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SUBJECT:  Permit to Install Application for a New Circulating Finidized Bed Boiler
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Dear Ms. Dolehanty:

Enclosed is a Permit to Install Application for the proposed installation of a new solid fuel-fired circulating
fluidized bed (CFB) boiler at the Northern Michigan University (NMU) — Ripley Heating Plant. In support of
the Governor’s 21% Century Energy Plan, this project will be designed to allow operation on Renewable
Resources (specifically wood chips) 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 feasible.
The application requests that all fuels be allowed up to a possible 100% of the total heat input into the boiler. It
is anticipated that NMU may blend these solid fuels as needed, fo support the heat input required with the
Renewable Resource fuel given preference whenever feasible. Natural gas is only intended to be used for
startup, shutdown, 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 within the contemporaneous period, we have included these boilers in the
analysis for the new CFB. Based on our analysis, the facility will continue to comply with all applicable
standards. In addition, we have provided correspondence from 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 to 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,
NORTHERN MICHIGAN UNIVERSITY

ichael G. n,
Facilities Spéciilist/Planner
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Michigan Dept of Environmental Quality
Attn: Ms. Mary Ann Dolehanty, Supervisor
AQD - Thermal Process Unit

P.C. Box 30260

Lansing, MI 43909

SUBJECT:  Permit to Install Application for a New Cireculating Fluidized Bed Boiler
Northern Michigan University - Ripley Heating Plant

Dear Ms. Dolehanty:

Enclosed is a Permit to Install Application for the proposed installation of a new solid fuel-fired circulating
finidized bed (CFB) boiler at the Northern Michigan University (NMU) - Ripley Heating Plant. In support of
the Governor’s 21% Century Energy Plan, this project will be designed to allow operation on Renewable
Resources (specifically wood chips) 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 feasible.
The application requests that all fuels be allowed up to 2 possible 100% of the 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 preference whenever feasible. Natural gas is only intended to be used for
startup, shutdown, 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 within the contemporaneous period, we have included these botlers in the
analysis for the new CFB. Based on our analysis, the facility will continve to comply with all applicable
standards. In addition, we have provided correspondence from 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 to 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,
NORTHERN MICHIGAN UNIVERSITY

ichael G. n,
Facilities Spertilist/Planner

MGH:kag

cc:  Jeff Jaros, NTH Consultants, Ltd.

Randy Russell, P.E., Cummins & Bamard, Inc.

Carl 8. Pace, Assoc. VP Facilitics & Business Services — NMU
Kathy Richards, Director of Engineering & Planning - NMU
Robert Ryan, Project Manager - NMU




MICHIGAN DEPARTMENT OF ENVIRONMENTAL QUALITY - AIR QUALITY DIVISION

DES PERMIT TO INSTALL APPLICATION

For authorily to install, construct, reconstruct, refocate, or modify process, fuel-burning or refuse buming equipment endfor
contrel equipment. Permits lo install are required by administrative rufes pursuant lo Section 5505 of 994 PA 451, as amended.

APPLICATION NUMBER

Please typs or print clearly. The “Application Instructions™ and “information Reguired for an Administratively Complete Permit to Install Application® are
available on the AQD Permit Web Page at hitp:/Avww.deq. state.mi.us/aps, or contact the Alr Quality Diviston at 517-373-7023.

1. FACILITY CODES: State Registration Number ('é-RN}and Nerth Amerlean Industry Classificaion System (NAICS) (
sRM [M | 3771192 vacsizlaia|aflafz ,QD

2. APPLICANT NAME: (Business License Name of Carporation, Partnership, ndividual Qwner, Government Aéency] C‘/D?\é
Northern Michigan University - Ripley Heating Plant . \ Z/
3. APPLICANT ADDRESS: (Number and Strest) MAIL CODE: g

1401 Presque Isle Avenue

CITY: (City, Viltlage or Tewnship) STATE: 2IP CODE:

HMargquette MI 49855

4. EQUIPMENT OR PROCESS LOCATION: (Number and Street - if different than llem 3)

CITY: (City, V'i'l'laga or Township) ZIP CODE: COUNTY:
Margquette

& GENERAL NATURE CF BUSINESS:
Combined Heat and Power

8. EQUIPMENT OR PRCCESS DESCRIPTION: (A Descripkon MUST Be Provided Mere. Include Emission Unit IDs. Atiach additional sheeis i naLessary. )
Northern Michigan University is proposing to install a pnew 185/205 MMBtu (7 MW}
circulating fluidized bed {CFB) boller capable of firing solid fuels, including coal
and wood. 1In 2005, NMU received PTI 126~05 to install two {2) new fuel oil/natural gas
fired boilers to replace 2 existing beoilers that were decemmissioned and reviewed.
Since this project is within the contemporaneaocus period, NMU is submitting the encloszed
application to include both the new solid Ffuel CFB and two new oil/gas boilers.

7. REASON FOR APPLICATION: {Grisck all that apply.y
INSTALLATION / CONSTRUCTION OF NEW EQUIPMENT OR PROCESS
[] RECONSTRUCTION / MODIFICATION / RELOCATION OF EXISTING EQUIPMENT OR PROGESS - DATE INSTALLED:
["] oTHER - DESCRIBE

8. IF THE EQUIPMENT OR PROCESS THAT WILL BE COVERED BY THIS PERMIT TO INSTALL (FT) IS CURRENTLY COVERED BY ANY ACTIVE PERMITS,
LIST THE PTI NUMBER(S): 126-05

9. DOES THIS FACILITY HAVE AN EXISTING RENEWABLE OPERATING PERMIT (ROP)? NOT APPLICABLE D PENDING APPLICATION D YES

PENDING APPLICATICN OR ROP NUMBER ‘MI-RCP-B2357-2006
10, AUTHORIZED EMPLOYEE: THLE: PHONE NUMBER: (Include Afea Goda)
Michael Hllma:ni, Facilities Planner 906-227-2120
SERRTORE. 7/ BATE: E-MAIL ADDRESS.
i February 1, 2007 mhellnan@nma . edu
117 EONTACT: (If diferEntthan Authorized Employee, The person to contact wilh quesions regarding this application} PHONE NUMBER; {Include Area Gode)
Jeffrey P. Jaros 5E17-484-6900
CONTACT AFFILIATION: £ MAIL ADDRESS:
NTH Consultants, Ltd. jjaros@nthcux;sultants.com

12. 13 THE CONTACT PERSON AUTHORIZED TO NEGOTIATE THE TERMS AND GONDITIONS OF THE PERMIT TO INSTALL? YES D NO

FUSEON

DATE OF RECEIPT OF ALL INFORMATION REQUIRED BY RULE 305

DATE PERMIT TO INSTALL AFPROVED: SIGNATURE:
DATE APPLICATION YOIDED: SIGNATURE:
‘DATE APPLICATION DENIED: SIGHNATURE:

EQF 5615& (Rev. 08/2004)
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1.0 INTRODUCTION

Northern 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 (MMBtwhr) for

100 percent coal firing and 205 MMBiw/hr for 100 percent wood firing. The existing NMU ? o
power plant consists of three (3) 84 MMBuwhr natural gas/No. 2 oil fired boilers, covered by {\ ' b i
Permit No, 126-03. The facility is located at 1401 Presque Isle Avenue, Marquette, MichigaxL } ‘
[SRN: M3792}].

NMU is currently not considered a major source because its potential to emit of any criteria

pollutant is limited to 99.9 tons per year (tpy) by federally enforceable conditions in Permit No.

126-05. The existing facility is also not a major source of hazardous air pollutants (HAP) because

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

HAPs. The facility; however, will become a major source as defined in Michigan Rule 211(1)(a)

upon initial startup of the CFB boiler, as the CFB boiler has the potential to emit 100 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 10 tpy for a single HAP, and less than 25 tpy of all HAPs combined. .
f,ﬁ?s&

V5o

subject to the federal Prevention of Significant Deterioration (PSD) regulations at 40 CFR Part ?‘i}

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 CFR Part 60,

Subparts A and Db. As NMU will be a minor, or area, source of HAPs after issuance of the

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

permit, the facility’s boilers will not be subject to the National Emission Standards for Hazardous
Air Pollutants (NESHAP) for Industrial, Commercial, Institutional Boilers and Process Heaters,
40 CFR Parts A and DDDDD. In addition to the 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 regulatory

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

3P0 2007 6G05CA-NMUANMY TSD_Final. dee
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quality requirements 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 control technology (BACT) analysis has been conducted for
particulate matter (PM/PM,q), sulfur dioxide (SO-), nitrogen oxides (NO,), and carbon monoxide
{CO) and 1s presented in Section 5.0, and also includes Michigan’s requirements for BACT for
VOC and toxic air contaminants. Section 6.0 presents an air quality modeling analysis that
demonsirates compliance with state and federal ambient air quality standards, Additional impact
analyses as required by the PSD rules [40 CFR 52.21{0}] are provided in Section 7.0. A site map
18 provided in Appendix A, and additional permit to install application supporting information is

attached as Appendices B through G.
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20  PROCESS DESCRIPTION

NMU is proposing to install and operate a cogeneration (combined heat and power (CHP)) 185
MMBw/hr coal/wood/natural gas fired circulating fluidized bed (CFB) boiler that will include a
10 MW gross electrical output generator, and be capable of producing 120,000 pounds of steam
per hour. The new boiler will be located next to NMU’s existing Ripley Heating Plant, which is
located on the north end of NMU’s campus.

21 CIRCULATING FLUIDIZED BED BOILER AND STEAM TURBINE

The CFB technology 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 the vendor for this equipment. There will also be a new wet-dry

mechanical draft-cooling tower to accommodate additional heat rejection from the system.

The new CFB plant cycle consists of a turbine generator with four (4) feedwater heaters, including
a deacrator to remove dissolved gases from the process feedwaler. Dissolved gases, including
oxygen and carbon dioxide, increase the corrosiveness of the water by lowering pH levels, which
leads to boiler tube failures. The nominal steam flow of the CFB generator will be 120,000
pounds per hour at average ambicnt conditions. The boiler will be designed to accommodate -
bituminous and subbituminous Powder River Basin (PRB) coals, virgin wood, and natural gas.
Natural gas will be used primarily for boiler startup, 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 of Light & Power, or the neatby 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 of natural gas.

Coal and limestone sorbent are fed into the bottom of the CFB at a molar ratio of calcium to sulfur
of approximately 4:1. Primary and secondary air for combustion is forced into the furnace

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

ey b

A s s i
a mechanical collector (cyclone) and the removed partlculate (unbumed carbon or loss on

s " T A g S A R S5 =P i e G

iﬂ'mtxon) i3 recycled back into the bottom of the fumace. _Bottom ash from the combus‘aon of

A ot e T R4 YT 1. ey SR I

fuels empties through the bottom of the CFB and is removed Once the ﬂ{ie ge;s pggsés through
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S e e oty P T R e 4 50 AT St
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the cyclone it enters the convection pass, superheater and economizer surfaces where heat is
-'-"‘"u.;_-n»—"—"w S e

LB S

transferred to water tubes to produce steam. Fmally, the ﬂue gas passes through the SNCR and

S A

TP e P

“fabric f lter at an estlmated max1mum rate of 108 700 actual cublc feet per mmute (ACFM}

SRR b Tt .

AN A SRR D

wh1ch is while fmng 100% wood fuel The plot plén for the campus, showmg the locatlon of the

new boiler and stack, is included in Appendix A.

Steam produced from the CFB boiler will be used to feed the steam turbine to produce electricity,
and will supply steam for use on the campus; mostly for on-site campus heating, hot water for

bathrooms, and for laundry equipment,

2.2 COAL & WOOD HANDLING
Bulk deliveries of coal 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 the capacity to store up to a 3-day supply of

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

dong in a fashion to minimize fugitive emissions.

Coal and wood fuels will be supplied to the CFB boiler from the silos. Coal received 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-site. 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 operétion through weekends and
holidays. Finally, from the fuel silos, tuel is gravity fed onto a screw conveyor system that feeds
the CFB for combustion.

2.2.1 Fugitive Emissions

Emissions of particulate as a result of coal/wood handling and storing are expected from 3 .
sources, truck unloading and receiving, fuel, ash, and limestone storage silos, and the conveyance
of solid firels and limestone to the CFB boiler. On average, NMU will receive a shipment every
day, except on weekends. A typical shipment will consist of 40 tons of coal and/or 40 tons of
wood. The annual maximum delivery of each fuel would equate to approximately 68,669 tons of

bituminous coal, 95,329 tons of PRB coal, and 199,533 tons of wood. However, due to reduced

S5Peaj 2007 16:06030-MNMLUNMU TSD_Final.doc




capacity factors as a result of startup, shutdown, and maintenance activities, the shipments will be

lower.

The coal and wood will be unloaded directly from the delivery trucks into 3-sided enclosures to
mtinimize 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 fabnc filters.
Once the coal and wood is received, it will be stored in dedicated silos, and each stio will be

controlled with a vent filter.

23 ASI_-I HANDLING & STORAGE
Ash removed from the CFB will be stored in a dedicated silo with vent filter. Ash will be loaded
out of the ash silo periodically, and placed in covered trucks for final disposal off-site of the NMU

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

24  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-firing into the bed of

the CFB boiler.

25 ALTERNATIVE TECHNOLOGY REVIEW

The control technology analysis presented in Section 5 does not include a detailed technical
evaluation of other potential fossil-fueled power generation technologies for this project such as
Integrated Gasification Combined Cycle (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 Alternative Technology Review. There are sound reasons for not including the analysis of '
these technologies into the BACT analysis included with this application. Primarily, there are no

1GCC units that are cogeneration or combined heat and power units.

Second, as stated in the U.S. Environmental Protection Agency’s (EPA’s) New Source Review
(NSR) Manual, “Historically, EPA has not considered the BACT requirement as a means to
redefine the design of the source when considering available control aliernatives. For example,

applicants proposing to construct a coal-fired electric generator have not been required by EPA as
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part of a BACT analysis to consider building a natural gas-fired electric turbine, although the
turbine may be inherently less poiluting per unit product {in this case electricity).” (NSR Manual
Page B.13). While the NSR Manual notes that there may be instances where, in a permit
authority’s judgment, alternative production processes may be 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 Environmental Appeals
Board has consistently upheld state permitting agency decisions to not require consideration of
ﬁmdamentally-different designs as part of the BACT analysis (In the Matter of Pennsauken
County 2 E.A.D. 667 [1998] [firing municipal waste in a power plant rather than in the proposed
MSW combustor]; In the Matter of Hawaiian Commercial & Sugar Co., 4 E.A.D. 95 [1992]
[combined cycle or vil fired plant rather than CFB boiler fired with coal, fuel oil, or bagasse]; In
re: Kendall New Century Developrent, 2003 EPA APP. LEXIS 26 [constructing a facility with
larger units or operating as a combined cycle plant rather than a smalter simple cycle peaking unit

as proposed]).

The process of review under the PSD requirements of the Clean Air Act (CAA) is focused on a
single media (i.¢., air quality) and must be kept in perspective with other governmental policy and
permit reviews. Under the CAA the applicant must show that the proposed project will meet an
emission limitation based upon the BACT and will not significantly impact air quality. However,
the applicant must consider a myriad of other factors, including capital and operating costs, fuel
diversification, availability, economic risks and costs to the applicant and electricity consumers,
and ability to secure financing when designing its project proposal. These decisions may be
influenced by state and federal agencies responsible for the energy policy and by local land use
agencies concerned with the broad public health and welfare, But they are not germane to an
evaluation under the CAA of the best available means to control, not redesign, the source
proposed by the applicant. Note that the statute does not require an emission limitation based
upon the “Best Available Design Technology.” Therefore, NMU believes that MDEQ does not
have the discretion to require treatment of alternative designs in the analysis of alternative control
technologies that are germane to the satisfaction of BACT analysis requirements. This position
has been reaffirmed by the position taken by U.S. EPA’s Stephen Page, Director of the Office of
Air Quality, Planning and Standards in his December 13, 2005, letter regarding the constderation
of IGCC as an element of BACT or LAER when considering coal fueled power generation
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projects. In Mr. Page’s letter (copy attached), EPA clearly stated that IGCC is not to be
considered an element of BACT or LAER, but rather an Allernative Technology.

NMU recognizes that there is public interest in alternative means of producing electricity. .
Therefore, it has included an assessment of the design alternatives of IGCC and PC for
informational purposes and separate from the BACT analysis. The alternative technology
analysis clearly demonstrates that IGCC and PC are fundarentally different source designs than
proposed by NMU and for a variety of cost, 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, facility to provide reliable and cost efficient electric

power and steam for its campus.

During the initial planning stages of any cogeneration project, it is necessary to define the project
objectives and criteria including, among other things: requisite electrical and steam generating
capacity, capital and operating costs, reliability, availability, fuel price; fuel price volatility, fuel
availability, site characteristics, safety factors and potential 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 (¢.g., Integrated Gasification Combined Cycle, Sub-Critical or Super-Critical
Pulverized Coal), NMU concluded that the most appropriate fuel conversion technology 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 10 MW of
electricity and 120,000 pounds per hour of steam;
2) CFB technology is part of DOE’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;
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5) CFB technology can be operated with a high level (i.e., =90 percent) of availability and
reliability,

6) The commercial risk of CFB technology relating to capital cost, operating cost,
environmental performance, reliability and availability is considered low;

7) CFB technology is well suited for the required electrical output needed; and

8)- CFB has a solid record of demonstrated environmental performance.

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

not consider appropriate for the needs of its campus.

2.5.1 Integrated Gasification Combined Cycle (IGCC) ‘

IGCC is not structurally similar in design or capacity to CFB boilers or electrical generation of the
size required to serve the needs of NMU. IGCC is not based on coal combustion but on coal
gasification; the two processes are fundamentally different. IGCC is not a “control technology™
such as baghouses, electrostatic precipitators (ESPs), SCR, etc. Instead, IGCC would constitute a
redefinition of a coal-fired power plant. Furthermore, there are no IGCC units for cogeneration,

or combined heat and power, needs.

IGCC power systems use a gasifier to convert coal (or other carbon-based solids) into a synthesis
gas (syngas) consisting of a mixture of carbon monoxide (CO), hydrogen (Hs), carbon dioxide
{(CO;y) and traces of other gases. Syngas from the gasifier is filtered and scrubbed to reduce
particulates, sulfur and other contaminants prior to being combusted in a gas-fired combustion
turbine. Heat from the turbine exhaust gas is extracted in a heat recovery steam generator

(HRSG) to produce steam to drive a steam turbine generator.

Gasification processes require an oxidant to react with the coal and maintain the temperature
required for gasification. The oxidant reacts with coal to produce syngas. The typical air
separation unit (ASU) cryogenically separates ambient air into its major constituents, oxygen (O,)
and nitrogen (Nz). Most of the O- is needed in the gasification plant for the production of syngas.
A small percentage of the O, is used separately in a sulfuric acid plant. Most of the N; goes to the
power plant’s combustion turbine to dilute the fuel gas for NO, abatement. This diluent N, also

increases the combustion turbine’s power production as it expands through the turbine.
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The gasification process uses one-fifih to one-third of the theoretical oxygen (sub-stoiciometeric)
to partially oxidize the combustible constituents of the feedstock. The major combustible
products of gasification are CO and H,, with a small fraction of the carbon completely oxidized to

CO», and a small amount of methane (CHy) may also be present.

The minor and trace components of coal are also transformed in the gasification reactor. Under
the sub-stoiciometeric reducing conditions of gasification, most of the fuel’s sulfur converts to
hydrogen sulfide (H1,8), but some also converts to carbonyl sulfide (COS). Nitrogen bound in the
tuel generally converts to gaseous nitrogen and ammonia (NHy) and a small amount of hydrogen -
cyanide (HCN). Most of the chiorine in the fuel converts to hydrogen chloride (HCI) gas. Trace
elements associated with both organic and inorganic éomponents of the coal, such as mercury and
arsenic, are released during gasification and partition between the ash fractions and gaseous

emissions.

Syngas exiting a gasifier contains ash particulate that must be removed prior to combustion in the
combustion turbine. Particulate matter can be removed by hot barrier filters (focated upstream of
the high-temperature heat recovery devices) or warm gas water 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

gasifier for disposal.

The gasifier’s raw gas also contains COS and H, 8, both of which must be removed for the
combustion turbine to achieve a low SO, limit. COS is not readily removed unless it is first
converted to H,S by hydrolysis. A hydrolysis unit reacts COS with water in the presence of a
catalyst to form COy and H»S. The cooled syngas is then sent through an acid gas removal

process to remove most of the H>S and some of the CO:.

Acid gas removal processes treat the syngas by contact with chemical or physical solvents to
capture the HoS. Amine solvents, such as methyldiethanolamine (MDEA), react to form a

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

sent to a sulfur recovery process for conversion into sulfuric acid or elemental sulfur.

The cleaned syngas is used to fuel a combustion turbine. The combustion turbine drives an
electric generator and produces heat (exhaust) to generate steam in a heat recovery steam
generator (HRSG) for a steam turbine. The low-Btu syngas produced by gasification requires

modifications to the typical natural gas combustion turbine’s burners.

IGCC Operations

Thete are currently three IGCC power generation plants operating in the United States designed
specifically to generate electricity from gasified bituminous coal and/or petroleumn coke - Polk
Power Station, Wabash River Generation Station and Delaware Star Refinery Station. The U.S.
Department of Energy’s (DOE’s) Clean Coal Technology (CCT) Demonstration Project co-
funded the construction and initial operation of Tampa Electric’s Polk Power Station and PSI
Energy’s Wabash River Generation Station. The rated outputs for these facilities are 250 MW,
262 MW and 180 MW for the Polk Power Station, Wabash River Generation Station and the
Delaware Star Refinery Station, respectively. Based on available information, other plants have
not been able to demonstrate syngas availability greater than 80 percent, and none of the plants
identified herein has ever operated at an annual capacity factor higher than 77 percent, including

periods when they operated on oil or natural gas with no attempt to use coal.

As stated previously, the plant proposed by NMU is to be a moderate capacity power generation
facility. With the demonstraied limited availability and reliability of these existing ¥GCC plants;
IGCC technology would not be technically and commercially feasible to satisfy the requirements
of NMU’s needs to supply its campus with electricity and steam. AddjtionaIly,.IGCC technology
has been developed around the use of 300 MW power generation blocks, which is far beyond the
10 MW capacity proposed for the project. The high capital cost of KGCC, which is a factor. that
the technology struggles with even at the 300 or 600 MW power increment, would be drastically
exacerbated when scaled down to the 10 MW generation capacity needed by NMU.

The Public Service Commission of Wisconsin has determined that while “ICGG techno]ogy is

still promising, [it] is still expensive and requires more maturation.” (Public Service Commission
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of Wisconsin, Final Decision on Application for Elm Road Generating Station, page 26). More
recently, the State of Wisconsin Division of Hearings and Appeals rendered an opinion in the
permitting of the Elm Road Generating Station that the Wisconsin Department of Natural
Resources did not err in excluding IGCC from its BACT/LAER analysis of the proposed PC-fired
units based on the substantial differences in the process technology (Wisconsin Division of
Hearings and Appeals, Findings of Fact, Conclusions of Law and Order dated February 3, 2005).
Therefore, as an alternative technology consideration for the project, it was concluded that IGCC
is currently a developmental technology that does not meet the following project-specific

selection criteria:

1) IGCC is not commercially proven;

2) 1GCC does not have proven availability experience consistent with the performance
achieved by conventional coal fired power plant technologies, such as CFB or pulvetized
coal (PC). The best known IGCC operating availability is in the range of 70 percent
versus an expectation of 90+ percent for NMU’s needs;

3) Commercial risk of IGCC technology is currently considered higher than that of CFB or
PC technology;

4) Current capital, operating and maintenance costs of IGCC technology are higher than for
CFB technologies;

5) There are no known vendors or suppliers of IGCC technology that can offer the type of
commercial package necessary to satisfy the requirements of NMU and its costs of power
needs; and

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

2.5.2 Pulbverized Coal (PC)

Pulverized coal fired boiler technology has been used by the utility industry and major industrial
steam users as an efficient means of generating steam for direct thermal uses and/or electrical
power gencration over a long period of time. A further development of the technology in the later
20" century up to present day is the use of super-critical pulverized coal combustion, which
further enhances the combustion efficiency of the 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-critical PC boiler technology pushes pressures 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 of unit capacities.
The current trend toward super-critical 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 of super-critical technology has primarily focused on unit sizes in the 500 MW+ size
ranges, which is well beyond the unit capacitj: 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 simation 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-critical PC is fuel flexibility. PC units are designed
to burn purely coal. A CFB unit can accommodate coal plus a range of opporiunity fuels such as

wood.

The selective use of opportunity fuels such as wood was a consideration in the selection of CFB
combustion technology. The use of PC technology would not allow for this degree of fuel
flexibility.

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

because:
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1) 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.
2) For the 10 MW unit size planned, CFB has largely replaced sub-critical PC design as the
technology of choice.
3} PC based combustion technology does not offer the fuel flexibility desired by NMU for
this project.
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30 SUMMARY OF APPLICABLE REQUIREMENTS

A new “major” stationary source of air pollution or a major medification 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. Non-attainment new source review (NANSR) is required in areas where
monitoring data show that certain pollutant(s) are not meeting the applicable ambient air quality
standard. These areas are referred fo as non-attainment areas. A new source, or modification at an
existing source, can be subject to both PSD and NANSR if the area in which the source is located is.
attainment for one or more pollutants and non-attainment for other pollutants, and the source s

considered “major” for both the attainment and non-attainment pollutants.

31 FEDERAL REQUIREMENTS

Northern Michigan University is cwrently not a major stationary source as defined in the PSD
regulations at 40 CFR 52.21, because the NMU facility’s potential to emit of any 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 permii was approved on July 21, 2005, and includes three (3)
70,000 lbs steam/hour; natural gas/No. 2 oil fired boilers and miscellaneous exempt equipment.
Neither is the existing NMU facility a major source of hazardous air pollutants as defined in 40 CFR
63.2,

The existing facility is located approximately 60 miles from the nearest Class 1 area {Seney National
Wildlife Refuge), which is located tn Schoolcraft County. NMU’s campus is located on the north
side of the City of Marquette, Michigan, and is designated as an attainment/unclassified area for ail
pollutants subject to a National Ambient Air Quality Standard (NAAQS) under the Clean Air Act
(CAA).

