulate is removed as slurry, which must be dewatered. Particulate-

laden water is sent to a water-handling system, which separates the solids for recycle to the

gasifrer for disposal.

The gasitier's raw gas also contains COS and H2S, both of which must be removed lor the

combustion hrrbine to achieve a low SOz limit. COS is not readily retnoved unless ii is first

converted to HzS by hydrolysis. A hydroiysis unit reacts COS with water in the presence of a

oatalyst to form CO: and I{:S. Tho cooled syngas is then sent through an acid gas removal

process lo remov€ most ofthe H2S and some ofthe CO:.

Acid gas removal processes treat the syngas by contact with chemical orphysical solvents to

capture the H2S. Amine solvents, such as methyldiethanolamine (MDEA), react to form a

chemical bond between the acid gas and the solvent. The rich amine lrom the absorber is sent to a
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stripper where it is stripped ofacid gas. The amine can be recycled and the recovered acid gases

sent to a sulfur recover;, process for conversion into srrlfuric acid or elernental sulfur-

The cleaned syngas is used to fuel a combustion turbine. The combustion turbine drives an

ele.ctric generator and produces heat (exhaust) to generate steam in a heat rccovgry steam
generator (HRSG) for a steam turbine- The low-Btu syngas produced by gasification requires

modifications to the typical nahrral gas combustion turbine,s bumers,

IGCC Operations

Therc are currently three IGCC power generation plants operating in the United States designed
specifically to generate electricity from gasified bituminous coal and/or petroleum coke - polk

Power Station, Wabash fuver Generation Station and Delaware Star Refinery Station. The U.S.

Department ofEnergy's (DOE's) Clean Coal Technology (CCT) Demonstration project co-
lwrded the construction and initial operation ofTampa Elecric's polk power Station and pSI

Energy's Wabash River Ceneration Station. The rated outpuls for these facilities are 250 MW,

262 MW and 180 MW for the Polk Power Station, trVabash River Generation Station and. the
Delaware star Refinery station, respectively. Based on available inlbrmation, other plants have
not been abie to dernonstrate syngas availabillty greater than 80 percent, and none ofthe plants

identified herein has ever operated at an annual capacity factor higher than ?7 percerrt, including
periods when they operated on oil or natural gas with no attempt to use coal.

As stated previously, the plant proposed by NIv{U is to be a moderate capacity power generation

facility. With the demonstrated limited availability and reliability of these existing IGCC plants,

IGCC fechnology rvould nof be technically and commercially feasible to satisfy the requiremonts
ofNMU's needs to supply its campus with electricity and steam. Additionally, ICCC technology
has been developed around the use of300 MW power generation blocks, which is far beyond the
l0 MW capacity proposed for the project. The high capital cost ofICCC, which is a factor that
the technology struggles with even at the 300 or 600 MW power increment, wouldbe drastically

exacerbated when scaled down to the l0 MW generation capacity needed by NMU,

The Public Service Commission of Wisconsin has determined thar while '.ICGG technology is
still promising, [it] is stitl expensive anrl requires more maturation." (Public Service commission
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of Wisconsin, Final Decision on Applicarion for Elm Road Generating Statioq page 26). More

recently, the State of Wiscoruin Division of Hearings and Appeals rendered an opinion in the

permitting of the EIm Road Generating Station that the Wisconsir Department of Natural

Resources did not en in excluding IGCC from its BACTTLAER analysis of the proposed pc-fired

units based on the substantial differencss in the process technology (Wisconsin Division of

Hearings and Appeals, Findings ofFact, Conclusions ofLaw and Order dated February 3, 2005).

Therefore, as an altemative technology consideration for the project, it was concluded that I6cc

is cuffently a developmental technology that does not meet the following project-specific

selection criteria:

I ) IGCC is not commercially proven;

2) IGCC does not have proven availability experience consistent with the performance

achieved by conventional coal fired power plant technologies, such as CFB or pulverized

coal (PC). The best known IGCC operating availability is in the range of 70 percent

venus an expectation of90+ percent for NMU's needs;

3) Commercial risk oflGCC technology is currently considered higher than that ofCFB or

PC technology;

4) Current capital, operating and mainteranca costs of IGCC technology are higher than for

CFB technologies;

5) There are no known vendors or suppliers of IGCC technology that cau offer the type of

commercial package necassary to satisfy the requirements of NMU and its costs ofpower

needsl and

6) The required footprinr far exceeds the available site limitations.

2.3.2 Pulverized Coal (PC)

Pulverized coal fired boiler tecbnology has been used by the utility industry ancl major industrial

steam users as an effrcient means of genemting steam for direct thermal uses and/or electrical
power generation over a long period of time. A further development of the technology in the later

20'n century up to present day is the use ofsuper-critical pulverized coal combustion, which

f.rrther enhances the combustion efficiency ofthe process. sub-critical pulverized coal boilers
commonly operate in pressure ranges of 1,800 to 2,400 psia and steam temperatures of 950 F to
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1,050 F. The more recent super-eritical PC boiler technology pushes pfessures in the range of

3,700 psia to over 4,000 psia and steam temperatures to 1,100 F and above.

PC technology has a long track record and is well proven over a wide range ofunit capacities.

The current trend toward super-oritical cycles has been driven by the need to maximize cycle

efficiencies, thus driving operating costs down and lowering emissions on a per MW basis. The

development ofsuper-critical technology has primarily focused on unit sizes in the 500 MW+ size
ranges, which is well beyond the unit capacity needed by NMU. Although efficient, a super-

critical cycle applied to a 10 MW power plant would be significantly higher in capital and

operating costs than the CFB technology chosen.

Sub-critical PC technology has been used over a long period of time for steam and power

generation greater than the size range needed for NMU's project. For years, it was the default
technology of choice for coal-fired generation. The successful development of cFB combustion

technology coupled with increasingly stringent environmental standards has led over the past 20
years to a situation where CFB, although marginally less efficient, has become the standard

approach for unit capacities in the 250 MW and lower size range.

Another factor that separates cFB from sub-criticat pc is fuel Ilexibility. pc units are designed
to bum purely coal. A CFB unit can accommodate eoal plus a range of opportunity fuels such as
wood.

The selective use of oppomrnity fuels such as wood was a considemtion in the selection ofcFB

combustion technology. The use of PC techrology would not allow for this degree of fuel
flexibility.

Therefore, as an altemative technology consideration for the project, it was concluded that neither
sub-critioal nor super-critical PC techaology is appropriate to meet this Projects' selection criteria

because:
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Super-critical PC cycles are a good choice for major generating units at the 500-MW unit

size and larger, but are not appropriate due to high capital and operating costs for a unit

size of 10 MW.

For the l0 MW unit size planned, CFB has largely replaced sub,critical PC design as the

technology of choice.

PC based combustion technology does not offEr the fi.rel flexibility desired by NMU for

this project.

1)

z)
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1 0 SUM}IARY OF APPLICAELE REQUIR-EMENTS

A new 'hajor" stationary source of air pollution or a major modification at an existing major source

is required to obtain an air permit through the new source review (NSR) process. Prevention of

Significant Deterioration (PSD) new source review is required for sources located in attainment and

unclassified areas. No&attainrnent new source review (NANSR) is required in areas wherc

monitoring data show that certain pollutant(s) are not meeting the appiicable ambient air quality

slandard. These areas are refen'ed tc as non-attairunent areas. A new source, of modification at an

existing sourco, can be subjeet to both PSD and NANSR ifthe area in which the source is located is

aitainment for one or more pollutants and non-attainmelt for other pollutants, and the source is

considered "majot'' for both the attainmeni and non-attainment pollutants.

3.1 FEDERALREQTNREMENTS

Northem Michigan University i.s cunently not a major stationary source as defined in the PSD

regulations at 40 CFR 52.21, because the NMU tacility's potential to emit ofany regulated pollutant

is limited to less than the major source threshold of 100 tons per year (tpy) by federally enforceable

conditions of Permit No. 126-05. This permit was approved on July 21, 2005, and includes three (3)

70,000 lbs steam,/hour; natural gasrNo. 2 oil fired boilers and miscellaneous exempt equipment.

Neither is the existing NMU facility a major source ofhazardous air pollutants as defined in 40 CFR

63.2.

The existing facility is located approximately 60 rniles from the nearest Class 1 area (Seney National

Wildlife Refuge), which is located in Schoolcraft County. NMU's carnpus is located on the north

side ofthe City of Marquette, Michigan, and is designated as an attainment/unclassified area for all

pollutants subject to a National Ambient Air Quality Standard INAAQS) under the Clean Air Act

{cAA}.

3.1.1 Prevention of Significant Deterioration (PSD)

The federal PSD regulations are codiflred in 40 CFR $52.21 and require dmt all major new or

modified stationary sources located within an attainment area and emitting any pollutant regulated

under the Clean Air Act {CAA) in excess ofthe applicable significance level be reviewed by the

U.S. EPA, or the state agency, provided the state has an approved program. Michigan is a delegated
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$tate under PSD NSR and NANSR and issues permits on behalf of the U.S. EPA. A major

stationsty to rce is defined as any one of 28 listed soulce categories that have the potential to emit

100 By or more, or any other stationary source that has the potential to emit 250 tpy or more, ofany

criteria pollutant regplated under the Clean Air Act.

PSD review is used to determine whether significant air quality detedoration will result from the

new or modified source. As part of the PSD review process, major sources are required to address

the following items prior to issuance ofa permit:

r Control technology review (BACT)

. Air quality analysis (monitoring)

. Ambient impact analysis

The conhol technology review includes a delermination ofBest Available Control Technology

(BACT) for the proposed project and equipment subject to PSD. The air quality analysis (prc-

construction monitoring) requires that the source collect ambient air monitoring data in the impact

area for at least one year prior to the staft of construction. MDEQ has historically waivod this

requirement since air monitoring stations are cumently being aperated by the State and suffioient

data exists. The ambient impact analysis requires a demonstration ofcompliance with federal and

state air quality standards and allowable PSD Increments using cornputational models, Impacts

on non-attainment areas may also be required if the source is expected to contribute to violations

of any applicable air quality standard. Source information, including process design parameters

and control equipment information, must be submitted with the permit application to the

reviewing agency. Finallg an additional impact analysis of the proposed source on soils,

vegetation, wildlife and visibility, especially on Class I PSD areas, may be required ifrequested

significant emission rate thresholds. The BACT analysis is provided in Section 5,0.

S: Poj 2007l161060jo4-tiMuNIlU tSD_Firil.dm
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PSD review also requires a source impact analysis [40 CFR 52.21(k)] and additional impact

analyses [40 CFR 52.21(o)]. The source impact analysis is presented in Section 6.0. This analysis

demonstmtes that the proposed facility will not cause or contribute to any violation of the applicable

federal ambient air quality standards. Additional impact analyses are presented in Section 7,0,

demonstrating that the proposed boiler will not adversely impact the Class I areas and will not

impose arry additional impacts-

3,1.2 Nerv Source Performance Standards (NSPS)

U.S. EPA has promulgated a new source performance standard for inclustrial, commercial,

institutional boilers at 40 cFR Part 60 subpart Db. The General Provisions contained in subpart

A apply to al1 sources specified in the rest of th€ NSPS. These general requirements include, but

are not limited to:

Monitoring and reporting 1o assure that the padicular source is in compliance with the

applicable NSPS rules;

Initial compliance testing to veriry that the source meets the applicable limits specified in

the applicable NSPS Subpart;

Noiification and recordkeeping.

Su bptrt Db - lndustrial-Commercial-Institationd Steam Generating IJnits

Subpart Db applies to each steam generating unit ("boi.let'') that commences constmction,

modification or reconstruction after June 19, 1984, and that has a heat input capacity ftom fue1s

combusted in the boiler of greater than 1 00 MMBtu/hr. This subpart has been revised and the

final mle amendmenis became effective on Febnrarv 27. 2006.

Subpart Db contairx emissions limits, compliance determination methods and procedures, and

recordkeeping and reporting requirements. Sp€cifically, it contains emissions standards for sulfur

dioxide, particulate matter, and nitrogen oxides. These standards are as follows:

60.42b - Standard for Sulfur Dioxido;

60.43b * Standard for Particllate Matter:

60.44b - Standafd lor Nitrosen Oxides:

0.20 lb/MMBhr or 90% Reduction

0.l0lb/MMBt'r

0.60 lb/MMBhr
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3.1,3 Natiodal Emission Strndards for Hazardous Air Poltutants (NESHAP)

Modified facilities, such as NMU, may be subject to the federal requirements for Hazardous Air

Pollutants (HA-Ps) by either of two ways. The first step in determining applicability is to review

the pollutanL and source-speci{ic regulations promulgated in 40 C.F,R. $ $ 6 I and 63 . lhese

regulations are collectively known as the National Emission Standards for Hazardous Air

Pollutants (NESHAPs). The second step for determining applicability is to evaluate whether the

modification will be a major source of HAPs and, lherefore, subject to the case-by-case Maximum

Achievable Control Technoiogy (MACT) requirements pursuant to Section I l2(g) of the federal

Clean Air Act should a federal NESHAP not exist.

Prior to the Clean Air Act Amendments of 1990, the U.S. EPA regulated a relatively small

number of chemicals known as Hazardous Air Pollutants (HAls). The initial list of HAPs

included asbestos, benzene, beryllium, coke oven emissions, inorganic arsenic, mercury,

radionuclides and vinyl chloride. The regulations promulgated to control emissions ofthese

chemicals are found at 40 C.F.R. $61. With the passage of the 1990 Clean Afu Act Amendments,

a list of 189 HAPs rvas adopted into law. A major source of Hazardous Air Pollutants is defined

in Section 112 of th6 Clean Air Act, in part, as a stationary source that has the potential to ehit l0

tons per year or more cf any listed hazardous air pollutant or 25 tons per year ofany combination

oflisted hazardous air pollutants subject to regulation under the Clean Air Act. The U.S. EPA

was required to develop a listing ofmajor source calegories and area sources ofHAPs and to

promulgate regulations to control th€ emissions of HAPs from those sources. These regulations

are found at40 C.F.R. $63. U.S. EPA has not promulgated a NESHAP fol utility boiiers.

Case-By-Case MACT

Effective June 1998, a requirement for a case-by-case detemination of the MACT applies to all

nerv and reconstructed major sources ofHAPs pursuant lo Section 1 t2(g) ofthe federal Clean Air

Act and 40 C.F,R, $$63.40 to 63.44. The NESHAP for hdustrial, Commercial, and Institutional

Boilers and Process Healers, 40 CFR Part 63, Subpart DDDDD became effective on September

1 3 , 2004. This subpart applies to an industrial, cornmercial, a-nd institutional boiler or process

heater as defined in 63.7575, that is located ar, or is part ofa major source oflIAP as defined in

63.2.
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NMU is currently not a major source of HAP, and will remain an area (minor) source of HAPs

after issuance of the air use permit. The maximum single HAP is estimated &t 5 .3 tons per year

(HCl), and the maximum potential combined HAP emissions for NMU (new boiler plus existing

boilers) will be 23.4 tons per year, These emission rates are based on fulfyear operation at 8760

hours per yeat. Therefore, the NESHAP requirements under 40 CFR Part 63, Subparts A and

DDDDD will not apply to the proposed boiler, or the natural gasllrlo. 2 fuel oil boilers.

3.1.4 Prevention of Accidental Release

Section I 12(r) of the Clean Air Act Amendments of 1990 dfuected the EpA to estabtish

requirements in order to prevent the accidental release of a hazardous air pollutant. Due to the

storage ofbulk chemicals (e.g., anhydrous ammonia) for use in varied industries, EPA promulgated

regulations that tequire facilities that store certain chemicals in amounts greater than the respective

tfueshold quantity to prepare a fusk Management Plan (RMP) in order address how the chemicals

will be stored and measures used to prevent thoir accidental release to the surrounding environment.

The requirements goveming accidental releases can be found in 40 C.F-R. Part 68 - Chemical

Accident Prevention Provislons. These rezulations are found in 40 CFR Part 68.

At this time, NMU is not proposing any .stotage tanks or vessels tlrat would be subject to these

regulations,

3.1.5 ComplianceAssuranceMonitoring

The Compliance Assurance Monitoring (CAM) nrle {40 CFR Part 64) establishes criteria for

monitoring cefiain air pollution control devices to provide reasonable assurance ofcompliance with

emission limits and standards. As specified ir 40 CFR 64.2(a), the CAM rule applies, on a pollutant

specific basis, to each emission unit at a source that is a major source and is required to obtain a

Michigan Renewable Operating Permit (Title V of the 1990 federal Clean Air Act) that meets all of

the following:

o The unit is subject to an emission lihitation or stardard for the pollutant;

o The unit uses a eonttol device to achieve compliance with the limit or standard; and

. Potential ulcontrolled emissions of the pollutant are equal to, or greater than, part 70

major source thresholds for that pollutant ( 100 tpy of a criteria pollutant, 10 tpy of a

single HAP, or 25 tpy of all HAPs combined).

S.jProj l00l164605+!NMU Nivlu TSD_FiDl.d..
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Additionally, 40 CFR 64.2(bX1Xt specifies an exemprion from the CAM rule that is applicable to

this analysis. This section exempts emission units (on a pollutant specifrc basis) subject to the

emission limitations or standards proposed by the EPA aller November 15, 1990 pursuant to section

I I 1 tir I 12 of the Act.

Since tJre proposed boiler is subject to rhe amended NSPS, 40 CFR 60, Subpart Db (effective date,

February 27, 2006), it is oxempt from the CAM rule for particulate matter and lfur dioxide,

pursuant to 64.2(b)(l)(i). No add-on conftol is being proposed for co.

3.1.6 Federal Acid Rain Program

The proposed boiler is not a *utility boiler", as defined in section 402 of the Clean Air Act.

Therefore, the boiler will not be subject to the Acid Rain Program Regulations under 40 cFR parts

72 ro 78.

3,2 MICHIGAN.SPECIFICREQUIREMENTS

Michigan has developed rogulations in order to both implemett and supplement the ibderal

requirements. Specifically, MDEQ has promulgated nrles and regulations under the Natur4l

Resources and Environmental Protection Act (Act 451 of 1994, As Amended) and Section 336 of

the Michigan Compiled Law (MCL) for the control of air pollution.

Air Use Permit (Permit-to-Instflll) Overview

The State of Michigan requires that ali sources of air pollution must obtain a Permit-to-Install pnor

to construction. Federal rules for Prevention of Significant Deterioration (PSD), 40 C,F.R. 52.21,

also require a major modification ofa major stationary source to obtain approval prior to beginning

on-site construction ofthe major modification(s). Issuance ofa State ofMichigan Permit-to-Iflstall

will satisS' the federal requi-rement to obtain approval prior to consffucting the modification. The

State of Michigan is a federally delegated state for issuing PSD permits.

Prior to obtaining approval ofa Permit-to-Install in Michigan, tJre source must demonstrate

compliance with all applicable federal and state rules and regulations. This includes a public

participation process. wi*r an option for a public hearing. to allow all interested people the

opportunity to make comments on the proposed modification.

S:Proj 2007.16 05oj0,1-Ni\tu.,Nivlu TSD Fhxl.d.c 

I g



hT{
r@il

The Permit-to-Install will include conditions covering the installation and operation ofthe
equipment until a Ronewable operating Permit (RoP) is issued or modified to allow longterm
operation ofthe modified sourco, assuming that the applicant has submitted an administratively
completo application for a ROP within the time frame for obtaining a permit shield.

The Permit-to-Install conditiorur include some or all of the following: emission limits; equipment
restrictions; design parameters; operating requirements; testing and sampling requircments;
monitoring, recordkeeping and reporting, These are required to ensure that the source will
continuously comply with the state and federal requirements applicable to the project.

Toic Air Contaminants (TACs) Discussion

MDEQ Rules 224 to 232 (R336.1224 toR336.1232) regulate the emission of Toxic Air
contaminants (TACs) from new and modified emission units. The substantive requirements are
contained in Rules 224 and 225, T-BACT Requirements forNew and Modified Sources and
Health-Based Screening Level Requirement for New ancl Modifiecl Sources, respectively. The
proposed project rvill he subject to Michigan Air Toxics requirements pursuant trr Rules 224 and
225.