3.1.1 Prevention of Significant Deterioration (PSD)

The federal PSD regulations are codified in 40 CFR §52.21 and require that all major new or
maodified stationary sources located within an attainment area and emitting any pollutant regulated
under the Clean Air Act (CAA) in excess of the 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

S0Proj 2007 16060304 NMUNMU TSD_Finaldoc

14




GF

state under PSD NSR and NANSR and issues permits on behalf of the U.S. EPA. A major
stationary source is defined as any one of 28 listed source categories that have the potential to emit
100 tpy or more, or any other stationary source that has the potential to emit 250 tpy or more, of any

criteria pollutant regulated under the Clean Afr Act.

PSD review is used to determine whether significant air quality deterioration 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 of a permit:

» Control technology review (BACT) * Source information

¢ Air quality analysis {monitoring) e Additional impact analysis

e  Ambient impact analysis

The control technology review includes a determination of Best Available Control Technology
(BACT) for the proposed project and equipment subject to PSD. The air quality analysis (pre-
construction monitoring) requires that the source collect ambient air monitoring data in the impact
area for at least one year prior to the start of construction. MDEQ has historically waived this
requirement since air monitoring stations are currently being operated by the State and sufficient
data exists. The ambient impact analysis requires a demonstration of compliance with federal and
state air quality standards and allowable PSD Increments using computational 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. Finally, an additional impact analysis of the proposed source on soils,
vegetation, wildlife and visibility, especially on Class I PSD areas, may be required if requested
by the state agency or any Federal Land Manager (FLM), as well as analysis of impacts due to

increases in emissions and industrial growth in the community associated with the proposed

source.
i ;o
{"gi / The CFB boiler is subject to a BACT review for PM/PMm/PIR/Ia 5,304, NO, and CO under the PSD
{ A rules at 40 CFR 52.21(j), as the potential emission rates off 02 jand CO will be greater than the

A e
- major thresholﬁ?ﬁ()() tp}f,. and PM/PM,o/PM, 5 and NO, are greater than their corresponding

significant emission rate thresholds. The BACT analysis is provided in Section 5.0,
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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(0)]. The source impact analysis is presented in Section 6.0. This analysis
demonstrates 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 botler will not adversely impact the Class [ arcas and will not

impose any additional impacts.

3.1.2  New Source Performance Standards {NSPS)

U.S. EPA has promulgated a new source performance standard for industrial, commercial,
institutional boilers at 40 CFR Part 60 Subpart Db. The General Provisions contained in Subpart
A apply to all sources specified in the rest of the NSPS. These general requirements include, but

are not limited to:

* Menitoring and reporting to assure that the particular source is in compliance with the
applicable NSPS rules;

¢ Initial compliance testing to verify that the source meets the applicable limits specified in
the applicable NSPS Subpart;

* Notification and recordkeeping.

Subpart Db - Industrial-Commercial-Institutional Steam Generating Units

Subpart Db applies to each steam generating unit (“boiler®) that commences construction,
modification or reconstruction after June 19, 1984, and that has a heat input capacity from fuels
combusted in the boiler of greater than 100 MMBtwhr. This subpart has been revised and the

final rule amendments became effective on February 27, 2006.
Subpart Db contains emissions limits, compliance determination methods and procedures, and
recordkeeping and reporting requirements. Specifically, it contains emissions standards for sulfur

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

¢  60.42b - Standard for Sulfur Dioxide: 0.20 /MMBtu or 20% Reduction

¢ 60.43b - Standard for Particulate Matter: 0.10 tb/MMBtu
¢ 60.44b — Standard for Nitrogen Oxides: 0.60 [byMMB1tu
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3.1.3 National Emission Standards for Hazardous Air Pollutants (NESHAP)

Modified facilities, such as NMU, may be subject to the federal requirements for Hazardous Air
Pollutants (HAPs) by cither of two ways. The first step in determining applicability is to review
the pollutant- and source-specific regulations promulgated in 40 C.F.R. §§61 and 63. These
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, therefore, subject to the case-by-case Maximum
Achievable Control Technology (MACT) requirements pursuant to Section 112(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 (HAPs). 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 of these
chemicals are found at 40 C.F.R. §61. With the passage of the 1990 Clean Air Act Amendments,
a list of 189 HAPs was adopted into law. A major seurce of Hazardous Air Pollutants is defined
in Section 112 of the Clean Air Act, in part, as a stationary source that has the potential to emit 10
tons per year or more of any listed hazardous air pollutant or 25 tons per year of any combination
of listed hazardous air pollutants subject to regulation under the Clean Air Act. The U.S. EPA
was required to develop a listing of major source categories and area sources of HAPs and to
promulgate regulations to control the emissions of HAPs from those sources. These regulations

are found at 40 C.F.R. §63. U.S. EPA has not promulgated a NESHAP for utility boilers.

Case-By-Case MACT

Effective June 1998, a requirement for a case-by-case determination of the MACT applies to all
new and reconstructed major sources of HAPs pursuant to Section 112(g) of the federal Clean Air
Act and 40 C.F.R. §§63.40 to 63.44. The NESHAP for Industrial, Commercial, and Institutional |
Boilers and Process Heaters, 40 CFR Part 63, Subpart DDDDD hecame effective on September
13, 2004. This subpart applies to an industrial, commercial, and institutional boiler or process
heater as defined in 63.7575, that is located at, or is part of a major source of HAP 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 at 5.3 tons per year
(HCD), 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 full-year operation at 8760
hours per year. Therefore, the NESHAP requirements under 40 CFR Part 63, Subparts A and
DDDDD will not apply to the proposed boiler, or the natural gas/No. 2 fuel oil boilers.

3.1.4 Prevention of Accidental Release

Section 1 12(r) of the Clean Air Act Amendments of 1990 directed the EPA to establish
requiternents in order to prevent the accidental release of a hazardous air pollutant. Due to the
storage of bulk chemicals (e.g., anhydrous ammonia) for use in varied industries, EPA promulgated -
regulations that require facilities that store certain chemicals in amounts preater than the respective
threshold quantity to prepare a Risk Management Plan (RMP) in order address how the chemicals
will be stored and measures used to prevent their accidental release to the surrounding environment.
The requirements governing accidental releases can be found in 40 C.F.R. Part 68 — Chemical

Accident Prevention Provisions. These regulations are found in 40 CFR Part 68,

At this time, NMU is not proposing any storage tanks or vessels that would be subject to these

regulations,

3.1.5 Compliance Assurance Monitoring
The Compliance Assurance Monitoring (CAM) rule (40 CFR Part 64) establishes criteria for

monitoring certain air pollution control devices to provide reasonable assurance of compliance with

emission limits and standards. As specified in 40 CFR 64.2(a), the CAM rule applies, on a poliutant‘

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:
+ The unit is subject to an emission limitation or standard for the pollutant;
¢ The unit uses a control device to achieve compliance with the limit or standard; and
» Potential uncontrolled emissions of the pollutant are equal to, or greater than, part 70
major source thresholds for that pollutant (100 tpy of a ctiteria pollutant, 10 tpy of a
single HAP, or 25 tpy of all HAPs combined).
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Additionally, 40 CFR 64.2(b)(1)(i) specifies an exemption from the CAM rule that is applicable to
this analysis. This section exempts emission units (on a pollutant specific basis) subject to the
emission limitations or standards proposed by the EPA after November 15, 1990 pursuant to section

111 or 112 of the Act.

Since the proposed builer is subject to the amended NSPS, 40 CFR 60, Subpart Db (effective date,
February 27, 2006), it is exempt from the CAM rule for particulate matter and sulfur dioxide,
pursuant to 64.2(b)(1)(i). No add-on control 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
7210 78,

3.2 MICHIGAN-SPECIFIC REQUIREMENTS

Michigan has developed regulations in order to both implement and supplement the federal
requircments. Specifically, MDEQ has promulgated rules and regulations under the Natural
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-Install) Overview

The State of Michigan requires that all sources of air pollution must obtain a Permit-to-Install prior
to construction. Federal rules for Prevention of Significant Deterioration (PSD)), 40 C.F.R. 52.21,
also require a major modification of a major stationary source to obtain approval prior to beginning
on-site construction of the major modification(s). Issuance of a State of Michigan Permit-to-Install
will satisfy the federal requirement to obtain approval prior to constructing the modification. The

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

Prior to obtaining approval of a Permit-to-Install in Michigan, the source must demonstrate
compliance with all applicable federal and state rules and regulations. This includes a public
participation process, with an option for a public hearing, to allow all interested people the

opportunity to make comments on the proposed modification.
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The Permit-to-Install will include conditions covering the installation and operation of the
equipment until 2 Renewable Operating Permit (ROP) is issued or modified to allow long-term
operation of the modified source, assuming that the applicant has submitted an administratively

complete application for a ROP within the time frame for obtaining a permit shield.

The Permit-to-Install conditions include some or all of the following: emission limits; equipment
restrictions; design parameters; operating requirements; testing and sampling requirements;
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.

Toxic Air Contaminants (TACs) Discussion

MDEQ Rules 224 to 232 (R 336.1224 to R 336.1232) 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 for New and Modified Sources and
Health-Based Screening Level Requirement for New and Modified Sources, respectively. The
proposed project will be subject to Michigan Air Toxics requirements pursuant to Rules 224 and
225.

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

Michigan Rule 224 (R 336.1224) specifies that new or modified emission units cannot emit toxic
air contaminants in excess of the maximum allowable emission rate based upon the application of
best available contro] technology for toxics (T-BACT). However, Rule 224(2)(a)(iii) states that
the requirement for T-BACT does not apply to “other toxic air contaminants that are particulate
matter, if the standard promulgated under section 112(d) of the clean air act or the determination
made under section 112(g) or 112(j) of the clean air act controls similar compounds that are also
particulate matter.” In this instance, EPA has promulgated a mercury emission limit under’.
NESHAP for Industrial, Commercial, Institutional boilers equal to 3.0 E-06 Ib/MMRBHu heat_ input.
Consequently, NMU is required to ensure that the emissions 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-BACT for this project.
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3.2.2 Health Based Screening Levels for Air Toxics

Michigan Rule 225 (R 336.1225) requires that the ambient concentrations (Lg/m’) produced by
the emissions of toxic air contaminants (TACs) from the new 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 referred to as Initial Threshold Screening
Levels (ITSLs), while screening levels for carcinogenic compounds are referred to as Initial Risk
Screening Levels (IRSLs). Rule 226 (R 336.1226) contains exemptions from the requirements
contained in Rule 225 and Rule 227 (R336.1227) and specifies 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 of these TAC emissions have been shown to be in compliance with all of the
applicable screening levels using the air quality modeling procedures contained in R 336.1240 and
R 336.1241.

3.23 Requirement 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 adequale protection of
human 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 of concern to warrant any additional analysis to determine an emission rate lower
than T-BACT.

3.2.4 Standards for Density of Emissions

Under Michigan Rule 301 (R 336.1301), visible emissions from processes and process equipment
are litnited to 20 percent opacity on a 6-minute average, with an allowance that one 6-minute
average per hour may exceed 20 percent opacity provided it does not exceed 27 percent opacity.
However, certain operations at the facility are subject to specific requirements contained in

Michigan’s Part 3 rules.
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The level of particulate emissions proposed by NMU in this application are at or lower than the
applicable PM and/or opacity standards for fuel burning equipment contained in Part 3 of the

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 SO from power plants.
Specifically, Rule 401 limits the sulfur content in fuel for power plants to 1.0% for units capable
of producing greater than 500,000 lbs of steam per hour. However, Rule 401 allows for an
exemption from the sulfur in-fuel requirement if the facility is subject to a federal emission
standard and requires only that the unit meet an emission rate based on the sulfur content in the
fuel. Since the unit will be subject to a federal emission standard for SO, contained in 40CFR.
Part 60 (NSPS) and this emission limit is lower than that contained in Table 42 of Rule 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 Rules require new sources of VOC not allow emissions in excess of the lowest
maximum allowable emission rate, otherwise known as VOC BACT. The total net emissions of
VOC will be less than significant emission threshold of 40 tpy. In addition, the CFB boiler will
¢mploy good combustion techniques in order to reduce the emission of volatile 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-SIP call
stationary sources and requites that units larger than 250 MMBtw/hr meet certain limits based on
the season. Additionally, MDEQ is drafting new rules in order to implement the provisions of the
Clean Air Interstate Rule (CAIR), which will augment the existing Part § rules.

NMU is proposing to meet an emission limit lower than the NSPS limit of 0.6 Ib/MMBtu for |

emissions of NO, from the new CFB.
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4.0 SUMMARY OF EMISSION ESTIMATES

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

result of installing the new boiler.

4.1 CIRCULATING FLUIDIZED BED BOILER EMISSION CALCULATIONS

- The proposed CFB boiler is nominally rated at 185 MMBtwhr heat input for coal firing and 205

MMBiw/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 (SO.), hydrogen chloride (HCI) and
other acid gas (inorganic HAP) emissions (e.g. H,SO, acid mist, HF, chlorine, etc.). In addition, a
fabric filter (baghouse) will be installed to control particulate matter (PM/PM,;¢/PM; 5), lead (Pb),
and non-volatile metallic HAPS; a selective non-catalytic reduction (SNCR) system will be
installed to control nitrogen oxides (NQ,) emissions; and good combustion controls and operating
practices will be used to control emissions of carbon 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 MMBtwhr, The primary pollutants that will be emitted from the CFB boiler
will consist of particulate matter (PM,o/PM, 5), SO,, NO,, and CO.

The emissions have been calculated on both a short-term (Ib/hr) and long-term (tpy) basis. All
annual calculations are based on continuous operation at 8,760 hours per year. The potential
emissions of regulated 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. .

The potential emission rates of regulated pollutants from the proposed CFB boiler are listed in
Table 4-1.
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Table 4-1 Potential PSD-Regulated Pollutant Emission Rates from the CFB Boiler

Pollutant Bmission Rates Basis
1b/MM Btu 1b/hr tpy
PM/PM, (filterable) 0.025 5.1 224 PSD-BACT
; fggggggf:bk & 0.03 6.2 26.9 PSD-BACT
‘ S0,V 0.48 88.8 388.9 PSD-BACT
NO, 0.10 20.5 89.8 PSD-BACT
co 0.17 34.9 152.6 PSD-BACT
VOC (as Propanc) 0.02 4.0 18.0 R702-BACT
Lead 1.34E-05 0.0025 0.011 @
H>S0, Mist 6.1E-03 11 4.9 3)
Fluorides (as HF) 0.0} 0.2 0.7 T-BACT
ngﬁ;‘;“;ﬁgﬁﬂm NA NA NA NA
Notes:

(1) SO; emission rates are based on 3.5 percent (average max.) sulfur coal and 92 percent reduction
requirement per NSPS. The limits are also based on a 30-day rolling average,

(2) The lead estimated emission rates represents the maximum of PRB, bituminous, & wood fuels, and are
based on a statistical analysis of respective typical coals, with a 99% control efficiency of the baghouse
collector, with wood emissions being based on the AP-42 emission factor.

(3} Based on a BACT determination regarding the Plum Point Energy permit for an 800-MW pulverized
coal fired utility beiler, located in Arkansas. The limit should be based on a 24-hour average.

{4) Due to the oxidation of fuels in the boiler, suifur-bearing compounds will be oxidized to SO,
Therelore, total reduced sulfur and reduced sulfur compounds, including H,S are not Jikely to be
formed and thus, will not be emitted.

= . i
\\ .‘_ﬂ__} } E oy

AN

4.1.1 Particulate Matter (PM/PMo/PM,.5) Raia
The “significant net increase” threshold for PM;/PM, s emissions is 15 tpy. Recent EPA

guidance for PM; 5 requires that in the interim period between the dates of the PM, 5 NAAQS
designations and when EPA promulgates regulations to implement NANSR for the PM, 5
NAAQS, states should use PM) as the surrogate for determining whether a facility or
modification is considered major for PM; 5 under PSD. Therefore states and facilities should use
projected PM;, emissions and net emissions increases (and decreases) as a surrogate for PM s.
The particulate emissions will primarily consist of flyash. A CFB boiler is specifically designed
10 reduce the amount of particulate emissions by utilizing a high temperature cyclone to capture

the unburned portion of the ash and return it to the primary combustion chamber.
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The boiler will be equipped with a cyclone and baghouse to control particulate matter (PM)
emissions, including PM,o and PMs 5. The baghouse will be designed to meet a PM/PM,q
emission rate of 0.030 Ib/MMBtu heat input (filterable and condensable) when firing coél, wood,
or a mixture of coal and wood and is more stringent than the NSPS (Subpart Db) limit of 0.10
Ib/MMBtu heat input (for coal and mixtures of coal with other fuels provided the annual capacity
factor greater for other fuels is 10% or greater, by heat input), and the State Implementation Plan
(5IP) —R 336.1331 PM limit of 0.30 1b/1,000 lbs exhaust gas, corrected to 50% excess air. The
boiler 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 PM)o been calculated using

the following equations:

0.0316 y 205 MMBiu ‘= 61510
MMBtu hr hr

PM ;5 Emissions =

6.151b . 8760 hr 3 lton _ 26.94ton
hr yr 20001h V¥

PM, Emissions =

Compliance with the PM/PM,q 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 demonstrate continuous compliance

with the PM/PM, and opacity limits.

4.1.2 Sulfur Dioxide (S0O;)

Sulfur dioxide emissions are proportional to the sulfur content of the coal. In order to minimize
the SO, emissions, the boiler will be fired with bituminous coal with maximum sulfur content not |
to exceed 3.5 percent by weight and co-fired with limestone and wood, as available. The potential
sulfur dioxide {SO;) 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
SO, emissions from the boiler because wood contains very little sulfur. The boiler will be

designed to meet the NSPS 8O- emission limit of 0.20 1b/MM Btu heat input, or 8 percent (0.08)
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of the potential SO, emission rate (92 percent redu /glon) and 1.2 Ib/MMBtu heat input, based on a

M i,

30-day rolling average. Based on the ma)umum( 3.5 weight percerﬁ;}coal and 92 percent reduction
requirement, the allowable SO, emission rate MI\I\‘MI;E 048 lbf"MMBtu

0.481b . 185 MMBru o 88.80 b
MMBfu hr hr

SO, Emissions =

88.801b 8760 hr Iton _ 388.94 ion
hr yr 20001b yr

SO; Emissions =
The facilitj will install, calibrate, maintain, and operate a continuous emission monitoring system
(CEMS) for measuring SO- concentrations, with either oxygen (O3) or carbon dioxide (COZ)
concentrations, and will record the output of the system as required in 60.47b(a). Initial and
continuous compliance with the SO, emission limits and percent reduction requirements will be
determined using the CEMS. The initial performance test will be conducted over 30 consecutive
eperating days of the boiler. The first operating day included in the initial performance test will
be scheduled within 60 days afier achieving the maximum production rate at which the boiler will
be operated, but not fater than 180 days afier initial startup of the boiler. Compliance with the
30; emission limit and percent reduction requirements will be determined using a 30-day rolling

average at the end of cach steam generating unit operating day. 3

4.1.3 Nitrogen Oxides (NO,)

Nitrogen oxides (NQ,) are present in the flue gas in two forms: thermal NO, and fiel 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 gaseons fuels, thermal
NO, is the primary mechanism through which NO is formed 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 tn the boiler, a greater percentage of the total NO, formed is due to the release of
fuel-bound nitrogen in the fuel. Through proper design and good combustion practices the

formation of NOy can be limited by controlling the peak combustion temperature, gas residence
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time at peak temperature, and the air-to-fuel ratio. CFB’s have been specifically designed 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 nitrogen oxides emissions. The CFB boiler
and SNCR system will be designed to achieve a NO, emission rate of 0.10 (b/MMBtu heat input
when firing coal, wood, or a mixture of coal and wood. This limit is based on BACT
determinations pursuant to 40 CFR 52.21(j). The limit is based on a 30-day rolling average and is
more stringent than the applicable NSPS limit of 0.60 1b/MMBtu heat input.

0.101b 205 MMBru _ 20.501b
MMBw — hr hr

NO,. Emissions =

20.501h 9 8760 hr y lton _ 89.79ton
hr yr 2000 b yr

SO, Emissions =

The facility will install, calibrate, maintain, and operate continuous emission monitoring systems
(CEMS) for measuring NO» concentrations, with either O, or carbon dioxide CO; concentrations,
and will record the output of the systems. Initial and continuous compliance with the NO;

emission limit will be determined using the CEMS.

414 Carbon Monoxide (CO)

CQ is an intermediate combustion product that is formed when the reaction of CO to CO, 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) of the combustion gases or if there will be a combination of

these conditions in the combustion chamber.
Based on the experience of Cummins & Barnard, Inc. (C&B) and review of the

RACT/BACT/LAER Clearinghouse (RBLC), an emission factor of 0.17 lb/MMBtu heat input

was used to evaluate the emissions from the CFB boiler. It was determined that the CO emissions
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will be 34.85 pph for all fuels firing represents BACT. The limit is based on a 30-day rolling

average.

0.17 Ib y 205 MMBtu . 34.851b
MMBtu hy hr

CQ Entissions =

34.851b 8760 hr lton _ 152.64iom
hr vF 2000 (b wr

CO Emissions =

4.1.5 Vofatiie Organic Compounds (VOC)

Hydrocarbons, or VOCs, are emitted due to incomplete combustion occurring in the boiler. Due
to the efficiency of the CFB boiler, the emissions of VOCs are expected to be low. Based on the
experience of C&B and a review of RBLC, an emission factor of 0.02 1b/MMBtu {measured as
propane) was utilized to estimate the potential VOC emissions. This equates to approximately 4.0
pph, and 17.6 tpy. These emission rates are representative of BACT pursuant to the requirements
of Michigan Rule 702(a).

0.020b 205 MMBtu  _ 4.101b

VOO Emissions =
MAMBt hr hr

4.101b 8760 hr Iron _ 17.96 ton

YOO Emissions = =
hr yr 2000 b »

4.1.6 Lead (Ph)

The emissions of lead are dependent upon the lead content of the fuel and the removal efficiency
of the particulate collection device. Information and data obtained from industry and EPA, as
well as sampling data from other NTH Consultants, Ltd. projects, indicates that over 99% of the
Pb is emitted in particulate form (particle-phase). Consequently, a well-performing particulate
control device, such as a fabric filter, can be expected to capture nearly all of the potential Pb

eImissions.

52 Prof 2007 16-060504-NMU*NMU TSO_Final.doce

28




e
®

NMU 1s planning 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 of the lead content
in these coals, which resulted in a maximum, estimated lead emission rate of 1.34E-05 lb/MMBt
heat input that includes 99% control efficiency for the baghouse. This yields an emission rate of
0.0025 pph and 0.011 tpy, which is equivalent to approximately 22 Ibs/year. This is below the Pb
significant emission rate threshold of 0.6 tpy.

134 E-051b y 185 MMBtu v 0002515
MMBtu hr hr

Pb Emissions =

0.00251h 8760hr Iton _ 0.011ton
hr yr 20001b yr

Pb Emissions =

d'(\""r o5

4.1.7 Mercury Emissions .~
Emissions of mercury are dependent upon the mercury content of the fuel, chlorine content of the
coal, unbumed carbon or loss on ignition (LOI} within the boiler, type of burner design and the
removal efficiency of the add-on control technology. Information and data obtained from industry
and EPA suggest that removal efficiencies of at lcast 80% are readily obtained in CFB boilers.
firing bituminous and subbituminous coals and utilizing a fabric filter and/or other technology for
the control of SO, and NO,. '

Even though the new boiler is not subject to the Industrial, Commercial, and Institutional Boiler
MACT requirements, NMU is proposing to accept a mercury emission limit equivalent to the
MACT level of 3.0E-06 [b/MMBtu heat input. The U.S. EPA did not consider carbon injection to
be 2 MACT tloor control technology for industrial, commercial, institutional boilers and process
heaters. Data from electric utility boilers indicate that fabric filters are the most effective control
technology for reducing potential mercury emissions. The MACT floor emissions level based on
mercury test data from solid fuel fired units with a fabric filter is 3.0E-06 Ib/MMBtu heat input.
The proposed CFB boiler will be equipped with a fabric filter (or baghouse).
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JOE-061D « JSSMMBmxz 555E-041b
MMBty hr hr

Hg Emissions =

5350E-061b « 8761} hr _ 4.86 1b
hr v yr

Hg Emissions =

4.1.8  Sulfuric Acid Mist (H,S0.} 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 Arkansas, while the fluorides (as HF) emission factor is based
on EPA’s AP-42 ernission database and includes a 15% increase as a safety factor. The potential
H.S0, emiésion rate of 4.9 tpy is less than the PSD significant emission rate threshold of 7 tpy,
and the potential HF (hydrogen fluoride) emission rate of 0.7 tpy is well below the PSD
significant emission rate threshold of 3 tpy for fluorides. Therefore, these pollutants are not
subject to PSD review. However, the use of limestone and baghouse systems will minimize the

emissions of these pollutants, and represents T-BACT for 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 sulfur-
bearing compounds will be oxidized to SO, rather than reduced to form total reduced sulfur (TRS)
and reduced sulfur compounds (RSC), including H,S.

4.2 SUMMARY OF HAP AND TAC EMISSIONS

The proposed CFB boiler will emit toxic air contaminants, including some of the HAPs listed in
Section 112(b)(1) of the Clean Air Act (CAA). All HAPs are considered as TACs under the State
of Michigan Air Toxics rules. The potential HAP/TAC emission factors for coal (bituminous and N
PRB coal) and wood-fired industrial boilers have been reviewed and a worst-case emission factor
for each HAP/TAC was used to calculate the maximum hourly and annual emission rates from the
CFB boiler. The worst-case emission factors and mass emission rates are listed in Appendix B.
The emission factors were obtained from the U.S. EPA AP-42 document, stack test results and
permits for other similar coal/wood-fired boilers, and other published articles and technical
bulletins on qoal/wood combustion in boilers. Data from EPA’s AP-42 and stack testing results

were increased by 15% as a safety factor. The values listed in Appendix B represent the
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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 categories: mereury,
metallic HAP/TAC, inorganic HAP/TAC, 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.

Metallic HAP/TAC Emissions

The groups of compounds included under this pollutant category are: antimony, arsenic,
beryllium, cadmium, chromium, cobalt, lead, manganese, nickel, phosphorus, selenium,
vanadium, and zinc. Most of these non-mereury metallic HAP/TAC compounds appear in the
flue gas flyash, which is emitted as particulate matter (PM). Therefore, the same control
techniques that would be used to control the flyash PM will control non-mercury metallic
HAP/TAC emissions,

The proposed CFB boiler is subject to BACT for PM emissions, and a baghouse will be utilized to
control PM emissions from the boiler. Since the non-mercury metallic HAP/TAC will be emitted
as part of PM emissions, the baghouse will also control the non-mercury metallic HAP/TAC
emissions. Therefore, the proposed baghouse is considered to represent T-BACT for these
compounds. The maximum controlled HAP/TAC emission rates are used in the dispersion
modeling analysis to demonstrate compliance with the Michigan air toxics requirements under

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

Inorganic HAP/TAC Emissions

The primary inorganic HAP/TAC emitted from boilers are acid gases, such as hydrogen chloride
(HCD), chlorine, hydrogen fluoride (HF), and sulfuric acid mist {H>80,), with HCI present in the -
largest amounts. Therefore, control technologies that would reduce HCI emissions would also

control other inorganic compounds that are acidic gases.

The proposed CFB boiler will use limestone in the bed of the boiler to control emissions of §0-
and other acid gases. An HCl emission limit of 0.0065 Ib/MMBtu is based on the EPA’s AP-42
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emission factor found at Table 1.1-15, Chapter 1.1, dated 9/98, with a 15% safety factor, and
using 92% control efficiency due to the use of limestone in the boiler bed. Thus, the addition of
limestone to the CFB in the boiler is considered T-BACT for HCI and other acid gases, and the
corresponding maximuim controlled emission rates of inorganic HAP/TAC listed in Table 4-2 will
result in ambient concentrations that are less than -the screening levels established pursuant to the

air toxics requirements of Michigan Rules 225-232.

Organic HAP/TAC Emissions

Although numerous organic HAP/TAC may be emitted from industrial boilers, only a few account
for essentially all of the mass of organic HAP/TAC. These organic HAP/TAC are:
Formaldehyde, benzene, hexane, toluene, and aceta]dehyde. All other organic HAP/TAC,
including polynuclear aromatic hydrocarbons (PAH), and dioxins and furans are emitted in trace

amounts.

Organic 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 surrogate to represent the variety of organic compounds, including dibxins and
furans, emitted from the various fuels burned in the boilers and process heaters. As CQisa good
indicator of incomplete combustion, there is a direct correlation between CQ 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 subject to BACT for CO. NMU is proposing an emission limit of 0.17
Ib/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(j)) and T-BACT under 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 presented 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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3.0 CONTROL TECHNOLOGY REVIEW

The proposed project is considered a “major modification™ as defined in the PSD regulations at 40
CFR 52.21 because there will be a significant net increase in PM, PM;o/PM, 5, SO,, NO,, and CO
eimissions as a result of installing the new CFB boiler. Thercfore, the requirements for best
available control technology (BACT) of 40 CFR 52.21(3) will be applicable to control emissions
of PM, PMio/PMa 5, SOz, NO,, and CO from the proposed CFB boiler. Further, Roles 224 and
702 of the Michigan Air Poilution Control Rules require an analysis of BACT for toxic air
contaminants and YOCs, respectively. The BACT analyses contained in this application were
performed in accordance with the U.S. EPA’s recommended top-down procedure outlined in the
New Source Review Workshop Manual and set forth in Section 165(a)(4) of the federal Clean Air
Act (CAA) as well as the MDEQ - Air Quality Division Operational Memorandum No. 20.

5.1 BACT PROCEDURE

The BACT analyses required under both the state and federal rules follow the MDEQ-AQD’s
Operational Memorandum No. 20 (Op Memo 20) for BACT determinations. Op Memo 20
1dentifies four (4) levels of review and closely reflects the intention of EPA’s methodology for
performing BACT analyses for PSD purposes. As described below, the procedure takes _
advantage of BACT determinations that have been made for other similar equipment across the
country over the past several years. This allows for a more streamlined analysis by circumventing

the rigorous approach set forth in the NSR Workshop Manual.

LEVEL 1

Level 1 is the first step and identifies the most stringent form of control described as the lowest
achicvable emission rate (LAER). Any proposed BACT analysis that selects to achieve LAER
will be accepted without additional review. If LAER is not chosen, the applicant proceeds to a

Level 2 analysis.

LEVEL2
Level 2 identifies the types of control technologies that have been approved as BACT for similar
soutce types nation-wide. Emission limitations accepted as BACT in recent permits throughout

the country for similar processes or industries are acceptable unless new technical developments
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have been made that indicate additional emission reductions can be achieved in practice. In

general, approved limits for BACT over the previous 5-year period are reviewed and compared

against the proposed BACT limits in the current application. : =

>
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~
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If the proposed emission limits are less stringent than those accepted as BACT in recent permits
or when few recent BACT determinations exist for the process or industry, and new techsical
developments have not occurred over the preceding 5-years, the BACT evaluation proceeds to
Level 3.

LEVEL 3

A Level 3 BACT evaluation involves consideration of controls that have been accepted as BACT
in recent permits for similar air emission streams from different processes or industry types. Level
3 also allows consideration, where appropriate, of older BACT determinations. Control
technologies or techniques (i.e., materials, methods or equipment) that have not been
demonstrated within the process or industry type under review may be evaluated for use if they
are shown to be both available and applicable to the process or industry type for which the

application is being prepared.

In the case of materials or methods, consideration is given on the basis of their use in
manufacturing identical or similar products from identical or similar raw materials. In the case of
add-on control equipment, consideration is made on the basis of the physical and chemical
characteristics of the pollutant-bearing streams for which the controls have been applied and
compared with those from the process or industry type of the proposed source(s). In Level 3,
determining whether energy, environmental, or economic impacts are appropriate is primarily

based on current and historical determinations.

[f the proposed emission limit is less stringent than those accepted for the same process and "
industry, the BACT evaluation proceeds to Level 4. A N

J,— 2
LEVEL4
The Level 4 BACT evaluation involves a detailed, top-down technical 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 and is described

below.

Step 1

The first step in the top down procedure is to identify all control technologies and emission
reduction options. NMU is employing CFB technology for the new boiler. Inherently in the
design of the CFB, reductions of many criteria and toxic pollutants are naturally reduced duc to
boiler design and residence time. In order to identify additional control technologies, the

following sources of information would be referenced;

+ US. EPA RACT/BACT/LAER Clearinghouse (RBLC)

« .8, EPA Control Technology Center (CTC)

= Recent Permit Actions by MDEQ and other States

+ Vendor Information

»  Project Experience from all parties associated with this project, including
NTH Consultants, Ltd., Cummins & Barnard, Inc., and Northern 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 technologies are ranked in order of control |
effectiveness and are pollutant-specific. Information including control efficiency, 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
further information regarding economic, environmental, and energy impacts are required.
However, if the top-rarked option is not chosen, an assessment of economic, environmental, and
energy impacts are performed to evaluate the most effective controls in Step 4. In this step, an
analysis 1s performed on each remaining control technelogy in order to determine whether the
economic and energy impacts to the applicant do not provide sufficient incremental environmental
benefits. Those technologies 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 of the 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 (EPA/452/B-02-001). This document
provides capital and annual operating cost factors for use in determining the economic impact of

each control technology.

Finally, pursuant to 40 CFR 52.21{b)12), the chosen BACT emission limit must not be less
stringent than any applicable federal New Source Performance Standard (NSPS8), National

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

NMU has chosen, as BACT, emission limits identified in th{ii,evcl 2 “analysis by!reviewing all of
the national BACT determinations using the EPA’s RACT/BACT/LAER (RBLC) Clearinghouse.
The BACT emission limits chosen for this project are at least as stringent as applicable federal or
state standards and within the range of recent BACT determinations for similar processes as found
in the RBLC database. Specifically, a NSPS has been promulgated for PM,, SO, and NO,,
pursuant to 40 CFR Part 60, Subpart Db, This application is consistent with the proposed

revision. A copy of the RBLC Clearinghouse database review is attached in Appendix E.-
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5.2 PARTICULATE MATTER (PM/PM;o/PM,; 5)

Particulate Matter, including PM, PMyy, and PM, 5, 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 process and is present as unburned carbon and fly ash. In order to
minimize the amount of particulate entering the flue gas stream and maximize the combustion of

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

Particulate matter may be emitted 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 commonly referred
to as “front half” emissions. The condensable particulate emissions are measured using EPA’s

Method 202 procedure and commonly referred to as “back half” emissions.

Currently accepted control technologies for particulate matter include both fabric filters (baghouse)
and electrostatic precipitators (ESP). Both of these technologies represent the most efficient and
cost-effective method for controlling PM emissions from many sources, including commercial,
industrial, and institutional boilers. While other control technologies exist, including mechanical
collectors and wet scrubbers, neither has been proven as an effective control technology due to

efficiency and energy impacis.

Fabric Filter (Baghouse)

A fabric filter system consists of a structure containing fabric bags arranged 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 filtered, 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

pneurnatic means.

Fabric filters achieve high removal efficiencies by designing the system such that the air-to-cloth
ratio ensures that the exhaust gas stream passes through the bags at a ow enough velocity to allow
the dust to accumulate on the surface of the bag. This build up of dust on the surface effectively

increases the removal efficiency of the bags by decreasing the sieve size of the filter media (bags).
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Typical collection efficiencies for a fabric filter system are on the order of 99+ percent for particles

smaller than ! 0-microns in size. i /’3

Electrostatic Precipitators (ESP)

Electrostatic precipitators remove particles from a gas stream through the use of electrical currents
and forces. Dust laden gases are pushed or pulled through the precipitator box with fhe assistance
of a fan. The airflow is channeled into lanes formed by collection plates. Discharge electrodes are
centered between each collection plate to provide a negative charge to the surrounding dust
particles. The collection plates are positively grounded and act as a magnet for the negatively
charged dust p&rtiéles. The collected dust is transported down the collection plates and electrode

with the assistance of a rapper or vibrator system into a collection hopper.

Electrostatic precipitation is typically a dry process, but spraying moisture to the incoming air
fiow helps collect the exceptionally fine particulates, and helps reduce the electrical resistance of
the incoming dry material to make the process more effective for some processes. Where
condensenable organic emissions are significant, such as in the wood products industry, wet
ESP’s are used to reduce VOC emissions in addition to the PM emissions. The flow of liquid by
gravity down the plate continually removes the collected contaminants. Since the contaminants
are part of a liquid matrix, water treatment facilities must also be included as part of the overall

control system.

Mechanical Collectors (Pre-cleaners)

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 operate on the principal of inertia to remove larger particles. The collector
(usually a cyclone) imparts a centrifugal force on the gas stream that is used to separate the larger

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

microns in size.

Wet Scrubber

Wet scrubbers remove particles from gas streams principally through inertial impaction of the
particle onto a water droplet. Particles are wetted through spray nozzles whereas the gas stream
flows counter to the direction of the water spray. In venturi-type scrubbers, the gas stream passes
through the scrubber and is constricted in the throat section causing the gas stream to accelerate. As
it passes through the throat, it enters a larger cyclone and experiences a pressure drop across the -
system. The entrained water droplets are then removed by means of a cyclone separator or
impingement scrubber section. Typical collection efficiencies for packed-bed and venturi scrubbers

are less than 90 percent for particles sizes less than 10 microns.

5.2.1 Proposed BACT Emission Limit

NMU will be utilizing a new fabric filter, with mechanical pre-cleaner, to control total particulate
(front half + back half) emissions from the combustion of solid fuels, including western and castern
coals, and virgin wood, in the new CFB boiler. The proposed use of a baghouse is considered
BACT for this process.

A review of the BACT limits contained in the RBLC Clearinghouse for similar sized boilers
indicated a range of 0.02 — 0.25 pound per million Btu heat input. Most of the limits are in the
range of 0.02 — 0.048 pound per million Bt heat input. The PM emission limit as contained in
the Industrial-Commercial-Institutional NSPS requirements, at 40 CFR 60.43b(2), is 0.10 pound
per million Btu heat input, which is measured using EPA’s Method 3, and is “front haif*
particulate. This emission limit in the NSPS does not include condensable particulate,
Nonetheless, NMU is proposing a total particulate (filterable and condensable) limit of 0.030 7

pound per million Btus 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 Bius heat input results in potential
emissions of 6.2 1b/hr and 26.9 ton/year while firing 100% 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

S5 Praj 2007 6.060504-2MITNMU FSD_Final.doc

39




= P
@3

sufficient determinations in EPA’s RACT/BACT/LAER Clearinghouse, no further analysis for PM
BACT is necessary. |

33  SULFUR DIOXIDE (S80;)

S0; 1s emitted as a result 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 in varying
degrees. As an example, pipeline quality natural gas and wood are lower in sulfur content than

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

The sulfur present in the fuel is released during the combustion process and combines with
oxygen at the temperatures present in the combustion zone to form sulfur oxides. The sulfur

oxides are primarily SO,, with some SOs.

Boilers that are required to control SO, emissions will do so using one of three primary methods.
These methods consist of post-combustion and in-situ dry flue gas desulfurization utilizing
adiabatic injection of lime shurry in a scrubber down-stream of the combustion zone where the
cxhaust gases do not become saturated, a wet process utilizing post-combustion and post PM
control that incorporates a saturated system where the exhaust gases are cooled below the
saturation point, and injection of limestone inte the bed of a boiler that utilizes either a bubbling
or fluidized bed where combustion is on-going. A more detailed description of these types of

control is provided in the next three paragraphs.

Dry Scrubber — Flue Gas Desulfurization

SO, emissions control using dry scrubber control prior to a PM control device consists of a tower
where a certain amount of slacked limestone (hydrated calcium oxide) is injected into the tower.
The amount of injection is controlled such that the exhaust gases do not become saturated
(adiabatic cooling). The SO- reacts with the lime slurry to produce calcium sulfate, also known as
gypsum. Saturation of the exhaust gases prior to the fabric filter would plug up the fabric filter,
which is nnacceptable. Control efficiencies with this type of control range from 70 to 95%,

depending on the concentration of SO; in the exhaust gas and ratio of slurry to SO-.

Sr-Proy 2007 16:060504-NMUENM TSD_Fineldoc

40




NH

()

J

Wet Scrubber - Flue Gas Desulfurization

Another process uses a saturated method of controlling SO,. This type of control is typically
located downstrearn of the PM control device such that the saturated exhanst gas does not
interfere with the effectiveness of the PM control device, such as the fabric filter proposed for
NMU’s CFB boiler. These types of conirol use a packed tower while voluminous quantities of
alkaline slurry are pumped into the tower. The SO, reacis with the hydrated calcium oxide and
produces calcium sulfate, which is commonly referred to as gypsum. The resulting gypsum then
can be sold or recycled to produce wallboard for the construction industry. These wet type SO
control devices typically result in 80 to 99% control of the potential SO, emissions, depending on

the concentration of SO- in the exhaust gas, and ratio of shurry to SO..

Limestone — Co-Firing

A third type of control uses limestone added to the fluidized bed of the CFB boiler. Limestone,
which is calcium carbonate, is added to the bed of the CFB boiler at a particular ratio depending
on the required control necessary. At the temperature of the boiler, the limestone is calcined and
converted to calcium oxide because the carbon dioxide that is driven off of the calcium carbonate.
The SO, then reacts with the calcium oxide. Using this type of control removes the SO, ﬁom the
exhaust gas stream beginning with the fluidized bed, and allows more residence time for the lime
and calcium to react together prior to the PM control device. This method achieves 80 to 95%
control of the potential SO, emissions. The resulting calcium sulfate is removed from the

fluidized bed periodically.

The proposed SO, emissions will meet the requirements of NSPS Subpart Db for a control
efficiency of 92% of the potential SO, emissions from higher sulfur bituminous coal, and 90% of
the potential SO2 emissions from lower sulfur western coal, with a maximum allowed limit of 1.2

pound per MM Btus heat input,

5.3.1 Proposed BACT Emission Limit
NMU will be utitizing limestone injection into the CFB to control SO, emissions from the
combustion of solid fuels, including western and eastern coals. The proposed use of limestone

injection is considered BACT for this process.
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The@éiéil:'y\_r_i‘_q;vBRCT range of emission limits for SO, 5 0.09 - 1.6 I/ 1 heat input. Most
of the limits are in the range of 0.13 - 0.5 Ib/MMBtu heat input. The NSPS Subpart Db limits SO,
ernissions to no more than 0.20 Ib/MMBtu, or achieve a control efficiency of at least 92% with an
emission limit of no more than 1.2 /MM Btu. Both of these requirements are based on a 30-day
rolling average.

NMU is proposing a maximum SO, emission limit of é@pdund per million Btu heat input, and
this is within the nation-wide range of accepted $O; emissions that represent BACT. This limit
represents using solid fuel with a maximum sulfur content of 3.5%, by weight, and using

limestone added to the bed of the CFB boiler.

This emission limit is equivalent to potential emissions of 87.8 Ib/hr and 384.5 ton/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 Clearinghouse, no further analysis for SO, BACT is necessary.

54  NITROGEN OXIDES {(NO,)

NOy is emitted as a result of nitrogen in the fuel being burned (referred to as fuel NOy), and -
nitrogen and oxygen in the combustion air that forms NO, due to disassociation of diatomic _
nitrogen and oxygen in the air at the flame temperaturc (referred to as thermal NO,). The nitrogen

oxides are primarily emitted as nitrogen oxide (NO).

NO is controlled by using several technigues; either alone, or in conjunction with both internal
and external technologies. New boilers implement modern state-of-the-art combustion techniques
that minimize both flame temperature and available nitrogen in the combustion air. Add-on
control techniques include the use of injecting ammonia or urea into the exhaust gases at the
correct exhaust gas temperature, which is known as selective non-catalytic reduction (SNCR).
Technology has also been developed to include a catalytic converter in the exhaust gases
downstream of the ammonia/urea injection system that further reduces NO, from the exhaust gas
stream. This is known as selective catalytic reduction (SCR). NMU is proposing to use SNCR in
addition to the CFB, where low combustion temperatures inherently limit the formation of NO,,
as BACT for NO,.
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5.4.1 Proposed BACT Emission Limit

From the RBLC, the nation-wide BACT range of emission limits for NO, is 0.15 - 0.7 Ib/MMBtu
heat input. Most of the limits are in the range of 0.15 - 0.35 I5/MMBtu heat input. The NSPS
Subpart Db limits NO emissions to no meore than 0.6 lb/MMBtu. The NSPS emission limit is

based on a 30-day rolling average.

NMU is proposing a NO, emission limit of 0.10 To/MMBtu heat input. This is more stringent
than the nation-wide range of NO, emissions that represent BACT for the proposed size boiler, as
contained in the RBLC.

55  CARBON MONOXIDE (CO)

Carbon monoxide is emitted from the CFB boiler as a result of incomplete combustion. Factors
affecting the formation of CO include the oxygen-to-fuel ratio, combustion temperature, residence
time, and turbulence (or mixing) of the combustion gases. In addition to the formation of CO,
incomplete combustion also leads to increased emissions of particulate matter, including particulate
metals, volatile organic compounds, and hazardous air pollutants. Therefore, methods empioyed 10

reduce or control emissions of CO tend to reduce emissions of other pollutants as well.

There are two available control technologies for controlling CO emissions from a CFB boiler: (1)
catalytic oxidation and, (2) efficient combustion. Catalytic oxidation is a post-combustion CO
reduction technique that uses a catalyst to convert CO to CO,. Efficient combustion is a direct

result of the design and operation of a boiler.

Catalytic Oxidation

Catalytic oxidizers treat exhaust gas from a combustion device utilizing a catalyst bed, typically a
media-supported film of precious metals, such as platinum/rhodium, where oxidation of CO to
CO:; takes place. Depending on catalyst formation, the reaction can occur over a temperature
range of approximately 450 to 1200° F, The amount of CO oxidation (or conversion) will depend
on several factors, including operating temperature, gas composition, and pressure drop across the

catalyst bed.
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To date, oxidation catalysts have not been used for coal-fired boilers. Catalytic oxidation has

several serious technical problems related to the use of coal firing, including:

. Catalyst fouling and poisoning by sulfur, flyash and lime.
. Low excess oxygen levels in the flue gas.
» Low temperature levels of the flue gas.

Typically, vendors arc not willing to offer catalytic oxidizers due to the issues stated above.

Furthermore, catalytic oxidizers are nonselective and will oxidize other compounds. The presence

of sulfur oxides will result in the formation of SOs, which will in twn combine with moisture in the

gas stream to form H-50,; mist.

Lastly, the short catalyst life caused by fouling and poisoning would resalt in a significant and
ongoing generation of catalyst waste that would most likely be classified as a hazardous waste.
For these reasons, and becanse oxidation catalysts have never been used or demonstrated in
practice on coal-fired boilers, catalytic oxidation is not considered a technically feasible control

option tor CO for the proposed CFB boiler.

Efficient Combustion

Because CO emissions are a function of combustion operating conditions; the most direct
approach for reducing these emissions is to maximize combustion efficiency. Maximizing
combustion efficiency must be balanced with the potential increase of NO, emissions that could
occur when combustion efficiency is associated with high chamber temperatures. Modern
combustion controls are able to balance this anomaly; i.e., reduce CO with a minimal resulting

NO, entission increase,

5.5.1 Proposed BACT Emission Limit

The nation-wide BACT range of emission limits for CO is 0.022 - 1.8 lo/MMBtu heat input.
Most of the limits are in the range of 0.18 - 0.44 1b/MMBtu heat input. There is no emission limit
for CO in any Michigan or federal air pollution control rules or regulations that would apply to the
proposed solid fuel fired boiler., |
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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 emissions that represent BACT, This emission limit

will be achieved through the use of modern combustion control technology.

5.6 VOLATILE ORGANIC COMPOUNDS (VOC)
Although the proposed CFB boiler is not subject to the requirement of BACT pursuant to the PSD
regulations, Michigan’s Rule 702(a) requires implementing BACT for VOC emissions from new

\ or modified soutces of VOC,

The new CFB boiler will employ state-of-the-art combustion techniques that will limit the
potential emission of organic compounds. Organic compounds consist of many forms, and are

primarily generated from incomplete combustion.

Installations of add-on control devices such as a thermal oxidizer or catalytic oxidizer are not
considered to be acceptable control alternatives based on economic, environmental and energy
purposes. Furthermore, these types of control have not been added to control organic and CO

emissions from solid fuel fired boilers.

Boilers control potential organic compound emissions by implementing good combustion
practices that include proper temperature, adequate mixture of organics with oxygen in the
combustion air, and enough residence time to achieve oxidation of the organics inside the furnace,

Therefore, the use of state-of-the-art combustion controls represents BACT for VOCs.

The VOC emissions from the proposed CFB boiler are not subject to the BACT reguirements of
the PSD regulations. The VOC emissions are required to be controlled using BACT pursuant to
the requirement in Michigan's Rule 702(a). NMU is proposing a Rule 702(z) BACT limit of 4.0 .
1b/hr and 17.6 ton/yr.

Rule 224 of Michigan’s Rules for Air Pollution Control requires Best Available Control
Technology for Toxics {T-BACT) for compounds identified as toxic air contaminants (TACS).

5.7 TOXIC ATIR CONTAMINANTS (TACs)

TAC’s also include hazardous air poltutanis (or HAPs) that, for boilers subject to the MACT for
| .
|
|
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mdustrial, commercial, and institutional boilers, are regulated by the MACT standards of 40 CFR
Part 63. The proposed boiler is not subject to these requirements because NMU is a minor source
of HAPs.

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. The 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) of TACs.

3.7.1 DMetals (Except Mercury)

Metals are emitted as a result of their presence in the fuel(s). The metals are contained in the ash
from the solid firel, and are in particulate form. Some of the ash is carried out of the boiler in the
form of flyash, and some remains in the bottom of the boiler known as bottom ash. Some of the
ash remains at the bottom of the boiler and is removed when the fluidized bed is circulated out of
the boiler. The flyash remains in the exhaust gas stream and is removed with a downstream _
particulate control device. NMU will be installing a baghouse (or fabric filter), which will clean
the exhaust gases of the particulate matter. The PSD BACT analysis for PM was addressed in

Section 5.1 above.

Baghonses and electrostatic precipitators are considered the best method of removing PM from
solid fuel fired boiler exhaust gas streams, and are generally considered io 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 of a fabric filter represents BACT for PM emissions, and Rule 224 of Michigan’s Ru]és
for Air Pollution Control state that the use of PM BACT represents T-BACT for TACs as PM.

5.7.2 Organic Compounds
The new CFB boiler will employ state-of-the-art combustion techniques that will limit the
potential emission of organic compounds. Organic compounds consist of many forms, and are

primatily generated from incomplete combustion.
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Installations of add-on control devices such as 2 thermal oxidizer or catalytic oxidizer are not
considered to be acceptable control alternatives based on economic, environmental and energy
purposes. Furthermore, these types of control have not been added to control organic and CO.

emissions from sold fuel fired boilers_.

Boilers control potential organic compound emissions by implementing good combustion

practices that include proper temperature, adequate mixture of organics with oxygen in the
combustion air, and enough residence time to achieve oxidation of the organics inside the boiler’s .
furnace box. Therefore, the use of state-of-the-art combustion controls represents T-BACT for

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 represents T-
BACT for organic TACs in the form of VOC.

573  Acid Gas Emissions .

Acid gases result from the presence of chlorine, sulfur and fluorine in the filels combusted. These
emissions are primarily hydrogen chloride (HCI), hydrogen fluoride (HF) and sulfuric acid mist
(Ha80y).

Control of these pollutants will be accomplished through the use of limestone addition to the CFB
boiler bed, which is a proven control technique for controlling acid gases from CFB boilers.
Sutfuric acid mist, HC| and HF are captured by reacting with the limestone (which is converted to

caleivm oxide at the temperature of the bed in the CFB boiler), prior to becoming airborne in the

- exhaust gases.

‘Therefore, the use of limestone in the CFB boiler bed represents T-BACT for controlling potential

acid gas emissions.
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574 Mercury (Hg)
Emissions of Hg from the proposed CFB boiler are subject to the Michigan-specific requirements
for T-BACT. MDEQ rules governing T-BACT require a thorough control technology analysis for

TACs with respect to energy, environmental, and economic impacts.

Many existing technologies and systems used for control of PM, SO, and NO, have been
demonstrated to have significant co-benefits for control of mercury emissions. Specifically, use of
flue gas desulfurization (FGD), fabric filters, and selective (and non-selective) catalytic reduction.
In addition, cettain grades of coal have been shown to inherently reduce emissions of Hg due to the
constituents within the coal. Recent information available from EPA reports indicates that
bituminous coals tend to have significantly lower mercury emissions in the flue gas due to the
presence of chlorine in the coal ash. Studies have shown that the mercury has an affinity to
combinte with the chlorine in bituminous coal to form 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 of Hg from combustion of coal is

activated carbon injection (ACI).