3.2.1 Best Available Control Technology for Toxics (T-BACT)

Michigan Rule 224 (R 336.122a) specifies that new or modified emission units cannor emit toxic
air co',taminants in excess of rhe maximum allowable emission rate based upon the application of
best available control lechnology for toxics (T-BACT). However, Rule 22a(2)(a)(iii) states that
the requirement for T-BACT does not apply to "other toxic air contaminants that are particulate
matter, if th€ standard promulgated under section I 12(d) ofthe clean air act or the determination
made under section 1 12(g) or I l2() ofthe clean air act controls similar compounds that are also
pafiiculate matter." In this instance, EPA has ptomulgated a mercury emission limit uncler
NESHAP for Industrial, commercial, Institutional boilers equal to 3.0 E-06 lbiMMBtu heat input.
consequently, NMU is required to ensure that the emissioxs of Hg meet a limit representative of
T-BACT' NMU is proposing to meet the NESHAp limit, which is considered the ,,MACT Floor"'
and equivalent to T-BACI tbr ihis projecl.
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3,22 Eealth Based Screening Levels for Air Toxics

Michigan Rule 225 (R 336.1225) requires that the ambient concentrations (pglm3) produced by

the emissions of toxic air contaminants (TACs) from the now or modified source be less than or

equal to the screening levels that are established by the MDEQ - Air Quality Division (AQD).

Screening levels for non-carcinogenic compounds are refered to as Initial Threshold Screening

Levels (ITSLs), while screening levels for carcinogenic compounds are referred to as Initial Risk

Screening Levels (IRSLs). Rulo 226 (R 336.1226) contains exemptions ftom the requirem€nts

contained in Rule 225 and !:ule 227 (R336.1227) and speci{ies methods for demonstrating

compliance with the state air toxics rules, including methodologies for establishing screening

levels.

The TAC emissions from the installation of the new CFB will consist of some trace metal

compounds and HAPs. The potential TAC emission rates are prEsented in Appendix B and the

ambient impacts ofthese TAC emissions have been shown to be in compliance with ali ofthe

applicable screening levels using the air quality modeling procedures contained in R 336.t240 and

R 336. l24l  .

3.2.3 R€quir€ment for Lower Emission Rate than Required by T-BACT

Rule 228 allows the department to determine, on a case-by-case basis, that the maximum

allowable emission rate determined in Rules 224 or 225 may not provide adequate protection of

hurnan health or the environment. During a pre-application meeting with MDEQ on June 29,

2006, staff from MDEQ - Toxics Unit indicated that the emissions from the proposed facility are

not at a level ofconcern to warrant anv additional analvsis to determine an emission mte lower

than T-BACT.

3.2.4 Standards for Density of Emissions

Under Michigan Rule 30 t (R 336.1301), visible emissions from process€s and process equipment

are limited to 20 percent opacity on a 6-minute average, with an allowance that one Gminute

averago per hout may exceed 20 percent opacity proyided it does not exceed 27 percent opacity.

However, certain operations at the facility aro subject to specific requiremcnts contained in

Michigan's Part 3 rules.
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The level ofparticulate emissions proposed by NMU in this application are at or Lower than the

applicable PM and,/or opaeity standards for fuel burning equipment contained in Parr 3 ofthe

Michigan Air Pollution Control Rules, No other source specific criteria pollutant standards apply.

3.2.5 Emission Limitations and Prohibitions - Sulfur-Bearing Compounds

Michigan has adopted specific rules to limit the emissions of SO2 from power plairts.

Specifically, Rule 401 limits the sulfi* content in fuel for power plants to 1.0olo for units capable

ofproducing greater than 500,000 lbs ofsteam per hour. However, Rule 401 allorvs for an

exemption from the sulfiu in-fi.rel requirement ifthe facility is subject to a fedeml emission

standard and requires only that the unit meet an emission rate based on the sulfur content in the

firel. Since the unit will be subject to a federal emission standard for SQ conlainecl in 40 C.F.R.

Part 60 (NSPS) and this emission limit is lower than that conrained in Table 42 of Rrrle 401. the

unit will be compliance with the Michigan Part 4 rules.

3.2,6 Emission Limitations and Prohibitions - New Sources of VOC Emissions

Michigan's Part 7 Ruies require new sources ofVOC not allow emissions in excess ofthe lowest

maximum allowable emission rate, otherwise known as voc BACT. The total net emissions of
VOC will be less than significant emission threshold of40 tpy, In addition, the CFB boiler will

employ good combusiion techniques in order to reduce the emission ofvolatile compounds from

the unit and is considered BACT for VOC.

3.2.7 Emission Limitations and Prohibitions - Oxides of Nitrogen

Michigan's Part 8 Rules govern the level of emissions allowed by both SIP call and non-Slp call

stationary sources and requires that units larger than 250 MMBtr:./br meet certain limits based on

the season. Additionally, MDEQ is drafting new rules in order to implement the provisions of thc

Clean Air lnterstate Rule (CAIR), which will augment the existing part 8 rules.

NMU is proposing to meet an emission Iimit lower than the NSPS limit of 0.6 lb/lvlMBtu for

emissions of NO. from the new CFB.

S:rkoj,10o?r16060io1- MU,NMUTSD timLdoc
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4.0 STJMMARY OF EMISSION ESTIftIATtrS

This section presents the emission estimates for the cFB unit and coal handling equipment as a

result ofinstalling the new boiler.

4.I CIRCULATINGFLUIDIZED BEDBOILEREMISSIONCALCULATIONS

The proposed cFB boiler is nominally rated at 185 MMBtdhr heat .input for coal firing and 205
IvLVBtr.:/hr heat input for 100% wood firing. The boiler will combust coal, wood, or a mixture of

coal and wood and utilize limestone to control sulfur dioxide (So1), hydrogen chloride (HCl) and

other acid gas (inorganic IIAP) emissions (e.g. H2SOa acid mist, HF, chlorine, erc.). In addition, a
fabric filter ftaghouse) will be installed to control particulate matrer (pMlpMrq/pMz:), lead (pb),

and non-volatile metallic HAPs; a selective non-eatalfic reduction (SNCR) system wilt be

installed to control nitrogen oxides (No-) emissions; and good combustion controls and operating
practices will be used to control emissions ofcarbon monoxide (co), volatile organic compounds

(VOC), and volatile organic HAPs (VOHAP).

The CFB boiler will use a mixture of fuels to produce a maximum gross heat input of
approximately 185 MMBh/k. The primary pollutants tl.rat will be emitted from the cFB boiler

will consist of paniculate matter (PMro/Pllu.s), SO2, NO,, and CO.

The emissions have been calculated on both a short-term (lb/hr) and long{erm (tpy) basis. All

annual calculations are based on continuous operation at 8,760 hours per year. The potential

emissions ofregulated pollutants and toxic air contaminants (TAC), including hazardous air
pollutants (HAP) from the cFB boiler are summarized below and detailed in the attached

Appendix B.

1'he potential emission rates ofregulated pollutants from the ptoposed cFB boiler are listed in

Table 4-1.

SrProjr2007' 16 O6050{-NMU NMU TsD_Fidat.dN
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Notes:
( l )

(2\

Table 4-1 Potential

SO2 emission rates are based on 3,5 percent (avemge max-) sulfur coal and 92 percent reduction
requirement per NSPS. The limits are also based on a 30-day rolling average.
The lead estimated emissiotr rates r€presents th€ fllaximum ofPRB, bituminous, & wood fuels, and are
based on a statistical analysis ofrespectivc typical coals, with a 99% control efficiency of the baghouse
collector, with wood emissions being based on the AP42 emission facror.
Based on a BACT detennination regardirg the Plum Point Encrgy permir for an 800-MW pulverized
coal fired utility boiler. located irt Arkatrsas. The limit should be based on a 24 hour average_
Due to the oxidation of tuels in the boiler, sulfur-bearing compounds will be oxidized to SOr.
Therefore, total reduced sulfur and reduced srrlfiu compounds, including H2S are not likely to be
formed and thus, will not be emitted-

. .  , . . '  . - ' . l l t  -  : l

4.L.1 Particulate Matter (PWPMT/PMz.s) 
' ','i t' 'i.r".;'i I '

The "significant net increase" threshold for PM1 g,/Plvl2.s emissions is I 5 tpy. Recent EPA
guidance for PM2.5 requires that in the interim period between the dates of the PIvI2.5 NAAQS

designations and when EPA promulgates regulations to implement NA.r\SR for the plvll s
NAAQS, states should use PMlg as the surogate for detennining whether a facility or

modification is considered majot for PN42.5 under PSD. Therefore states and facilities should use
projected PMi0 emissions and net emissions increases (and decreases) as a surogate for PM2.j.

The padiculate emissions will primarily corsist oF flyash. A CFB boiler is specifically designed

to reduce the amount ofparticulate emissions by utilizing a high temperature cyclone to capture

the unbumed portion ofthe ash and retum it to the primary co.dbustion chamber.

Srhojt l0o7l60a0ioil]\iwr.Ntvtlj TsD FiEr.d* 
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(3)

(4)

Pollntant Emission Rates from the CFB Boiler

Pollutant
Emission Rates

Basis
lb/MMBtu lb/hr tpy

PIWPMle (filterable) 0.025 5 .1 PSD-BACT
PM16 (filterable &
conderuable 0.03 o.z 26.9 PSD.BACT

SO, (r)
0,48 88.8 388.9 PSD-BACT

NO" 0,10 20.5 89.8 PSD-BACT

CO 0.11 34.9 152.6 PSD-BACT

VOC (as Propane) 0.02 4.0 18 ,0 R?02_BACT

Lead 1.34E-05 0.002s 0 .011 (2)

HzSO+ Mist 6.1E-03 1 . t 4.9 (3)

Fluorides (as HF) 0.01 0,2 0.7 T.BACT
Total Reduced Sulfur
(including H2S)(a) NA NA NA NA
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The boiler will be equipped with a cyclone and baghouse to conttol particulate matter (PM)

emissions, including PMle and PM:5. The baghouse will be designed tc meet a Pfuf/PMle

emission rate of0.030 lb[vlMBtu heat input (filterable and condensablc) when firing coal, wood,

or a mixture of coal and wood and is more stringent than the NSPS (Subpart Db) limit of 0.t 0

lb/MMBtu heat input (for coal and mixtures of coal with other fuels provided the annual capacity

factor greater for other fuels is 10olo or gfeater, by heat input), and the State Implemeniation Plan

(SIP)-R336.1331 PMlimit of 0.30 lb/l,000lbs exhaust gas, coffected ro 50olo excess air. The

boilet will comply with the opacity limit established pursuant to R 336.1301(Rule 301(1)).

The short-term and long-term maximum potential emission rates for PMto been calculated using

the following equations:

PM16 Emissions = 
m"

205 MMB|U 6.15lb
hr

PM 1 e E mbsio ns : !I# " *F " m 
= t un;*"

Compliance with the PI\4/PM1q emission limits will be determined by conducting the performance

tests required under the NSPS, Subparts A and Db. The facility will install, operate, certify and

maintain a continuous opacity monitoring system (COMS) to demonsh?te continuous compliance

with the PtrlPMro and opacity limits.

4.1.2 Sulfur Dioxide (SO2)

Suliir dioxide emissions ate ptoportional to the sulfirr content of the coal. In order to minimize

the SO2 emissions, the boiler will be fired with bituminous coal with rnaximum sulfur content not

to exceed 3.5 percent by weight and co-fired with limestone and wood, as available. The potential

sulfi.u dioxide (SO2) emissions will be reduced by the use of limestone, which will be mixed with

the coal. Wood, as defined in 40 CFR 60.41b, will also be used as fuel and will be fired alone or

co-fired with coal. The firing of wood alone or in combination with coal will reduce the potential

SO2 emissions from the boiler because wood contains very little sulfur. The boiter will be

designed to meet the NSPS SO2 emission limit of 0.20lb/MM Btu heat input, or 8 percent (0.08)

s:.Prol ?007\t6' rx0 jol-t{i\,fl-lNNtu lslr_Fidr.dd.
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of the potential SO2 emission rate (92 percent redu{on) and 1.2 lb/IVIMBtu heat input, based on a

30-day rolling average. Based on the mr,fr"""{r#*"igitt il.!}"rt and 92 percent reduclion

requirement, the allowable SC)2 emission rare MfiEii?d"G,'fiiiStu.

o

so2 Emissions = 0'48 lb ,j'85 MMBttl \- 88'80lb

MMBu hr hr

so2 Emissions = 88 80Lb * 8760 hr * I ton - 388'94 ton

hr yr 20001b yr

The facility will install, calibrate, maintain, and operate a continuous emission monitoring system

(CEMS) for measuring SO2 concentrations, with either oxygen (O2) or carbon dioxide (COz)

concentrations, and will record the output ofthe system as required in 60.47b(a). Initial and

continuous compliance with the SQ emission limils and percanl tcduction requirements will be

deterrnined using the CEMS. The initial perforrnance test will be conducted over 30 consecutive

operatiflg days ofthe boiler. The tirst operating day included in the initial performance test will

be scheduled within 60 days after achieving the maximum plrduction rate at which the boilet will

be opeEted, but not latei than 180 days after initial starh4 of the boiler'. Compliance rvith the

SOz emission limit and percent reduction requirements will be determined using a 30-day rolling

average at the end ofeach steam genera{ing unif operating day,

4.1.3 Nitrogen Oxides (NO)

Nitrogen oxides (NO*) are present in the IIue gas in tro forms: thermal NO^ and fuel NO*.

Thermal NO* forms when nitrogen and oxygen molecules in the combustion air are disassociated

at peak flame temperatures and recombined into oxides of nitrogen (primarily NO). Fuel NO* is

formed when the nitrogen in the fuel (fuel-bound nitrogen) is combined with oxygen in the

combustion air form nitrogen oxides- When firing natural gas, or other gaseous fuels, thermal

No' is the primary mechanism through which NO" is fomed since the concentration of nitrogen

in natural gas is negligible. However, when firing solid fuel (i.e., coal) or liquid (i.e., distillate or

waste oils) fuels in the boiler, a greater percentage ofthe total NO* formed is due to the release of

fuel-bound nitrogen in the fuel. Through proper desigrr and good combustion practices the

formation ofNO, can be limited by ccntrolling the peak combustion temperature, gas residence

s,Ploi:Oon I di0605s+\Mu NMU rsD iidl.doc
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time at peak teffiperature, and the at+o-fuel ratio. CFB's have been specifically desigaed to bum

at temperatures that are lower than the prime temperatures in which NO, is formed.

The boiler will be equipped with SNCR to reduce the nitrogetr oxides emissions. The CFB boiler

and SNCR system will be designed to achieve a NO* emission rate of 0. I 0 lb/MMBtu heat input

when firing coal, wood, or a mixture of coal and wood. This limit is based on BACT

detetminations pursuant to 40 CFR 52.21(i). The limit is based on a 30-day rolling average and is

more stringent than the applicable NSPS limit of 0.60 lb/MMBtu heat input.

. 0.l0lb 205 MMBU 20.50 lb
1\U, LmtSStOrL, -- - ^ -

MMBtu hr hr

. 20.50|b 8760 hr lton 89.79ton
su? Effitssnns = _x-- 

hr yr 2000 Ib yr

The facility will install, calibrate, maintain, afld operate continuous efiission nronitoring systems

(CEMS) for measuring NO: conceltrations, with either Oz or carbon dioxide CO? concentrationsl

and rvill record the output of the systems. Initial and continuous compliance with the NOx

emission limit will be determined usins the CEMS.

4.1.4 Carbon Monoxide (CO)

CO is an intermediate combustion product that is formed when the reaction ofCO 10 CO2 cannot

proceed to completion. These emissions typically occur when there is a lack of available oxygen,

if the combustion gas temperature is too low, if the residence time is too short, if there is not

sufficient turbulence (or mixing) ofthe combustion gases or if there will be a combination of

these conditions in tho cornbustion chamber.

Based on the experience of Cummins & Bamard, Inc. (C&B) and review of the

RACTiBACT/LAER Clearinghouse (RBLC), an emission factor of 0.17 lb.MMBtu heal input

was used to evaluate the emissions from the CFB boiler. It was determined that the CO emissions

S; lFi :C0tl6n60j01,xllt j.Nldtr TsD-F6l.do(
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will be 34.85 pph for all fuels hring represents BACT. The limit is based on a 30-day rolling

average.

Co Emissions = 0.17 lb *2a5 MMBIU x: 34.85 lb

MMBttt hr hr

34.85 lb 8760 hr I ton 152.64 ton
LU EmtSStOnS -

hr yr 2000 Ib yr

4.1.5 Volatile Organic Compounds (VOC)

Hydrocarbons, o: VOCs, are efiitted due to incomplete combustion occurring in the boiler. Due

to the efficiency of the CFB boileq the emissions ofVOCs are expected to b€ low. Basedon the

experience of C&B and a review of RBLC, an emission factor of 0.02 lbA{MBtu (measured as

propane) was utilizEd to estimate the potential VOC emissions. This equates to approximatoly 4.0

pph, and 17.6 tpy. These emission rates are repr€sentative ofBACT pursuant to the requirements

oI Michigan Rule 702(a).

l/oc Emissions = o'02 Ib x
MtuIBtu

205 MMBtrt 4,I0 tb
hrhr

voc Ernissiot s: 
4'10lb *8760 hr , I ton - 17'96 ton

hr yr 2000 lb yr

4.1.6 Lead (Pb)

The emissions oflead are dependent upon the lead content of the fuel and the removal efficiency

of the parliculate collection device. lnfbrmation and data obtained liom industry and EPA, as

well as sarnpling data from other NTH Consultants, Ltd. projects, indicates that over 99% ofthe

Pb is emitted in particulate form (paticle-phase). Consequently, a well-performing particulate

conlrol device, such as a fabric filter, can be expected to capture nearly all ofthe potential Pb

emissions.

s:'ft bi2007. | 6 0605'o4-nt.!f ulNiru- Iso_Fh.l.doc
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NMU is plaming to use a blend of subbituminous coal and wood. NTH and C&B have reviewed

analytical data from proposed coal sources and performed a statistical analysis ofthe lead content

in these coals, which resulted in a maximum, estimated lead emission rate of 1.34E-05 lb/MMBtu

heat input that includes 99olo control efficiency for the baghouse. This yields an emission rate of

0.0025 pph and 0.011 py, which is equivalent to approximately 22 lbs/year. This is below the Pb

significant emission rate tlTeshold of 0.6 py.

Pb Emissions :
L34 E -05 tb 185 MMB|U 0.0025 Ib

x + x :

MMBtU hr

0.0025 tb 8760 hr I ton 0.01 ! ton
rDLm$s,ons  =  x_ :_

hr vr 20001b yr

4.1.7 lVlercury Emissions {' E "lr 
.:

Emissions ofmercury are dependent upon the mercury content of tle fuel, chlorine content ofthe

coal, unbumed carbon or loss on ignition (LOI) within the boiler, tlpe of bumer design and the

removal effrciency ofthe add-on control technology. Information and data obtained from industry

and EPA suggest that removal effrciencies ofat least 80o/o are readily obtained in CFT] boilers

firing bituminous and subbituminous coals and utilizing a fabric filter and/or other technology for

the control of SOz and NO..

Even though the new boiler is not subject to the lndustrial, Commercial, and Institutional Boiler

MACT requirements, NMU is proposing to accept a hercury emission limit equivalent to the

MACT level of 3.0E-06 lb/MMBhr heat input. The U.S. EPA did not consider carbon injection to

be a MACT floor control technology for indusirial, commercial, institutional boilers and process

heaters. Data from electric utility boilers indicate that fabric filters arE the most effective control

techlology for reducing potontial mercury emissions. The MACT floor emissions level based on

mercury test data from solid friel fired units with a fabric filter is 3.0E-06lbiMMBtu heat input.

The proposed CFB boiler will be equipped with a fabric filter (or baghouse).