NMU will be utilizing a blend of subbituminous and bituminous grade coals and virgin wood with
desulfurization occurring inside the furnace through co-firing of limestone while firing coal fuel,
and add-on controls consisting of SNCR and fabric filter. EPA has stated in both the preamble to 40
C.F.R. Part 60 Subparts Da and HHHH, and summary to the reconsideration of the clean air
mercury rule (CAMR) that the best demonstrated technology for mercury control while firing
bituminous coal is a fabric filter, flue gas desulfisrization, and, to a lesser extent, selective non-
catalytic reduction. Several test studies have shown that removal efficiencies for Hg of at least 80%
are readily achieved through such a configuration. In this instance, the proposed limit of 3.0 E-6
1b/MMBtu represents approximately 70% Hg removal when considering a maximum Hg content in

coal of 0.1 ppmw on a wet basis.

Nationwide Existing Controls
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 PM controt device. While removal efficiencies range from 0

to 98 percent, data from plants burning only biturninous or a blend of subbituminous and
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bituminous coals have a much higher removal of mercury. In this project, the PM control device

will be a fabric filter.

In addition, divalent mercury (Hg**) compounds (sometimes referred to as reactive £as mercury or
RGM) have been shown to be reduced through the use of FGD devices, including both wet and dry
systems, especially for plants firing bituminous coals. The reasons stem from the presence of
chlorine in the coal, and the higher concentration of chlorine in bituminous coals: Bituminous coals
tend to have higher levels of chlorine and unburned carbon available for removal of Hg. In this
scenario, elemental Hg (Hg®) is oxidized to form Hg?* due the presence of HCL, which can then be |

captured by the baghouse.

Finally, the use of SNCR for control of NO, has been proven to reduce Hg in the flue gas stream as
well, since a portion of the 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%.

Activated Carbon Injection (ACI)

In ACI systems, powdered activated carbon (PAC) sorbent is injected into the flue gas upstream of
the PM control device. Activated 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.

The performance of activated carbon is related to physical properties including surface area, pore
size, and particle size distribution. Mercury capture is increased with increased pore size and |
surface 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® system. In this system, PAC is injected downstream of the primary PM
collection device, which is used to collect the fly ash, but upstream of a polishing baghouse that
vents to the ambient air. The polishing baghouse or Compact Hybrid Particulate Collector
{COHPAC) installed downstream of the sorbent injection is specifically designed to capture the

mercury contaminated particulate.
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Proposed Hg BACT Emission Limit

The facility is proposing a Hg emission limit of 3.0E-06 b/MMBtu, which, coincidently, is equal
to the Boiler MACT limit. To date, the use of ACI has not been proven to significantly increase
the Hg removal beyond what NMU is currently proposing.

Instead, the Hg limit of 3.0E-06 Ib/MMBtu 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 permits for coal-fired boilers

issued in the past several years,

Instead, the Hg limit of 3.0E-06 {bt/MMBtu 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 permits for coal-fired boilers

issued in the past several years.
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6.0  AMBIENT IMPACT ANALYSIS

As discussed in Sections 1 through 5, Northern Michigan University (NMLU) is proposing to
install a new coal/wood fired boiler at the main campus power facility in Marquette, Michigan.
NMU is currently not a major source because its potential to emit of any criteria pollutant is
limited to 99.9 tons per year (tpy) by federally enforceable conditions of Permit No. 126-05, The
facility, however, will become a major source for PSD purposes upon initial startup of the new
CFB boiler, as the CFB boiler has the potential to emit 100 tpy or more of any criteria poliutants
and 10 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
constdered a major stationary source under 40 CFR Part 52.21. The potential emissions of SO,
and CO exceed the PSD major source thresholds, and the potential emissions of PM,, and NO,
exceed the significant emission rates defined in the PSD regulations. As required by the PSD
reguiations and MDEQ-AQD, the emissions of SO», PM,,, CO and NO, must be included in a
compliance demonstration analysis to show that the emissions of these pollutants will not cause or

coniribute significantly to the deterioration of the ambient air.

Criteria pollutant modeling was conducted for SO, PM|0, and NO, in order to demonstraie
compliance with the applicable PSD Class Il Increments and National Ambient Air Quality
Standards (NAAQS). In addition, modeling has been conducted for SO,, PMjq, and NO, to
demonsirate compliance with 80% of the applicable PSD Class IT Increments per MDEQ-AQD
policy that no single facility is allowed to consume more than 80% of the 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 CC does not have any

established PSD Increment standards, Increment modeling is not required for CO emissions.
The ambient impact analysis for criteria pollutants was initially conducted by modeling the-

potential emission increases from the affected sources under the proposed modification in order to

determine the comesponding impacts. These impacts were determined for the pollutants with
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ernissions greater than the PSD significant emission rates (i.e., SOy, PM o, CO and NOy), 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, PM,q, and NO, emissions from the NMU

power facility will not result in maximum ambient impacts greater than the appropriate SILs,

‘while the SO, emissions from the NMU power facility will result in maximum ambient impacts

that are greater than the appropriate SILs. Therefore, a more detailed modeling analysis has only
been conducted to demonstrate that the SO, emissions from the proposed modification will not
violate the applicable PSD Class II Increments and NAAQS. This analysis includes all of the
NMU power facility sources and off-sii¢ sources, as appropriate for each analysis. Becanse the
results of the initial modeling for CO, PM,s, and NO, for the proposed modification indicated that
these emissions will not result in maximum ambient impacts that are greater than the appropriate

SIL, more detailed modeling is not required for CO, PM,o, and NO,.

The results of the criteria pollutant modeling analyses demonstrate that the SO,, PMg, and NO,
emissions {rom the modification and existing facility are in compliance with the PSD Increment

and NAAQS and that the CO emissions from the facility are in compliance with the NAAQS.

Based upon AP-42 and other emission factor sources, the new CFB boiler is expected to emit .
toxic air contaminants (TACs) that consist of various trace metals and organic and inorganic
compounds. These TAC emissions have been included in a modeling analysis to demonstrate that
the proposed installation of the CFB boiler at the NMU power facility will comply with the
ambient impact levels of TACs established pursuant to Michigan’s air toxics regulations. These
regulations are codified as Michigan Rules 225 through 232 and establish, on a compound-by-
compound basis, the maximum ambient concentration that emissions from a proposed

modification or facility may produce off the source's secured property.
The predicted ground level concentrations of the TAC emissions have been compared to the

appropriate health based screening levels of Michigan Rule 225. The results of this analysis
indicate that the emissions TACs will comply with Michigan Rule 225.
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Section 6.1 describes the modeling methodology utilized in the criteria pollutant (i.e. CO, 8O,,
PMy and NOy} and TAC ambient impact analyses, 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, 8O, PMq, NO;, and TACs, and the -

results of the air quality impact analysis are presented in Sections 6.5 and 6.6.

6.1 MODELING METHODOLOGY

The primary objective of any air quality analysis is to demonstrate compliance with all applicable
state and federal air quality standards. The federal standards include: (1) The National Ambient
Air Quality Standards (NAAQS), and (2) Prevention of Significant Deterioration (PSD)
Increments — both of which pertain to criteria pollutant emissions. The MDEQ has further
incorporated a policy whereas no single source may consume greater than 80% of the PSD
Increment standards applicable to any criteria pollutant. Additionally, the MDEQ has rules

pertaining to the impacts of toxic air contaminant (TAC) emissions.

Tables 6-1 through 6-3 list the U.S. EPA CO, S0, PMyy, and NO, impact standards — Significant
Impact Levels, PSD Allowable Increment, and NAAQS, respectively. In addition to the modeling
discussed in this section, a visibility analysis was done for Class [ areas since the facility is within
200 ki from the nearest PSD Class I areas (Seney National Wildlife Refuge). The visibility
modeling is discussed in Section 7. The criteria pollutant modeling was conducted in order to
demonstrate that the proposed project at the NMU powerhouse would comply with the allowable

ambient imiaact concentrations listed in Tables 6-1 through 6-3.
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Table 6-1. Significant Impact Levels for Criteria Pollutants

Averaging Concentration
Pollutant Period (ug/ma)
‘ 8-Hour 500
CcO
I-Hour 2,000
Anmual 1
50, 24-Hour 5
3-Hour 25
Anmual 1
M,y
24-Hour 3
NO, Annual l

Table 6-2, PSD Allowable Increments {pg/m’)

PSD Increment Standards
3 3
Pollutant Averffgmg (ng/m’)
Period :
Class 1 Class I
Annual 2 2 20
S .
0: 24-Hour ! 5 91
3-Hour ' 25 512
Annual 4 17
PM,,
24-Hour ! 8 30
NO, Annual 2.5 25

' High 2 High over a five-year period.

* Annual arithmetic mean.
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Table 6-3. National Ambient Air Quality Standards (NAAQS)

National Ambient Standards
Pollutant A;"e‘:‘;(g):‘“g (ng/m’)
Primary Secondary
co 8-Hour ! 10,000 n/a
1-Hour ! 40,000 n/a
Annual ? 80 ' n/a
SO, 24-Hour ' 365 n/a
3-Hour ' wa 1,300
— Annual 2 50 50 |
24-Hour * 150 150
NO, Annual ® 100 100
' High 2" High.

* Annual arithmetic mean.
? High 6™ High over a five-year period.

6.1.1 Modeling Background

In promulgating the 1977 Clean Air Act Amendments (CAAA), Congress specified that certain
increases, or increments, in ambient air quality poliutant concentrations above an air quality
baseline concentration level for TSP would constitute significant deterioration. The magnitude of
the increment that cannot be exceeded depends on the classification of the area in which a new
source {or modification to an existing source) will have an ambient air impact. Three
classifications were designated based on criteria established in the CAAA. [nitially, Congress
promulgated areas as Class [ (international parks, national wildemess areas, memeotial parks larger
than 2,024 hectares [ha] [5,000 acres], and national parks larger than 2,428 ha [6,000 acres]) or
Class IT (all other areas not designated as Class I). No Class 1 areas, which would be allowed
greater deterioration than Class IT areaé, were designated. However, the states were given the -
authority to re-designate any Class II area to Class I status provided certain requirements were
met. The U.S. EPA then promulgated, as regulations, the requirements for classifications and area

designations.
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The approach to these analyses generally begins by determining the impacts of the proposed
facility or modification alone. If the impacts of the proposed facility or modification are below
specified significance levels, no further study of that pollutant-averaging time combination is
needed. These "significant impact levels" or SILs were presented in Table 6-1. If the impacts of
the proposed facility or modification are found to be significant (i.e. greater than the SILs), further
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 analyses were conducted for the
proposed modification. All modeling analyses were conducted 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 use of the
AMS/EPA Regulatory Model Improvement Committee (AERMIC) Model (AERMOD) for all
regulatory applications requiring an ambient impact demonstration, As part of the regulation, the
U.S. EPA has granted sources a 12-month grace period to facilitate the transition from the use of
(SCST3 to AERMOD. As this grace period concluded on November 9, 2006, AERMOD has
been used to predict environmental impacts from the emissions of both criteria pollutants and

toxic air contaminants (TACs).

AERMOD is a steady-state Gaussian model capable of handling multiple source inputs and
producing both concentration and deposition impacts from point, area, volume, and open-pit
sources. AERMOD is also capable of handling numerous source configurations, building inputs,

receptor grids and elevated terrain.

6.2 MODEL SELECTION AND MODELING PARAMETERS

As stated, the AERMOD dispersion model (U.S. EPA source code version 04300) was used for all
dispersion modeling to obtain refined impact predictions for both short-term and long-term
ambient air concentrations. Procedures applicable to the AERMOD dispersion mode! specified in

the U.8. EPA’s GAQM were followed in conducting the refined dispersion modeling. The
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GAQM is cedified in Appendix W of Chapter 40, Code of Federal Regulations (CFR) Part 51
(updated as of November 9, 2005 to include the promulgation of AERMOD},

A description of the various modeling parameters and concerns is presented in the remainder of

this section.

Source Description

The existing powerhouse operations (Ripley Heating Plant) are located toward the northern part of
the Northern Michigan University campus, to the northwest of the intersection of Wri ght Street and
Sugar Loaf Avenue, in Marquette, Marquette County, Michigan 49036. The existing facility
operates as SRN M3792, under PTI No. 126-05.

The existing facility, as permitted under PTI No. 126-05 is nearing completion of construction to
install and operate a total of 3 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,

The new CFB boiler and steam turbine will be contained within a new building that will be
constructed adjacent to the Ripley Heating Plant, directly to the west. The site maps of Appendix
A provide an overall view of the 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. In
addition to the new boiler housing, fuel handling operations and a baghouse structure will also be

constructed as a part of the new project.

All existing and new building structures have been incorporated into the modeling analysis.
Figure 6-1 presents the power piant and NMU campus location on a topographic map excerpt
(Marquette 7.5-Minute Quadrangle). In regards to overall site topography, NMU is located in an
area that has some significant changes in elevations, largely due the campus be located near Lake
Superior. The general terrain increases to the south and west, with sharp increases in elevations to
the southwest within about 1.5 km of the power plant. The terrain gently increases to the horth

and remaims relatively flat to the east, with a gently decreasing slope towards Lake Superior.
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Prevailing elevations are about 640 feet above sea level in the vicinity of the NMU power plant,
and fall to about 620 feet to the east of the facility and rise quickly to about 900 feet within about
3.5 km in the southwest direction.

Terrain Considerations (AERMAP)

AERMOD requires the use of an elevated terrain data file for use in establishing elevations for all
sourees, buildings and receptors. The AERMAP pre-processor is used Lo process digital elevation
maps with location points for all sources, structures, and receptors. 7.5-minute digitized
topographic files for the area surrounding the facility were used as input to the AERMAP pre-
processor to obtain elevations and hiil heights, which were then imported into the AERMOD
model. The following North American Datum 1927 {NAD27) based Digital Elevation Models
(DEMs) were incorporated into the AERMOD model via the AERMAP pre-processor:

s+ Marquette
* Marquetie OF East

The elevated terrain option was employed for all model runs for the ambient impact analysis.

Electronic copies of the DEM files are included in Appendix C for informational purpoeses.

Land Use Analysis

Another important modeling parameter is the land use classification (rural or urban). A technique
was developed by Irwin (1978} to classify a site area as either rural or urban for purpose of using
rural or urban dispersion coefficients [refer to Section 8.2.3 of 40 CFR Part 51, Appendix W).
The classification can be based on either average heat flux, land use, or population density within

a 3 kim radius from a plant site. The rural/urban classification based on land use is as follows:

Using the land use typing scheme established by Auer, an urban classification of the site
area requires more than 50 percent of the following land use types: heavy industrial, light/
moderate industrial, commercial, and compact residential {(single and multi-family).

Otherwise, the site area is considered rural.
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The NMU campus is located in the northern section of the city of Marquette in the mid-eastern
portion of Marquette County. While the area within 3 kilometers of NMU docs contain some
commercial operations and residential areas, the overall surrounding area is predominantly rural
in nature and has not historically been considered by the Michigan AQD to be classified as urban.
Therefore, the land use has been treated as rural and all modeling has been conducted with rural

dispersion coefficients.

Meteorological Data

This modeling analysis has been conducted to demonstrate compliance with the applicable federal
ambient standards for CO, 8O, PM,s and NQ,, and the applicable Michigan AQD health based
screening levels (Rule 225) for the TACs that may be emitted from the new boiler and existing
operations. Actual surface meteorological (MET) data is required for use in the AERMOD
modeling system. Raw meteorological data obtained in the SAMSON format can be readily

obtained from a number of sources.

Prior to use with the model, the meteorological data must be processed through the AERMET pre-
processor with certain site characteristics, including vegetative cover, friction velocity, etc. As
part of processing the MET files, the user must specify certain site-specific surface features and
characteristics and can, therefore, tailor any MET file to the site-specific conditions at the factlity
site. The AQD has determined representative surface characteristics and has prepared pre-
processed "AERMOD-ready” MET data for use in AERMOD modeling.

The AQD prepared and supplied pre-processed, "AFRMOD-ready" MET daia {i.e. data processed
using AERMET) the Sawyer International Airport (Station # 94836) located in Gwinn, ML The
5-year data set utilized in this modeling analysis covers the years 2001 through 2005, and the
main surface station height is given as 372 meters above Mean Sea Level (MSL). The upper air

station processed with this data is Green Bay (Station # 14898) for the years 2001-2005.

The full five-year data set (2001-2005) was utilized For criteria pollutant modeling, while only the

most recent year of data (2005) was required for the TAC modeling analysis.
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Building Downwash

Prior to performing the dispersion analysis, the new and existing facility baghouse exhaust stack
heights were compared to their Good Engineering Practice (GEP) heights. A GEP stack height 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 defined as the building height (FHy) plus 1.5 times the lesser (L) of the building height and
the maximum projected width (MPW) of the building.

‘The building layout of the existing Ripley Heating Plant facility and the new power plant consists
of multiple structures of varying dimensions. The two predominant structures that influence what
is considered GEP for all of the facility stacks are the new boiler building and the existing Ripley
Heating Plant. The Ripley Heating Plant is 79 feet tail, and the new boiler building will be
approximately 110 feet tall. GEP has been determined through the Lakes Environmental
AERMODView software and indicates that all of the facility stacks are lower than their respective
GEP stack heights, therefore the effects of building downwash must be addressed within the

modeling analysis.

The U.S. EPA’s Building Profile Input Program has been used to determine the downwash effects
associated with the various buildings. The modeling building layout diagram included with the
modeling support information in Appendix C identifies all structures included in the modeling
analysis and their associated heights. In addition, it should be noted that the AERMOD model
incorporates BPIP PRIME downwash, which provides more accurate downwash parameters than

the former BPIP program provided in the ISCST3 model.

Cavity Calculations

Pursuant to current Michigan AQD modeling guidance, all modeling studies must address the

 cavity region and any associated pollutant concentrations for all of the stacks being modeled. The

cavity region oceurs immediately downwind from a given structure, and the dimensions are
typically three times the lesser of the building height or projected width of a given structure. The
Michigan AQD requires that the cavity region be addressed dug to the greater turbulence and

higher pollutant concentrations that are often encountered in these regions.
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The AERMOD model has been used to conduct the modeling analysis, which employs PRIME
downwash and calculates all pollutant concentrations occurring 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.

Meodeling Analysis Receptor Grid

The southwest corner of the 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 of the AERMAP pre-
processing program, and all coordinates were translated from an intemal site coordinate system
(based on the designated site ordinate) to NAD27 based UI"liVBI'SHI Transverse Meridian (UTM)

coordinates to facilitate the incorporation of DEM terrain data.

The designated site ordinate has a UTM coordinate of Zone 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

* Near-field Cartesian Receptor Grid: Receptors were placed at 50 meter spacing outward to
1,500 m from the center of the facility sources (468,860.85 Easting; 5,156,653.92
Northing).

* Mid-field Cartesian Receptor Grid: Receptors were placed at 100 meter spacing from the
boundary of the Near-field grid out to 3 km from the center point.

* Far-ficld Cartesian Receptor Grid: Receptors were placed at 250 meter spacing from the
boundary of the Mid-field grid outward to 5 km. Asa reéult, the overall grid occupies a
10.0 km by 10.0 km area. The southwest corner of the far-field grid in UTMs is
(463,360.85 Easting, 5,151,653.92 Northing).
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The combination of these 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 spacing). 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 CQO, SQ», PMy, and NO,, and TAC modeling
analyses were elevated terrain, rural dispersion coefficients, and the AERMOD model’s

regulatory default options. The regulatory default options include the following model settings:

¢ Use stack-tip downwash (except for Schulman-Scire downwash)

» [ncorporate the effects of elevated terrain

¢ Use the calms processing routine

* Use missing data processing routine

» Use upper-bound concentration estimates for sources influenced by building downwash
from super-squat buildings

*  Use a 4-hour half life for exponential decay of SO, for urban sources

6.3 NMU EMISSION RATES AND EXHAUST PARAMETERS
The following sections will present the modeled emission rates for the equipment associated with
the new powerhouse and the existing Ripley Heating Plant, and present the source parameters for

each NMU modeled emission source.

New Powerhouse Sources

Section 3 summarizes the CO, SO;, PM), NO,, and TAC emission rates from the proposed new
powerhouse emission sources. CQ, SO;;; NO, and TACs will only be discharged from the hew
baghouse stack associated with this modification. PM;p will be emitted from the new CFB, along
with some minor material handling and storage silos. Fugitive emissions resulting from coaling
handling operations will be contained and controlled by limiting the on-hand supply of coal and
through the use of a three-walled containment structure, and as such, fugitive PM), is expected to

be less than | tpy. Therefore, as the new CFB boiler baghouse stack is the only significant source
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of hourly PM,, emissions, it is the only new source of PM, considered in the PM;o modeling

analysis.

Table 6-4 presents the new CFB boiler baghouse stack modeled emission rates for each criteria
pollutant 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 type of fuel source (i.e., highest lb/hour rate from wood, coal, natural gas). The
tollowing calculation procedure was used to convert 1b/hour emission rate to gram/second

ernission raies.

Emission Rate, Ib y hour N 453.59 grams
hour 3,600 seconds b

Emission Rate(g/sec)=

For each pollutant with standards that have an annual averaging period, it was conservatively
assutned that the maximum hourly emission rate would occur continuously (i.c. 24 hours 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 maximum hourly emission rates
are presented in Table B-2 of Appendix B, and have been converted to gram per second emission

rates for use in the TAC modeling analysis.

Table 6-4, New CFB Boiler Criteria Pollutant Emission Rates

Maximuam Hourly Modeled
Pollutant Emission Rate Emission Rate
(Ib/hour) (gram/sec)
coO 34.85 4.39
50 8780 11.06
PM,p 6.15 7.75E-01
NO, 20.50 2.58

! Based on worst-case emissions per fuel type.
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Existing Ripley Heating Plant Sources

In order to conduct 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 (3 fuel
oil/natural 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 ermission rate (in other words, a “net” emission rate
calculated as future potential minus past actual) was only determined and modeled for PM,q -
emissions. For all other criteria pollutants, the future potential emission rates were used because
they were either very similar to the “net” hourly emission rates or the pollutant impact from NMU

was fairly low and modeling the future potential is conservative.

In order to determine maximum hourly emissions for NAAQS modeling purposes, a
determination of maximum 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 that 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 operating

simultaneously with the new CFB boiler.

Table 6-5 presents the modeled emission rates for the existing Ripley Heating Plant hoilers, which

all exhaust from a commeon stack,
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Table 6-5. Existing Ripley Heating Plant Criteria Poilutant Emission Rates !

Maximum Hourly Modeled
Pollutant - Emission Rate Emission Rate
(Ib/hour) {gram/sec)
CO 24.90 3.14
S0, 836.18 10.86
PMg — PSD Increment Rate 4.44 0.56
PM;; -NAAQS Rate 4.79 0.60
NO,? 1024 129

! All boilers exhaust from a single common stack. Except for PM,,, the emission rates
presented represent the future potential maximum hourly emissions based on two of the

R three existing boilers operating simultaneously.

° The NOx emission rate has been determined based on the annual average emissions assuming
that the existing equipment would be limited to 99.9 tpy of 8O,. At this limit, the boilers
would have limited operation on fuel oil, with the balance of cperation on natural gas.
Therefore, annual NOx emissions would also be limited to approximately 44.9 tpy, which
resalts in an annwal average NOx emission rate of 10.2 lb/hr.

Stack Parameters — NMU Emission Sources

Table 6-6 presents the baghouse exhaust stack characteristics for both the new CFB boiler stack

and for the existing Ripley Heating Plant stack, and includes: stack locations (based upon UTM
coordinates) and parameters such as flow rate, temperature, and stack height and diameter. Both

of these exhaust stacks will discharge unobstructed vertically 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 PTT No. 126-05.
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Table 6-6. New CFB Boiler and Existing Boiler Exhaust Stack Characteristics

Baghouse UTM UTM Stack | Exbhaust [ Flow Exit Diam
Exhaust Easting' | Northing' | Height | Temp | Rate® | Velocity (inches)
Stack {meters) (meters) (feet) (°F) |(ACFM)| (m/s)
New CFB Boiler | 468,853.5 | 5,156,684.2 165 328 86,300 15.51 72
Existing Stack * | 468,368.2 5,156,623.6 160 300 47,234 | - 12.22 60

! For reference, the southwest corner of the Ripley Heating Plant building was taken as the site ordinate, and is
located at the following UTM coordinate: Easting = 468,874 m, Northing = 5,156,608 m.

2 The existing stack currently has a diameter of 108 inches and a height of 150 feet, Upon installation of the
new boiler, the stack will be modified to a diameter of 60 inches and a height of 160 feet.

6.4 OFFSITE SOURCES AND BACKGROUND CONCENTRATIONS _

The CO, SO,, PM)q, and NO, modeling analyses have been conducted to demonstrate compliance
with the applicable PSD Increments and NAAQS. Therefore, the PSD modeling must include
appropriate off-site PSD Increment consuming sources, and the NAAQS modeling analyses must
include all sources that the MDEQ-AQD considers to have significant impact areas (SIAs) that
interact with the SIAs produced by the NMU sources. However, since only the emissions of SO
from NMU boilers result in ambient impacts greater than the applicable significant impact levels
{SILs), conducting a detailed modeling analysis that includes off-site sources was only necessary

to demonstrate compliance 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. The 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 of PSD Increment modeling for any of the pollutants
(i.e. there are no PSD Increment consuming sources in the area near NMU, other than NMU 7
ttself), and therefore only provided sources that needed to be included in the NAAQS modeling
analyses. Table 6-7 presents the off-site sources included in the SO; NAAQS modeling analysis.
The information in this table includes the source SRN and modeling ID, the company name and
source description, the cmission rates, and pertinent exhaust characteristics for the various

NAAQS analyses.
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Background Concentrations

To analyze impacts relative to NAAQS, estimates of background pollutant concentrations are
needed. Background concentrations are obtained from ambient air quality monitors and include
contributions from other sources in the area and may include contributions from natural sources,
anthropogenic sources too distant to be included in the modeling inventory, small area sources,

and/or other unidentified sources,

For this study, background concentrations of CO, S5, PMj,, and NO, were obtained from the
MDEQ-AQD via email on August 21, 2006. However, as will be discussed in the results section,
only SO2 requires a full dispersion modeling analysis to demonstrate compliance with the
applicable NAAQS. Therefore, only the background concentration of SO2 is needed for the
NMU modeling analysis. Table 6-8 summarizes the background concentrations that have been
used in the NAAQS analysis for SO;. Monitor selection and background concentrations are

presented in Appendix C, along with the background concentrations of the other pollutants.