S: frcj :00n | 6 06oiotNi!(r N]WJ TSD Final.d.c
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3.0 E -06 Ib 185 MMBIU
t g Emrsstons -  -Y-x=- 

MMBw hr

@\
5.ss E -04 tb

hr

Hs Emissions:
5.50 E -06 lb 8760 hr 4.86 Ib

yr

4.1.8 Sulfuric Acid Mist (H2SOa) and Fluorides (as HF)

The sulfuric acid mist emission estimate and proposed limit is based on a permit issued to Plum

Point Energy, which is located in Alkansas, while the fluorides (as HF) emission factor is based

on EPA's AP-42 emission database and includes a 15% increase as a safety factor. The potential

H2SOa emission rate of4.9 tpy is less than the PSD significanl emission rate threshold of7 tpy,

and the poteniial HF (hydrogen fluoride) emission rate of 0.7 tpy is well below the pSD

signihcant emission rate threshold of 3 tpy for fluorides. therefore, these pollutants are not

subject to PSD review. However, the use of lirnestone and baghouse systems will minimize the

emissions ofthese pollulants, and represents T-BACT fbr this proposed CFB boiler.

4.1.9 Total Reduced Sulfur (TRS), including Hydrogen Sulfide (H2S)

Due to the oxidation of fuels in the boiler and the use of good combustion controls, the sulfui.-

bearing compounds will be oxidized io SO2 rather than reduced to form total reduced sulfur {TRS)
and reduced sulfur compounds (RSC), including I{2S.

4.2 SUMMARY OF HAP AND TAC EMISSIONS

The proposecl CFB boiler will emit toxic air contaminants, inctuding some of the HAps listed in

Section 112ft)(l) of the Clean Air Act (CAA). All HAPs are considered as TACs under the Srate

of Michigan Air Toxics ru1es. The potential HAI/TAC emission factors for coal (bihrminous and

PRB coal) and wood-fired industrial boilers have been reviewed and a worst-case emission fastor

for each HAP/TAC was used to calculate the maximum hourly and annual emission rates liom the

CFB boiier. The worst-case emission factors and mass emission rates are listed in Appendix B-

The emission factors were obtained from the U.S. EPA AP42 document, stack t€st resulrs and

permits fbr other similar coal/wood-fired boilers, and other published articles and technical

bulletins on coaVwood combustion in boilers. Data 1}om EPA's AP-42 and stack testing results

were increased by 15olo as a safety factor. The values listed in Appendix B represent the

s:rP6j 2007.1 6.06o5oa-xMuIMlr rSD-!i'Eldd
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maximum from either coal, natural gas or wood fuels. See Appendix B for a complete list of

compounds for which data was available.

The HAP/TAC emissions can be divided into the following four common categodes: mercury,

metallic HAP/TAC, inorganic HAPITAC, and organic HAP/TAC. Mercury was discussed

previously- The compounds in each pollutant category and emission control techniques used for

each category are discussed below.

Meta I Ii c HAPITA C E missi ons

The groups of compounds included rmder this pollutant category afe: antimony, arsenic,

beryllium, cadmium, chromium, cobalt, lead, manganese, nickel, phosphorus, selenium,

vanadium, and zinc- Most of these non-mercury metallic HAP/TAC compounds appear in the

flue gas flyash, which is emitted as particulate matter (PMJ. Therefore, the same control

techniques that would be r.rsed to control the flyash PM will control non-mercury metallic

HAP/TAC emissions.

The proposed CFB boiler is subject to BACT for PM ernissions, and a baghouse will be utilized to

control PM emissions from the boiler. Since the non-mercury metallic HAP/TAC wilt be eTnitted

as part of PM emissiols, the baghouse will also control the non-mercury metallic HA?ITAC

emissions. Therefore, the proposed baghouse is cor$ider€d to represent T-BACT for these

compounds. 'fhe maximum controlled HA}/TAC emission rates are used in the dispersion

modeling analysis to demonstrate compliance wrth the Michigan air toxics requirements under

Rules 225-232. The modeling analysis is presented in Section 6.0.

In organic HAPITAC E m is sio ns

The primary inorganic IL{P/TAC emitted from boilers are acid gases, such as hydrogen chloride

(HCl), chlorine, hydrogen fluoride (HF), and sulfuric acid mist (H2SOa), with HCI present in the

largest amounts. Therefore, control technologies that would reduce HCI emissions would also

control other inorganic compotrnds that arc acidic gases.

The proposed CFB boiler will use limestono in the bed ofthe boiler to control emissions ofSO2

and other acid gases. An HCI emission limit of 0.0065 lb,MMBtu is based on the EPA's AP-42

s:9bl?0o7 16 0605o!Ni{!r.NMU TSD Finrt.doc
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emission factor found atTable l.l- 15, Chapter l.l, dated 9/98, with a l5% safety factor, and

using 920l,: conlrol efficiency due to the use oflimestone in the boiler bed. Thus, the addition of
Iimestone to the cFB in the boiler is considered r-BACT ibt HCI and other acid gases, and the

conesponding maximum controlled emission rates of inorganic HAP/TAC listed in Table 4-2 will
result in ambient colcentrations that are less than the screening levels established pursuant to the
air toxics requirements of Michigan Rules 2ZS-232.

O rgan ic HAP/T A C E missio ns

Although numerous organic HAP/TAC may be emitted from industrial boilers, only a few account
for essentially all ofthe mass oforganic HAP/TAC. These organic HAP/TAC are:

Formaldehyde, benzene, hexane, toluene, and acetaldehyde. All other organic HAP/TAC,

inoluding polyruclear aromatic hydrocarbons (PAH), and dioxins and frrans are emitted in trace
amounts.

Otganic HAP/TAC and carbon monoxide (CO) emissions would occur due to incomplete

combustion of fuels. In establishing MACT standards for industrial boilers and process heaters,
EPA used co as a sunogat€ to represent the variery oforganic compounds, including dioxins anc
furans, emitted from the various fuels bumed in the boilers and process heaters- As co is a good

indicator ofincomplete combustion, there is a direct correlation between co emissions and the
formation of organic HAP emissions. Therefore, minimizing CO cmissions will result in
minimizing organic HAP/TAC emissions-

The proposed cFB boiler is subjecr ro BACT for co. NMU is proposing an emission limit of 0.l7
lb/MMBtu heat input for BACT, based on a 30-day rolling time period, This limit represents

complete combustion and BACT under the PSD rules (40 cFR 52.21(i) and r-BACT ,nder the
Michigan Air Toxics rules (Rule 224) for voc and organic toxic air contaminants. The worst-

case organic HAP/TAC emission rates from the cFB boiler have been calculated from the U.s.
EPA AP-42 document and used in the modeling analysis presenred in Section 6.0. The results of
the modeling analysis indicate that the proposed boiler will comply with the Michigan Air Toxics
Rules.
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5.0 CONTROL TECHNOLOGY REVIEW

The proposed project is considered a "major modilicationl' as defined in the PSD regulations at 40

CFR 52.21 because there will be a significant net increase in PM, PMr/PlvI:.s, SO2, NO*, and CO

emissions as a result ofinstalling the new CFB boiler. Therefore, the requirements for best

available control technology (BACT) of40 cFR 52.21fi) will be applicable to conrrol emissions

of PM, PMro/PivIz.s, SOz, NO-, and CO fiom the proposed CFB boiler. Further, Rules 224 and

702 ofthe Michigan Air Pollution Control Rules require an analysis ofBACT for toxic air

contaminants and VOCs, respectively. The BACT analyses contained in this application were
performed in accordance with the u.s. EPA's recommended topdown proceduro outlined in the

New source Review workshop Manual and set forth in section l6s(a)(4) of the federal clean Air

Act (CAA) as well as the MDEQ - Air Quality Division Operarional Memorandurn No. 20.

5.I BACTPROCEDURE

The BACT analyses required under both the state and federal rules foliow the MDEe-AeD's

Operational Memorandum No. 20 (Op Memo 20) for BACT determinations. Op Memo 20

identifies four {4) levels ofreview and closely reflects the intention of EpA's methodology for

performing BACT analyses for PSD purposes, As described below, the procedure takes

advantage ofBACT determinations that have been made lor other similar equipment across the

country over the past several years. This allows for a morc streamlined analysis by circumventing

the rigorous approach set forth in the NSR Workshop Manual.

LEVEL 1

Level I is the first step and identifies the most stringent form of control described as tho lowest
achievable emission rate (LAER). Any proposed BACT analysis that selects ro achieve LAER

will be accepted without additional review. If LAER is not chosen, the applicant proceeds to a

Level 2 analysis.

LEVEL 2

Level 2 identifies the types ofcontrol technologies that have been approved as BACT for similar

source types nation-wide. Emission limitations accepted as BACT in recent p€rmits throughout

the country for similar processes or industries are acceptable unless new technical developments

s,lFajtoon16 !60j04-t(ltLI,NMU TSD ainal.doc
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have been made that indicate additional emission reductions can be achieved in practice. ln
general, approved limits for BAcr over the previous 5-year period are reviewed and compared
against the proposed BACT limits in the current application.

L
If the proposed emission limits are lcss stringent than those accepted as BACT in recent permits

or when few recent BAcr determinations exist for the process or industry, and new teohnical

developments have not occurred over the preceding 5-years, the BAcr evaluation proceeds to
Level 3.

LEVEL3

A Level 3 BACT evaluation involves consideration ofcontrols that have been accepted as BACT

in tecent permits for similar air emission streams from different processes or industry types. Level
3 also allows consideration, where appropriate, ofolder BACT determinations. Control
technologies or techniques (i.e., materials, methods or equipment) that have not been
demonstrated within the process or industry tlpe under revierv may be evaluated for use if thqy
are shown to be both available and applicable to ihe process or industry type for which the
application is being prepared.

In the case of materials or methods, consideration is given on the basis oftheir use in

manuf-acturing identical or similar products from identical or similar raw materials. In the case of
add'on control equipment, eonsideration is made on the basis ofthe physical and chemical
characteristics ofthe pollutant-bearing streams for which the conrols have been applied and
compared with those from the process or industry tlpe ofthe proposed source(s). In Level 3,
determining whether energy, environmental, or economic impacts are appropriate is primarily

based on current and historical derennmarlons.

Ifthe proposed emission limit is less stringent than those accepted for the same process and .

industry, the BACT evaluation proceeds to Level 4. .  , l :

LEVEL 4

The Level 4 BACT evaluation involves a detailed, top-down techaical and quantitative analysis

for all emission reduction options available for the proposed process and equipment. This
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analysis mirrors U. S. EPA's 5-step, top-down procedure identified previously anil is described

below.

Step 1

The first step in the top down procedure is to identify all control technologies and emission

redr.rction options. NMU is employing CFB technology for the new boiler. Inherently in the

desigl of the CFB, reductions of many criteria and toxic pollutants are naturally reduced due to

boiler design and residence time- In order to identify additional controi techtologies, the

following sources of information would be referenced:

U.S. EPA RACT,tsACT/LAER Clearinghouse (RBLC)

U.S. EPA Control Technology Center (CTC)

Recent Permit Actions by MDEQ and other Stat€s

Vendor Information

Project Experience from all parties associated with this project, including

NTH Consultants, Ltd., Cummins & Bamard, Inc., and Northem Michigan

University

Step 2

The second step in performing the top-down BACT analysis is to eliminate all technically

infeasible options. The determination that a control technology is technically infeasible is source-

specific and based upon physical, chemical, and engineering principles.

Step 3

The third step in the top-down BACT analysis is to rank all remaining control technologies with

respect to control effectiveness. The control tecblologies are ranked in order ofconkol

effectiveness and are pollutanfspecific. Information including control efticiency, anticipated

emission rate, expected emissions reduction, and economic, environmental and energy impacts are

to be considered.
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Step 4

If the top'ranked control technology option is chosen, the BACT analysis is complete and no

furthor information regarding economic, environmental, and enorgy impacts are required.

However, ifthe top-ranked option is not chosen, an assessment ofeconomic, environmental, and

energy impacts are performed to evaluate the most effective controls in Step 4. ln this step, an

analysis is performed ori each remaining oontrol technology in order to determine whether the

economic and energy impacts to the applicant do not provlde suf{icient incremental environmental

benefits. Those technologics that do not provide a sufficient environmental benefit, given energy

and economic impacts, can be eliminated.

Step 5

The fifth and final, step is selection ofthe BACT emission limit corresponding to the most

stringent, and technically feasible technology that was not eliminated based upon adverse

economic, environmental, and energy impacts,

The economic analysis is performed in accordance with the procedures found in U.S. EPA's Air

Pollution Control Cost Manual published in January 2002 (EPN45Z1B-02-001). This document

provides capital and annual operating cost lbctors lbr use in determining the economic impact of

each control technoJogy.

Finally, pursuant to 40 CFR 52.21(bXl2), the chosen BACT emission limit musr not be less

stringent tlan any applicable federal New Source Performance Standard [NSPS), Nationat

Emission Standard for Haaardous Air Pollutants (NESHAP), or state-specific emission standard.

NMU has ohosen, as BACT, emission limits identified in thq Level 2 analysis by reviewing all of

thc national BACT determinations using the EPA's RACT/BAIT/LAER (RBLC) Clearinghouse.

The BACT ernission limits chosen for this project are at least as stdngent as applicable federal or

state standards and within the range ofrecent BACT detenninations for similar pmcesses as found

in the RBLC database. Specifically, a NSPS has been promulgared for PMro, SO:, and NO*,

pursuant to 40 CFR Pan 60, Subpart Db. This application is consistent with the proposed

revision. A copy of the RBLC Clearinghouse database review is atrached in Appendix E.
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5,2 PARTICULATEMATTER(PI!{,/PMT/PMIS)

Particulate Matter, including PM, PMro, and PlWu s, results from both the combustion and storage

of fuel, as well as limestone and ash handling and storage, In this instance, solid fuels, limestone,

and ash will be stored in enclosed silos with appropriate vent filters. Particulate is formed in

boilers during the combustion ptocess and is present as unbumed carbon and fly ash. In order to

minimize the amount of particulate entering the flue gas stteam and maximize the comblstion of

all carbon, the unbumed carbon is re-circulated back to the CFB for further combustion.

Particulate matter may be emi:ted as a solid, or it can be emitted as a condensable material. Solid

particulate is measured using EPA's Method 5 sampling procedure, which are commor y rcferred

to as "front half'emissions. I'he condensable particulate emissions are measured using EPA's

Method 202 procedure and commonly referred to as "back halfl emissions.

Currently accepted conttol technologies for particulate matter includc both fabric filters (baghouse)

and electrostatic precipitators (ESP). Both of these technologies represent the most efhcient and

cost-effective method for controlling PM emissions from rnany sources, including commercial,

industrial, and institutional boilers. While othef control technologies exist, including mechanical

collectors and wet scrubbers, neither has been proven as an effective control technology due to

efficiency and energy impacts.

F abric Filter (Bag h o u se)

A fabric filier system consists ofa structure containing fabric bags ananged in numerous rows

where the exhaust flue gas passes through the bags to capture particles in the gas stream prior to

exiting to an exhaust stack, Particles are "cleaned", or hltered, from the exhaust gas by various

mechanisms, including inertial impaction and impingement, as the gas passes through the fabric

bags. Accumulated particulate (or dust cake) is periodically removed using mechanical, sonic or

pneunatic means.

Fabric filters achieve high removal efficiencies by designing the system such that the air-to-clorh

ratio ensures that the exhaust gas stream passes through dre bags at a low enough velocity to allow

the dust to accumulate on the swface of rhe bag. This build up of dust on the zurface effectively

increases the removal efficiency ofthe bags by decreasing the sieve size of the filter media (bags).
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Typical collecdon efftciencies for a fabdc filter system are on the order of99+ percent for partioles

smaller than lO-microns in size. a

E le ctros tatie P re c ip itato rc (E SP)

Electrostatic precipitators remove paticles from a gas stream through the use ofelectrical currerts

and forces. Dust laden gases are pushed or pulled through the precipitator box with the assistance

ofa fan. The airllow is channeled into lanes formed by collection plates. Discharge elechodes are

centered between each collection plate to provide a negative charge to the surrounding dust

parti(rles. The collection plates are positively grounded and act as a magnet for the nogatively

charged dust particles. The collected dust is transported down ihe colleclion plates and electrode
'ivith the assistance ofa rapper or vibrator system into a collection hopper.

Electrostatic precipitation is tlpically a dry process, but spraying moishre to the incoming air

flow helps collect the exceptionally fine particulales, and helps reduce the electrical resistance of

the incoming dry material to make the process more effective for some processes. Where

./l 
condensenable organic emissions are significant, such as in the wood products industry, wet

i ESP's are used to reduce VOC emissions in addition to fte PM emissions. The flow ofliquid by

, gravity down the plate continually removes the collected contaminants. Since the contaminants

are part ofa liquid matrix, water treatment tbcilities must also be included as part ofthe overall

conkol system.

tl{echsnic sl Co llectors (Pre-eleaners)

Collectively, mechanical collectors are known as pre-cleaners as these systems are not usually the

primary collection device for particulate. These systems are primarily used to reduce the inlet

loading of the particulate matter of the flue gas to downstream collection devices, such as fabric

filters and ESPs.

Mechanical collectors oporate on the principal ofinenia to remove larger particles. The collector

(usually a cyclone) imparls a centrifugal force on the gas stream that is used io separate the larger

particles. These particles then fall out from the collector and accumulate in a hopper. Typical
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collection efflciencies for mechanical collectors are less tha 90 percent for larticles less than 10-

microns in size.

lYet Scrubber

Wet scrubbers remove particles ftom gas streams principally tbrough inertial impaction ofthe

particls onto a water droplet. Particles are wetted through spray nozzles whereas the gas stream

flows counter to the direction of the water spmy. ln venturitype scrubbers, the gas stream passes

through the scrubber and is consficted in the tlroat section calsing the gas streah to accelerate. As

it passes through the thmat, it enters a larger cyclone and experiences a pressure drop across the

system. The enlrained water dropl ets are then removed by means of a cyclone sepatator or

impingement scrubber section. Tlpical collection efficiencies for packed-bed and venturi scrubbers

ate less than 90 percent for particles sizes less than l0 micmns.

5.2.1 Proposed BACT Emission Limit

NivIU will be utilizing a new fabric filter, with mechanical pre-cleaner, to control total particulale

(front half+ back half) emissions from the combustion of solid fuels, including westem and eastem

coals, and virgin wood, in the new CFB boiler. The proposed use of a baghouse is considered

BACT for this oracess.

A review of the BACT limits contained in the RBLC Clearinghouse for similar sized boilers

indicated a range of 0.02 - 0.?5 pound per million Btu heat input. Most of the limits are in the

range of 0.02 - 0.048 pound per million Btu heat input. The PM ernission limit as contained in

the Industrial-Commercial-Irutitutiotal NSPS requircments, at 40 CFR 60.43b(2), is 0. l0 pound

per million Btu heat input, which is measured using EPA's Method 5, and is "front half'

particulate. This emission limit in the NSPS does not include condensable particulate.

Norietheiess, NMU is proposing a total particulate (filterable and condensable) limit of 0.030

pound per million Brus heat input.

This level of emissions is considered to be BACT for this process and meets the limit established in

the NSPS. The emission limit of 0.030 pound per million Btus heat input rezults in potential

emissions of 6.2 lb4u and 26.9 ton/year while firing 100o/o wood due to higher heat input. Because

NMU has chosen an emission limit per the Level 2 procedure of Op Memo 20, and that there are
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sufficient determinations in EPA's RACT/BACT/LAER clearinghouse, no fi-uther analysis for PM

BACT is necessary.

s.3 SULFTJRDIOXIDE(SOr)

S02 is emitted as a resuh of the presence of sulfur in the fuel being combusted. Typically, sulfur

is present in fuels, including natural gas, wood, coal, lignite, waste materials, etc, but ih varyfug

degrees. As an example, pipeline quality natr:ral gas and wood are lower in sulfi:r content than

coal fuels, and some ralks ofcoal have lower sulfur contents than other coal fuel ranks.

The sulfur present in the fuel is released during the combustion process and combines with

or(ygen at the temperatures present in tho combustion zone to fom sulfur oxides. The strlfut

oxides are primarily SO2, with some SO3.

Boilers that are required io control SO2 emissions will do so using one oftluee primary methods.

These methods consist ofpost-combustion and in-situ dry llue gas desulfurization utilizing

adiabatic injection of lime slurry in a scn:bber do',rn-stream of the combustion zone where the

exhaust gases do not become saturated, a wel prooess utilizing post-combustion and post pM

control that incorporates a satumted system where the exhaust gases are cooled below the

satumtion point, and injection of limestone into the bed ofa boiler that utilizes either a bubbling

or fluidized bed where combustion is on-going. A mcre detailed description of these types of

contml is provided in the next three paragraphs.

Dry Scrabber - FIue Gas Desalfuriuttion

SO2 emissions control using dry scrtrbber control prio( to a PM control device consists ofa tower

where a certain amount ofslacked limestone (hydrated calcium oxide) is injecrod into the tower.

The amount of inj e,stion is controlled such that the exhaust gases do not become saturated

(adiabatic cooling). Ths sou reacts with the lime slurry to produce calcium sulfate, also known as
g)?sum. Saturation of the exhaust ga$es prior to the fabric filter would plug up the fabric filter,

which is unacceptable. Control elficiencies with this type of control range from 70 to 95%,

depending on the concentration ofSO2 in the exhaust gas and ratio of slurry to SO:.
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Wet Scrubber * FIue Gas Desal;furix,ution

Another process uses a satumted method ofcontmlling SO2. This type ofcontrol is typically

located downstream ofthe PM control devica such that the sanrated exlraust gas does not

interfere with the effectiveness ofthe pM control device, such as the fabric Iilter proposed for

NMU's cFB boilor. These types of control use a packed torver while voluminous quantities of

alkaline slurry are pumped into the tower. The SO2 reacts with the hydrated calcium oxide and

produces calcium sulfate, which is commonly referred to as g]psum. The resulting glpsum then

can be sold or recycled to produce wallboard for the construction industry. These wet type Soz
control devices typically result in 80 to 99olo control of the poteniial so2 emissions, depending on

the concentration of SO2 in the exhaust gas, and ratio of slurry to Se.

Limestone - Co-Firing

A third type ofcontrol uses limestone added to the fluidized bed ofthe cFB boiler. Limestone,

which is calcium carbonate, is added to the bed of the cFB boiler at a panicular ratio depending

on the requircd control necessary. At the temperature ofthe boiler, the limestone is calcined and

converted to calcium oxide because the carbon dioxide that is driven offofthe calcium carbonate.

The so2 then reacts with the calcium oxide. using this tlpe ofcontrol removes the soz from the

exhaust gas stream beginning with the lluidized bed, and allows more residence time for the lime

and oalcium to react together pdor to the PM control device. This method achieves B0 to 95olo

control of the potential SO emissions. The resulting calcium sulfate is removed from the

fluidized bed periodically.

The proposed SQ emissions will meet the requirements ofNSpS Subpart Db for a control

efficiency of92% ofthe potential So2 emissions from higher sulfur bituminous coal, and 90% of

the potential so2 emissions flom lower sulfur westem coal, with a madmum allowe<t limit of 1.2
pou-nd per MM Btus heat input.

5.3.1 Proposed BACT Emission Limit

NMU will be utilizing limestone injection into the CIB to conrrol SO2 emissions from the

combustion ofsolid fuels, including westem and eastem coals. The proposed use of limestono

injection is considered BACT for this process.
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tu heat input. Most
of the limits are in the range of 0.13 - 0.5 lblMMBtu heal input. The NspS Subpart Db limits so2
emissions to no more thal 0.20 lb/MMBtu, or achieve a control efficiency of at least 92olo with an
emission limit of no more than 1.2 lb/MM Btu. Both of these requirements are based on a 30-day
rolling average.

.-..\
NMU is proposing a maxitnum SQ emission Limit of {AZs-pdund per million Btu heat input, and
this is within the nation-rvide range of accepted so: emissions that represent BACT. This limit
represents using solid fuel with a ma,ximrim sulfur content of 3.5%, by u'eight, and using

limestone added to the bed ofthe cFB boiler.

This emission limit is equivalent to potential emissions of 87.8 lb/lr and 384.5 tor/year. Because
NMU has chosen to use Level 2 of op Memo 20, and that there are sufficient determinations in
EPA's RACT/BACT/LAER Clearinghonse, no further analysis for SO2 BACT is necessary.

s.4 NITROGEN OXIDES {NO,)
NO" is emitted as a result of nitrog€n in the fuel being bumed (referrecl to as fuel NO*), and
nitrogen and oxygen in the combustion air that forms NO" due to disassociation ofdiatomic
nitrogen and oxygen in the air at the flame lemperature (refened to as thermal No-). The nitrogen
oxides are primarily emitted as nitrogen oxide (NO).

No' is controlled by using several techniques; either alone, or in conjunclion with both intemal
and extemal technologies. New boilers implement modem state-of-the-art combustion techniques
that minimize both flame temperature and available nitrogen in the combustion air. Adcl-on

confrol techniques rnc.lude the use ofinjecting ammonia or uroa into the exhaust gases at the
correct exhausl gas temperature, which is known as selective non-catal].tiq reduction (sNCR).

Technology has also been developed to include a catalyic converter in the exhaust gases

downstream ofthe ammonia/urea injection system that further reduces No, from lhe exhaust gas
stream. This is known as selective catalytic reduction (scR). NMU is proposing to use SNCR ir
addition to the cFB, where low combustion temperatures inherently timit the formation of No,,
as BACT fbr NO.,

rgil
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5,4,1 Proposed BACT Emission Limit

From the RBLC, the nation-wide BACT range of emission limils for NO" is 0. l5 - 0.7 lb/MMBtu

heat input. Most ofthe limits are in the range of 0.15 - 0.35 lbiMMBtu heat input. The NSPS

Subpad Db limits NO. emissions to no more than 0.6 lb,MMBhl. The NSPS emission limit is

based on a 30-day rolling average.

NMU is proposing a NO* emission limit of 0. 1 0 lb/lv1MBtu hoat input. This is rnore stringent

than the nation-wide range ofNo- emissions that represent tsACT for the proposed size boiler, as

contained in the RBLC.

5.s CARBON MONOXTDE (CO)

carbon monoxide is emitted ftom the cFB boiler as a result of incomplete combustion. Factors

affecting the formation ofco inchrde the oxygen+o-fuel ratio, combustion temporature, residence

time, and turbulence (or mixing) ofthe combustion gases. In addition to the formation of CO,

incomplete combustion also leads to increased emissions ofparticulate matter, including pafiiculate

metals, volatile organic compounds, and hazardous air pollutants. Therefore, methods employed to

reduce or conlrol emissions ofCO tend 1o reduse emissiols ofother pollutants as well.

There are two available control technologies lbr controlling co emissions ftoma cFB boiler; (1)

catalytic oxidation and, (2) efficient combustion. Catalytic oxidation is a post-combustion CO

reduction technique thal uses a catalyst to conveft co to cor. Effrcienr combustion is a direc.t

result ofthe design and operation ofa boiler.

Catalylic Oxidation

catailic oxidizers treat exhaust gas from a combustion device utilizing a catalyst bed, typically a

mediri-suppofed lilm of precious metals, such as platimmr/rhodium, where oxidation of CO to

CO2 takes place. Depending on catalyst formation, the reaction can occur ovet a temperature

range of approximately 450 to 1200" F. The amount ofco oxidation (or conversion) will depend

on several factors, including operating tetnperature, gas composition, and pressure drop across the

catalyst bed.
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To dete, oxidation catalysts have not been used for coal-fired boilers. Catallic oxidation has

several serious teehflical problems related to the use ofcoal firing, including:

Calalyst fouling and poisoning by sulfir, flyash and lime.

Low excess oxygen levels in the flue gas.

Low temperature levels of the flue gas.

Tlpically, verdors arc not willing to offer catalyic oxidizers due to the issues stated aboye.

Funhermore, catalytic oxidizers are nonselective and will oxidize other compounds. The presence

of sulfi.rr oxides will result in the formation of SO3, r.vhich will in tum combin€ with moistwe in the
gas stream to form H2SO4 mist-

Lastly, the short catalyst life caused by fouling and poisoning would result in a significant and

ongoing generation ofcatalyst waste that would most likely be classified as a hazardous waste.

For these reasons, and because oxidation catalysts have never been used or demonstrated in

practice on coal-fired boilers, catal)'tic oxidation is not considered a technically feasible control

oplion for CO for the proposed CFB boiler.

Eflicient Combastion

Because CO emissions are a function ofcombustion operating conditions; the most dir€ct

approach for reducing these emissions is to maximize combustion efficiency. Maximizing

combustion efficiency must be balanced with the potential increase ofNOx emissions that could

occur',vhen combustion efficiency is associated with high chamber temperatures. Modem

combustion controls are able to balance this anomaly; i.e., reduce CO with a minimal resulting

NO, emission increase.

5.5,7 Proposed BACT trmission Limit

The nation-wide BACT range of emission limirs for CO is 0.022 - 1.8 lb/Mr\4Btir heat inpur.

Most of the limits are in the range of 0.18 - 0.44 lb,4\4lvlBtu heat input. There is no emission limit

for co in any Michigan or federal air pollurion control rules or regulations that would apply to the
proposed solid fuel fired boiler.

a
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NMU is proposing a CO emission limit of 0.17 pound per million Btu heat input, and this is

within the nation-wide range of accepted CO smissions that rcpresent BACT, This emission limit

will be achieved through the use ofmodem combustion control technology.

5.6 VOLATILE ORGANIC COMPOIJNDS (VOC)

Although the proposed CFB boiler is not subject to the requir€ment ofBACT pursuant to the FSD

regulations, Michigan's Rule 702(a) requires implementing BACT for VOC emissions ftom new

or modified sources of VOC.

The new CFB boiler will employ state-of+he-art combustion techniques that will limit the

potential emission of organic compounds. Organic compounds consist ofmany forms, and are

primarily generated from incomplete combustion.

Installations of add-on control devices such as a thermal oxidizer or catalltic oxidizer are not

considered to be acceptable control altematives based on economic, environmental and energy

purposes. Furthermore, these b/pes ofcontrol have not been added to control organic and CO

emissions from solid fue.l fired boilers.

Boilers control potential organic compound emissions by implementing good comhustion

practices that include proper temperature, adequate mixture oforganics with oxygen in the

combu-stion air, and enough residence time to achieve oxidation of the organics irside the fumace.

Therefore, the use of state-of-the-art combustion controls represents BACT for VOCs.

The VOC emissions fiom the proposed CFB bo.iler are not zubject to the BACT requirements of

the PSD regulations. The VOC emissions are required to be controlled using BACT pufsuant to

the requirement in Michigan's Rul e 702(a). NMU is proposing a Rule ?02(a) BACT limit of 40

lb/hr and l7 .6 ton/yr.

5.7 TOXIC AIR CONTAMINANTS (TACs)

Rule 224 of Michigan's Rules for Air Pollution Control requires Best Available Control

Teclmology for Toxics (T-BACT) for compounds identified as toxic air contaminants (TACs).

TAC's also include hazardous air pollutants (or HAPs) that, for boilers subject to the MACT for
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industrial, commercial, and institutional boilers, are regulated by the Iv{ACT standards of40 CFR

Pat 63. The proposed boiler is not subjedt to these requirements because NMU is a minor source

ofIIAPs.

The majority of the TACs emitted will be in the form of solids (such as metals), and some toxics

will likely be emitted as a gas. Ttre gaseous emissions would consist of both organic and acidic

compounds with some vapor phase mercury.

Following are discussions regarding T-BACT for the various forms (or groupings) ofTACs.

5.7.1 Metals (Except Mercury)

Metals are emitted as a result of their prcsence il the fuel(s). The metals are contained in the ash

from the solid fuel, and are in particulate form. Some of the ash is carried out of the boiler in the

fotm offlyash, and some remains in the bottom oflhe boiler known as bottom ash, Some of the

ash remains at the bottom ofthe boiler and is removed when the fluidized bed is circulated out of
the boiler. The flyash remains in the exhaust gas sheam and is removed with a downstream

particulate control device. NMU will be installing a baghouse (or fabric filter), which will clean

th€ exhaust gases of the particulate matter, The PSD BACT analysis for PM was addressed in

Section 5. I above.

Baghouses and electrostatic precipitators are considered the best method of rernoving PM from

solid fuel fired boiler exhaust gas streams, and are generally considered to be the best available

control technology for removing suspended TACs in the form of PM. See Section 5.1 above for a
description regarding PM control devices used by solid fuel fired boilers.

The use ofa fabric filter represents BACT for PM emissions, and Rule 224 ofMichigan's Rules

for Air Pollution Control state that the use of PM BACT represents T-BACT for TACs as pM.

5.7.2 OrganicCompounds

The new CFB boiler will employ state-of-the-art combustion techniques that will timit the

potential emission oforganic compounds. Organic compounds consist of many forms, ancl are
primarily generated from incomplete combustion.
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Installations ofadd-on control devices such as a thermal oxidizer or catalytic oxidizer are not

considered to be acceptable contrcl altematives based on ecolomic, environmental and energy

puryroses. Furthermore, these t'?es ofcortrol have not been added to control organic and CO

emissions from solid fuel fued boilers.

Boilers control potential organic compound emissions by implementing good combustion

practices that include proper ternperature, adequate mixture oforganics with oxygen in the

combustion air, and enough residence time to achieve oxidation ofthe organics inside the boiler's

furnace box. Therefore; the use ofstate-of-the-art combustion controls represents T-BACT for
f' organic TACs.

The use of state-of-the-art combustion techniques represents BACT for VOC emissions, and Rule

224 of Michigan's Rules for Air Pollution Control state that the use of VOC BACT reDresents T-
BACT for organic TACs in the form of VOC.

5J.3 Acid Gas Emissions

Acid gases result from the presence of chlorine, sulfur and fluorine in the fuels combuste<|. These

emissions are primadly hydrogen chloride (HCl), hydrogen fluoride (HF) and sulfuric acid mist
(HzSOr).

Control ofthese pollutants rvill be accomplished through the use oflimestone addition to thE CFB

boiler bed, which is a proven control technique for controlling acid gases from CFB boilers.

Sulfuric acid mist, HCI and HF are caphrred by reacting with the limestone (which is converted to

calcium oxide at the temperature ofthe bed in the CFB boiler), priorto becoming airbome in fhe

exhaust gases.

Therefore, the use of limestone in the CFB boilerbed represents T-BACT for controlling potential

acid eas emissions.
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5,7.4 Mercury (Hg)

Emissions ofHg ftom the proposed cFB boiler are subjeci to the Michigan-specific requirements

for'[-BACT. MDEQ rules governing T-BACT require a thorough control technotogy analysis for

TACs with respect to energy, environmental, and economic impacts.

Many existing technologies and systems used for control of PM, SQ, and NO* have been

demonstrated to have significant co-beneffs for control ofmercury emissions. specifically, use of

flue gas desulfutization (FGD), fabric filters, and selective (and non-selective) catalytic reduction.

In addition, ceftain grades ofcoal have been shown to inherently reduce emissions ofHg due to the

constituents within the coal. Recent information available from EPA reports indicates that

bituminous coals tend io have significantly lower mercury emissions in the flue gas due to the

presence of chlorine in the coal ash. Szudies have shown that the mercuy has an affinity to

combine with the chlorine in biruminous coal to lorm mercuric chlorides that are then captured in

the downstream particulate collection device. The only demonstrated and commercially available

add-on control technology specifically designated for control ofHg from combustion ofcoal is

activated carbon injection (ACl).

NMU will be utilizing a blend of subbituminous and bituminous grade coals and virgin wood with

desulfurization occuring inside the fumace through co-firing of limestone while firing coal fuel,

and add-on controls consisting of SNCR and fabric filter. EIA has stated ifl both the preamble to 40

C-F.R. Part 60 Subparts Da and HHHH, and summary to the reconsid€ration of the cl€an air

mercury rule (CAMR) that the best demonstrated technology for mercury control while firing

bituminous coal is a fabric filter, flue gas desulfurizatiqn, and, to a lesser extent, selective non-

catalltic reduction. Several test studies have shown that removal efficiencies for Hg ofat least 80%

are readily achieved through such a configuration. In this irutance, the proposed limit of 3.0 E-6

lb,4v1MBtu represents approximately 70Yo Hg removal when considering a maximum Hg content in

coal of0. I ppmw on a wel basis

Natio nwid e Existing C o ntrols

Some of the gaseous (vapor) mercury present in the exhaust gas stream will adsorb to fly ash and

other PM and will be removed by the PIvI control device. While removal efficiencies range from 0

to 98 percent, data fiom plants buming only bituminous or a btend of subbituminous and
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bihrminous coals have a much higher removal of mercury. In this projeot, the PM control device

will be a fabric filter.

In addition, divalent mercury (Hg2*) compounds (sometimes roferred to as reactive gas mercury or

RGM) have been shown to be reduced through the use ofFGD devices, including both wet and dry

systems, especially for plants fring bituminous coals. The reasons stem from the presence of

chlorine in the coal, and the higher concentration of chlorine in bituminous coalsr Bituminous coals

tend to have higher levels ofchlorine and unbumed carbon available for removal ofHg. In this

scenario, elemental Hg (Hg') is oxidized to form Hg2t due the presenoo of HCl, which can then be

captured by the baghouse.

Finally, the use of SNCR for control ofNO* has been proven to reduce Hg in the flue gas sfeam as

well, since a portion ofthe elemental Hg is catalytically oxidized to divalent mercury as it passes

through the SNCR unit. The uses of these three technologies in field tests have shown that mercury

levels can be reduced by 80% - 90%.

Actiyaled Carbon Injection (ACI)

In ACI systems, powdered activated carbon (PAC) sorbent is injected into the flue gas upstream of

the PM control device. Aetivated carbon is a specially treated carbon that has been exposed to

temperatures of 800 - 900 degrees Celsius. It becomes "activated, such that the carbon is very
porous and has a high surface area. The pores allow vapor-phase mercury to adsorb to the carbon,

which is then collected in the downstream PM control device.

'fhe performance ofactivated carbon is related to physical prope$ies including surface area, pore

size, and particle size diskibution. Meroury capture is increased with increased pore size and

sutface area. A large drawback to the use of ACI is the "poisoning" of the fly ash and reduced

ability to sell the ash to other industries. To minimize the impact on the fly ash, one option is to

install a TOXECON@ systern. In this system, PAC is injected downstream of the primary pM

collection device, which is used to collect the fly ash, but upstream ofa polishing baghouse lhat

vents to the ambient air. The polishing baghouse or Compact Hybrid Particulate Collector

(COHPAC) installed downstrcam ofthe sorbent iqjeotion is specifically designed to capture the

mercury contaminated particulate.

srPoj,2007:16 060j01.irMUNNru TsD Finat.doc 
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Proposed Hg BACT Emisrion Limit 

\

The facility is proposing a Hg emission limit of 3.0E-06 lb/MMBtu, which, coincidently, is equal
to the Boiler NL{cr limit To date, the use of ACI has not been ptoven to significantly increase
the Hg removal beyond what NMU is currently proposing.

Instead, the Hg limit of 3.0E-06 lbiMMBtu is consistent with the level of control currently boing
achieved in some cFBs buming bituminous coals. This level of emissions is considered the T-
BACT limil for this process and exceeds maly rec€ntly issued permits for coal-fired. boilers
issued in the past several years.

instead, the Hg limit of 3.0E-06 lblMMBtu is consistent with the levEl of control currently being
achieved in some cFBs burning bituminous coals. This level of emissions is considered the T-
BACT limit for this process and exceeds many recently issued pennits for coal-fired boilers
issued in the past ser-eral years.

S: Projll@7. l6.06rjO4-NMLT,NMU TSD-FiEl.do.
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AMBIENT IMPACT ANALYSIS

As discussed in Sections I through 5, Northem Michigan University (NIMU) is proposing ro

install a new coaVwood fired boiler at the main campus power faciliry in Marquette, Michigan.

NMU is cunently not a major source because its potential to emit of any criteria pollutant is

limited to 99.9 tons per year (tpy) by federally enforceablo conditions ofpermit No. 126-05. The

facility, however, will become a major source lor PSD purposes upon initial startup ofthe new

CFB boiler, as the CFB boiler has the potential to emit 100 @y or more of any criteria pollutants

and I 0 tpy or more of a single HAP. This section presents an air quality modeling analysis, which

demonstrates that the emissions from the power facility (including cFB boiler emissions) will

comply with the applicable state and federal ambient air quality standards.