Table 6-8. Background Concentrations for NAAQS Modeling

Averaging Concentration
Pollutant Period (ug/m3 )
Annual 2.7
502 24-Hour 13.3
3-Hour 452

The following sections will present the results of the criteria pollutant and TAC dispersion

modeling analyses.

6.5 CRITERIA POLLUTANT MODELING RESULTS

The U.S. EPA AERMOD (with PRIME) dispersion model was used for the refined modeling
analyses for the facility, utilizing the most current 5-years of NWS meteorology (2001-2005)
available from MDEQ. The results of the CO, $O,, PM,y, and NO, modeling analyses are

contained in the following subsections.
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6.5.1 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 exhaust stacks were modeled to determine the maximum ground
level concentration (GLC) for both stacks emitting simultaneously. Consistent with the ambient
standards for CO, both the maximum 1-hour and &-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
detcrmining the maximum GLCs for the sources that are being permitted 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 of the second high values. The resulting GLCs are then
compared to SILs that have been established for the various criteria pollutants end associated
averaging periods. If the results of the first step in the analysis indicate that the GLCs are less

than the applicable SILs, then further modeling is not required and the source(s) are assumed to be‘
in compliance with the federal standards (NAAQS for CO). However, if the first step in the

analysis indicates an exceedance of an applicable SIL, further modeling is conducted.

Per the preceding discussion, the CO combined impacts from the two stacks have been
determined for comparison with the applicable SILs of 2,000 pg/m’ on a 1-hour basis and 500

Lg/m’ on an 8-hour basis. The results of this analysis are presented in Table 6-9.

As shown in Table 6-9, the maximum CO emission rates for both the proposed new CFB boiler
and the existing boiler stack result in maximum combined GLCs of 85.3 pug/m’® on a 1-hour basis
and 27.2 pg/m’ on an 8-hour basis. These GLCs arc 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 for CO, the impacts are |
considered insignificant and no further modeling is required to demonstrate compliance with the
CO NAAQS for this project,

5 Proj 20071 5-060504-NMUNMU TSD_Final. doe

70




Table 6-9. Results of the NMU CO SIL Modeling Analysis (01-05 SAW MET)

NMU Impact Impact Significant
Averaging | Maximum M“;;?;‘:in UTM UTM Tmpact ;;n,,gagf
Period Impact ! Empact Easting | Northing Level SI‘]l'_;
(Lg/m’) P (meters) | (meters) (pg/m’ )
1-hour 85.30 2002 466,860.8 | 5,151,904.0 2000 4.27%
8-hour 27.18 2003 469,210.8 1 5,156,254.0 500 - 5.44%

High itpacls determined using five discrete years of meteorological data (2001 through 2005).

6.5.2 SO; PSD Increment Modeling Results

The SO; PSD Increment modeling analysis also considered all of the NMU sources, both existing
and the new proposed CFB boiler as it was determined that the SO, impacts from the CFB boiler
alone would be greater than the applicable SILs for SO;. As the existing boilers were installed
and/or modified after the SO, PSD baseline date of February 8, 1980 (AQCR 126), it has been

assummed that all existing boilers are sources of SO, for PSD Increment consumption purposcs,

! Consistent with how the standards are applied, the maximum impacts are based upon the highest of the 2™

\

|

The analysis has a tiered approach for compliance demonstration. The first tier is used tc>,s;ho~mr

| that the proposed project, together with the existing facility sources, will not consume more than
80% of the allowed U.S. EPA PSD Increment for each averaging period (i.e., for SO, — annual,
24-hour, and 3-hour periods). The second tier is to show that the NMU PSD Increment
consuming sources and all off-site Increment consuming sources, modeled simultaneousty, will
comply with 100% of the applicable PSD Increment for each averaging period. However, as
discussed in Section 6.4, the AQD has indicated that there are no PSD Increment consuming
sources to be considered in the PSD analysis, and therefore, the 100% PSD Increment analysis is

based solely on the impacts from NMTJ.

\

i Table 6-10 presents the results of the modeling analysis conducted to demonstrate compliance
with 80% and 100% of the SO, PSD Increments (as NMU is the only source included in the 100%
analysis). The NMU SO; emission sources modeled for the PSD Increment analysis include al]

sources of 50, emissions — both existing boilers and the new CFB boiler. . The NMU SO,
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emission rates were previously listed in Table 6-4 for the new CFB boiler and in Table 6-5 for the

existing NMU boilers.

Table 6-10. Results of NMU SO, 80% and 100% Increment Modeling (01-05 SAW MET)

Maximum
NMUE | Impact | Impact | 100%of | 80%of (NMU&PSD
Averaging Maximum UT™M UTM PSD Class II | PSD Class 1T | Impact As
Period I 1 Easting | Northing | Increment | Increment % of PSD
mpact 3 3

3 (meters) (meters) (ug/m’ ) {ug/m’) Class I

(ng/m’) Increment
Annual 6.06 468,660.8 | 5,156,254.0 20 16 30.28%
24-hour 60.86 469,110.8 | 5,156,354.0 91 72.8 66.87%
3-hour 119.08 469,110.8 | 5,156,404.0 512 409.6 23.26%

! Consistent with how the standards are applied, the maximum annual impact is based upon the highest of the 1%
high impacts determined nsing five discrete years of meteorological data (2001 through 2005), while 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 meteorological data.

As shown in Table 6-19), the PSD Increment consuming SO, emission rates for NMU sources,
including those associated with the proposed project and currently existing, do not result in
impacts that are greater than 80% (and consequently, 100%) of the applicable SO, PSD
Increments. The annual impact is predicted to be approximately 30% of the PSD Increment,
while the 24-hour and 3-hour impacts are about 67% and 23% of their applicable PSD Increment,

respectively.

6.5.3 SO, NAAQS Medeling Results

Afier having demonstrated compliance with the PSD Class II Increments, the last step in the 8O,
modeling analysis is a demonstration of compliance with the annual, 24-hour, and 3-hour 30,
NAAQS.

Uniike PSD Increments, which are designed to prevent the air quality in a given region from
significantly deteriorating beyond the conditions that existed at a stipulated baseline date, the
NAAQS are designed to ensure the protection of human health and the environment. Therefore,
the NAAQS modeling analysis includes all pertinent sources of emissions near the source of

interest (at their maximum allowable emission rates), regardless of their installation date. In
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addition, NAAQS modeling analyses also include a background concentration, which represents

the natural background concentrations from local sources in the area of interest (anthropogenic

sources) and biogenic sources (concentrations presented in Table 6-9).

The SO; NAAQS consist of primary and secondary standards. The primary standards have been

developed to protect public health, including the health of sensitive portions of the general

population (i.e., asthmatics, children, elderly, etc.). The secondary standards are designed to

protect public welfare, including decreased visibility in a region and damage to animals, crops,

vegetation, and buildings. In the 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 periods. The NAAQS modeling analysis includes all SO; emission sources — all

NMU SO, emission sources and all off-site SO, emission sources (sources listed for SO

emissions in Table 6-8) — at their allowable (or proposed allowable) emission rates. The

background concentrations were then added to the concentrations predicted by the dispersion

model in order to determine the overall maximum concentrations. The results of the SO, NAAQS

modeling analysis are presented in Table 6-11.

Table 6-11. Results of the NMU SO, NAAQS Modeling Analysis {01-05 SAW MET)

. Impact Impact . Background | Total Total
Averaging Mazumurln UTM UT™M Primary Concen- NAAQS | Impact
Peri Impact . . NAAQS . o

eriod Iy Easting Northing (ug/m’) tration Impact | As % Of
Me/m’) | reters) | (meters) | M (ug/m*)y | (ugm’) | NAAQS

Annual 30.56 469,260.8 | 5,157,204.0 80 2.7 33.26 41.57%
24-Hour 217.39 469,410.8 | 5,157,104.0 365 13.3 230.69 63.20%
3-Hour 520.24 465,360.8 | 5,151,654.0 1300 452 565.44 43.50%

' Consistent with how the standards are applied, the maximum annual impact is based upon the highest of the 1
high impacts determined using five discrete years of meteorological data (2001 through 2005), while 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 metcorological data.
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As shown in Table 6-11, the SO, NAAQS modeling analysis shows that the proposed project will
not cause a violation of the SO 3-hour, 24-hour, or annual NAAQS when the model predicted

maximum impacts are added to the background concentrations.

6.5.4 PMy, Significant Impact Level (SIL) Modeling Results

The PM|; PSD Increment modeling analysis considered all NMU boilers, both existing and the
newly proposed boiler. Similar to CO, the PM,, 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 for the various PM;, standards and averaging pertods. If the results of this initial
analysis indicate that the ambient impacts are less than the applicahle S1Ls, then further modeling
is not requifed to demonstrate compliance with the federal standards (PSD Increment and
NAAQS for PMo). |

Per the preceding discussion, the PM,q combined impacts from the two stacks have been
determined for comparison with the applicable SILs of 5 ptg/m® on a 24-hour basis and 1 pg/m® on
an annual basis. The full 5-year meteorological data set was utilized, and the results of this

analysis are presented in Table 6-12.

As shown in Table 6-12, the maximum PM,, emission rates for both the proposed new CFB boiler
and the existing boiler stack result in maximum combined ambient impacts of 3.23 pg/m’ on a 24-
hour basis and 0.35 ug/m’ 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 from

‘the proposed new baoiler and existing boilers are less than the applicable SILs for PM,, the

impacts are considered insignificant and no further modeling is required to demonstrate

compliance with the PM,, PSD Increment standards and NAAQS for this project.
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Table 6-12, Results of the NMU PM,, SIL Modeling Analysis (01-05 SAW MET)

NMU Year of Impact Impact Significant NMU
Averaging | Maximam Maximum UTM UTM Impact Impact
Period Impact ! Im a:t Fasting | Northing Level As % Of
{ug/m’) P (meters) (meters) (ng/m’® ) SIL
Annual .33 2003 468,660.8 | 5,156,254.0 1 35.20%
24-hour 323 2004 469,160.8 | 5,156,304.0 5 64.60%

Consistent with how the standards are applied, the maximum annual impact is based upon the highest of the I*

high impacts deteemined using five discrete years of meteorological data (2001 through 2005), while the 24-
hour maximum impacts are based upon the highest of the 2™ high impacts from the same five year set of
meteorological data.

6.5.5 NO, Significant Impact Level (SIL) Modeling Results

The NO, significant impact level modeling analysis considered all NMU boilers, both existing

and the newly proposed boiler. Similar to CO and PM,,, 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 NQ, annual standard. Had the results of this initial_

analysis indicated that the ambient impacts were greater than the applicable SILs, then further

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 SIL.

Per the preceding discussion, the NQ, combined impacts from the two stacks have been
determined for comparison with the applicable SIL of | pg/m’ on an annual basis. The full 5-year

meteotological data set was utilized, and the results of this analysis are presented in Table 6-13.

As shown in Table 6-13, the maximum NO, emission rates for both the proposed new CFB boiler
and the existing boiler stack result in a maximum combined ambient impact of 0.97 pg/m® on an
annual basis. This maximum impact is below the annual significant impact level, and therefore,
the NOx impact from the NMU boilers is considered insignificant and no further modeling is
required to demonstrate compliance with the NO, PSD Increment standard and NAAQS.
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Table 6-13. Results of the NMU NO, SIL Modeling Analysis (01-05 SAW MET)

NMU y f Impact Impact Significant NMU
Averaging | Maximum Ma;?:n?lm UTM UT™M Impact Impact
Period Impact ! Imbact Easting Northing Level As % Of
(ug/m’) P {meters) (meters) (ug/m®) SIL
Annual 0974 2005 468,960.8 | 5,157,154.0 1 97.40%

! Consistent with how the standards are applied, the maximum annual impact is based upon the highest of the 1%
high impacts determined using five discrete years of meteorological data (2001 through 2005).

6.6 TAC MODELING ANALYSIS RESULTS

In addition to the criteria pollutant modeling analyses, a TAC modeling analysis has been
conducted to demonstrate that the emissions of TACs from the new CFB boiler (Unit #10) will be
in compliance with the Michigan AQD’s air toxics regulations. Refined modeling for TACs was
performed to determine the ambient, off-property impact from trace metals and organic

compounds emitted from the new boiler,

Modeling was performed in accordance with the same methodology used for the criteria pollutant
modeling and followed all regulations, guidelines 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 of the Initial
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 bredicted
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 run instead of running 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 short term emission rates on a compound-
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by-compound basis, which were then converted into gram/second emission rates for scaling
purposes. The emission rates and calculated ambient impacts for all TACs (which includes

HAPs) are presented in Table C-1 of Appendix C.

The following is a brief description of the procedure for using the gram per second modeled

Worst Case Acetaldehvde Impact, 24-Howr Averaging Period

impacts to determine a specific pollutant’s maximum ground level concentration.
|
|

CFB Boiler Stack Acetaldehyde Emission Rate = 2.47E-02 gram/sec
Gram/Second Modeled Impact for 24-hour averaging period = 1.589 (ug/m’)/(e/sec)

1.589 (ug/m’)  2ATE-02 grams
(1 gram/second) second

Acetaldehyde Impact =

0.0392 ug Acetaldehyde

m.?

Acetaldehyde Impact =

As shown in the preceding calculations, the acetaldehyde emissions from the new CFB boiler
exhaust stack results in a 24-hour impact of 0.0392 pg/m’, which is approximately 0.44% of the

acetaldehyde sereening level of 9 pg/m® on a 24-hour basis.

The modeled impacts associated with the annual, 1-hour, 8-hour, and 24-hour modeled averaging

periods for the new CFB boiler exhaust stack are presented in Table 6-14.

Table 6-14. 1.0 Gram Per Second Modeled Impacts for the New CFB Boiler

Averaging | ModelgdImpnct | %0 20 U O onT | Blevato

. (meters) (meters) (meters)
Annual (.211 468,960.8 5,157,204.0 193.79
24-Hour 1.589 468,760.8 5,156,254.0 201.88
8-Hour 2.712 466,860.8 5,151,904.0 283.74
1-Hour 15.779 466,860.8 5,151,904.0 283.74

Ei;.‘” ! These distances are referenced from the site ordinate {UTM coordinate Easting = 468,874.0 meters, and
Northing = 5,156,608.0 meters).
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Table C-1 of Appendix C presents the results of applying the modeled iropacts of Table 6-14 to
the maximum TAC emission rates. Table C-1 shows that the TAC emitted at the highest hourly
rate, hydrochloric acid (HCI), results in an ambient impact of 0.24 ug/m3 when scaled by the 24-
hour modeled impact. This impact is approximately 1.2% of the allowable screening level (SL) of
20 pg/m’ 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 @ maximum annual ambient impact of 0.028 ug/m’ - approximately 34% of the allowable
screening level (SL) of 0.08 pug/m’ on an annual averaging period basis. (Note that although the
impact for chromium VI is predicted to be approximately 26% of its 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-1, and thus result in a much lower impact after considering control efficiency of the

baghouse).

Overall, the results presented in Table C-1 show that all TACs will comply with the applicable
screening levels at the maximum predicted emission 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
period, a 24-hour ambient impact has been determined and compared to the ITSL of 1.5 ug/m’ on
a 3-month basis. This represents a conservative approach because it over predicts the ambient

impact that would occur on a 3-month basis.

In concluston, the proposed operation of the NMU facility expansion will be in compliance with
all applicable federal and state ambient air quality standards for both criteria pollutants and TAC

emissions.

6.7  DISPERSION MODELING FILES

Table 6-15 lists the [SC AERMOD files that have been included in Appendix C on compact disc.
These include the complete Lakes Environmental project files for all modeling runs. The
Marquette OE East and Marquette 7.5-minute DEM files utilized in determining elevated terrain
through AERMAP are also included electrenically.
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Table 6-18. Summary of the NMU Medeling Files

ISC AERMOD View Files File Description Mete;‘;’t?gi‘a'
NMUO!_CO through NMU05_CO €O SIL Models 2001-2005
NMUPM P1 through NMUPM_P5 PM,, STL. Models 2001-2005
NMUD1S02 through NMUQ5S02 S0, PSD and NAAQS Models 2001-2005
NMU NOx! through NMU_NOx5 NO, SIL Models 2001-2005

NMU_GPS2 TAC modeling Gram/Second Model 2005
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70  SECONDARY IMPACT ANALYSIS
An additional impact analysis is required for major new sources or major modifications at existing
major sources pursuant to 40 CFR Part 52.21(0). In addition, Section 7(a) of the Endangered
Species Act (ESA) requires review of threatened 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 on:

»  Associated growth
+ Seoils, vegetation, and wildlife
¢ Vigibility impairment

¢ Threatened and Endangered Species

The proposed project is considered a major modification and will result in emissions of particulate
matter (PM,o/PMa 5), nitrogen oxides (NO,), sultur dioxide (SO:) and carbon monoxide (CO}
greater than the maj_or source significant level. Consequently, an additional impact analysis
addressing the effects of PM, NO,, 8O-, and CO in these areas is required.

Additionally, MDEQ has requested a quantitative analysis regarding the impact of the 7 MW
cooling tower on fogging and icing. Fogging occurs as a result of evaporative moisture from the
cooling tower and result in reduced visibility and increased humidity directly adjacent to the
cooling tower. Icing when the ambient temperature is below freezing the cooling tower fog

freezes on road surfaces.

7.1  ASSOCIATED GROWTII )

The purpose of the growth impact analysis is to quantify the impact from growth resulting from
the construction and operation of the proposed project and to assess air quality impacts that would
result from that growth. Tmpacts 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 through Friday. While an increase in vehicle

traffic as a result of fuel truck delivery will increase, both Sugarloaf and Wright Avenues are
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currently major transportation routes. Specifically, Sugarloaf Avenue is currently heavily traveled
by logging trucks delivering fibers to facilities from processing plants north and west of
Marquette. Consequently, the increase in truck traffic as a result of the new solid fuel boiler will

be relatively insignificant.

NMU is proposing to construct and install a new CFB boiler and steam turbine in response to
increased demand for power and stearn at the Margquette campus. The proposed project also
inchudes 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 Midwest.

7.2  SOILS, VEGETATION, AND WILDLIFE

Additional increases in pollutant levels resulting from a specific emission source can have an
impact on air quality-related values (AQRVs). However, it is important to evaluate the level of
the expected increase. AQRVs can include visibility, odor, flora, fauna, and geographic

resources; archeological, historical, and other cultural resources; and soil and water resources.

NMU has performed a modeling demonstration for PMp/PM, s, NO;, 802, and CO emissions
resulting from the installation of the new CFB bailer. This ambient impact analysis addressed
emissions from the all units at NMU, including the three (3) existing natural gas/oil-fired boilers,
and compared the modetl results with both the primary and éeconclary National Ambient Air
Quality Standards. Note that the primary and secondary standards for PMp, NOx, SO, 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 PM,, impacts from the facility as a result of future potential emissions:

o Annual concentration of 0.97 %, (primary NAAQS is 100 "%/,
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The highest predicted SO, 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 PM,, impacts from the facility as a result of firture potential emissions:

e 3-hour concentration of 520.24 "/ (primary NAAQS is 1,300 Hey %)
¢ 24-hour concentration of 217.39 ¥%/,,> (primary NAAQS is 365 Hej )
e Annual concentration of 30.56 "%/,.} (primary NAAQS is 80 “¥/,,%)

Modeling was also performed for PM,, and CO emissions. This modeling showed that the
impacts from both PM;o and CO as a result of the proposed project are less than the federal

significant impact levels of 1 and 5 usr 3 and 500 and 2,000 “%/>, respectively.

Based on the modeling results presented above, no impact on soils, vegetation, or wildlife can be
expected. Further, these small concentration increases are not likely to have an adverse effect on

AQRVs within the vicinity of the facility.

73  VISIBILITY

NMU is located within 50 km from the Seney National Wildlife Refuge (Seney) Class [ area. As
sich, a visibility analysis using the CALPUFF model was performed to determine whether the
emissions from the new CFB will cause a degradation of visibility due to increased relative

humidity within Seney.

The visibility modeling 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 will not result in visibility impairment at Seney.

While sulfates are a subset of the PM,_s 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 current quality index and have not been quantified. Therefore, no

adverse effect on regional haze is expected from the proposed new boiler.
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74  THREATENED AND ENDANGERED SPECIES

A request for review of threatened 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 rare or unique natural features ...” and a copy of the leifér from

Ms. Lori Sargent, Endangered Species Specialist, is included in Appendix E.

Additionally, a request for review for threatened and endangered species by the U.S. Fish and
Wildlife Service was requested as well. Per the letter included in Appendix E, the U.S. Fish and
Wildlife Service confirms that no threatened 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 of fogging and icing from the
proposed 7 MW cooling tower was performed using the Seasonal/Annual Cooling Tower Impact
{SACTI) model. This analysis confirmed that impairments to the surrounding community as a
result of fogging and 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.
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Northern Michigan University - Modeling Analysis Layout for Proposed Boiler Project

Coordinate System Layout for Northern Michigan University Located in Marguette, M
The Southwest Corner of the Existing Ripley Heating Plant Bldg Equals Site Coordinate (0,0)

- Building Cormer Coordinates (feet] | Helght_]_Goordinates (melars Helght
v LB, X (E} Y (M) [fest) X{E} Y {N} [meters)
Ripley Heailng Plant Al 0.00 0.00 79.00 Q.00 0.00 1 24.08
A2 0.00 102.92 79.00 0.00 31.37 24.08
A3 66.92 102.92 79.00 20.40 3.37 24.08
Ad 66.92 0.00 79.00 20.40 0.00 24.08
A5 0.00 0.00 79.00 D.00_ 0.00 2408
New Bollar Main Building B1 -101.53 42.82 110.00 -30.95 13,05 33.5
F -101.53 16312 110.00 -30.95 46.67 33.53
B3 -36.53 153.12 110,00 ‘-11.14 46.87 33.53
B4 -38.53 4282 110.00 -11.14 13.05 33.53
— g -101.53 42.82 110.00 -30.85 13.05 33.53
New Steam Turbine Bldg [%] -101.53 -4.19 30.00 -30.85 -1.28 9.14
c2 -101.53 42.32 30.00 -30.95 13.05 9.14
C3 36.53 A42.82 30.00 -11.14 13.05 9.14
c4 -368.53 <4.19 30.00 -11.14 -1.28 9.14
o] -191 ._5;3 4,18 30.C0 -30.95 -1.28 9.14
Now Cantrol Room D1 -36.53 0.00 30.00 -11.14 0.00 .14
D2 -36.53 3%.13 30.00 -11.14 11.23 9.14
D3 0.00 38.13 30.00 0.00 11.93 9.14
[aF: 0.00 0.00 30.00 0.00 0.00 9.14
D5 -38.53 0.0¢ 30.00 1114 0.00 9.14
Coal Eoniaimem Strutiure El -145.06 67.00 5.00 -44.49 50.90 2.44
E2 -145.96 £9.00 3,00 -44.49 51.51 2.44
E3 -00.29 169.00 .00 -27.52 51.51 2.44
E4 -90.29 229.00 0o -27.52 69.80 244
E5 -145.06 229.00 8.00 -44.43 689.80 2,44
EB -146.96 231.00 8.00 -44.49 70.41 2.4
E7 88.29 231.00 300 »28.91 7.4 2,44
E8 -85.29 167.00 8.00 -26.91 5080 2.44
o E=9 -145.96 167.00 .00 —44.49 £0.80 2.44
Wood Handling Building F1 -151.12 .43 22.00 -16.06 -1.356 B.71
F2 -151.12 39.14 22.00 -46.08 11.93 8.71
F3 -127.87 39.14 22.00 -35.98 11.93 6.71
F4 ~127.87 -4,43 22.00 -38.88 -1.35 B.71
e F5 -151.12 -4.43 22,00 -46.06 -1.35 §.71
- P
New Baghouse Structure G1 -80.78 16812 £3.00 -24.62 51.24 19.20
G2 80.76 204.76 63.00 -24.62 62,41 19.20
33 -53.75 204.76 63.00 -16.38 52.41 19.20
G4 -63.75 168.12 63.00 ~16.38 51.24 189.20
— G5 -801.76 168.12 53.00 -gg 51.24 19.20
Cooling Towar Struciure Hi -233.86 -46.48 28.00 -71.28 -14.17 8.53
Hz2 -233.86 -22.48 28.00 -71.28 -6.85 8.33
H3 -191.86 -22.48 28.00 -08 .44 -6.85 8.53
H4 -191 .86 -46.48 28.00 -58.48 -14.17 8.53
HE -233.B6 -45.48 25.00 ~71.28 -314.17 8,53
Existing Nearby Bldg #1 i -237.56 222.84 40.00 7241 B7.92 12.19
12 -237.56 323.23 40.00 -72.41 9B8.52 12,19
13 -191.52 323.23 A40.00 -583.37 98.52 12.19
14 -101.52 222.84 40.00 -58.37 67.92 12,18
15 -237.56 202 .54 40.00 7241 §1.32 219
Existing Nearby Bldg #2 J1 -230.95 62.16 40.00 -70.39 18.05 2.19
J2 -230.95 9308 40.00 -39 28.37 2,19
J3 -196.64 93.06 40.00 -59.94 28.37 2.19
J4 -196.64 §2.16 40.00 ~50.84 18.95 219
o -J=5 <230,95 62.16 40.00 -70.39 8.=9=5== 1219
Gunther C. Mayland Hall K1 -242.84 -412.65 120.00 -74.02 -125.78 36.58
{NE Section of Quad 2} K2 -242.84 -25(.26 120.00 ~74.02 -78.28 36.58
K3 -198.80 -250.26 120.00 -50.59 -76.28 36.58
K4 -198.80 -368.41 126.00 -60.58 -112.289 38.58
K5 -75.38 -368.41 120.00 -22.88 -112.29 36.58
KE -75.38 -250.28 120.00 «22.98 -76.28 36.58
K7 -30.78 -250.26 120.00 -0.38 -76.28 36.58
K3 -30.78 -412 .85 120.00 -0.38 -125.78 36.58
Kg -242.84 -412.85 15&90 -7A.02 -125.78 36.58
Gircular Strutures Center Coordinates (feet) Height Coordinates {meters} Diamaeter Height
1.B. X {F) Y (N) feel) % (E) Y {N} {meters) {maters]
New Ash Silo 01 -30.54 221.91 81.00 9.31 67.84 6,10 24.60
Wood Silo P1 ~138.44 §7.43 80.00 -42.319 29.70 13.65 24.38
- ey
Stacks Coordinates {feat) Height Coordinates {meters} Diamatar Height
.D. X (E) Y (N} feet) X (E) Y (N} {maters) {meters)
New Baghouse Slack NewBHStk -67.26 @E‘JB 165.00 -20.50 76.22 1.83 5020
Exisﬁng Boiler Stack ExistStk -18.02 51.28 150100 +5.80 1583 1.52 45.7%_-
Page 1 of 1 Flle: NMU Modeling Setup Tab; Intermnal Site Goord Printed 1/25/2007 13:54 AM
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Northern Michigan University - Modeling Analysis Layout for Proposed Boiler Project