The power facility will be subject to the federal PSD regulations because the new cFB boiler is

considered a najor stationary source under 40 CFR Part 52.21. The potential emissions ofSOz
and CO exceed the PSD major source thresholds, and the potential emissions ofPMro and NO*

exceed the significant emission rates defined in the PSD regulations. As required by the PSD

regulations and MDEQ-AQD, the emissions of SO:, PMro, CO and NO- must be included in a

compliance demonstration analysis to show that the emissions ofthese pollutants will not cause or

contribute significantly to the deterioration ofthe ambient air.

Criteria pollutant modeling was conducted for SO2, PM16, and NO* in order to demonstrate

compliance with the applicable PSD Class II Increments and National Ambient Air eua.lity
Slandards (NrA'r{QS). In additiorL modeling has been conducted for SO2, PM16, and NO* to

demonstate compliance with 80% of the applicable PSD Class II Increments per MDEe-AeD

policy that no single facility is allorved to consume more than 80% ofthe applicable Increment

standards, in order to allow future industrial growth. Modeling has been conducted for CO in

order to demonstrate compliance with the applicable NAAQS. As CO does not have any

established PSD Increment standards, Increment rnodeling is not required for CO emissions,

The ambient impact analysis for criteria pollutants was initially conducted by modeling the

potential emission increases from the alTected sources under the proposed modification in ordcr to

detennine the conesponding impacts- These impacts were determined for thc pollutants with

\ P'oi10rl7 ld Lf05N-IJMU \|' ' lU TSO inrldnc 
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emissiors great€r than the PSD signifisanl emi.rion rates (i.e., SOz, pMro, CO and NO_), and

were compared to the appropriate significance impact levels (SIL) as stipulated by the U.S. EPA.

The results of the initial modeling indicate that the CO, PMro, and NO, emissions from the NMU

power facility will !g! result in maximum ambient impacts greater than the appropriate SILs,

while the SO2 emissions from the NMU power lacility will result in maximum ambient impacts

that are gteater than the appropriate SILs. Therefore, a more detailed modeling analysis has only

been conducted to demonstrate that the so2 emissions from the proposed modification rvill not

violatetheapplicablePSDClasslllncrementsandNAAQS.Thisanalysisincludesallofthe

NMU power facility sources and ofFsite sources, as appropriafe for each analysis. Bocause the

results of the initial modeling for co, PM16, and No- for the proposed modification indicated that

these emissions will not result in maximum ambient impacts that are greater than the appiopriate

SlL, more detailcd modeling is not required for CO, PM16, and NO,.

The results of the criteria pollutant modeling analyses demonstrate that the SO2, pMro, and NO*

emissions from the modification and existing facility are in compliance with the pSD Increment

and NAAQS and that the CO emissions frorl the facility are in compliance with the NAAeS.

Based upon AP-42 and other emission factor sources, the new CFB boiler is expected to emit

toxic air contaminants (TACS) that consist ofvarious trace metals and organic and inorganic

compounds. These TAC emissions have been included in a modcling analysis to demonstrate that

the proposed installation of the CFB boiler anhe NMLI power facility will comply with the

ambient impact levels ofrACs established pursuant to Michigan's air toxics regulations. These

regulatiors are codified as Michigan Rules 225 through 232 and establish, on a compormd-by-

compound basis, ihe maximum ambient concentration that emissions t'rom a proposed

modification or facility may produce offthe source,s secured property.

The predicted ground level concentrations ofthe TAC emissions have been compared to the

appropriate health based screening levels ofMichigan Rule 225. The results ofthis analysis

indicate that the emissions TACs will comply with Michigan Rule 225.

s:rsej?001' 6nd0j04-NMU llMU TlD Fi6t.dDc
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' Section 6.1 describes the modoling methodology utilized in the criteria pollutant (i.e. CO, SO2,

PMro and NO*) and TAC ambient impact anallnes, and Section 6.2 describes the NMU power

facility (both the existing and the newly proposed expansion) and pertinent modeling parameters.

Section 6.3 presents the modeled emission rates of CO, SO2, PMlg, NO*, and TACs, and the

results of the air quaiity impact analysis are presented in Sections 6.5 and 6.6.

6,I MODELINGMETHODOLOGY

The primary objective ofany air quality analysis is to demonstrate complialce with all applicable

state and federal air quality standards. The federal standards inc.lude: (1) The National Ambient

Air Quaiity Standards (F{AAQS), and (2) Prevention of Significant Detorioration (PSD)

Increments - both of which pertain to criteria pollutant emissions. The MDEQ has further

incolporated a policy whereas no single source may consume $eater than 800/0 ofthe PSD

Increment standards applicable to any criteria pollutant. Additionally, the MDEQ has rules

peftaining to the impacts of toxic air contaminant (TAC) emissions.

Tables 6-1 through 6-3 list the U.S. EPA CO, SOz, PMro, and NO* impact standards - Significant

Impact Levels, PSD Allowable Increment, and NAAQS, respectively. ln addition to the modeling

cliscussed in this section, a visibility analysis was done for Class I areas since the facility is within

200 km from the nearest PSD Class I areas (Seney National Wildlife Refuge). The visibility

modeling is discussed in Section 7. The criteria pollutan! modeling was conducted in order to

demonstrate that the proposed pdect at the NMU powerhouse would comply rvith the allowable

ambient impact concentrations listed in Tables 6- l through 6-3.

s: Proi!007 l6n6050.l,NM1lrNMU isD_Finl.ioc
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I High 2'd High over a five-year period.
I Annual arithmetio mean.

9: Prci2oorl6 060i04-NMUTNMUTsD_Iinalde

6-1. Levels for Criteria Pollutants

Pollutant Averaging
Period

Concentration
(pgm3)

co
8-Hour 500

l-Hour 2,000

SO:

Annual I

24-Hour 5

3-Hour 25

PMro
Annual

24-Hour J

NO- Amual

Table 6-2. PSD Allowable lncrements (upy'mr

Pollutant Averaging
Period

PSD Increm€nt Standards
{pglmt)

Class I Class II

Soz
Annual 2 2 20

24-Hour I 5 9 l

J-nour ' 25 512

PMro
Armual 2 4 t l

24-Hour ' 8 30

NO, Annual 2.5 25
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Air

Pollutant Averaging
Period

National Ambient Standards
(pgm-,

Primary Secondary

co
d-Hour ' 10,000 nJa

1-Hour ' 40,000 nla

SO:

Amual 2 80 nla

24-Hour r J O J nla

3-Hourl nla r,300

PMro
Annual 2 50 50

24-Hour l 150 150

NO* Arnual 2 100 100

' High 2"" High.
r Annual arirhmetic mean.
t High 6'n High ouer u five-yeor period,

6.1.1 NlodelingBaekground

In promulgating the 1977 Clean Air Act Amendments (CAAA), Congress specified that cenain

rncreases, or increments, in ambient air quality pollutant con{renfuations above an air quality

baseline concentration level for TSP would constitute significant deterioration. The magninrde of

the increment that cannot be exceeded depends on the classification ofthe area in which a new

soutce (or modification to an existing source) will have an ambient air impact. Th.ree

classifications were designated based on criteria established in the C A,AA. Initially, Congress

promulgated areas as Class I (intemational parks, national wildemess areas, memorial parks larger

than2,024 hectarcs [ha] [5,000 acres], and national park s laryer thaa 2,428 ha [6,000 acres]) or

Class II (all other areas not designated as Class I). No Class III areas, which woulal be allowed

greater deterioration than Class II areas, were designatetl. Howevcr, the states were given the

authority to re-designate any Class II area to Class III status provided certain requirements were

met. The U.S. EPA then promulgated, as regulations, the requirements for classifications and arsa

designations.

Table 6-3. National

S: Prot 200l l61o.,ojoa-NMU.i!\RI TSD_FinaL.L.
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Tho approach to these analyses generally begins by determining the impacts of the proposed

facility or modification alone. Ifthe impacts ofthe proposed facility or modification are below

specified significance levels, no further study of that pollutant-averaging time combiaation is

needed. These "significint impact levels" or SILs were presented in Table 6-1. Iftho impacts of

the proposed facility or modification are found to be significant (i.e. geater than the SILs), fi.rrther

analysis considering all existing facility sources, other nearby facilities, and natural background

concentrations is required for the compliance demonstration.

To accomplish these objectives, air quality impact modeling analysos were conducted for the

proposed modification. All modeling analyses rvere conducled in a manner consistent with U.S.

EPA guidance and standard practices. Guidance contained in EPA manuals and user's guides was

followed. This includes the use of regulatory default options for the selected model-

On November 9, 2005, the U.S. Environmental Protection Agency promulgated the tse ofthe

AMS,@PA Regulatory lvlodel lmprovemsnt gommittee (AERMIC) Model (AERMOD) for all

regulatory applications requiring an ambient impact demcnstration. As part ofthe regulation, the

U.S. EPA has granted sources a l2-month grace period to facilitate the tansition ftom the use of

ISCST3 to AEI{N4OD. As this gace period concluded onNovember 9,2006, AERMOD has

bEen used to prcdict envirorunental impacts from the emissions ofboth criteria pollutants and

toxic air contaminants (TACs).

AERMOD is a steady-state Gaussian modol capable ofhandling multiple source inputs and

producing both concentration and deposition impacts fiom point, area, volumo, and open-pit

sources. AERMOD is also capable ofhandling numerous source configurations, building inputs,

receptor grids and elevated terain.

6.2 MODEL SELECTION AND MODELING PARAMOTERS

As slated, the AERMOD dispersion model (U.S. EPA source code version 04300) was used hr all

dispersion modeling to obtain refined impact predictions for both short-term and long-term

ambielt afu concentffitions. Procedures applicable to the AERMOD dispersion model specitied in

the U.S. EPA's GAQM were followed in conducting the refined dispersion modeling. The

S Pb,ilCoT l6 0o0104.\MUNITL TSD Finrl.dlc
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GAQM is codified in Appendix w ofchapter 40, code ofFederal Regulations (cFR) part 5l
(updated as of November 9, 2005 to include the promulgation of AERMOD).

A description ofthe various modeling parameters and concems is presented in the remainder of
this section.

Source Description

The existing powerhouse operations (Ripley Heating Plant) are located loward. the northern part of
the Northem Michigan University campus, to the northwest of the intersection of Wright Strcet and
Sugar Loaf Avenue, in Marquette, Marquette Counfy, Michigan 49036. The existing facility
operates as SRN M3792, r.rnder PTI No. 126-05.

The existing facility, as permitted under PTI No. I 26-05 is nearing completion of construction to
install and operate a total of3 boilers capable of firing both natural gas and No- 2 fuel oil. The
existing powerhouse operations will all be contained within one primary structure, the Ripley

Heating Plant building.

'fhe new cFB boiler and steam turbine will be contained wilhin a new building that will be
conslrucled adjacent to the Ripley Heating plant, dbecrly to the west. The site maps of Appendix

A provide an overall view ofthe NMU campus, and provide detailed drawings of the new
equipment and power plant area. The new boiler and turbine building will be rectangular in shape
and measure approximately 64 feet east to west, and approximately 155 feet north to south. ln
addition to the new boiler housing, fuel handling operations and a baghouse structuro will also be
constn"rcted as a part ofthe nerv project-

All existing and new building structures have been incorporated into the modeling analysis.
Figure 6-l pressnts the power plant and NMU campus location on a topographiq map excerpt
(Marquette 7.5-Minute Quadranglo), In regards to ovorall site topography, NMU is located in an
area lhat has some significant changes in elevations, largely due the campus be located near Lake
Superior. The general terrain increases to the south and wesl, with sharp incrrasas in elevations tc
the southwest within about 1.5 km ofthe power plant. The terrain gently increases to the north
and remains relatively flat to the east, with a gently decreasing slope towards Lake Superior.

s:,"P61,:oon I6 06150fNJIuNMII TSD_F&.l.doc
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Prevailing elevations are about 640 feet above sea level in tho vicinity ofthe NMU power plant,
and fall to about 620 feet to the east ofthe facility and rise quickly to about 900 f€et within about
3.5 km in the southwest direction.

Terrain C onsideratfozs (AERMAp)

AERMOD requires the use ofan elevated tenain data file for use in establishing elevations for all
souces, buildings and receptors. The AERMAP pte-processor is used to process digital elevation
maps with location points for all sources, structures, and receptors. 7.5-minute <iigitized
topographic filcs for the area surro,nding the facility were used as input to the AERMAp pre-
processor to obtain elevations and hill heights, which were then imported into the AERMoD
model The following North American Dah:m 1927 (NAD27) based Digital Elevation Models
(DEMs) were incorporated into the AERMOD model via rhe AERMAp pre-processor;

Marquette

Marquette OE East

The elevated tenain option was employed for all model runs for the ambient impact analysis.
Electronic copies ofthe DEM files are included in Appendix c for informational purposes.

Land Use Analysis

Another important modeling paramerer is the land use classification (rural or urban). A technique
was developed by Irwin (1978) to classifu a site area as either rural or urban for purpose of using
rural or urban dispersion coefficients lrefer to section 8.2.3 of40 cFR part 51, Appendix w].
The classification can be based on either average heat flux, land use, or population density within
a 3 km radius from a plant site. The ruravurban classification based on land use is as follows:

Using the land use typing scheme established by Auer, an urban classification ofthe site
area requlres more than 50 percent of the following land use bpes: hear,y industrial, light/
moderate industrial, commercial, and compact residential (single and multi-family).
Otherwise, the site area is considered rural.

s: Prj 2007. r 6060j'-)"1-N;{rLf N\rv TsD rin!1.{le
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The NMU campus is located in the northern section of the city of Marquette in the mid-eastern

porlion of Marquette County. While the area within 3 kilomoters ofNMU docs contain some

commercial operations and residential areas, the overall sunounding area is predominantly rurzl

in nature and has not historically been considered by the Michigan AeD to be classified as urban.

Therefore, the land use has been treated as rural and all modeling has been conducted with rural

dispersion coellicients.

Meteorological Data

This modeling analysis has been conducted to demonstrate compliance with the applicable federal

ambient standards for CO, SO2, PMro and NO*, and the applicable Michigan AeD health based

screening levels (Rule 225) for the TACs that may be emitted from the new boilEr and existing

operations. Actual sudace meteorological (MET) data is required foruse in the AERMOD

modeling system. Raw meteoroiogical data obtained in the SAMSON fomat can be readily

obtained from a number ofsources.

Pdor to use with the model, the meteorological data must be processed through the AERMET pre-

processor with certain site characteristics, including vegetative covel., friction velocity, etc. As
parl ofprocessing the MET files, the user must specily certain site-specific surface featurcs and

charaoteristics and can, therefore, tailor any MET file to the site-specific conditions at the facility

site. The AQD has determined representative surface characteristics and has prepared pre-

processed "AERMOD-ready'' MET daia for use in AERMOD modeling.

The AQD prepared and supplied pre-processed, ',AERMOD-ready" MET data (i.e. data processed

using AERMET) the Sawyer Intemational Airport (Starion # 94336) located in Gwinn, MI. The

s-year data set utilized in this modeling analysis covers the years 2001 through 2005, and the

main surface $tation height is given as 372 meters above Mean Sea l-evel (MSL). The upper air

station processed with this data is Green Bay (Station # 14898) for the years 2001-2005.

The fulI five-year data set (2001-2005) was utilized lbr criteria pollutant modeling while only the

most recent yeaf of data (2005) was required for the TAC modeling analysis.

-r@
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Building Downwash

Prior to performing lhe dispersion analysis, the new and existing facility baghouse exhaust stack

heights were compared to their Good Engineering Practice (GEP) heights. A GEP stack heighr is

the stack height at which building downwash no longer occurs. Dispersion models use different

calculation methods depending upon whether a given stack is GEP height or higher. The GEP

value is defrned as the building height (H6) plus 1.5 rimes the lesser (L) of the building height and

the maximum projected widrh (MPW) of rhe building.

The building layout ofthe existing Ripley Heating Plant facility and the new power plant consists

ofmultiple structures of varying dimensions. The two predominant structures that influence what

is considered GEP lbr all ofthe facility stacks are the new boiler building and the existing Ripley

Heating Plant. The Ripley Heating Plant is 79 feet tall, and rhe new boiler building will be

approximately I 10 feet tall. GEP has been determined through the Lakes Environmental

AERMODView software and indicates that all of the i-acility stacks are lower than their respective

GEP stack heights, thetefore the effects ofbuilding downwash must be addressed within the

modeling analysis.

The U.S. EPA's Building Profile Input ProgJam has been used to determine the downwash effects

associated with ihe various buildings. The modeling building layout diagrarn included with the

modeling support information in Appendix C identifies all structuros included in the modeling

analysis and their associated heights. In addition, it should be noted that the AERMOD model

i coryomtes BPIP PRIME downwas\ which provides more accurate downwash parameters than

the former BPIP program provided in the ISCST3 model.

C&eily Cdlculqtions

Pursuant to curent Michigan AQD modeling guidance, all modeling srudies must address the

cavity region and any associated pollutant concentrations for all ofthe stacks being modeled. The

cavity region occurs immediately downwind frorn a giyen structurc, and the dimensions are

typically three times the lesser ofthe building height or projected width ofa given structure. The

Michigan AQD requires that the cavity region be addressed due to the greater turbulence and

higher pollutant concentrations that are often encountered in these regions.

S:,toi2001.161060io]-NMU.N!ru TSD FiEl.dor
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The AERMOD model has been used to conduct the modeling analysis, which employs PRIME

downwash and calculates all pollutant concentrations occumng within the cavity region

associated with a given stack/building configuration. Therefore, all pollutant concentrations

occurring within any potential cavity regions have been addressed within the modeling analysis,

Mo eling Analysis Receptor Griil

The sonthwest comer ofthe existing Ripley Heating Plant building (refer to the Plot Plan of

Appendix A) has been designated as the internal Cartesian grid ordinate (0,0). As elevated

terrain has been incorporated into the modeling analysis through the use ofthe AERMAp pre-

processlng program, and all coordinates were translated from an intemal site coordinate system

(based on the designated site ordinare) to NAD27 based Universal Tmnsverse Meridian fLITM)
coordinates to facilitate the incorporation ofDEM terrain data.

The designated site ordinate has a UTM coordinate ofZone 16, Easting : 468,874.0 meters, and

Northing = 5,156,608.0 meters.

As was indicated in the Modeling Protocol for this permit application (dated August 16, 2006),

which has been reviewed and approved by the AQD, the following receptor grid configuration has

been utilized for the dispersion modeling analysis:

Fence Line Receptors: No fence line

Ngar-field Cartesian Recoptor Grid: Receptors were placed at 50 meter spacing outward to

1,500 m from the center ofthe facility sources (468,860.85 Easting; 5,156,653.92

Northing).

Mid-field Catesian Receptor Grid: Recepto$ were pla€od at 100 meter spacing from the

boundary ofthe Near-field grid out to 3 km from the cerrter paint.

Far-field Cartesian Receptor Grid: Receptors were placed at 250 meter spacing from the

boundary ofthe Mid-field grid outward to 5 km. As a result, the overall grid occupies a

10.0 km by 10.0 km area. The southwest corner of the far-field grid in UTMs is

(463,860.85 Easting, 5,i51,653.92 Northing).

S:'1mj.2007,16:060t04-NMU:,tNILr- TsD Finat.dk
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The combination ofthese receptor grids provides a more dense (50 m) grid close to the facility,

while expanding the grid out 5 km in each direction from the facility center with wider receptor

spacing (up to 250-m spaciag). The use of this receptor grid configuration contains a total of

7,537 receptors. A graphical representation of the facility layout and the receptor grid used in the

modeling analysis are contained in Appendix C.

Modeling Options

The modeling options employed during the CO, SO:, PMro, and NO,, and TAC modeling

analyses were elevated tenain, rural dispersion coefficients, and the AERMOD model's

regulatory default options. The.regulatory default options include the following model settings:

Use stack-lip downwash (exeept for Schulhan-Scire downwash)

Incorporate the effects ofelevated terrain

l-lso the calms processing routine

Use missing data processing rourine

Use upper-bound concentralion estimates for sources influenced by building downwash

from super-squat buildings

Use a 4-hour half lilb for exponential decay of SO2 for urban sources

6.3 NMU EIVIISSION RATES AND EXHAUST PARAMETERS

The following sections will present the modeled emission rates for the equipment associated with

the new powerhouse and the existing fupley Heating Plant, and pfesent the source parameters for

each NIvIU modeled emissioa source.