Coordinate System Layout for Nerthern Michigan University Located in Marquette, M!

r The Southwest Corner of the Riplay Heating Plant Bldg Equals UTM Coordinate (463,874 E; 5,156,608 N)
Bullding Corner Coordinates {meters} Height UTM Coordinates {meters) | Elevation
I.D. X (E) Y (N) {feet) Easting Northing {meters) ,
Ripley Heating Flant Al 0.00 0.00 79.00 468874.00 | 5156608.00 195.38
A2 0.00 31.37 7_9.00 468874.00 5156639.37 195.38
A3 23.40 31.37 79.00 46889440 5156639.27 195.38
Ad 20.40 0.00 78.00 468894.40 §156608.00 185.38
— &5 0.00 0.00 79.00 468874.00 5156808.00 195.38
New Boiler Main Building B -30.85 13.05 110,00 468843.05 5156621.05 195.28
B2 -30.95 48.67 110.00 4638843.05 5156654.67 195.28
B3 ~11.14 46.67 110.00 468862.86 51568654.67 185.38
24 -11.14 13.05 113,00 468662.86 5156621.05 195.38
BS -30.95 13.05 110.00 468843.05 5156621.05 195.38
rorro— S e e =
New Steam Turbine Bldg C1 -30.95 -1.28 30.00 468843.05 5156606.72 195.38
[v74 -30.95 13.05 30.00 468843.03 5156621.05 195.38
C3 . -11.14 13.05 30.00 468862 .86 5156621.058 105.38
4 «11.14 -1.28 30.00 468862 .86 5156606.72 105.38
C5 -30.95 -1.28 30.00 468843 08 5156600.72 185,38
New Control Room 1] -11.14 .90 30.00 468862.86 5156608.00 195.28
D2 -11.14 11.93 30.00 468862.86 5156619.93 195.38
D3 0.00 11.93 30.00 468874.00 5156619.93 195.38
D4 0.00 0.00 30.00 468874.00 5156608.00 105.38
25 «11.14 0.00 30.00 46886%&6 5156608.00 195,38
Coal Contaiment Structure E1 -44.49 50.90 8.00 468829.51 5156658.90 19538
E2 -44.49 51.51 8.00 48882951 5156659.51 195.38
E3 -27.52 51.5% 8.00 465846.48 5156659.51 195.38
E4 -27.52 £8.80 8.00 468846.48 5156677.80 195.38
EL -44.,49 69,80 8,00 4658828.51 5156877.80 195.38
E6 ~44.49 70.41 B.00 468820.51 5156678.41 195.38
£7 -26.91 70.41 8,00 468847.09 51568678.41 195.38
E8 -28.91 50,90 8.00 463847.09 5156658.90 195.38
_gg -44 .43 50.90 8.00 46832?& 5156658.80 195.38
Wood Handling Building F1 -46.08 -1.35 22.00 48882794 5156606,65 195,38
F2 -46.06 11.83 22.00 468827.94 5156618.93 195.38
F3 -38.98 11.93 22.00 468835.02 5156619.83 195.38 !
F4 -38.08 -1.35 22.00 468835.02 5156606.65 196.38 L
F5 -46.06 -1.35 22.00 468827.94 5156608.65 195.38 !
New Baghouse Structure G -24.62 51.24 £53.00 468849.38 5126659.24 195.28
G2 ~24.82 62.41 £3.00 468849.38 5156670.41 195,38
G3 -16.38 62.41 63.00 468857.62 5156670.41 195.38
G4 -16.38 51.24 63.00 4608857.652 5156659.24 185,38
G5 -24.62 51.24 63.00 468849.3_§== 5166660.24 105.38
Cooling Tower Structure RE -71.28 1417 28.00 468802.72 | 5156505.85 155.33
H2 -71.28 -6.85 28.00 468802.72 5156601.15 195.38
H3 -58.48 -6.85 28.00 468815.52 5156601.15 196.33
H4 -58.48 14,17 28.00 468815.52 5156593.83 195,38
- H5 -71.28 -1=_1.1 7 28.00 4 6880&&%_ 5156593.83 195.38
Existing Nearby Bidg #1 i1 -72.41 57.92 40,00 68801.59 5156675.92 196.90
: 2 -72.41 88.52 40.00 468801.59 5156706.52 196.90
13 -58,37 98.52 40.0¢ 468815.63 5156706.52 196.90
14 -58.37 67.92 40.00 468815.63 5156675.92 186.90
- 15 -72.41 §7.92 40.00 468801.59 5156675.92 196.90
Exlstingjearby Bldg #2 J1 -70.39 18.95 40,00 468803.61 5156626.95 195.38
J2 -70.39 28.37 40.00 46G8803.61 5156636.37 195.38
J3 -59.54 28.37 40.00 468814.08 5156636.37 195.38
J4 -59.94 18.95 40.00 465814.06 5156626.85 195.38
J5 -70.39 18.85 40.G0 468803.61 5156626.95 185.38
Gunther C. Mayiand Hall Kt -74.02 -125.78 120.00 468790 98 5156482.22 185.38
{NE Section of Quad 2) K2 -74.02 -76.28 $20.00 468799.98 5156531.72 195.38
K3 -60.59 -76.28 1203.00 4638813.41 5156531.72 195.38
K -§0.59 -142.28 120.00 468813.41 5156495.71 195.38
K5 -22.98 -112.29 120.00 468851.62 5156495.71 195.38
K6 -22.98 -76.28 120.00 458R51.02 5158531.72 195.38
K7 -9.38 -76.28 120.00 468864.62 5156531.72 195.38
K8 -9.38 -125.78 120.00 468864.62 | 5156482.22 195.38
Ka -74.02 -125.78 120.00 468794,98 5156482.22 195.38
Page tof 2 File: NMU Modeling Setup Tab: UTM Coords Printed 1/25/2007 11:54 AM




Northern Michigan University - Modeling Analysis Layout for Proposed Boiler Project

Coordinate System Layout for Northern Michigan University Located in Marquette, Ml

y Heating Plant Bldg Equals UTM Coordinate {468,874 E; 5,156,608 N)

The Southwest Corner of the Ripley
Building Corner Coordinates (metars) Height UTM Coordinates (meters) Elevation
1D XE) [ Y {feet) Easting | Northing (meters)
Centar Coordinates (feet) Height UTM Coordinates {meters) Diameter Height
Clrocwiar Strutures LD
o X(B) Y (N {faet) UTM Easting | UTM Northing|  (meters) {meters)
New Ash Silo o) -9.31 57.64 81.00 468864.69 5156675.2_4 8.10 24.69
Wood Sllo 21 -42.19 29.70 80.00 458831.81 51566837.70 10.65 24 38
Stacks Cocrdinates {feet) Height UTM Coordinates (meters) Diameter Height
LD. X (E) Y (N) {feet) | UTM Easting | UTM Northing | (meters) | ({meters)
New Baghouse Stack NewBHSik -20.50 76.22 165.00 468853.50 5156684.22 1,83 50.29
Existing Boiler Stack ExistStk -5.80 15.63 A5000 3 | 468868.20 | 515862363 | 152 45.72

Page 2of 2
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Receptor Grid Layout Diagrams
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Northern Michigan University - Powerhouse Modification PTI
Receptor Grid Layout
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Northern Michigan University - Powerhouse Modification PTI
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Existing Source Emission Rates
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Summary of TAC Analysis Results
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RACT/BACT/LAER Clearinghouse Results
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STATE OF MICHIGAN

JENNIFER M. GRANHOLM DEPARTMENT OF NATURAL RESOURCES REBECCA A. HUMPHRIES
GOVERNOR LANSING DIRECTOR

August §, 2006

Mr. Jeffrey Jaros
NTH Consultants, Ltd.
608 8. Washington
{Lansing, M1 48933

RE: Two proposed air permit locations in Holland and Marguette, Michigan submitted to DNR Endangered Species
Assessment web application

Dear Mr. Jaros:

The location of the proposed projects were checked against known localities for rare specics and unique natural features, which
are recorded in a statewide database. This continuously wpdated database is a comprehensive source of existing data on
Michigan's endangered, threatened, or otherwise significant plant and animal species, natural plant communities, and other
natural features. Records in the database indicate that a qualified ohserver has documented the presence of special natural
features at a site. The absence of records in the database for a particular site may mean that ihe site has not been surveyed.
Records are not always up-to-date, and may require verificalion, In some cases, the only way to obtain a definitive statement on
the status of natural features is to have a competent biologist perform a complete field survey.

Under Act 451 of 1994, the Natural Resources and Environmental Protection Act, Part 365, Endangered Species Protection, “a
person shall not take, possess, transport, ...fish, plants, and wildlife indigenous to the state and determyined to be endangered or
threatened,” unless first receiving an Endangered Species Permit from the Department of Natural Resources, Wildlife Division.
Responsibility to protect endangered and threatened species is not limited to the list below. Other species may be present that
have not been recorded in the database,

The presence of threatened or endangered species does not preclude activities or development, but may require alterations in the
project plan. Special concern species are not protected under endangered species legislation, but recommendations regarding
their protection may be provided. Protection of special concern species will help prevent them from declining to the point of
being listed as threatened or endangered in the future.

The following is a summary of the resuits for the project in Ottawa County, City of Holland, TSN R16W section 36 and
Marguette County, City of Marquette, T48N R25W section 11:

The project should have no impact on rare or unique natural features at the location specified above if it proceeds
according to the plans provided. Please contact me for an evaluation if the project plans are changed.

Thank you in for your coordination in addressing the protection of Michigan's natural resource heritage. Responses and
correspandence can be sent to: Michigan Department of Natural Resources, Wildlife Division — Natural Heritage Program, PO
Box 30180, Lansing, MI 48909, If you have further questions, please call me at 517-373-1263 or e-mail at

Sargenl.2(@michigan.gov .
S@"M |

Lori G. Sargent
Endangered Species Specialist
Wildlife Division

NATURAL RESOURCES COMMISSION
Keith J. Charters, Chair « Mary Brown e Darnell Earlay » Bob Garner « Serald Hall » John Madigan & Frapk Wheatiake

STEVENS T. MASON BUILDING e P.O. BOX 30028 » LANSING. MICHIGAN 48509-7528
www.michigan.gov/dnr = (517) 373-2328




United States Department of the Interior

FISH AND WILDLIFE SERVICE
East Lansing Field Office (ES)
2651 Coolidge Road, Suite 101

IN REPLY REFER TO: East Lansing, Michigan 48823-6316

November 24, 2006

M. Jeffrey P. Jaros

NTH Consultants, Ltd.

608 8. Washington Avenue
Lansing, MI 48933

Re:  Endangered Species List Request, Proposed Construction of Solid Fuel Fired Boiler,
Northern Michigan University, Marquette, Marquette County, Michigan

Dear Mr, Jaros:

Thank you for your October 24, 2006 request for information regarding federally listed and
proposed threatened and endangered species, candidate species, or critical habitat near your
proposed project. Your request and this response are made pursuant to the Endangered Species
Act of 1973, as amended (Act). Under this project, Northern Michigan University proposes to
install a cogeneration of coal/wood/natural gas fired circulating fluidized bed boiler on the north
end of ifs campus, next to the existing Ripley Heating Plant.

Our records do not indicate the presence of federally listed species or critical habitat near your
proposed project. This precludes the need for further action on this project as required by the
Act, If, however, more than six months pass, project plans change, or new information becomes
available that indicates listed species or proposed species may be affected, you should conduct
further consultation with this office.

We appreciate your concern for endangered and threatened species. Any questions can be
directed to Tameka Dandridge of this office at Tameka_Dandridge@Ffws.gov or 517/351-8315.

Sincerely,

CA

Craig A. Czal
Field Supervisor

ce: MDNR-Wildlife Division, Lansing, MI (Atin: Lori Sargent)

s: adminfarchives/nov0a/se listNTH-NMU-sobidfuel, ind.doc
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APPENDIX F

Cooling Tower Modeling Output
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prep

LI T e P YT P T IRT RIS TR RS RIS AL S A S A R A R L AR A A R R R Lt
EE R L S22 AL RS LR Rl S L)

EPRI PLUME AWD DRIFT ANALYSIS SYSTEM PREPROCESSOR CODE, PRE-RELEASE VERSION 03-01-9D
CASE STUDY: Northern Michigan University - MARQUETTE - COOLING TCWER ANALYSIS {NTH)

I T S T e TS E ST TIPS LRSI RS AL A A AL E R LS LA R LR ERE R LR L ER R
et el e e dede e e e de Je ke de de b R el R ek e R

INPUT INFORMATICN

N e L Ty e ——

SURFACE TAPE TYPE: D144

TOWER TYPE: LINEAR MECHAMICAL URAFT
TOWER HEIGHT (M}: 12.50

TOWER DIAMETER (M): 47,03

TOWER HMEAT (KW): 7000.00

TOWER AIR FLOW (RKG/S): 679.50

SITE LATITUODE: 46.60

SITE LONGITUDE!: a7.40

SITE TIME ZONE: EASTERN
ROUGHNESS HEIGHT (CM): .07
REFFRENCE HEIGHT (M): 10.00
RECORD STOPPING SWITCH: 8760
RECORD SKIPPING FACTOR: i
HOURLY RECORD PRINT LOG!: NOT SELECTED
BI-DATILY MIXING HEIGHT TAPE: SELECTED
MIXING HEIGHT TYPE: RURAL
FOGOING/ICING OFTION: SELECTED
DRIFT OPTION: SELECTED

MONTHLY CLEARNESS INDEX

JAN FEB MAR APR MAY JUN JUL AUG SEP ocT oV DEC

.480 .49%0 .520 .4%0 .530 .550 .560 .55¢ .530 .500 .420 .420

TOTAL DAILY SOLAR ENERGY DEPOSITION
{(LONG-TERM AVERAGE FOR MONTH)

JAN FEB MAR APR MAY JUR JUL AUG SEF oCT KoV DEC
5.74 5.79 i3.10 16.08 20.47 22.63 23.52 19.34 14.78 10.05 5.82
4.60
1 : FRRRARRERE G RARRSAARNEXAETLE LS4 2 444 XLVYIND SPEED FREQUENCY
TABLE kb dhh ke ko kdh ke kR AR RNk AR R kR Rk

Northern Michigan tUniversity - MARQUETTE - COCLING TOWER AMALYSIS (NTH)

WIND dkhkk R hRhkRkE Rk kAN bk kkktkk bk dd bk h RN AN LRNTND
FROMA %k hhhhekhhdmddkrdreshihhdhr bbbt hirisss

SFEED N NNE NE ENE B ESE SE S5E 8 SSW W wswW w
WHW N HNW

RANGE e e e 90 e e ke ke e e e e e e e ek e ok e e s e e e ek ke ek ok ke kR R T ND
‘EA’DED*********iii**************i*i‘***‘b************

(M/5) 5 =S5 SN wWaW W WNW NW NNV N NNE NE ENE B
ESE SE S8E SUM

¢ TO 1 0.000 0.000 0.000 0.000 D.000 0.000 0.000 0,000 0.00C 0.000 0.000 C.000 0.000
0.000 0.000 0.000 0.000 -

1 7O 2 0.009 0.003 0.003 0.00Q3 0.004 0.002 0.003 0.004 0.008 0.00% 0.008 0.005 0.007
0.003 0.004 0.005 0.081
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prap
2 TO 3 0.017 0.009 0.011 ©.007 D.009% 0.004 0.007 0.010 0.022 €.017 0.012 0.015 0.022
0.011 0.009 0.010 0.192
3 TO 4 0,016 0.015 0.012 0.006 0,007 0,002 0.006 0.012 0.026 0.021 0.015 0.007 0.0139
9.0613 0.015 0.009 0.202
4 TO 5 0.014 0,09 ¢.015 0.005 0.062 0.002 0.007 0.010 0.031 0.016 0.013 0.008 0.011
0.012 0,011 0,008 0.183
5 TO 6§ 90.012 0.012 0.010 0.002 0.001 0.001 0.006 0.008 0.030 0.016 0.047 0.007 0.006
0.006 0.007 0.008 ©.139
& TO 7 0.012 0.006 0.004 0.001 0.000 ©.001 0.0062 0.005 0,017 0.007 0.004 0.003 0.004
0.004 0.006 0.005 0.083
7 TO 8 0.008 0.006 0.001 0.000 0.0CD 0.000 0.001 O0.003 0.012 0.006 0.002 0.002 0.003
0.082 0,005 0.002 0.056
8 TO 9 0.005 0.003 0.000 0.000 0.000 0.000 ©.000 C.001 0.005 0.003 0.002 0.00F 0.001
0.001 ©0.002 0.002 0.025
9 TO 10 0.0606 0.002 0.000 0.000 0.000 0.000 0.000 0.001 0.003 0.003 0.001 0.001 0.001
0.000 0.002 $.001 0.019
10 TO 11 0.005 0.002 0.000 0.000 0.000 0.000 0.000 .00 0.00%1 9.000¢ 0.000 0.00L 0.00C
0.000 0.900 0.000 0.012
11 TO0 12 0.002 0.000 0.000 D.0C0 0.000 0.000 0.000 0.000 0.000 0.000 0£.000 0.001 0.000
0.000 0.000 0.00C 0.005
12 TO 13 0.001 0.001 0.000 0.000C 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ©.000 0.000
0.000 0.000 0.000 0.003
13 TO 14 0.00C¢ ¢.000 0.000 0.000C 0.00C 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.006 0,000 0.000 0.001
14 TO 15 0.000 ¢.000 0.000 0.000 0.00C 0.000 0.000 0.000 0.000 0.000 0.0C0 0.000 0G.000
0.000 0.000 0.000 0.001
is TOo 20 0.000 ¢.000 0.000 0.0G0 0.000 0.000 0.000 0.000 0.0C0 0.000 0.000 0.000 O0.000
0.000 0.000 0.000 0.000
20 TO 25 0.00C 0.000 0.000 0.00C 0.000 0.00Q0 0.000 0.000 0.0CC 0.000 ©.000 0.000 0.000
0.000 0.000 0.000 0.000
25 To 30 0.000 0.DOO 0.000 0.DOC 0.000 D.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
30 'TO OVER 0.000 0.000 0.000 0.000 0.000 C.000 0.0DC 0.000 0.DC0 0.000 €.000 0.000 0.000
9.000 0.000 0.000 0.000

HEFRNRRER TR AL TR bk bk kAN R LR RN AR RN TR R R hde kbbb kbbbt bhhhrhhdirdbdhhhddhhdhket
ER AR L A A S d REEE R AR 2 T YT RS LY T T

AVERAGE 4.47699 VARIANCE 4.52228 STP DEV 2.132657
9TD ERR 2.02459 SKEWNESS 1.31718 KURTDSIS 2.01313

LA R A A A i A R R R A S T I 2 R A A A AR R R R AR R R R N S A R A N SR R A TR T )
EE LT I T A T T T LT L T YA N g s

1 Sl Rk kR R AR R R Rk kR R R R ARETANTIVE HUMIDITY FREQUENCY

MARTE* %k ke xRk Rk kb ks bk ke bdhddrrih

Horthern Michigan University - MARQUETTE - COOLING TOWER ANALYSTS (MNTH)

RELATIVE EhhkRd R AR R bbb kR ARk RER I IR AL e E bk kAR AR ERYIND
FROM"*******itA‘"*****i*i**************************
HUMIDITY N HNNE NE ENE E ESE S8 SS5E 5 S5W 5w wsu w
W NHwr NN
RANGE{%) EHEARE AR IR I TR ELT LTI EERRERETARARRRARERRNER LS * o SYPTND
HEADED#®* % Rk kikhhthhhrk ki khkkdkthhkdhthhhrrxtith
1 38w Sw WswW W WNW NW NNW N NNE NE ENE BE

ESE. SE SSE SuM

0 TO 10 0.000 0.000 0.000 0.000 D.DOC 0.000 0.000 0.000 0.000 0.000 0.000 0.000 C.00Q0
0.000 0.000 0.000 0,000

10 TO 20 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.003 '

20 T 3¢ 0.000 0.001 0.000 0.000 0.00C¢ 0.001 0.002 0.003 0.003 0.001 0.001 0.001 0.001
0.000 0.000 0.000 0.015

a0 10 40 0.001 0.003 0.004 0.002 0.002 0.002 0.004 0.005 0.007 0.004 0.004 0.004 0.004
0.003 0.001 0.001 0.050

40 TO 50 0.002 0.005 0.007 0.002 0.001 0.000 0.002 0.005 0.013 0.007 0.007 0.004 CG.005
0.003 0.002 0.0D2 0.066

560 TO 60 0.008 0.008 0.008 0.004 D.001 ©.001 0.001-0.005 0.020 0.011 0,008 0.006 0.008
0.005 0.005 0.004 0.103
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prep
60 To Y0 0.014 0.010 0.009 0.003 0.003 0.001 0.002 0.007 0.013 0.012 0.008 0.007 0.010
0.00¢ 0.01lL 0.006 0.130
70 TC 80 ¢.015 0.012 0.008 0.003 0.002 0.001 0.003 0.006 0.026 0.015 0.00% 0.010 0.014
0.014 0.013 06.012 D.162
8¢ TO S0 0.029 0.014 0.009 0.006 0.006 0.003 0.005 0.009 0.026 0.0320 0,016 0.020 0.022
D.014 ©.018 0.014 0.221
80 TO 100 0.027 0.016 0.00% 0.004 0.004 0.004 0.007 0.009 0.029 0.020 0.009 0,007 0.007
0.005 0.010 0.009 0.175
100 TO OVER 0.01i2 0.009 G.003 0.002 0.002 0.001 0.004 0.005 0.011 0.008 0.004 0.002 0.003
0.001 0.003 0.003 0.074

L L L L T e  r AR T L Y
T T R L R R LT LT T Y T T P e

AVERAGE 74.66025 VARTANCE 402.23911 S1D DEV 20.05580

STD ERR 0.2319¢ SEEWNESS 1.08593 KURTOSIS 1.22048

B R T L R R P T e
g de d o de e e de e e e de o ode e ok ol e e ke Rk e el T iR e e de e
1 RESHEREREE NNk FIFE A AR ARt RNk R***DEW POINT TEMPERATURE FREQUENCY
PTABI Fh kR krhk bk ktF AR A AR &R hd kR hhk ok w
Northern Michigan TUniversity - MARQUETTE - COOLING TOWER ANALYSIS ({NTH)

DE'W EOIN‘III **i**************i***l‘***!*****‘!i***i*i*******m
FROMEFA AN AR A2 kAR AXAARXRNXS T T TR A AR AR R TR R LIk R RS hAk

TEMP N NNE NE ENE E ESE SE 58E 8 gsw SW waw w

W W NI
RANGE (G}  *FRkddsdddhdkd i tionadbaatdantdadhbnd ke ¥ X2 TYIND

HEADED* kb bkt whddded darde d b & sl d de R o o e e bl o ot ok
s Sow SW WSW W WNW N9 W N NNE NE ENE B
ESE SE SER SUM

-45 TC ~-40 0.000 0.000 &.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0,000 0,000 0.000
¢.000 ©.000 0.000C 0.000
-40 TO -35 0.000 0.000 0.000Q 0.000 0.000 0.000 0.000 0.000 0Q.000 £¢.000 0.000 9.000 0.000
0.000 0,000 0O.000 O.C0O0
-35 TC =30 0.000 0.000 0.000 0.000 0.000 D.000 0.000 0.000 0.000 0,000 0.000 0.000 0.001
0.000 0.000 0.000 0.001
=30 TO -25 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0060 0.001 0.002 0.001 0.004
0.002 0.000 0.000 0.010
-25 TO -20 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ©.000 0.001 ¢.000 0.000 0.002 0.003
0.001 0.001 0.001 0.010
-20 TO -15 0.001 0.000 0.001 0.000 0.0601 0.001 0.000 0.000 0.003 0.004 0.004 0.005 0.009
0.006 0.008 0.004 0.047
-15 T0 -10 0.01§ 0.007 0.003 0.001 0.002 0.002 0.004 0.003 0.005 0.011 0.008 0.006 0.011
0.008 0.025 0.010 0.111
-10 TO -5 0,016 0.012 0.008 0.003 0.001 ©.002 0.007 0.007 0.013 ©.007 0.005 0.003 0.005
0.006 0.008 0.005 .108
-5 TO 0 0.021 0.015 0.009 0.004 0.005 0.005 0.005 0.007 0.025 0.014 0.011 39.006 0.009
0.006 0.008 ¢.007 0.158
0 TO 5 0.018 0.014 0.008 0.004 0.003 0.001 0¢.004 0.007 ¢.019 0.012 0.004 0.003 0.009
0.007 0.010 0,012 0.138
5 TO 1¢ 0.021 0.015 0.013 0.004 0.004 0.002 0.004 0.010 0.024 0.013 0,007 0.007 0.008
0.006 0.005 0,007 0.150
10 T 15 0,014 0.010 0.01i2 0.004 0.003 0.001 0.004 0.012 0.030 ¢.014 0.01L 0.008 0.012
0.00% 0,004 0.003 0.151
18 TO 20 0.003 0.004 0.003 0.003 0.002 9.001 0.002 0.007 0.033 0.021 0.012 0.007 0.003
0.002 0.002 0.001 0.106 -
20 TO 25 0,000 0.000 0.00C 0.000 0.000 0.000 0.000 0.000 C.003 0.002 0.001 0.001 0.001
¢.001 G.000 0.000 D.010
25 TO 30 $.000 0.000 0.000 O0.000 0.000 0,000 0.000 0.000 Q.000 Q.Q00 0,000 O.000 B.Q00
0.000 0.000 0.000 0.000
30 TO 35 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 D0.00D
0.000 0.000 0.000 0.000
35 TO 40 0.000 0.000 0.000 0.000 0.090 0.000 0.000 0.000 0.000 0.00G0 0.000 0.000 0.000
¢.000 0.000 0.000 0.00C
40 TC 45 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000
¢.000 O.000 0.000 0.000
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prep
45 TO OVER 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00D
0.000 D.D00O 0.000 0.000

AT E R T IA AT EXTARETEANRTRENETRAERERRNRRRRER A AR AR R AR R AR R ARk hh ek kkkkkxkhhkhkrrh btk idhk
kR kb kbR hhAhd ik dddked ik

AVERAGE 1.50883 VARIANCE 120.94354 STD DEV 10.59289
STD ERR 0.12714 SKEWNNESS 0.12920 KURTOSIS 2.21745

B T L R L L L g g R g Y R X a2 2 T T T F eI e T 3
kkhh kA krRkAREFREIA DAL IR E R LA AR EL AR X
1, RRRERETRAR AN R RAAR AR IR RS R A H A A ¥DRY BULB TEMPERATURE FREQUENCY

TABLE***********‘l****‘ﬂt*it***i********

Horthern Michigan University - MARQUETTE - COOLING TOWER ANALYSIS (NTH)

DRY BULD L L v )
FROM************‘ﬂ******!***‘!*I************I’*i*****

TEMP N NNE HNE ENE B ESE SE SSE 5 SSW s nsy W
WNW NW NNW

BANGE (C) HRERRTREEEERERE IR T kT T Tk Rk kT Eh ke ki ket s NIND
HEADEDd dkdhkddhkddhd kb hhddrxhr bbb adihhdh ki iekhrik

] SsW sW wsy w WNW MW NNW N NNE NE ENE E
ESE SE SS8E st

-45 TO -40 0.000 0.000 0.000 D0.0G00 O.DOO 0.000 0.000 0.000 0.000 0.000 0.000 0.000 C.000
0.000 0,000 0.000 0,000
-40 wT0 =35 0.000 0.000 ©.000 0,000 Q.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000C 0.0Q0
0.000 0.000 0.000 0.000
=35 TC -30 0.090 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 D.00D 0,000
-30 TO -25 0.000 0.DCO 0.000 0.000 0,000 0.000 0.000 0.00Q 2.0CQ 0,000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
-25 TO -20 0.000 0.000 ©.000 0.0600 0.000 ¢.000 0.000 0.000 0.000 0.001 0.002 0.00% 0.003
0.002 0.000 0.000 0.008
-20 TO -15 0©0.000 0,000 0.000 90.000 0.000 C.00C 0.000 0.000 0,001 0.001 0.002 0.003 D.00&
0.003 0.002 0.000 0.0L8
-15 T -10 0.004 0.002 0.001 0.0¢L 0.001 0.001 0.001 0.001 0.004 0.007 G.004 '0.005 0.013
0.006 0.011 D.208 0.069
-0 T -5 0.017 0.008 0.006 0.003 0.001 0.001 0.003 0.004 0.008 0.011 0.009 0.006 0.007
0.008 0.017 0.008 0.1i8 .
-5 TO 0 0,023 0.013 ¢.008 0.002 0.003 0.004 $.005 0.005 0.012 0.005 0,007 0.003 0.006
0.006 0.006 0.006 D.11¢ ’
o 10 5 0.020 0.017 0.007 ¢.005 0.005 0.002 0.005 0.005 0.020 0.013 0.007 0.005 0.010
0.048 0.012 0.011 0,151
§ 70 10 0.012 0.010 0.006 0.002 0.002 0.001 0.004 0.005 CG.012 €¢.007 0.004 0.004 0.007
0.003 ¢.004 0.008 0.097
10 To 15 0.017 0.011 0.009 0.D03 0.003 0.002 0.005 0.009 0,025 0.015 0.004 0.004 Q.005
0.005 0.00& 0,007 0,131
15 T©0 20 0.011 0.008 0.00% 0.003 0.003 0.001 0.003 0.008 0.025 0,012 0.008 0.005 0.005
0.003 0,003 0.002 0.112
20 TCo 25 0.004 0.008 0.011 0,005 0.003 0.00t 0.003 0.012 0.02% 0.013 0.010 0.008 0.008
0.00& 0.002 0.002 0.126
25 TO 30 0.000 0.001 0.001 0.001 0.001 0.000 0.001 0.C0Z 0.009 ¢.007 0.005 0.003 0.003
D.002 0.000 0.000 0.037
30 TQ 325 0.000 0.000 0,001 0.000 0.000 0.000 0.000 0.001 0.003 0.002 0.003 0.002 0.001
0.000 0.000 D.000 0.014 ’
35 TO 40 0.000 0.000 0.000 0.000 0.00CC 0.000 €.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000C 0.000 0.000 D.00OO
40 TO 45 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ¢.000 0.000 0.000
0.000 0.000 D.QO0 0.000
45 TO OVER 0.000 0.000 D.000 0.000 0.000 0.006 0.000 £.000 0.000 0.000 0.000 0.000 0.000
0.000 ©.000 0.000 D.000

HREREE R R LRk bRk R e R AR AN RRAR LR AR AAR IR ARkl h kR Rl R e ATk d e hr R dd R dddk ikt
R AR RS RS2 L LR L PR R L TR LT RS

AVERAGE 6.44997 VARIANCE 154.27522 STD DEV 12.42075 -
STD ERR 0.14365 SKEWNESS 1.16754 KURTOSIS 2.32720
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Fr d o e v e de e Vo e v e ke o e e e e o e ke ok o o e e e e ek o s sk e b e o o de v e o i ol e ol e e e e e e e e e e i e e e e e e e R A R MR e W R R e o e R e e e e e e e
e o e e ol ke i sl ol ol e ok e vle e e T e o e e e v e vl e e R W N W R

1, ERAIRAKGIXIRERNFARANKAARR AN AR F SR X ¥R STARILITY CLASS FREQUENCY
TR BT e v e e ve e e R ke ek ek ok ek ek ok ok

Northern Michigan University - MARQUETTE - COOLIMNG TOWER ANALYSIS (NTH)
STARILITY ¥ hRkkARAAdedihidddhr bk hh kA AXEXNLEXRASERT X EWTND
FRQM***************i*ﬁ**i*i**t**w*ti**************
CLASS o NNE NE ENE E ESE SE S8E 5 8w W wsw W

wNW  NW W
R e L R T R v | )

ey kR R R L R L R Ry A e e s 213
8 s=0 W wEw w WHW fuid) NRW N NNE NE ENE B
BEE SE SSE soM

3 0.000C 0.000 0.000 0.000 G.000 0.000 0.000 0.000 ©.000 0.000 0,000 G.000 0,000
0.000 0.000 6.000 0,002

2 0.003 0.003 D.004 0.003 0.002 0.002 0.002 0.003 0.003 ¢.003 0.002 0.002 0.003
0.001 0,001 6,001 ©.037

3 0.007 0.011 0.016 0.005 0,002 0,001 0,003 0,005 0.016 0,005 0,005 0.008 0.007
0.005 0.004 0.003 D.113

4 0.072 0.053 0.028 0,010 0.010 0.006 0.017 0,029 0.085 0.049 0.029 0.024 0.032
0.030 0.041 0.030 0.545

5 0.015 0.007 0.007 0.005 0.006 0.004 0.006 0.011 0.035 0.019 0.012 0.009 0.014
¢.011 0.011 0.005 H.180

6 0.009 0.002 0.002 0,001 0.002 0.001 0.002 0.004 0.D14 0.015 0.009 ¢.005 0.016
0.006 0.005 0.006 D.102

7 0.003 9.000 D.0O0 D.000 0.000 0.000 0.000 0.001 0.003 0.002 0.003 G.002 0.003 :
0.001 D.00L 0.001 0.021 H

R R L L L e e S s L IS L R s et R e R R R e R R 2 e LI s e T T P A
L L LR L P P T L R R R

AVERAGE 4.25201 VARIANCE 0.99227 3TD DEV 0.98613

STD EERR 0.01152 SKEWNESS 1.07871 KURTOSIS 1.21936

LA R L L L T T Y P Y
ettt ey o ok e e vk ol o e e ok e W e ke ke

1 RAREARREXTXXRRRANTI R KRR AR KRR AR IR NI L1 £ % %K FREQUENCY

TABLEX**th Rk khk Rk kh kbt dhhh ko hd ek tthhienin

Northern Michigan University - MARQUETTE - COOLING TOWER ANALYSIS [NTH)

K e e e e e Rk R e S e ke ok Ik o o e o R O o ke ok e e TN
FRQM****‘-**“*T* LA RS AL AR A AR AR EEE L R R ES RS R L L R
{UA/VE) N NNE NE ENE B ESE 8B SSE = SsW sW WeW w
WNW  NW NNW
RANGE R L L L N Tt n)

HEADED* %% £k kA A R A X R d bk kRt hd kb ke hdd ek Mk kA hd &k

=4 ssv 5w wsw W WHW Nw NN N NNE NE ENE B
ESE 5B SSE SUM

0.0 TO 0.1 0.000 0.000 0.000 0.00C 0.000 0.000 D.000 0.000 0.000 0.000 0.0G0CO0 0.000 0.000
¢.000 0.000 0.000 0.000

0.1 TO ¢.2 0.000 0.060 0.000 0.000 0.00C0 D.000 0.000 0.000 0,000 0.000 0.000 0,000 0.000
¢.000 0.0C0 0.000 C.00Q0 B

0.2 TO 6.3 0.000 ©.000 0,000 0.000 C¢.000 0.00C 0.000 0.000 0.000 0.000 0.000 0.000 O.000
0.0D0 0.000 0.000 0.000

0.3 To ¢.4 0.000 ©0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 G.000 0.000
0.009 0.000 0.000 0.000

0.4 TO 0.5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0,000 0,000 0,000
0.000 0.000 0.0D0 D.0CD

0.5 T 0.6 0.000 0.000 0.000 0.000 0.000 0.000 C¢.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.0G0 0.000 0.000

¢.6 TO 0.7 O0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 D.000 0.000 0.000 0.000
0.000 0.00C 0.000 0.000

¢.7 T0 0.8 0.000 0.000 0.000 0.000 0.000 0.000 0,000 H.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000

c.8 TO 0.8 0.000 0.000 0.000 0,000 0.000 (.000 0.000 0.000 O0.000 0.000 0.000 0.000 0.000 !

Page 5




prep
0.000 0.000 0.000 0.000
0.9 TO 1.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.400 0.00G 0.000
0.0G0 0.000 0.000 0.000
1.0 T0 1.2 0.000 0.000 0.000 0.000 0,000 0.000 0.000¢ 0,000 ¢,000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.00Q
1.2 TO 1.4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 8,000
1.4 TO 1.6 0.000 0.00¢ 0.000 0.000 0.000 0.000 ¢.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
1.6 To 1.8 0.000 0.000 0.000 0.000 0.00C 0.000 0.000 0,.G00 0.000 0.000 ¢.000 0.000 0,000
0.000 0.000 0.000 0.000
1.8 TO 2.0 0.000 ©.000 ©.000 ¢.000 ©.000 0.008 0,000 0,000 D.000 0,000 0,000 0.000 0,000
0.000 0.000 0.000 0.000
2.0 TO 2.5 0.000 €¢.000 0.000 O.000 0.000 0,000 0.000 0.000 0.000 0,000 0,000 0.000 6,000
0.0060 D.DGO 0.000 0,000
2.5 TO 3.0 0.000 G.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 6.000 D.000 0.060 0.000
0.000 0.000 0.000 0.000
3.0 TO OVER 0.110 0.078 0,058 0.024 0.022 0.014 D.031 0.054 0.155 0.098 0.064 0.050 0.075
0.054 0.062 0.051 1.000

L e e e T S R X s R S 2 S22 T)
AR EELELT S R L LR 2N L TR RO R e Ay

AVERAGE 3.50000 VARIANCE ¢.00000 STh DEV 0.00000
STD ERR 0.00000 SKEWNESS 1.00000 KURTOSIS 1.00000

AR AR AR AR L A R R e L L T LT T T L T P )
R L e Y S L T a L L]
1 ) ThXAARLRRE TR KA XX LR IRI NN R AR R R R k4 R X224 FYSTAR FREQUENCY
TABLE**hRidde Rtk ke k ke kb d kAR ek Rk ke Rk ke khkk hnR
Worthern Michigan University - MARQUETTE - COOLING TOWER ANALYSIS (NTH)
FAFERTRARRNN KT R LA hohdrkot e & % ek 2 3k kb o7 % Wk % R R IITD
FROMERR WX R Ak kh kb kb kb kr kR d ok h R R A AR ARk Akkk

VSTAR N NNE NE ENE B ESE SE SSE 8 sswW 59 Wsw W
WNW wW N
RANGE R L g g w11

HEADED# A AR RENARRE LI L TR AR AR T AN AR ANRAR R AR AL Rk o dd

8 HEW 5w Wow W W NW W N NNE HE ENE B
ESE 211 SS5E sunM

0 TO 1 0.000 0.000 0.000 0.000 0.000 0.040 0.000 0.0Q0 0.000 0.000 0.000 0.000 0.000
¢.000 0.000 0.000 0.000

1 TO 2 0.053 0.067 0.054 0.023 0.020 D.P21 0,026 0,048 0.141 0.087 0.058 D.047 0.070C
0.052 0.056 0.045 0.885 )

2 TO 3 0.003 0.003 0.001 0.000 0.000 0,001 0,001 0.000 0.002 0.002 0.001 0.001 D.001
Q.001 0.001 0.002 0.020

3 To 4 0,001 0.080 0.000 £.000 0.000 0,000 0,000 0.000 0,00F 0.000 0.001 0.000 §.000
0.000 0.00¢ 0.000 0.004

4 T0 5 0.001 0,000 0.000 0.000 0,000 0,000 0.000 £.000 0.001 0,000 0.000 0.000 0.001
0.000 0.001 0.501 0.0407

5 TC & 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0,000 0.000 0.000 0.000 0.000
g.000 0.000 0.000 D.002

§ TO 7 0.000 0.000 D.00Q C.000 0.000 0.000 0.0400 0.000 0.000 0.000 0.000 0.000 G¢.000
0.000 0.000 0.0006 0.000 .

7 TO 8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 G.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000

8 TO % 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.000 0.00D 0,000 0.000
0.000 0.000 0.000 0.000

8 To 10 0.000 0.000 0.000 ¢.000 6.000 0,900 0.000 0,000 £.000 C,000 0,000 0.000 0.000
0.000 0.0060 0.000 0.000

10 Te 11 0.000 0.000 G.000 0.0GD 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000¢ 0.000 0.000 O0.000

11 10 12 0.000 0.000 0.000 0.000 0.000 0.00C 0.000 0,000 0.000 0.000 0.00D 0.000 0.0C0
0.C00 0.000 9.00D 0.000 :

12 To 13 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.008 0.000 0.000 0.000 ’

13 T 14 ©0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.006 0.000
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prep

6.000 0.000 D0.000C 0.000

14 TO 15 0.000 0.000 0.000 0.0C0 0,000 0.000 0,000 0.000 0.000 0.000 0.000 0.000C 0.000
0,000 0.000 0.000 O.000 '

15 TO 20 ©0.000 0.000 0.000 0.000 0.000 0.000 0.000 6.000 0.000 0.000 0.000 0.J00 0.000
6.000 0.000 0.000 ©.000

20 TC 25 0.000 0.000 0.000 0.000 0.000 0.000 0.000¢ 0.000 0.000 0.000 0.000 0.000 D.00D
0.000 0.000 ©.000 0.00G0

25 7o 30 0.000 0.000 0.000 0.0600 0.000 0.000 0.000 0.000 0,000 0.000 0.060 0.000 0.000
0.000 0.000 0.000 0.0C0

30 TO OVER 0.012 0.009 0.003 0,602 ¢.002 0,001 6.004 0.005 0.011 0.00% 0.004 0.002 0.003
0.001 0.003 0.003 0.074

*****************i*********ii*i**********ii***i**i******it******************i*****************
Rk Rk bk hokdk R R AR R ek E

AVERAGE 4.03170 VARIANCE 76.735311 STD DEV 2 8.7608%
STD ERR 0.10132 SEEWNESS 3.54087 KURTOSIS 12.83027

***i******ii***********#tt****i****************i*******i**ii****************************l*****
RENR AT TRk RN AL R R ERA AR AP RN AR ®

1 Fede ke R ARk k kA NRRLE L RN FR RS R R R H Xk DL,UME LENGTH PARAMETER FREQIENCY
TARLE**Atakkkhdh kb kehthdadbRAX Tk rkxes

Northern Michigan University - MARQUETTE - COOLING TOWER ANALYSIS (NTH)

PLUME KEkk kAR TR kR ARk R kR ER R AR RNk AR R AR kT &k N X ATIND
FROME*®dkkdkkkka ke hk kR AER N X bhhA kb hdkdh ki ik hdid
LENGTH N NNE NE ENE B ESE B5E SS5E s s58w sW waw W

WNW o) W
RANGE (M)  *¥kkxhkbdkhkdkdhdrrpeadiincahtddihedhhrderedssigTin

HEADED**********ﬂ********it****t!***********i***it*

s 55w =i WswW w wHw fory NIW N NNE NE ENE E
E3E SE SBE SUM

9.0 TO 0.2 0.099 0.071 0,054 0.023 0.020 0.012 0.027 0.043 0.145 0.091 0.060 0.048 0.072
0.053 0.059 0.047 0.931

0.2 T0 0.4 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g.000 0.000 0.000 0.000

0.4 TO 0.6 0.000 0.000 0.000 0.000 0.000 0.000 0.D00 0.000 D.C0O ¢.000 0.000 0.000 0.000
0.000 0.000 ¢.000 0.000

0.6 TO 0.8 ©.000 0.00C 0,000 0.000 0.000 0.000 0.000 ¢.000 0.000 0.000 0.000 0.000 0.000
6.000 0.000 0.000 0.000

9.8 TO 1.0 0.000 0.000 0.008 0,000 O.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000

1.0 TO 1.2 ©.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.00¢ ©.000 0.000
0.000 0.000 0.000 0.000

1.2 T0 1.4 0.000 0.000 0.000 0.000 0.C00 G.000 0,000 ©.000 0,000 D.000 0.000 D.00D 0.000
0.000 0.000 0.000 C.000

1.4 TC 1.6 0,000 D.00D 0.000 0.000 0.000 G.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00D
a.000 0.000 2.000 0.000

1.6 TO 1.8 0.000 D.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00C 0.000
0.000 0.000 0.000 0.000

1.8 To 2.0 0.000 0.000 0.000 0.060 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.040
0.000 0.000 0.000 0.000

2.0 TO 2.2 ©.000 0.000 0.000 0.000 0.060 0,000 0.000 0¢.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 .
2.2 70 2.4 0.000 0.000 0.00¢ 0,000 G.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0,000

2.4 TO 2.6 0.000 6.000 0.00C 0,000 ©.000 0.000 0.000 0.000 0.000 0.000 0.00G 0.000 0.000
0.00C 0.000 0.0G0 0.000

2.6 TO 2.8 0.000 0.000 0.000 0.000 0.0G0 G.000 9.00C ©.000 0.D00 0.000 0.000 0.000 0.000
6,000 0.000 0.000 €.000

2.8 TO 3.0 D0.000 0.000 0.000 0.000 6.6G00 0.000 0.000 0.000 0.000 0,000 0.000 0.0D0 0.000
0.000 0.000 0.000 0.000

3.0 To 3.2 0.000 0.000 0.000 0.000 0.000 0.000 D.0COC 0.000 ©.000 0.000 0.000 0.000 0.000
0.000 0.000 0.0Q00 0.000

3.2 To 3.4 0.000 0.000 §.000 0.000 0.000 0.000 0.00C 0,000 0.000 0.000 ¢.000 0.000 D.O0O
0.000 0.060 0.000 0.000

3.4 TO 3.6 0.000 0.000 0,000 0.000 0.000 0.000 G.000 0.000 0.000 0.000 0.000 0.005 0,000
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¢.000
3.6
0.000
3.8
0.040
4.0
0.000
4.2
0.000
4.4
0.0%00
4.8
¢.000
4.8
0.000
5.0
0.000
5.2
0.000
5.4
0.000
5.6
0.600
5.8
¢.000
6.0
0.000
6.2
0.000
5.4
0.000
6.8
0.000
6.8
0.000
7.0
0.900
7.2
0.000
7.4
2.000
T.6
0.000
7.9
0.000
8.0
0.000
8.2
0.000
8.4
0.000
8.6
0D.400
8.8
0.000
9.0
0¢.000
8.2
0.000
9.4
¢.000
8.6
¢.o000
9.8
0.000
1

p.000 0.000 0.000
TO 3.8 Q.00C 0.000
0.000 0.000 0.000
T™® 4.0 0.000¢ 0.000
0,000 ©.000 0.000
To 4.2 0.000 D.0O0D
0.000 0¢.000 D.001
TO 4.4 0.000 0.000
0.000 0.000 0.000
TO 4.6 0.000 0.000
0.000 0.000 0.0D0
T 4.8 0.000 0.000
0.000 0.000 0.000
TO 5.0 0.000 0.000
0.000 0.000 0.000
T™ 5.2 0.000 0.000
¢.000 0.000 0.000
7o 5.4 0.000 0.000Q
0.000 0,000 0.000
™ 5.8 ©.000 0,000
0.000 ©.000 0.000
To 5.8 0.000 0.000
g.e00 0.000 0.000
™ 6.0 0.000 0.000
Q.000 0.000 0.000
TO 6.2 €.000 0.000
0.0060 0.00C 0.001
TO 6.4 0.000 0.004Q
0.000 0.000 £.000
™ 6.6 0.000 0.000
0.000 D.000 0.000
TO 6,8 0,000 0.000
0,000 0.000 D.000
™ 7.0 0.000 D0.000
0.000C 0.000 0.000
TO 7.2 0.000 0.000
D.000 0.000 0.000
T0 7.4 0.000 0.000
0.000 0.000 0,000
TO 7.6 0.000 0.000
¢.000 0.006 0.000
TO 7.8 0.000 0.000
0.000 0.000 0.000
TO 8.0 0.000 0.000
0.000 0.000 0.000
T™ 8.2 0.000 0.000
0.000 0.000 C.000
T B.4 0.000 0.000
0.000 0.000 0.000
TO 8.6 0.600 0.000
0.000 0.00C 0.000
TO 8.8 0.000 0.000
0.000 0.000 G.00C
TO 9.0 0.000 0.000
2.000 6.000 0.000
TO 9.2 0.000 0.000
0.000 0.000 0.000
™o 9.4 0.000 0.00C
0.00¢ 0,000 0.000
T 9.6 0.000 0,000
0.000 0.000 0.000
TO 9.8 0.000 0.000
0.000 ©.000 0.000
TO 10.0 0.000 0.000
0.000 0.000 0.000

0.000
0.000
¢.000
0.0400
0.000
6.000
0.000
0.000
o.o0co
0.000
0.000
¢.000
0.000
0.000
0.000
0.GCO0
0,000
0.000
0.000C
0.000
0.000
0.000
0.000
0.000
¢.000
0.000
0.000
0.000
¢.000
0.000
0.000

¢.000

0.000

0.000

g.000

0.000

¢.000

0.C00

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

G.000

0.000

0.000

Q.000

0.000

0.000

0.000

0.000

0.004

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

¢.000

0.000

0.000

0.000

¢.000

0.000

0.000

prep

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.008

5.000

0.000

0.000

0.000

¢.000

0.000

0.000

0.000

0.000

0.04a0

0.000

0.000

0,000

0.000

0.000

0.000

0.000

0.000

c.000

0.000

0.000

4.000

¢.000

0.000 0.000 0.000

0.000
0.000
¢.000
0.000
0.000¢
0.000
0.000
0.000
0.900
0.000
0.000
0.000
0,000
¢.000
0.009
0.000
0.000
0.000
0.000
0.000
0.000
0.000
a.000
0,000
0.000
4.000
0.000
0.000
0.000
0.000

¢.000

0.000
0.000
0.000
¢.4000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
n.000
0.000
0.000
¢.000
o.C0o0
0.000
0.000
0.000
0.000
0.040
0,000
0.000

0.000

0.000

0.000

0.000

0.000¢

a.000

0.000

0.000

0.000

0.000

0.¢00

0.4000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000C

0.000

D.000

0.000 0.000 0.000

KERTARREREARRREARRR NS I b Nk AR * X X NPLIME LENGTH PARAMETER
TABLEWhwhhusakhdAAhhhhhkx btk rnttkhhk
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0.000 0.000

0.000 0.000
0.000 0.009
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
¢.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 C.000
0.000 D.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
¢.000 0.000
0.000 0,000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

0.000 0.000

FREQUENCY

0.000
0.000
0.000
0.000
0.000
D.oo0
0.G00
0.000
0.000
0.000
0.000
0.000
0.0006
0.000
¢, 000
0.000
0.009
¢.gao
0.000
0.000
0.000
0.000
0.000
0.000
6.000
0.000
0.000
n.oce
0.000
0.000
n.o00

0.000

0.000

0.000

D0.000

0.000

0.000

0.000

0.000

0.000

¢.000

0.000

0.04q0

0.000

G.00¢

0.000

0.000

8.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000




prep
Northern Michigan University - MARQUETTE - COOLING TOWER ANALYSIS (NTH)
PLUME dek e ke e o v v ok o e e e e e o e O O e e o e o o e ok R R R R IOTTNTD)
FROM****Q************it*l*****i’***\i*i****ii#i**!**
LENGTH b2 NNE NE ENE B ESE SE 58E 2 SEW sW WSW W