New Powerhouse Sources

Section 3 summarizes the CO, SO2, PMr6, NO.., and TAC emissioa rates from the proposed nerv

powerhouse emission sources. CO, SO2; NO.. and TACs will or y be discharged from the lew

baghouse stack associated with this modification. PMln will be emitted irom the new CFB, along

with some minor material handling and storage si1os. Fugitive emissions resulting from coa.ling

handling opcrations will be contained and controlled by limiting the on-hand supply ofcoal and

tfuough the use of a three-walled containment structure, and as such, firgitive PMro is expected to

be less ihan I tpy. Therefore, as the new CFB boiler baghouse stack is the only signilicant source

Si Pr.j.200116,060i04-NllulNiuU TSD Fidrr.4e
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of hourly PMlj emissions, it is the only new source of PMl6 considered in the PMln modeling

analysis.

Table 6-4 prosents the new CFB boiler baghouse stask modeled emission rates for each criteria
pollutanf in terms of the maximum pound per hour and the corresponding gram per second

emission rates. The maximum emission rates have been determined on a worse case basis

considering each lype of fuel source (i.e., highest lb/hour tate from wood, coal, natural gas). The
tbllowing calculation procedure was used to convert lb,4rour emissioa rate to gram/second

emission rates.

Emission Rate(g/sec) - Emission Rate, lb hour 453.59 srams
X -

hottt' 3,600 seconds lb

For each pollutant with standards that have an annual averaging period, it was conservatively

assumed that the maximum hourly emission rate would occur cotrtinuously (i.e. 24 hows per day
and 365 days per year).

In addition to criteria pollutants, maximum hourly TAC emission rates were determined for each
of the types of fuel that may be used in the new cFB boiler. The rnaximum hourly emission rates
are presented in Table B-2 ofAppendix B, and have been converted to gram per second emission

rates for use in the TAC modeling analysis.

Table G4, New CFB Boiler Criteria Pollutant Emission Rates I

Pollutant
Maximum Hourly

Emission Rate
(lb/hour)

Modeled
Emission Rate

(gram/sec)

CO 34.85 4.39

SO, 87.80 11.06

PMro 6 .15 7.75E-01

NO" 20.50 2.58
' Based on vorst-case emissions per fuel type.
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Existing Ripley Heating Plant Sources

Ir order to condust the PSD and NAAQS modeling analysis for the various criteria pollutants,

emissions from existing sources at the NMU facility need to be quantified and accounted for as

appropriate. The existing sources for the NMU facility consists solely of the equipment i3 fuel

oiVnatural gas fired boilers) installed at the Ripley Heating Plant.

In order to determine the past actual emissions (for use in determining PSD Increment modeling

rates)' reported emissions of the existing boilers were utilized and assumed to occur evenly over

8,760 hours per year. However. a PSD emission rare (in other words, a "net" emission rate

calculated as future potential minus past actual) was only determined and modeled for PMro

emissions. For all other criteria pollutants, the future potential emission rates were used because

they were either very similar to the 'het" hourly emission rates or the pollutant impact from NMU

was faitly low and modeling the future potential is cousepative.

In order to determine maximum houdy emissions for NAAQS modeling purposes, a

determination ofmaximum hourly emission rates was made by analyzing the expected operation

of the existing boilers on either fuel oil or natural gas. For NAAQS modeling purposes, it was

assumed that only 2 boilers would operate at any given time (at maximum capacity) and thar the

third boiler would only operate when the new CFB boiler was not in operation. Therefore, for

NAAQS purposes, the existing boiler emission rates are based on only 2 boilers operzting

simultaneously with the new CFB boiler.

Table 6-5 pl€sents the fiiodeled emission rates for the existing Ripley Heating Plant boilers, which

all exhaust from a corrmon stack.

s: Eoj ?007.16 060501-Nie!u Nllu TsD-Fbal.'toc
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L All boilers exhaust from a single common stack- Except for PMro, lhe emission rates
prcsented represent the futule potential marimum hou y emissions based on trvo ofthe

- three existing boilen operating simultaneously.
' The NOx emission rat€ has been determined based on the arnual average emissions assuming

that the existing equipment would be limired to 99-9 tpy of SOr. At this limit, the boilers
would have limited operation on fuel oil, with the balance ofoperation on natural gas.-Ihereforc, 

armual NOx emissions would also be limited to approximately 44,9 tpy, which
resolts in an amual average NOx emission rate of 10.2 lblhr.

Stack Purameters - NMU Emission Sources

Table 6-6 presents the baghouse exhaust stack characteristics for both the new CFB boiler stack

and for the existing fupley Heating Plant stack, end includes: stack locations (based upon UTM

coordinates) and pammetels such as flow rate, temperatue, and stack height and diameter. Both

of these exhaust stacks will discharge unobstructed v€rtically to the ambient air.

Note that the exhaust stack diameter and height for the stack that exhausts the 3 boilers at the

Ripley Heating Plant will be modified from the stack requirements in PTI No. 126-05.

Table G5. Ileating Plant Criteria Pollutant Emission R8tes

Pollutant
Maximum Hourly

Emission Rafe
(lb/hour)

Modeled
Emission Rate

(gran/sec)

CO 24.90 3 .14

so' 86 .18 10.86

PMro - PSD Increment Rate 4.44 0.56

PMro -NAAQS Rate 4.',79 0.60

NO*2 10.24 1 .29

S:,l,!oj 20di16 060i01-i.rMlj,N:!lu TSD Fiml.doc
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Table 6.6. New CFB Boiler

I For referelce, the southwest com€r of the Ripley Heating Plaut building was taken as th€ site ordinate, and is
localed at the following l-lIM coordinate: Easting = 468,874 rn, Northing : 5,156,608 m.

2 The existing stack cunently has a diameter of 108 inches and a height of 150 fe€t. Upon iflstallation ofthe
new boiler, the stack will be modified to a diameter of 60 inches atd a heisht of i60 feet.

6.4 OFFSITE SOURCES AND BACKCROUND CONCENTRATIONS

The CO, SO:, PMt6, and NOr modeling analyses have been conducted to d€monslrate compliance

with the applicable PSD Increments and NAAQS, Thereforo, the PSD modeling must include

appropriate off-site PSD Increment consuming sources, and the NAAeS modeling analyses must

include all sources that the MDEQ-AQD consid€rs to have signiflrcant impact areas (SIAs) that

interact with the sIAs produced by the NMU sources. However, since only the emissions of sor

from NMU boilers result in ambient impacrs greater than the applicable significant impact levels
(SILs), conducting a detailed modeling analysis that includes off-site sources rvas only necessary

to demonslrate cornpliance with the SO? standards.

MDEQ-AQD modeling personnel were consulted to provide a list of appropriate off-site sources

for use in the PSD Increment and NAAQS modeling analyses. Tho off-site inventories were e-

mailed to NTH Consultants on August 18,2006. The listing supplied by the AQD indicated that

there were no off-site sources for purposes ofPSD Increment modeling for any ofthe pollutants

(i.e. there are no PSD Increment consuming sources in the area near NMU, other than NMU

itself), and therefbre only provided sources that need€d to be included in the NAAeS modeling

analyses. Table 6-7 presents the off-site sourcos included in the SO2 NAAQS rnodeling analysis.

The infonnation in this tabie includes the source SRN and modeling ID, the company name and

source description, the emission rates, and pertinent exhaust characteristics for the various

NAAQS analyses.

ew and Boiler Exhaust Stack Characteristics
Baghouse
Exhaust

Stack

UTM
Easting I

(meters)

UTM
Northing I

(meters)

Stack
Ileight
(feet)

Exhaust
Temp
(.F)

Flow
Rate :

(AcFM)

Er{t
Velocity

(rn/s)

Diam
(inches)

NEw CFB Boiler 468,853.5 5,156,684.2 l o ) 325 86,300 15.51 72

Existing Stack : 468,868.2 5,156,623.6 160 300 47 ) ' lA tz.22 60

s: Proil0AT 16 060j0l-Nj{UfNVU TSD,FT,Idoc
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To analyze impacts relative to NAAQS, estimates ofbackground pollutant concentrations are

needed- Background concentrations are obtained from ambienl air quality monitors and include

contributions ftom other sources in the atea and may include contributions from nahrral sources,

anthropogenic sources too distant to be included in the modeling inventory small area sources,

and,/or other uddentified sources-

For this study, background concentrations ofCO, SOz, PMro, and NO* were obtained from the

MDEQ-AQD via email on August 21, 2006. However, as will be discussed in the results section,

oniy SO2 requires a luil dispersion mcdeling analysis to demotstrate compliance with the

applicable NAAQS. Therefore, only the background concentration ofSO2 is needed for the

NMU modeling analysis. Table 6-8 summarizes the background concentrations that have been

used in the NAAQS analysis for SO2. Monitor selection and background concentrations are

presented in Appendix C, along with the background concenlrations ofthe other pollutants.

able G8. Concentrations for NA'tr{QS Modeling

Pollutaut Averaging
Period

Coucentration
[re/-' )

s02

Annual z.'I

24-Hour I  ) . J

3-Hour 45.2

The following sections will present the results ofthe criteria pollutant and TAC dispersion

modeling analyses.

6.5 CRITERIA POLLUTANT MODELING RESI]LTS

The U.S. EPA AERMOD (with PRIME) dispersion model was used for the refined modeling

analyses for the facility, utilizing the most cunent s-years of NWS meteorology (2001-2005)

available from MDEQ. the rezults of the CO, SOz, PMro, and NO* modeling analyses are

contained il the followine subsections.

s::Proj:2007 I 6.0605Or.Na,fU:NMU TSD,Fmt.doc
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6.5.I CO Significant Impact Level (SIL) Modeling Results

The maximum CO emission rate from the proposed CFB boiler has been included in an air quality

dispersion modeling analysis. In addition, for conservatism, the maximum hourly emission rate of

CO from the existing boilers was also included in this analysis. The CO emission rates presented

in Tables 6-4 and 6-5 for the two exhausl slacks were modeled to determine the maximum ground

level concentration (CLC) for both stacks emitting simultaneously. Consistent with the ambient

standards for CO, both the maximum I -hour and 8-hour highest second high GLCs (over the five

year set of meteorological data) have been determined.

Criteria pollutant modeling is typically conducted in discrete phases. The first phase consisting of

determining the maximum GLCs for the sources that are being permirted based upon the most

recent single year of meteorological data and first highest value or a five-year set of

meteorological data and the highest ofthe second high values. The resulting GLCs are then

compared to SIl,s that have been established for the various criteria pollutants and associated

averaging periods. Ifthe results ofthe first step in the analysis indicate that the GLCs are less

than the applicable SILs, then furlher modeling is not required and the source(s) are assumed to be

in eompliance r.vith the federal standards (NAAQS for CO). I-Iowever, if the first step in the

analysis indicates an exceedance ofan applicable SIL, further modeling is conducted.

Per the preceding discussion, the CO combined impacts from the two stacks harre b€en

determined for comparison with the applicable SILs of 2,000 pglmr on a I -hour basis and 500

p./nf on an 8-hour basis. The results ofrhis analysis are presented in Table 6-9.

As shown in Table 6-9, the maximum CL) emission rates for both the proposed new CFB boiler

and the existing boiler stack result in maximum combined GLCs of 85.3 pg/m3 on a l-hour basis

and27.2 trtglm3 onan 8-hour basis. These GLCs arp approximately 4.3% and 5.4% of the 1-hour

and 8-hour significant impact levels, respectively. Due to the fact that impacts from the proposed

new boiler and existing boilers are less than the applicable SILs tbr CO, the impacts are

considered insignificant and no further modeling is required to demonstrate compliance with the

CO NAAQS for this project,

s :Ptuin)o7, I 61060t0c-NMONMU TSo_Fbal-doc
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Table 6-9. Results of

' consistent with how the standards are applied, the maximum impacts are based upon the highest of rhe 2'd
High impacts determined using frve discrete years ofmeteo.ological data (2001 ttuough 2005)-

6.5,2 S02 PSD Increment Modeling Results

The SO2 PSD Inctement modeling anaiysis also considered all ofthe NMU sources, both existing

and the new proposed cFB boiler as it was determined that the so2 impacts &om the cFB boiler

alone would be greater than the applicable SILs fcr Soz. As the existing boilers were installed

and/or modified after the SOz PSD baseline date ofFebruary 8, 1980 (AeCR 126), it has been

assumed thal all existing boilers are sources of SO3 for PSD Increment consumption pu,q)oses.

The analysis has a tiered approach for compliance demonstration. The lirst tier is used to show

thal the proposed project, together with the existing fhcility sources, will not consume more than

80% of the allowed U.S. EPA PSD Increment for each averaging period (i_e., for SOz - annual,

24-hour, and 3-hour periods). The second tier is to show that the NMU pSD lncretnent

consumilg sources and all off-site Increment consuming sources, modeled simultaneously, will

comply with 100% of the appiicable PSD Incremenl for each averaging period. However, as

discussed in Section 6.4, the AQD has indicated that there are no pSD lncrement consumi.ng

sources to be considered in the PSD analysis, and therefore, the 100% psD Incroment analysis is

based solely on the impacts from NMU.

Table 6- 10 presents the rBsults ofthe modeling analysis conducted to demonstrate compliance

with 80% and 100% of the So2 PSD Increments (as NMU is rhe only source included in the I 00%

analysis). The NMU So2 emission sources modeled for the PSD Increment analysis include all

sources of SO2 emissions - both existing boilers and the new CFB boiler. .The NMU SOz

the NMU CO SIL 0l-05 sAw

Averaging
Period

NMU
Maximum
fmpact I

(lrdmt)

Year of
Maximum

Impact

Impact
UTM

Easting
(meters)

Impact
UTM

Northing
(meters)

Significant
Impact
Level

fiNmt)

Impact
As 7o.Of

SIL

l-hour 85.30 2002 466,860.8 5,151,904.0 200Q 4.27Yo

8-hour 2'7.18 2003 469,2r0.8 5,156,254.0 500 5.44yo

s:foll007.l6{60t04-Miu NMU TSD fiM, doc
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emission rates were previously list€d in Table 6-4 for the new CFB boiler and in Tablo 6-5 for the

sxistins NMU boilers.

I Consistent wiah how the standards are applied, the maximum annual impact is based upon the highest of the 1 d

Ngh impacts detemrined using five discrete years of meteorological daa (2001 through 2005), while the 24-
hour and 3-hour maximum impacts ate based upon the hlghest of the 2'd high impacts from the same five year
set of meteorological data.

As shown in Table 6-10, the PSD Increment consuming SOz emission rates for NMU sources,

including those associatcd with the proposed project and currently existing, do not result in

impacts that are greater than 80% (and consequcnrly, 100%) of the applicable SOu PSD

Increments. The annual impact is predicted to be approximately 300/o of the PSD [ncrement,

while lhe Zzl-hour and 3-hour impacts are about 670lo and 23% oftheir applicable PSD Ilcrement,

respectively.

6.5.3 SOz NAAQS .lVlodeling Results

Aller having dernonstrated compliance with the PSD Class II Increments, the last step in the So2

modeling analysis is a dsmonstration ofcompliance with the annual,24-hour, and 3-hour SO:

NAAQS.

lJnlike PSD Increments, which are designed to prevent the air quality in a given rogion from

significantly deteriorating beyond the conditions that existed at a stipulated baseline date, the

NAAQS are designed to ensute the protection ofhuman health and the environment. 'fherefore,

the NAAQS modeling analysis includes all pefrinent sources of emissions near the source of

interest (at their maximum allowable emission rates), regardless oftheir installation date. In

S:r?roi 1007,161060tN-N&IU.NMU TSD Funl-doc 

T)

Table 6-10. Results off IMU SO,80% and 1007o Increment Modeline (01-05 SAW

Averaging
Period

NIVIU &
PSD

Maximum
Impact r

(pdmr)

Impact
UTM

Easting
(meters)

Impact
UTM

Northing
(meters)

100"/o of
PSD Class II
Increment
(pdm')

807' of
PSD Class II
Increment

(Pglr"' )

Maximum
NMU& PSD

Impact As
% ofPSD
Class II

Increment

Armual 6.06 468,660.8 5,156,254.0 20 l o 30.28o/,t

24-hour 60.86 469,110.85,156,354.0 91 72.8 66.8'lo/o

3 -hour 119.08 469,110.85,156,404.0 512' 409.6 23.26Yo
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addition, NAAQS modeling analyses also include a background concentration, wltich represents

the natural backgrouud concentalions from local sources in the area of intelest (anthfopogenic

sources) and biogenic sources (concentrations presented in Table 6-9).

The SO2 N.dAQS consist of primary and secondary standards. The pdmary standards have been

developed to protect public health, rnoluding the health of ssnsitive portions ofthe general

population (i.e., asthmatics, children, elderly, etc.). The secondary standards are designed to

protect public welfare, including decreased visibilify in a region and damage to animals, crops,

vegetation, and buildings. In lhe case of SO?, the primary standards are for the annual and 24-

hour averaging periods, while the 3-hour averaging period is a secondary standard.

Similar to the PSD Increments, the SO? NAAQS are applicable over the annual, 24-hour, and 3'

hour averaging periou*. t1t" 1.1AAQS modeling analysis includes all so2 emission sources - all

NMU SO, emission sources and all off-site SO2 emission sources (sources listed for SOz

emissions in Table 6-8) - at their allowable (or proposed allowable) emission rates. The

backgroun<l concentrations were then added to the concenhations predicted by the dispersion

model in order to determine the overall maximum concentrations. The results of the SOz NAAQS

modeling analysis are presented in Table 6-l L

I Consisteot with how the standards are applied, the maximurn arurual impact is based upon the highest ofthe 1"

high impaats debrmined using five discrete years ofmeteorological data (2001 thro 'sh 2005), whil€ the 24-

hour and 3-hour maximum impacts are based upon the highest of the 2* high impacts from the same five year

set of meteoroloeical dBta.

Table G11. Results of the NMU SO, N.A.A. r-05 sAw

Averaging
Period

Maximum
Impact I

(wm')

Impact
UTM

Easting
(meters)

Impact
UTM

Northing
(meters)

Primary
NAAQS
(pg/m')

Background
Concen-
tration
(pgi *3 )

Total
NAAQS
Impact
(pg/m')

Total
Impact

As o/o Of
NAAQS

Armual 30.56 469,260.8 5,1.s7,204.0 80 2.7 J .5 .LO 41.57%

24-Hour 2r7.39 469,410.8 5,157,104.0 365 I  l . J 230.69 63.20%

3-Hour 520.24 46s,360.85,151,654.01300 45.2 s65.44 43.50%

S P,dl ?007 |6 06fi' l l-NiUU N\ru IsD Finlldrc
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As shown in Table 6-l l, the SO2 NAAQS modeling analysis shows that the proposod project will

not causo a violation ofthe SO2 3-hour, 24-hour, or annual NAAQS when the model predicted

maximum impacts are added to the background concentfations.

6.5,4 PMro Significant Impact Leyel (SIL) Modeling Results

The PMls PSD Increment modeling analysis considered all NMU boilers, both existing and the

newly proposed boiler. Similar to CO, thE PMro impacts were initially determined for the newly

proposed boiler and the existing boilers in order to compare the results to SILs that have been

established fbr the various PMls standards and averaging periods. If the results ofthis initial

analysis indicate that the ambient impacts are less than the applicable SILs, then further modeling

is not required to demonstrate compliance wiih the federal standards (PSD Increment and

NAAQS tbrPMle).

Per the preceding discussion, lhe PMr6 combined impacts from the two stacks have been

determined for comparison with the applicable SILs of 5 prg/mr on a 24-hour basis and I pg/mi on

an annual basis. The fuIlS-year meteorological data set was utilized, and the results ofthis

analysis aro presented in Table Gl2.

As shown in Table 6-12, the maximum PMro elnission rates for both the proposed new CFB boiler

and the existing boiler stack re,sult in maximum combined ambient impacts of 3.23 ;rglmr on a 24-

hour basis and 0.35 pg/mr on an annual basis, These impacts are approximately 65% and 35% of

the 24-hour and annual significant impact levels, respectively. Due to the fact that impacts ftom
'the proposed new boiler and existing boilers are less than the applicable SILs for PM;s, the

impacts are considered insignifrcant and no further modeling is required to demonstrate

compliance with the PM16 PSD Incremert standards an61il,tQS for this project.

S:'?roj ]mn l6 C6Oi0.1 NIIU Ni\,tu fslr_Fidl.d{c
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Table 6-12, Results of the NMU

I Consistent with how the standards are applied, the maximum annual impact is based upon the highest ofthe l"'
high impacts determined using five discrete years of mereorological data (2001 ttuough 2005), while the 24-
hour ma"timum impacts are based upon the highest ofthe 2'o high impacts from the same five year set of
meteorological data,

6.5.5 NOx Significant Impact Level (SIL) Modeling Results

TheNO, significant impact level modeling analysis considered all NMU boilers, both existing

and the newly proposed boiler- Similar to CO aad PM16, the NO" impacts were initially

determined for the newly proposed boiler and the existing boilers in order to compare the results

to SIL that has been established for the NO. arurual standard. Had the results of this initial

analysis indicated that the ambient impacts were greater than the applicable SILS, then fufther

modeling would have been required to demonstrate compliance with the federal standards (PSD

Increment and NAAQS for NO.). However, the results predicted that the NO. impacts would be

below the applicable SlL.

Per the preceding discussion, the NO* combined impacts from the two stacks have been

determined for compari.son with the applicable SIL of I pglm3 on an armual basis. The full 5-year

meteorological data set was utilized, and the results of this analysis are presented in Table 6-13.

As shown in Table 6-13, the ma-<imum NO* emissicn rates for bodr the proposed new CFB boiler

and the existing boiler stack result in a maximum combined ambient impact of 0.97 pglm3 on an

annual basis. This maximum impact is below lhe annual significant impact level, and therefore,

the NOx impact from the NMU boilers is coasidered insignificant and no fuither modeling is

requir€d to demonstrate compliance with the NO- PSD Increment standard and NAAQS.

SIL M 1-05 SAW

Averaging
Period

NNIU
Maximum
Impact I

{pg/mt}

Year of
Maximum

Impact

Impnct
UTM

Easting
(meters)

Impact
T,ITM

Northing
(meters)

Significart
Impact
Levcl

(pgl-')

NMU
Impact

As 7" Of
SIL

Annual 0.35 2003 468,660.8 {  t { 6 r < 4 0 I 35.20yq

24-hour 2004 469,160.8 5,156,304.0 5 64.60%

S: itoi2ootl6O60SO1-Nj!rU.r-.AtU lsD_fiml.do.
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Table G13. Results of the NMU 0I-05 sAw

Consistenl with ho\a'the standards are applied, the maximum annual impact is based upon thc highest ofthe 1"r
high impacts detemined using five discrete years ofmeteorological data (2001 through 2005)-

6.6 TAC MODELING Ar\ALYSIS RESULTS

In addition to the criteria pollutant modeling analyses, a TAC modeling analysis has been

conducted to demonstrate that the emissions ofTACs from the new CFB boiter (Unit #10) will be

in compliance with the Michigan AQD's air toxics tegulalions. Refined modeling for TACs was

perforrned to determine the ambient, off-property impact f.rom trace metals and organic

compounds ernitted from the new boiler.

Modeling was perfonned in accordance with the same methodology used for the criteria pollutant

mcdeling and followed all regulations, guiclelines and policies established by U.S. EPA and

MDEQ, and again utilized the ISC-AERMOD (PRIME) model Version 04300. Michigan Rule

225 states that emissions from the new or modified source shall not cause a violation ofthe lnitial

Threshold Screening Level (ITSL) for non-carcinogens or Initial Risk Screening Level (IRSL) for

carcinogenic compounds.

The results were determined by scaling the emission rate for each TAC by model predicted

impacts based on a 1.0 gram/second model run for the averaging period associated with each

TAC's applicable screening. Using this methodology, it is possible to determine the ambient

impacts for multiple pollutants based on one model mn instead of rmning a model for each TAC

individually.

The emission rate of each TAC was determined by taking the maximum short term emission rate

of each compound for the various fuel types that could potentially be used in the proposed CFB

boiler Table B-2 of Appendix B shows the maximum shon term emission rates on a compound-

{  r { ?  r ( 4 0

s:ft oj.2007, rd 060j0j-NtIUNMU TSo_Final.&.

t o



hT{
rgN

by-compound basis, which were ihen converted into gram/second emission rates for soaling

purposes. The emission rates and calculated ambient impacts for all TACs (which includes

HAPs) are presonted in Table C-1 ofAppendix C.

The following is a brief description olthe procedure for using the gram per second modeled

impacts to determine a specific pollutant's maximum ground level concentration.

Worst Cose Acetuldehvde Impact. 24-Hour Averaeine Period

CFB Boiler Stsck Acetaldehyde Emission Rate = 2.47E-02 gram/sec

Gram/SecondModeledlmpuctfor24-houraveragingperiotl:1.559(ttg/miy(g/sec)

1.589 (us/mr ) 2.47E-02 prams
AcetAldehVde lmDacl =-------------:-, X-----------::--

(l gram/second) second

i

Acetaldehyde Impact =

As shown in the preceding calculations, the acetaldehyde emissions ftom the new CFB boiler

exhaust stack results in a 24-hour impact of0.0392 pglml, which is approximately 0.44/o of the

acetaldehyde screening level of 9 gg/ml on a 24-hour basis,

The modeled impacts associaled with the armual, 1-hour, 8-hour, and 24-hour modeled averaging

periods for the new CFE! boiler exhaust stack are presented in Table 6-14.

Table 614. 1.0 Gram

These di$latrces are referenced from the site ordinate (UTM coordinate Easting = 468,874.0 meters, and
Northing = 5,156,698.0 meters).

a Per Second Modeled [mDacts for the Nerv CFB Boiler

Averaging
Period

Modeled Impact
0^relrd)/(gsec)

X (East) Impact
Location 1

(meters)

Y (North) Impact
Location I

(meters)

Receptor
Elevation
(meters)

Annual 0 .211 468,960.8 5,157,204,0 r93.79

24-Hour | . 589 468,760.8 5,156,254.0 20r .88

8-Hour 2.712 466,860.8 5,r 51,904.0 ?8J.74

l -Hour t5.779 466,860.8 5, l5  I ,904.0 283.74

S:.Pri100?\16 r)60i01-Nul r NMU TSD_Finl.dd
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Table C- I of Appendix C presents the results ol applying the modeled impacts of Table 6- I 4 to

the maximum TAC emission rates, Table C-1 shows that the TAC emitted at the highest hourly

rate, hydrochloric acid (HCl), results in an ambient impact of 0,24 pglm} when scaled by the 24-

hour modeled impact. This impact is approximately i.2% of the allowable screening level (SL) of

20 1tglm3 on a 24-hour averaging period basis. Similarly, the TAC that is expected to have the

highest ambient impacts versus its screening level is formaldehyde, which has been predicted to

result in a maximum annual ambient impact of 0.028 pg/mr - approxim ately 34Vo of the allowable

screening level (SL) of 0.08 pglmr on an annual averaging period basis. (Note that although the

impact lor chromium VI is predicted to be approximately 26% ofits screening level, the emission

rate quantified for Cr VI is uncontrolled and is expected to be much less than the rate presented in

Table C- I, and thus result in a much lower impact after considering control efficiency of the

baghouse).

Overall, the results prcscnted inTable C-l shorv that all TACs will comply with the appticable

screening levels at the maximum predicted emissiol rates and thus comply with the Michigan

AQD air toxics rules,

It should be noted that although the Michigan AQD ITSL for lead (Pb) has a 3-month averaging

pcriod, a 24-hour ambient impact has been determined and compared to the ITSL of I.5 pglm3 on

a 3-month basis. This represents a conservative approach because it over predicts the ambient

impact that would occur on a f-month basis.

In conclusion, the proposed operation ofthe NMU facility expansion will be in compliance with

all applicable federal and state ambient air quality standards fot both criteria pollutants and TAC

emissions.

6.7 DISPERSION MODELING FILES

Table 6-15 lists the ISC AERMOD files that have been included in Appendix C on compact disc.

These include the complete Lakes Environmental project files for all modeiing runs. The

Marquette OE East and Marquotto ?.5-minute DEM frles utilized in determining elevated terrain

through AERMAP are also included electronically.

sifroj 200r l6 0605o]-NMu NMU T5D_Fml.do.
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Table 6-18. narv of the NMU M Files

ISC AERMOD View Files FiIe Description
Meteorological

Data

NMUO 1_CO throueh NMU05_CO CO SIL Models 2001-2005

NMIJPM_PI *rough NMUPM-P5 PMro SIL Models 2001-2005

NMUOI SO2 through NMU05SO2 SO, PSD and NA'r{QS Models 2001-2005

NMU_NOx1 through NMU_NOx5 NO" SIL Models 2001-2005

NMU GPS2 TAC modeling Gram/Second Model 2005

s::pbj2007.r6$60j0i-Nl'{u Ml'TlD rimi.doc
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1,0 SECONDARY IMPACT ANALYSIS

An additional impact analysis is required for major new sowces or major modi{ications at existing

major sources pursuant to 40 CFR Part 52.21(o). in addition, Section 7(a) ofthe Endangered

Species Act (ESA) requires review of tkeatened and endangered species in the area surrounding

the proposed projects. Therefore, the additional impact analysis is necessary to evaluate the

impacts from the proposed project o :

Associated growth

Soils, vegetation, and wildlife

Visibility impairment
-l'hreatened and Endangered Species

The proposed project is considered a major modification and will result in emissions ofparticulate

matter (PMro/PNI:.s), nitrogen oxides (NO*), sulfur dioxide (SO7) and oarbon monoxide {CO}

greater than the major source significant level. Consequently, an additional impact analysis

addressing the effecls ofPM, NO*, SO2, and CO in these areas is required.

Additionally, MDEQ has lequested a quantitative analysis regarding the impact ofthe 7 IvfW

cooling tower on lbgging and icing. Fogging occurs as a result ofevaporative moisture from the

cooling tower and result in reduced visibility and increased humidity directly adjac€nt to the

cooling tower. Icing when the ambient temperature is below freezing the cooling tower fog

freezes on road surfaces.

7,I ASSOCIATED GROWTII

The purpose of the growth impact analysis is to quantify the impact from growth resulting om

the construotion and operation of the proposed project andto assess air quality impacts that ivould

result from that growth. Impacts on the ambient air and surrounding community resulting from

the installation of the new CFB will be minor.

Northem Michigan University will be receiving solid fuels for the new boiler via 40 ton trucks

delivered approximately once per day, Monday tirough Friday. While an inorease in vehicle

traffic as a result of fuel truck delivery will increase, both Sugarloaf and Wright Avenues are

s:!hj l00rl6'06oj0.1-Nl,lulNNlu TSo Enaldoc 
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surently major transportation routes, Specificalln SugadoafAvenue is currently heavily traveled

by logging trucks delivering fibers tc facilities from processing plants north and west of

Marquette. Consequently, the increase ir truck traffic as a result of the new solid fuel boiler will

be reladvely insignifi cant.

NMU is prcposing to construct and install a new CFB boiler and steam hrrbine in response to

increased demand for power and steam at the Marquette campus. Tho proposed project also

includes construction of a new boiler building. Due to abundant supplies of solid fuel, including

coal and wood waste, the project is not expected to affect the fuel supply or impact the fuel

markets within the upper peninsula of Michigan or the lvlidwest.

7.2 SOILS, VEGETATION, AND WILDLIFE

Additionai increases in pollutant levels resulting from a specific ernission source can have an

impact on air quality-related values (AQRVs). However, it is important to evaluate the level of

lhe expected increase. AQRVs can include visibility, odor, flora, fauna, and geographic

resources; archeological, historical, and other cultural fesources; and soil and water resources.

NMU has perfbrmed a modeling demonstration for PMroiPlv{2.r NO., S02, and CO emissions

resulting from the installation of the new CFB boiler. This ambient impact analysis addressed

emissions from the all units at NMU, inoluding the three (3) existing nahtal gas/oil-fred boilets,

and compared the model results with both the primary and secondary National Ambient Air

Quality Standards. Note that the primary and secondary standards for PMro, NO*, SOz' and CO

have the same NAAQS and that the impacts associated with the proposed project will be minor.

The highest predicted NO* concentration increases resulting from the proposed project at NMU

are less than the ambient health standards allowed in the NAAQS. Specifically, AERMOD

predicted the following PMro impacts fiom the facility as a result of future potential etnissions:

. Annual concentratior of 0.97 ugi,.3 (primary NAAQS is 100 !g/*3)

s i Ppj !007:i6ro605r)+Nr[U NMtr TsD_Fiml.'loc
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The highest predicted SQ concentration increases resulUng from the proposed project at NMU

are less than the ambient health standards allowed in the NAAQS. SpeciIically, AERMOD

predicted the following PMro impacts from the facility as a result of future potential emissions:

3-hour concentration of 520.24 Fsl.3 (primary NAAQS is 1,300 !s/.r)

24-hour concentration of 217.39 psl.r (primary NAAQS is 365 $s/,.r)

Amual concentration of 30.56 Ig/,.1 (primary NA-A'QS is 80 ugl,,3)

Modeling was also performed for PMt6 and co emissions. This modeling showed that the

impacts from bottl PMro and CO as a result ofthe proposed project arc less than the federal

significant impact levels of I and 5 !g/,,,3, and 500 and 2,000 ug/,,,r' respectively'

Based on the modeling results presented above, no impact on soils, vegetation, or wildlife can be

expected. Fufiher, these small concentmlion increases are not likely to have an adverse eflect on

AQRVs within the vicinity of the facility.

7.3 VISIBILITY

NMU is located within 50 km from the Seney Nationat Wildlife Refuge (Seney) Class I area' As

such, a visibility analysis using the CALPUFF model was performed to determine whether the

emissiorx from the new CFB will cause a degtadation ofvisibility due to increased relative

humidity within Seney.

The visibility morleling demonstration was performed according the modeling protocol submitted

to MDEQ on August 18, 2006 and approved via e-mail on AugUst 21, 2006. The results confirm

that the potential emissions from the new CFB wilt not rssult in visibility impairment at Seney.

while sulfates are a subset ofthe PI\42.i and known to contribute to regional haze problems, the

small incremental increase in sulfates from the proposed project are considered to be negligible in

comparison to the region's cuftent quality index and have not been quantihed. Therefore, no

adverse effect on regional haze is expected from the proposed new boiler'

s..Proj 1007.1 6 060j0r-NlrU'IiMU TsD_IiMl.doc
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7.4 THREATENED AND ENDANGERED SPECIES

A request for review ofthreatened and endangered species in the area surrounding the NMU

facility was submitted to the Michigan Department of Natural Resources (MDNR) was submitted

by NTH Consultants, Ltd. A review by the MDNR - Wildlife Division determined that "the

project should have no impact on fafe of unique natural features ..." and a copy ofthe letter from

Ms. Lori Sargent, Endangered Species Specialist, is included in Appendix E;

Additionally, a request for revieiv for tkeatened and endangered species by the U-S. Fish and

Wildlife Service was requested as rvell. Per the letter included in Appendix E, the U.S. Fish and

Wildlife Service confirms that no tlreatened and endangered species are present in the area

impacted by the project and no additional review is necessary'

7.5 COOLING TOWER IMPACTS

As requested by MDEQ, a quantitative analysis for impacts offogging and icing from the

proposed 7 MW cooling tower was performed using the SeasonaVAmual Cooling Tower Impact

(SACTI) uodel. This analysis conlirmed that impairments to tle surounding comrnunity as a

result of fogging antl icing is not expected. The electronic input and output files from this

analysis is included in Appendix C on compact disc, with hardcopy output in Appendix F.

S: PKj'r007.t 6060J0a-NNIU NMU TsD-ritd.d*
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NMU Campus
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(with Building Heights)



PROJECT IITLE:
Northem Michigan University - Powerhouse Modiftcatlon pTl -
Building Layout

_N, Tier 1

NEWBHSTK

T:tl a")
rst 

ll a__-. 
t-as;s{,9.rb,1

coNrA,ll.Jrerl 
I

I u=r,lFT-*'" ''"'. '

r;r
I 

BlDt#2_s, re.1

tl:?{ '

Tier 1

488790 468S00 .168810 468820 468830 468840 +OaesO $8EOO 463S70 46S8S0 +eaego nogsoo

COMIVIENTS:

NMU Power Plant

Bullding Layout:

SOURCES:

2

COMPANY NAiUE:

Nfi Consultants, Ltd

RECEPTORS: ITODELER:
Edward Bishop, Asst ProJect

SCALE; 1:800

0 r-F-,,,-- t 0.02 km

DATE:

1t2st2007

PROJECT NO.:

16.060504

a

ISC-AERMOD Melv - Lake6 ENionent€r SotM€re CrNo.lhem [i.] sa. U Mrdetiiq\fl,,Uu_GPslNi,{, GPS2.tsc



PROJECTTITLE:
NorthEm Mlchlgan Univorsity- Poworhouso Modification PTI
Bullding Layout

468750 468800 ,r58850 468900

COIVMENTS:

NMU Power Planl

Bullding Layout:

SOURCES: COMPANY MME:

NTH Consultants, Ltd

7537

MODELER:
Edward Bkhop, Asst Proiect
Engineer
SCALE: 1:1,500

0 r-,r---t -.!---r-J 0.05 km

DATE:

1125n007

PROJECT NO.:
.t 8-060504

C\Norrh€n Mdrig€n U Mod€lnsulMu GFS\NMu CPS2.iBc



PROJECT TITLE:
NollhErn Michigan Univgrsity - Powerhouse Modification PTI
Stask ldentifieation Layout

46EE30 468840 468850 468860 468870 468880 4688S0 468300

COMMENTS:

NMU Power Plant

B!ilding Layout:

SOURCES: COMPANY NAMF:

NTH Consultant6, Ltd

RECEPTORS:

7537

MOOELER:
Edward Bishop, Aset Project
Engineer
SCALE; 1:500

0r-..-.-"_----,J 0-01 km

DATE:

1l2sl20o7

PROJECT NO.:

1F060504

ctNtonhem MchiEsn u Modeling\NMu GPs\NlnJ_GPs2.isc



rgrEN

Existing Facility, New

Structures, and Stack Coordinates

(Internal Coordinates)



Northem Michigan University - Modeling Analysis Layout for Proposed Boiler Project

- Coordlrtale System Layout for Northsm Michigan Univorsity Located In Marquetls, Ml
Ths Southwast Comqrof thg SIte Coo.dlnate

Flle: NMU Modeling Setup Tabr lnlemalSite Coord Pnded 125/2007 ll:g AM



hT{
rg'^
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Summary of TAC Analysis Results
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JENNIFER M. GRANHOTM
GOVERNOR

STATE oF MtcHTGAN

DEPARTMENT OF NATURAL RESOURCES
LANSINc

REBECCA A. HUMPHRIES
DIBESIOR

August 8,2006

Mr. Jeffrey Jaros
NTII Consultante, Ltd.
608 S. Washington
Lansing, Mi 48933

RE: Two proposed air permit locations in Holland and Marquettg Michigan submitted to DNR Endangered Specie*
Assessme nt web application

Dear Mr. Jatos:

The location of the proposed projects were checked against known localities for rare spccies and unique natural features, which
ale recorded in a statewide database. Thfu continuously updated database is a comprehensive source of existing data on
Micbigan's endangered, threatened, or othfiwise signiflcant plant and animal species, natural plant communities, and other
nahral features. Records in lhe database indicale that a qualified observer has docum€nted the presence of special natural
features at a site. The absence of records in the databaso for a particulat site may mean that the site has not been surveyed.
Records are not always up-to-date, and may require verificalion. In some cases, the orly way to obiain a defrnitive stalement on
lhe status ofnat[ml features is to have a competenl biologist perform a complete field survey.

Undet Act 451 of 1994, tho Natural Resources and Environmental Protectior Act, Part 365, EndalgeTed Species Protection, "a
person shall not aak€, possess, transport, ,..fish, plants, and wildlife indigenous to the state and determined to be endangered or
threatened," ur ess flrst receiving an Endangered Species Permit from the Departrneni ofNatual Resources, Wildlife Division.
Responsibility to Protect e dsngered and thredtened specie.s ir not limlted to the list below. Other species may be present thqt
have not heen recorded in the database,

The presence of threatened or endangered qpecies does not preclude activities or development, but may require alterations in the
Foiecr plan' Special concem species are not protected urder endangered species legislation, but recommendations regarding
their protection may be provided. Prolection of speoial concom specios will help prevent them fiom declining to the point of
being listed as 0reatened or endangered in the firture.

The following is a summary ofthe results for the project in O awa Counry, City ofHolland, T5N R16W section 36 and
Marquett€ County, City of Marquetre, T48N R25W section I I :

The proj€ct should have no impact on rare or unique nah[al features at the location specified above if it proceeds
accordirg to the plans provided. Please contact me for an evaluation if the project plans are changed.

Thank you in for your coordinadon in addressing the protection of Michigan's natural resource heritage. Responses and
correspondence can be sent to: Michigan Department ofNatural ResouJces, Wildlife Division - Natrual Heritage Piogram, PO
Box 30180, Lansing, MI 48909. If you have further queslions, please call tne at 517-313-1263 or e-mail at
SargenL2@michiean.eov .

Lori G. Sargent
A S^^r^*

Endangered Species Specialist
Wildlife Division

NATURAI RESOL,,RCES COMMISSION
Keith J, Chaftcrs, Chair. Mary B.own . Darnett Eerlay. 8ob Garrer. ceratd HaI . John Madtgan . Flank Wheatlake

STEVENS T. MASON BU|LD|NG . p_O. AOX 30028 . LANStNG, MICH|GAN 4E909.7328
v$rw.michigan.gov/at.r . {517\ 3j3-2329



IN REPLY REFERTO:

United States Department of the Interior

FISH AND WILDLIFE SERVICE
East Lansing Field Ofiice (ES)
2651 Coolidge Road, Suite 101

East Lansing, Michigan 48823-63 16

November 24, 2006

Mr. Jeffrey P. Jaros
NTH Consultants, Ltd.
608 8. Washington Avenue
Lansing, MI 48933

Re: Endangered Species List Request, Proposed Construction ofSolid Fuel Fired Boiler,
Northem Michigan University, Marquette, Marquette County, Michigan

Dear Mr. Jaros:

Thank you for your October 24,2006 request for information regarding federally listed and
proposcd threaiened_ and endangered spciies, candidate species,-or crit-ical habitit near your
proposed p-roject. Your request and this response are made pursuant to the Endangereci Species
Act of 1973, as amended (Act). Undet rhis project, Northerir Michigan University propo6es to
install a cogeneration of coal/wood./natLual iashred circulating fluidized bed boiiei on the no*h
end of its campus, next to the existing Riplry Fleating Plant. 

-

Our records do not indicate the presence of federally listed species or critical lrabitat near your
proposed project. This precludds the neetl for fu*h6r actionbn this proiect as required byihe
Act.. If, however, more than six months pass, project plans change, irr riew inforriration becomet
available that indicates listed species or propoied speiies may be affected, you should conduct
further consultation with this o-flice.

We appreciate your conccrn for endangered and threatened soecics. Anv questions can be
directed to Tameka Dandridge of this office ar Tameka Dandridge@fwi.gbv or 5l7i35l-8315.

Craig A. Czarhel
Field Supervisor

cc: VIDNR-Wildlife Division, Lansing, MI (Attn: Lori Sargeni)

s: admin/srchivcynov06/se I ist4'lTFl-NMtJ-sotidhrel,rnd,doc
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0 . 0 0 0  0 .  o 0 0  0 , 0 0 0  0 . 0 0 0
8 . 2  r O  8 . 4  0 , 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 , 0 0 0  0 , 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . o 0 0
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}lED
0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

8 . 4  T O  8 . 6  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 , 0 0 0  0 , 0 0 0  0 . o 0 0  0 . 0 0 0
0 , 0 0 0  0 . o 0 0  0 . 0 0 0  0 . 0 0 0

8 . 6  T o  8 . 8  0 . O 0 0  0 . 0 0 0  0 . 0 0 0  0 . o o 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  o . 0 0 0  0 , 0 0 0  0 , 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0

4 , 8  T O  9 . 0  0 . O 0 0  0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 , 0 0 0  0 , o 0 0  0 , 0 0 0  0 . o 0 0  0 . o o o
o . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 .  o 0 0

9 . 0  
" o  

9 . 2  0 . o o 0  0 . o o 0  0 , 0 0 0  0 . 0 0 0  0 . o 0 0  0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 . 0 0 0  0 . o 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0

9 . 2  f O  9 . 4  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
o . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

9 . 4  T O  9 . 6  0 . 0 0 0  0 . 0 0 0  0 . 0 d 0  0 . o 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 , o 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 .  o o 0

9 . 6  r O  9 . 8  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
9 . 9  T O  1 0 . O  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0

o , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
1 0 . 0  T O  1 , 0 . 5  0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 , 0 0 0  0 , 0 0 0  0 . o o 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0
1 0 . 5  T o  1 1 . 0  0 . 0 0 0  0 . 0 0 0  0 . o o o  0 . o o 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 . 0 0 0  0 . 0 0 0  0 . o o o  0 . o o o

0 , 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0
1 1 . 0  T O  1 1 . 5  0 . 0 0 0  0 . 0 0 0  0 . o o o  0 . 0 0 0  0 , 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , o o o

0 , 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0
1 1 . 5  r O  r . 2 . 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
1 2 . 0  r r o  1 2 . 5  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , o 0 0  0 . 0 0 0  0 . o 0 0  0 . 0 0 0  0 . o 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . o 0 0

0 . 0 0 0  0 , 0 0 0  0 .  o 0 0  0 . 0 0 0
1 2 . 5  T O  1 3 . 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 , 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0
1 3 . 0  r o  1 3 . 5  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 .  o o 0
1 3 . 5  r O  1 4 . 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 , 0 0 0  0 . o 0 0  0 .  o 0 0
1 r t . 0  T o  1 4 , 5  0 . 0 0 0  0 . 0 0 0  o . 0 0 0  0 . 0 o 0  0 . 0 0 0  0 . 0 d 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0

o . o o 0  0 . o 0 0  0 . o 0 0  0 . 0 0 0
1 4 . 5  E O  1 5 . 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0

0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
1 5 . 0  T O  1 5 , 5  0 , 0 0 0  0 , 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , o 0 0  0 . o 0 0  0 . o 0 0  0 . 0 0 0  0 . 0 0 0  0 . o o o

o . 0 0 0  0 . o 0 0  0 . o o 0  0 . 0 0 0
1 5 , 5  T O  1 6 . 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  o . c o o  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

o . 0 0 0  0 . 0 0 0  0 . o o o  0 .  o 0 0
1 5 . 0  f o  1 5 . 5  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0

o . 0 0 0  0 .  o o 0  0 . o o o  0 . 0 0 0
1 6 . 5  A O  1 7 , 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

o . 0 0 0  0 .  o 0 0  0 . o 0 0  0 . 0 0 0
1 7 . 0  T !  1 7 . s  O . 0 0 0  0 . 0 0 0  0 . 0 0 0  o . o 0 o  o , o 0 o  o . o o o  0 . 0 0 0  0 , o o o  o . o 0 o  0 . o o o  0 , o o o  0 . 0 0 0  o . 0 o o

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
1 7 . s  r o  1 8 . 0  0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 , 0 0 0  0 , 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . o 0 0  0 , 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0

o . 0 0 0  0 . 0 0 0  0 . o 0 0  0 . 0 0 0
1 S . 0  T o  1 8 . 5  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 , 0 0 0  0 , 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 . 0 0 0
1 8 . 5  m  1 9 . O  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 , 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
1 9 . 0  ] ! O  1 9 . 5  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . o o o  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 , 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . o 0 0  0 , 0 0 0
1 9 , 5  T O  2 0 . 0  0 , 0 0 0  0 . 0 0 0  0 . 0 o 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 , o 0 0  0 . o 0 0  0 . 0 0 0  0 . 0 0 0  0 . o 0 0

0 . 0 0 0  0 . o 0 0  0 . 0 0 0  0 . 0 0 0
2 0 , 0  T o  o v E R  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 c  o . o 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 0 0  d . 0 0 0  0 . 0 0 0  0 . 0 0 0

o . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 , 0 0 0

AVERAeE O,0S215
sTD ERR O. 00159

vlRaAr{cE 0. o2r40
SXEUNESS 4.?6015

srD DEr/ O. LC528
KURTOSTS 27,3?419
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1 r**r*r*****t ' r*rt t**r**.rr*rrrrplrt tEt LENqTH_R_SEABILTTY FREouENcy
I IABI IE*** * r  *  * *  i  *

NorlberE ulchlgan ttnLversiE? - MARQLSITE - coolrt!{c TollER AllAt Ysrs (!rTll)

* * r i * * * + * * * a * * * * r t i r * * * * i * * t t * *  r t * * * i * * t * * t * * : r * * *

ST}STLITY CATEGORY 1 STABII"ITY CATEGORA 2 STAITITTY
CATEGORY 3

FII'I4E

IJENGTH
NANGE (!{}

K3

0 . 0  r o  0 . 2
0 . 0 0 0  0 . 1 1 2

o . 2  T O  O , 4
0 . 0 0 0  0 . 0 0 0

0 . 4  r o  0 . 6
0 , 0 0 0  0 , 0 0 0

0 . 5  f l o  0 . 8
0 . 0 0 0  0 . 0 0 0

o .  a  T o  1 . 0
0 . 0 0 0  0 . 0 0 0

1 . O  B O  1 . 2
0 , 0 0 0  0 , 0 0 0

t . ?  E o  1 . 4
0 , 0 0 0  0 . 0 0 0

1 . 4  l r o  1 . 6
0 . o 0 0  0 , 0 0 0

1 . 5  T O  1 , 8
0 .  o 0 0  0 .  o o 0

1 . 8  T O  2 . O
0 .  o 0 0  0 . 0 0 0

e . 0  T o  2 . 2
0 . 0 0 0  0 . 0 0 0

2 , 2  r o  2 . 4
0 .  o 0 0  0 . 0 0 0

2  , 4  T O  2 . 6
0 .  o o 0  0 . 0 0 0

2 , 6  ' t o  2 . 8
0 . 0 0 0  0 . 0 0 0

2 , 8  r r o  3 , 0
o . 0 0 0  0 , 0 0 0

3 . 0  T o  3 . a
0 , 0 0 0  0 . 0 0 0

3  , 2  T O  3 . 4
o . 0 0 0  0 . 0 0 0

3. . t  To  3 .6
o . 0 0 0  0 . 0 0 0

3  . 6  T o  3 . 8
o , 0 0 0  0 . 0 0 0

3 . 8  T O  4 , 0
o . 0 0 0  0 . 0 0 0
4 , 0  T O  4 .  ?

o . 0 0 0  0 . 0 0 0
4 . 2  T O  4 .  {

0 . 0 0 0  0 , 0 0 0
4 . 4  1 ! O  4 . 5

0 . 0 0 0  0 . 0 0 0
4  . 6  f O  4 , 8

0 . 0 0 0  0 , 0 0 0
{ . 8  r o  5 . 0

o . 0 0 0  0 . 0 0 0

o . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 .  o 0 0

0 . 0 0 0  0 .  o 0 0

0  . 0 0 0  0 .  o 0 0

0 . 0 0 0  0 . o 0 0

0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0

0 .  0 0 0  o .  0 0 0

0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 .  o 0 0

0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . o o 0

0 . 0 0 0  0 , 0 0 0

0 .  0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 .  o o 0

0 , 0 0 0  0 .  o 0 0

0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 , 0 0 0

0 . 0 0 0  a . o o o

0 . o 0 0  0 . 0 0 0

0 .  o 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0

0 .  0 0 0  0 .  0 0 0

0 , 1 5 2

0 . 0 0 0

0 , 0 0 0

0  . 0 0 0

0 . 0 0 0

0 . 0 0 0

0 . 0 0 0

0 . o 0 0

0 . 0 0 0

0 . 0 0 0

0  . 0 0 0

0 . 0 0 0

0 , 0 0 0

0 . 0 0 0

0 . 0 0 0

0 . 0 0 0

0 . 0 0 0

0 . 0 0 0

0 . 0 0 0

0 , 0 0 0

o . 0 0 0

0 . 0 0 0

0 . 0 0 0

0 . 0 0 0

o .  0 0 0
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0 .  o o 0  0 . 0 0 0

0 ,  o 0 0  0 . 0 0 0

o . 0 0 0  0 . 0 0 0

0  .  0 0 0  0 .  0 0 0

0 .  0 0 0  0 .  o 0 0

o . 0 0 0  0 .  o o 0

o . 0 0 0  0 . 0 0 0

o . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0

o . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0

0 .  o 0 o  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0

o , 0 0 0  0 . o 0 0

0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  o , 0 0 0

0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0

o ,  o 0 0  0 .  o 0 0

0 . 0 0 0  0 .  o o o

0 . 0 0 0  0 . 0 0 0

0 . 6 5 8

0 . 0 0 0

0 . 0 0 0

o . 0 0 0

o . 0 0 0

o . 0 0 0

o . 0 0 0

o . 0 0 0

0 . 0 0 0

0 . 0 0 0

o . o 0 0 .

0 , 0 0 0

0 . 0 0 0

0 . 0 0 0

0 , 0 0 0

0 . 0 0 0

0  . 0 0 0

0 , 0 0 0

0 . 0 0 0

0 . 0 0 0

0 . 0 0 1

0 . 0 0 0

0 . 0 0 0

0 . 0 0 0

0 .  0 0 0

o . 0 0 0

0 . 0 0 0

o .  o o o

o .  0 0 0

0 . 0 0 0

0 . 0 0 0

0 . 0 0 0

0 .  0 0 0

0 .  0 0 0

0 . 0 0 0

0 . 0 0 0

0 , 0 0 0

0 . 0 0 0

0 .  o 0 0

0 . o 0 0

0 , 0 0 0

0 .  0 0 0

0 .  o 0 0

0 . 0 0 0

0 . o o 0

0 . 0 0 0

0 . 0 0 0

o . 0 0 0

0 . 0 0 0

0 .  o o 0



5 .  0  T o  5 . 2
0 . 0 0 0  0 , 0 0 0

5 . 2  T O  5 . 4
0 . 0 0 0  0 . 0 0 0

5 , 4  E O  5 . 5
0 , 0 0 0  0 . 0 0 0

5 , 5  T O  5 , 8
0 . o o 0  0 . 0 0 0

5 . 8  T O  6 ,  0
0 . 0 0 0  0 . 0 0 0

5 .  O  E O  6 , 2
0 . 0 0 0  0 . 0 0 0

6 . 2  T o  6 . 4
0 . 0 0 0  0 . 0 0 0

6 . 4  T O  6 .  6
0 . 0 0 0  o . 0 0 0

6 ,  5  T O  6 . 8
0 . 0 0 0  0 , 0 0 0

5 , 8  T O  7 . 0
0 . 0 0 0  0 . 0 0 0

7 . O  T O  7 . 2
0 . o o 0  0 . 0 0 0
7 . 2  A O  7 , 4

0 . 0 0 0  0 . 0 0 0
' t . 4  a o  7 - 6

0 . 0 0 0  0 . 0 0 0
7  -6  ' rO  7 .A

0 .  o o 0  0 , 0 0 0
7 . 8  [ O  8 . 0

0 , 0 0 0  0 - 0 0 0
a . o  T o  8 . 2

0 .  0 0 0  0 . 0 0 0
8 . 2  t O  8 . 4

0 . 0 0 0  0 . 0 0 0
8 . 4  T O  8 . 5

0 . 0 0 0  0 . 0 0 0
4 , 6  T O  8 , 8

o . 0 0 0  0 . 0 0 0
8 . 8  T O  9 .  0

0 .  0 0 0  0 , 0 0 0
9 . 0  t o  9 . 2

0 . 0 0 0  0 .  o 0 0
9 .  ?  T O  9 . 4

o . 0 0 0  0 . 0 0 0
9 . 4  T O  9 . 6

o . o 0 0  0 , 0 0 0
9 . 5  r o  9 . 8

0 , 0 0 0  0 . 0 0 0
9 . 8  T O  1 0 .  O

o . 0 0 0  0 . 0 0 0

praD
0 , 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

o . o 0 0  0 . 0 0 0  0 . 0 0 0

0 .  o 0 0  0 . 0 0 0  0 .  o o 0

0 . 0 0 0  0 . 0 0 0  o . o 0 0

o , 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 .  o 0 0  0 , 0 0 0

0 . 0 0 0  o .  o o 0  0 , 0 0 0

0 . o 0 0  0 . 0 0 o  o . 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . o 0 0  0 . 0 0 0

o . 0 0 0  0 . 0 0 0  0 . 0 0 0

o . 0 0 0  0 , 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . o 0 0  0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . o 0 0  0 . 0 0 0

0 . 0 0 0  0 , 0 0 0  0 .  o 0 0

0 . 0 0 0  0 . 0 0 0  0 .  o 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

o . o 0 0  0 . 0 0 0  0 . 0 0 0

0 , 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 .  o 0 0  0 . 0 0 0  0 . o 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . 6 0 0  0 . 0 0 0  0 ,  o 0 0

0 , 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

o . o o o  0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . o 0 0  0 , 0 0 1

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . o 0 0  0 . 0 0 0  0 ,  o 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . o o 0  0 . 0 0 0  0 .  o o o

o . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . o o 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . o o 0

0 .  o 0 0  0 , 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . o 0 0  0 , 0 0 0

0 . 0 0 0  0 . o 0 0  0 . 0 0 0

0 , 0 0 0  0 . 0 0 0  0 . 0 0 0

o . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . o 0 0  0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . o 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 , 0 0 0  0 . 0 0 0  0 . 0 0 0

0 . 0 0 0  0 .  o 0 o  0 . 0 0 0

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

o . 0 0 0

o . 0 0 0

o , 0 0 0

o . 0 0 0

0 . 0 0 0

0 ,  0 0 0

o . 0 0 0

0 . o o 0

0 . 0 0 0

o , 0 0 0

o , 0 0 0

o . 0 0 0

0 . 0 0 0

0 , 0 0 0

0 ,  0 0 0

0 . 0 0 0

0 .  0 0 0

0 . 0 0 0

0 . 0 0 0

o . 0 0 0

0 .  0 0 0

0 . o 0 0

0 .  o 0 0

0 . 0 0 0

o . 0 0 0

1 r *******"***r**FIjJ!dE LB!'Ctrfi_K_SrA31r,tr?:a FAEqt$ENCy
TASrE****.**r**

NotCheft a4iclliga! university - $Ta.RQUEI.TE - cool,rNc TcrwER elgalysls {NTfi)

*  * r *  * * * * t r  r  r *  *  *  *

STAIIIITY C.AIEGORT 1 EIASILIA'Y CATEGORY 2 STAgILITY
CATEGONT 3

EI.U!E

LE}ICIH
R}NGE (M}

K? K3

10 .0  TO 3 .O  -4

K3K2K2 K3

0 . 0 0 0  o , 0 o o  0 . 0 0 0 0 .  o 0 0
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0 , 0 0 0  0 . 0 0 0  0 . 0 0 0



0 . 0 0 0  0 . 0 0 0
1 0 . 4  T O  1 0 . 8

0 . o 0 0  0 , 0 0 0
1 0 . 8  r o  1 1 . 3

0 , 0 0 0  0 , 0 0 0
r . t  ,?  To  11 .6

0 . 0 0 0  0 .  o 0 0
r .1 .6  to  12 .0

0 . 0 0 0  0 . 0 0 0
1 2 . 0  T O  1 2 . 4

0 -  0 0 0  0 . 0 0 0
1 2 . {  T O  1 2  . 8

0 . 0 0 0  0 . 0 0 0
12.8  1 l0  13  -2

0 . 0 0 0  0 , 0 0 0
1 3 , 2  r O  1 3 . 6

0 . 0 0 0  0 .  0 0 0
1 3  . 6  T O  1 4 . 0

0 .  o o 0  0 . 0 0 0
1 4 . 0  T o  1 4 . 4
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