WHW NW NN
RANGE (M) fherddiidnakkddbdhirsddshsatbrdhnrtntadc L3 AWIND

HEADED*******‘************i************************

g gsw 5 WsSHW w WHNW N NHNW N NNE NE ENE E
ESE 5B S5E sSuM

10.0 TO 10.4 0.000 0.000 0.060 0.000 ©.000 0.000 0.000 0.000 0.000 0.000 G.000 6.000 0.000
0.000 0.000 0.000 0.000

10.4 TO 10.8 0.000 0.000 0.000 0.000 ©.000 0.000 0.000 0.080 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000

10.8 TOo 11.2 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 ¢.000 0.000 0,000
0.040 0.000 0.000 0.001L

11.2 TO 11.6 0.000 0,000 0.000 0.0600 0.000 0.000 0.000 C¢.000 0.000 0.000 ¢.000 ©.000 0.000
0.000 0.000 0.000 0.001

11.6 O 12.0 0.000 0.000 0.000 0.00G0 0,000 0,000 0.000 0.000 G.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.001

12,0 TO 12.4 0.000 0.000 0.060 0.000 0.006 0,000 0.000 ¢.000 0.000 0.000 0.000 ¢.000 0.000
0.000 0.000 0.000 0.000

12.4 TO 12.8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000

12.8 TO 13.2 0.000 0.000 0,000 0.00D 6,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.001

13.2 TO 13.6 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.00¢0 0,000 0.000 0.00C 0,000 0.000
0,000 0.000 0.000 0.001

13.6 TO 14.0 0.000 0.000 0.000 0.000 0.000 0.00C 0.000 0.000 6.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.0G0

14.0 TO 14.4 ©0.000 0.000 0,000 0.000 0.600 ©.000 0.000 0.G00 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000

14.4 TO 14.8 0.000 0.060 0,000 0.000 0.000 0.0¢0 Q,000 0.000 0.000 0.000 0.000 0.000 0.600
0.000 0,000 0.000 0.000

14.6 TO 15.2 0.000 0.000 0.000 0.00C 0.000 0.000 0.000 ¢.000 ¢.000 0.000 0.000 0,000 ©.000
0.000 ©.000 0,000 D.G0O

15.2 TO 15.6 0.000 0.000 ©,.00¢ 0.000 0.000 0.000 0.0D0O ¢.000 0.000 0.000 0.0GO00 0.000 0.000
0.000 0.000 0.000 0.001

15.6 TO 16.0 0.000 0.000 0.000 0.00D 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 D.000 0.00%

16.0 TO 16.4 0.000 0.000 0.000 0.000 0.Q0C 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 G.000 0.002

16.4 TO 16.8 D.000 0.000 0.00¢ 0.000 ©.000 0.000 0.000 0.000 0.000 0,000 3.000 0,006 0.000
0.000 0.000 0.000 0.001

16.8 TO 17.2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00¢ 0.000 0.000 0.000 0.00C 0.000
0.000 0.000 0.000 ©.001

17.2 10 17.6 0.000 0.000 0.000 0.000 0,000 0.000 0.00G0 0.000 0.000 C.000 0.000 0.000 0.000
0.000¢ 0.000 0.000 0.000

17.6 To 18.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4.000 0.001 G.000 0.003

18.0 TO 18.4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ©.000 9,000 0.000 0.000 0.000 0.000
0,000 0.000 0.000 O0.001

18.4 TO 18.8 0.000 0.000 ©.000 0.000 D.0CO 0.000 0.00C 0.000 0.000 ¢.080 0.000 0.000 0.000
0.000 0.000 0,000 D.001

18.8 TO 19.2 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.200 0.000 0.000 0.000
0.000 0.00C 0.000 0.001

19.2 0 19.6 0.000 0,000 0.000 0.000 9.000 D.0CD 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 O0.D0O D.0O0L

19.6 TO 20.0 0.001 0.000 0.000 0.000 0.000 0,000 0.000 0.080 0.001 0.601 0.000 a.000 0.000
0.000 0.000 0.000 ©.004

20.0 TO 21.0 0.000 £.001 0.000 0.000 0.000 0,000 0.001 0.000 0.000 0.000 0.000 0.000 0.000
¢.000 0.000 0,000 O.003

21.0 TO 22.0 0.000 0.001 0.000 0.000 G.00C €,000 0.000 0.000 0.000 0.001 0.000 0.001 0.000
¢.000 0.000 0.00D 0.004

22.0 TO 23.0 0.001 0.000 0,000 0.000 0.000 0.000 0.000 0.0601 0,002 0.00L 0.000 0.000 0.000
0.000 0.000 0.000 0.004 i

23.0 TO 24.0 0.001 6.000 0,000 0.000 0.000 ©.000 G.000 0.000 0.000 0.001 0.000 0.000 0,000
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pPrep

0.000 0.000 0.000 0.003

24.0 TO 25.0 0.002 0.001 0.000 0.000 0.000 0.000 0.001 D.000 D.OOL 0.000 0.000 0.000 0.000
0.000 D.0DOD 0.001 G.006 '

25.0 TO 26.0 0,001 0.000 0.000 0.000 0.000 0.000 0.001 0,000 D.0BL 0.001 O.0DO 0.000 0.000
0.000 0,000 0.000 0.00%

26.0 TO 27.0 0.000 0.000 0.000 0.000 0.000 ©.000 0.000 0.000 0.00L 0.000 0.000 0.0C0 0.000
0.000 0.001 0.000 0,004

27.0 TO 28.0 £6.00¢ 0.001 0.001 ¢.000 0.000 0.000 0.000 0.000 0.001 (.001 0.000 0.000 0.000
0.000 0.000 0.000 0.004

28.0 TO 29.0 0.000 0.001 0.000 0.000 0.000 0.000 0.00C D.000 0.001 D.0GL 9.000C 0.000 0.000
0.000 0.00C0 0.000 0.003

29.0 TO 30.0 0.001 0.000 0.000 0.000 0.000 0.000 0.00C¢ 0.000 0.001 0.000 0.001 0.000 0.000
0.000 0,000 0.000 0.004

30.0 TO 31.0 0.000 ©0.000 0.000 0.000 0.000 0.000 G.000 0.000 D.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.001

31.0 TQ 32.0 0.0006 0,000 0.000 ©.008 0.000 0.000 ©.000 0.000 0.000 0.000 0.00D0 0.000 ©.000
0.000 0.000 0.000 0.000

32.0 TO 33.0 0.060 0.000 0.000 0.000 0.060 0,000 D.QO00 0.000 0.000 ©.000 0.000 0.000 0.000
0.000 0.000 0.000 0.001

33.0 TO 34.0 0.000 0.000 0.000 0.000 0.000 ©.000 0.000 0.000 0.000 ¢.000 0.000 0.G0C 0.000
0.000 0.000 D.DOD 0.000

34.0 TO 35.0 0.000 ©.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 2.000 D.0ROD
0.000 0.000 0.00D 0.0600

35,0 'To 36.0 ©.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0600 0.000 0.000 0.00C
0.000 0.000 0.000 0.000

36.0 TO 37.0 0.G00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.QQ0 0.000 0.00C
0.000 0.000 0.000 ¢.000

37.0 TO 3B.¢ 0.000 0.000 0.000 ¢.000 0.00C 0.000 C.000 0.00C 0.000 0.000 0.0CO0 0.000 0.000
0.000 0.000 ©.000 0.000

35.0 TO 39.0 0.000 D.000 0.D00 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000
o.000 0.000 0.000 0.000

39.0 TO 40.0 D.000 0.000 0.000 C¢.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8.000 0.000 0.000 0.000

40.0 TO OVER 0.000 0.000 0.080 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00C C.0CC 0.000
0.G00 6.000 0.000 0.000

T T U S A A e S T N A A PR Y T 22 2 222222222 RS A2 2 2 L2 22 S S22 R A2 a Eah bbbl h b
IEEEETEEET SRS S EES LT AR EL L AL AL 2R L L L L]

AVERAGE 1.35888 VARIANCE 31.63983 STD DEV 5.62493
STD ERR 0.06506 SEEWNESS 4.17934 KURTOSIS 18.08287

TR h R R Rde R Rk ok R R ek K e de ek R e e e R I W oo e o e e e e ok e ok e e e e e ke o R e o e e e e ke o e ok el e e ek e e o o e
Ak AR IR R AL R AR TR AR R G bk ek k%

1 Ak w Rk kRER AR R AR LRI AR AR AR S ARPLUME HELGHT PARAMETER FREQUENCY
PABTE Ak k bk kR kAR R RN RN A R AR AN TR RN

Morthern Michigan University - MARQUETTE - CQOLING TOWER ANALYSIS (NTH)

PLUME RARRERRRRRE T RN LRI A AT ERF LT R IR R R IR RN N AT T E R PIND
FROMA* %R bRk h kAR RN e kR AT T TN AR AR AR RN NS EIN N A
HEIGHT N NNE i3 ENE B ESE SE 858 g ssw aw wEN W

WIW NW MW
RANGE (M)  Frrxskbruesrdetththritmerhbrkatarisndksdhn ¥ r3JIND
HEADED & * %k kk ki h kel bk i dr ks dkkdok ke ko sk b de i dede b
. s 85w Eir) WSW w WNW o) W N NNE NE ENE B
ESE 8E S8E SUM

0.0 TO 0.1 ©.100 0.071 0.055 0.023 0.020 0.012 0.027 0.049 0.147 0.021 0.061 0.048 0.D72
0.053 0.060 0.048 0.337

0.1 TO 0.2 0.001 0.001 0.000 0.000 0.001 0.000 0.000 0.001 0.001 0.000 0.080 0.000 0.001
0.001 0.000 0.000 0.007

0.2 TC 0.3 0.00% 0.001 0.000 0.000 0.000 0.000 0.002 0.001 0.001 0.001 0.000 0.000 0.001
0.000 D.001 0.000 0.0D8

8.3 TO 0.4 0.001 0.001 ©.061 0.000 D.000 0.000 0,000 0.000 0.002 0.001 0.000 0.000 0.000
0.000 0.000 0.0D0C 0.DO7

0.4 TO 0.5 0.001 0.00L 0.000 D.001 0.000 0.000 0.001 0.001 0.002 0.001 0.000 0.G00 £.000
0.000 0,000 0.000 0.008 B

0.5 TD 0.6 0,001 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.001 0.00i 0.000 0.000

Page 10




0.000
0.6
0.000
0.7
¢.000
0.8
0.000
0.9
¢.000
1.0
0.000
1.1
0.000
1.2
0.0a0
1.3
0.000
1.4
0.p00
1.5
Q.000
1.6
¢.000
1.7
¢.000
i.8
0.000
1.9
0.000
2.0
0.400
2.1
0.000
2.3
0.000
2.3
0.000
2.4
0.000
2.5
D.000
2.6
0.000
2.7
0.000
2.8
0.000
3.2
0.000
3.0
0.00C
3.1
0.000
3.2
D.000
3.3
0.000
3.4
0.000
3.5
0.000
3.6
0.000
3.7
0.000
3.8
0.000

0.000 0.000 0.007
TC 0.7 ©.001 0.001
0.000 0.000 0.006
TO 0.8 0.001 0,000
0.000 0.000 0.004
TO 0.% ©0.001 9.080Q
0.000 0.001 0.005
TO 1.0 0.001 0.000
0.008 0.000 C.003
o 1.1 ©0.000 0.000
0.000 0.000 0.003
T™© 1.2 0.00G¢ 0.000
0.000 0,000 0.001
TG 1.3 0.000 0.000
0.000 0.000 0.002
TO 1.4 0©.000 0.000
0.000 0.000 0.001
TO 1.5 ©¢.000 0.000
0.000 0.000 0.0DC
T 1.6 0.000 0.000
¢.000 0.000 0.000
TO 1.7 0.000 0.000
0.000 0,000 0.000
TG 1.8 D.00O 0.000
©.000 0,000 0.000
T™ 1.9 0.000 0.000
0.400 0.000 0.000
TO 2.0 0,000 0.000
0.000 0.000 0.000
e 2.1 0.000 0.000
0.000 0.000 0.000
TO 2.2 0.000 ¢.000
0.000 0.000 0.000
TO 2.3 0.000 0.000
0.000 0.000 0.000
TQ 2.4 0.000 0.000
0.000 0.000 0.000
™ 2.5 0.000 0.000
0.000 0.000 0.000
TO 2.6 0,000 0.000
0.000 0.000 0.000
TO 2.7 0.000 0.000
0.000 D0.000 0.000
TO 2.8 0.000 0.000
D.000 0.000 D.000
TO 2.9 0.000 0.000
0.000 0.000 D.0DD
TC 3.0 0.000 0.000
¢.000 0.000 0.000
TO 3.1 0.000 0.000
¢.000 0.000 0.000
QG 3.2 0.000 0.000
0.000 0.000 0.000
TO 3.3 0.000 0.000
0.000 0.000 0.000
TO 3.4 0.000 0.000
0.000 0.000 £.000
TO 3.5 0.000 0.000
0.000 0.000 0.000
TO 3.6 ©0.000 0.000
0.020 0.000 0.000
TO 3.7 0.000 ©.000
0.000 0.000 0.000
TO 3.8 0.000 0.000
0.000 0.000 0.000
TO 3.9 0.000 0.000
0.000 0.000 0.000

0.001
¢.000
¢.000
0.000
0.000
0.00C0
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000

2.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.400

0.000C

0.000

0.000

0.000

0.000

6.000

0.000

0,009

0.000

0.000

o.ooo

¢.000

¢.000

G.000

0.00D

0.000

0.000

0.000

0.0600

0.000

¢.000
G.000
¢.000
0.000
a.000
0.000
0.001
0.000
0.000
¢.000
¢.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
c.o000
0.000
0.000
0.000
0.000
0.000
0.c00
0.c00
0.000
0.000
0.0c0
0.000
0.000

n.goa

prep
0.000 0.001
0.000 0.000
0.000 0.000
0.000 0.000
0.4000 0.000
0.000 0.000
0.000 C.000
0.000 6.000
0.000 0.000
0.000 0.000
¢.000 0.0DC
¢.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 G.000
0.000 0.000
0.000 0.000
0.006 0.000
0.000 0.000
0.000 Q.0C0
¢.000 0.000
0.000 0.000
0.000 0.000
0.000 0.006
¢.000 0.000
04,000 0.000
0.000 0,000
0.000 9,000
4.000 0.000
0.000 €.000

0.000 0.000
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0.000

0.000

0.000

0.000

0.000

¢.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

¢.000

0.000

a.000

G.000

0.000

0.000

0.000

0.000

0.000

0.000

0.001
0.001
0.000
0.001
G.000
0.000
0.000
0.000
0.900
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
D.000

0.000

0,000
0.001
0,001
0.000
o.001
0.000
0.000
D.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000Q
0.000
0.000
0.000
¢.000
0.000
0.000
0.008
0.000
0.000
0.000

0.000

0.000
0.000
0.000
2.000
0.000
0.000
0.000
0.000
0.000
6.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
¢.000
G.000
0.000
0.000
0.000
0.000
0.000

9.000

0.000

0.0Q0

0.000

0.000

0.000

0.000

¢.000

0.000

4.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.004

g.000

0.000

0.000

0.0090

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Q.000

¢.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0,000

0.000

0.009

0.000

g.ooo

0.000

0.000

D.000

D.00O

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000




prap
3.9 TO 4.0 0.000 0.000 0,000 Q0.000 0.000 0.000 0.000
0.000 0.000 0.000 £.000
4.0 TO 4.1 ©0.000 0.000
G.000 0.000 0.000 G.000
4.1 TO 4.2 0.000 0.00D
0.000 0.000 0.000 G.000
4.2 TO 4.3 0.000 0.000
0.000 G.0D00 D.D00 0.000
4.3 TO £.4 0,000 0.0GOD
0.000 G.000 0.000 0.000
4.4 TO 4.5 0.000 0.000
0.000 0.000 0.000 0.000
4.5 TO 4.6 0Q.009 0.000
0.000 0.000 0.000 0.000
4.6 T0 4.7 0.000 0.000
0.000 0.00D0 0.000 0.000Q
4.7 TO 4.8 0.000 0.000
0.000 0.000 0,000 0.000
4.8 TC 4.2 0.0060 0.000
0.000 0.000 0.000 0.000
4.9 TO 5.0 0.000 0.000
0.000 0.000 0.000 0.000
1 Kbk drrdshhhkkhbkhhbikhhhhakan et 2P, UME HETGHT PARAMETER FREQUENCY
TRBLERR SR AR E R R kR ARk Rk ARk R Rk .

Northern Michigan University - MARQUETTE - COOLING TOWER AMALYSIS

0.000 0.000 0.000 0.000

¢.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 C.000

0.00¢ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

¢.000 0.000 0.000 0.000 0.000 0.000 9.000 0.000 D.00C

¢.000 0.000 9,000 0,000 0.000 0.000 Q.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000

0.00C¢ 0.000 0.000 0.000 0.0600 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 G.000 0.000 0.0G00 D.000 D.000 0.000 0.000 0.000

0.000 0.000 0.000¢ 0.G00 0.000 0.000 0.000 0.000 0.000

0.000 0.000 D.0GO 0.000 0.000 0.000 0.000 0.000 0.000

PLUME T R T e a0y )
FRO“**********f*i’*i’i‘l‘i***********i***'!***********
HEIGHT o HNE NE ENE E ESE SE gsSE s s5W =10
WNW NW NNW
m (M] ***************!****tt*iit*i******i***t******w]:m
HEADED ¥ XXXk kk kXN ENKARARKARERRRRARANRB AR R R IR Ak hh
] 55w su WsW w TNW MW NNW N NWE nE
nSE SE S8E SUM
5.¢ T0 5.2 0.000 0.000 0.000 0.000 0.000 0.000 0.00C 0.000 0.000 0.000 0.000
0.0GC 0.000 0.000 0.000
5.2 TO 5.4 0.000 0.000 0.000 ©.000 9.00Q ¢.000 €.000 0.000 0.000 0,000 0.000
0.000 0.000 0.000 0.000
5.4 TOo 5.6 0.000 0.000 0,000 C.000 0.000 C¢.000 &.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
5.6 TO 5.8 0.000 0.000 0.000 0.000 0.00C 0.000 0.000 0.060 0.000 0.000 0.000
B.0G0d 0.000 0.000 6.000
5.8 TO &.0 0.000 0.000 0.000 0.000 0.000 0.060 0.000 0.000 O.000 0.000 0.000
0.000 0.000 0.000 0.D00
§.0 - TO 6.2 0.000 0.000 0.000 0.000 0.000 0.000 0.00Q0 0.000 D.000 0.GC0 0.000
0.000 0.000 0.000 0.000
6.2 TO 6.4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
6.4 TO 6.6 0.000 0.000 D.000 0.000 D.000 ¢.000 £6.000 0.000 0.000 0.000 0.000
2.000 0.000 0.000 0.000
6.6 TO 6.8 0©0.000 0.000 0.000 0.000 ©.000 0.000 0.000 0.Q00 O,000 0.0G0 CG.000
¢.000 0.000 0.000 0.000
6.8 T0 7.0 0.000 0,000 0,000 £.000 0.000 0.0CG0 0.000 0.000 £.000 0.000 ¢.000
G.000 0.000 0.000 0.000 )
7.0 %0 7.2 0.000 0,000 0.000 0.000 0.000 0.000 D.000 D.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
7.2 TO 7.4 0.000 0.000 0.000 G.000 0.000 0.000 D.QOGD 0.000 0.000 0.000 0.000
4.000 0.C00 0.000 0.000
7.4 TO 7.6 0.000 0.000 0.000 0.000 C.000 0.600 0.000 0.000 0.000 0.000 0.000
0.000 0.000 Q.000 0.000
7.6 TO 7.8 0.000 0.0400 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000
¢.000 D.000 0.000 0.000
7.8 TO 8.0 0.000 0.000 0.000 0.00C0 0.000 5,000 0.000 0.000 0.00CD 0.000 0.000
¢.000 0.000 Q.000 0.000
8.0 TO 8.2 0.000 0.009 0.000 0.000 0.000 0,000 0.000 0.000 O0.0CGO 0.000 D.000
0.000 0.000 0.000 0.000
§.2 TO B.4 0.000 0.000 0.000 0.000 ¢.000 0.000 0.0006 0.000 0.000 0.000 0.000
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¢.000 0.000
0.000 0.000
0.000 0.000
0.000 ¢,000
0.000 ¢.000
0.000 0.000
0.000 £.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

{NTH)

wsw

ENE

0.000 0.000

0.004 0.000
0.000 0.000
0.000 0.000
¢.000 0.000
0.000 0.C00
0.000 0.000
‘0.000 0.000
0.000 0.000
0.00¢0 0,000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 ©.000
0.000 0.000
0.800 0.000

0.000 0.000




prep

0.C00 0.000 0,000 0,000 .

8.4 TO B.6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ©0.000 0.000 0.000 0.000 2.000
0.000 0.000 0.000 0.000

8.6 TO 8.8 0.000 0.D00 0.000 0.000 0.000 £.000 0.000 0.000 0.000 ©.000 0.000 0.000 0,000
0.000 0.000 0.000 0,000

8.2 TO 9.0 0.000 0.000 0.000 0.000 ¢.000 0.000 0.000 0,000 0,000 0.000 0.000 0.00C 0.000
-9.,000 0.000 0.000 C.000

.0 T0 9.2 0.000 0.200 0.000 0.000 0.000 0.000 0.000 0.00C 0.000 0.000 0.000 0.000 0.000
¢.00C 0.000 0.000 0.000

$.2 TQ 8.4 0.000 0.000 0,000 €.000 0.000 0.000 0.00¢ 0.000 0.000 0.000 0.000 0.000 G.000
0.000 0.000 0.00C D.000

8.4 TO 9.6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00Q0 0.000 0.C0O0C
0.000 0.000 ¢.000 D.00O

9.6 TO .8 0,000 0.000 0.000 0.000 0.000 0.008 0.000 0.000 0.000 0.000 €.000 0.000 0.000
0,000 0.000 0.00¢ 0,000

5.8 TO 10.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 €¢.000 0.000
0.000 0.000 0.000 0,000

10.0 TO 10.5 0.000 0.000 0.000 0.G09 0,000 9,000 0.CG00 O0.Q0Q0 0D.0CO 0.0C0 0.00C 0.000 O.DOD
0.000 0.000 0.009 0.000

10.5 TO 11.0 0.000 0.000 0.00D 0.000 0.000 0.000 0.000 G.000 D.000 0.400 0.0D0 0.000 0.000
Q.000 ©.000 0.000 §.000

ii.0 To 11.5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ©.000 0.000 0.000 0.000 0.000 0,000
0.000 0.000 0.000 0.000

11,5 TO 12,0 0.400 0.000 0.000 0.000 2.000 0.000 0.000 0.000 0.000 0,900 0.000 0.000 0.000
0.000 0.000 0.000 0.000

12.0 T0 12.5 0.000 0.06Q 0.000 9.000 0.000 0.0Q00 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 €.00C

12.5 70 13.0 0.000 0.000 0.000 C.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000

13.0 7O 13.5 0.000 0.000 0.000 0.000 D.000 0.000 0.000 0.000 9.000 0.000 0.000 0.000 0.00Q0
0.000 0.000 0.000 0.000

13.5 70 14.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000

14.0 7O 14.5 0.000 0.000 0.000 0.000 D.000 0.000 0.000 0.600 0.000 0.000 0.000 0.000 0.000
0.000 0.060 0.000 ©.00D

14.5 TQ 15.0 0.000 0.000 0.4060 0.000 0.000 0.000 0.000 0.000 0.000 O.000 0.000 0.000 C.000
0.000 0.000 0.000 0.000

15.0 70 15.5 0.00C 0.00C 0.000 0.000 0.000 0.000 0.000 ©.000 0.000 0.000 0.000 0.000 0.000
¢.000 0.000 0.000 ©.000

15,5 To 16.0 0.000 0.000 0.000 ©.000 0.000 0.000 0.000 G.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000

16.0 TO 16.5 0.000 0.000 0.000 0.000 ©.000C 0.000 0.000 0.060 0.000 0.000 0.000 0.000 C.000
0.000 0.000 0.000 0.00G0

1.5 7?0 17.0 0,000 0.000 0.000 0.000 4.000 ©.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
¢.c00 0.000 0.000 0.000

17.0 70 17.5 ©.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 G.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000

17.5 TO 18.0 0.000 0.000 £.000 0.000 0.000 0.000 0.GOO 0.000 0.000 0.000 0.000 0.000 0.000
0.000¢ 0.000 ¢.000 0.000

18.0 TO 18B.5 0.000 0.000 0.000 0.000 0D.000 0.000 0.000 0.000 C.DOO0 0.000 C.000 0.000 ©.000
0.00¢ 0.000 O0.000 0.000 :

1.5 TO 19.¢ 0.000 0.000 0.000 O0.000 0.000 0.000 6.000 0.000 0.000 0.000 ©.000 0.000 0.000
0.000 0.000 0.000 0.000

19.¢ TO 19.5 0.000 0.0060 0.000 0.000 D.00D 0.000 0,000 0.000 £.000 0.000 0.000 €.000 0.000
0.¢00 0.000 0.000 0.000

19.5 TO 20.0 0.000 0.000 0.000 0.0C2 0.000 0.000 Q.000 O.000 £.000 0.000 0.000 0.000 0.000
0.000 0.40D 0.00C 0,000

40,0 TO OVER 0.000 0.6C0 0.000 0.00¢ 0.000 0.000 0.000 0.000 0.C00 0.000 0.000 0.000 0.000
0.000 D.000 0.000 0.000

B L L T L R L L e Ty L T Y Y TP T T T )
I e T Ty Ty Y]

AVERAGE 0.0821s VARIANCE 0.02140 STD DEV 0.14628

STD ERR 0.00169 SKEWNNESS 4.76015 KURTOQ3IS 27.32819

KA EE AR T A r R eI AR EANTRARR R R A A AR AR AR Rk ek Rk bR ket bbb b r bk
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1 FuiRahwsksbabd AU NEU S LA H ¥ HDLOME LENGTH-K-STABILITY FREQUENCY
PART R ddhhhhe iRk bdRkkkbhhhk R bdend

Northern Michigan University - MARQUETTE - COOLING TOWER ANALYSIS (NTH)

EE A e TR L PR T IR R T I IR IS YRR I T ST LRI AR RS AL AL A AL AR A SRR R AR R bkl

EZ T
STABILITY CATEGORY 1 STABILITY CATEGORY 2 STABILITY
CATEGORY 3
BLUME = = =~ = +eesssssssmsmsc———es=s 0000 mm e e
LENGTH
RANGE (M) Rl K2 K3 Ri K2 K3 Rl
»a K3
0.0 TO 0.2 0.0040 0.000 0.152 0.000 2.000 0.668 a.000
0.0400 0.112
¢.2 TO 0.4 b.0040 0.0008 0.000 0.000 0.0008 0.000 0.000
0.000 2.000
0.4 TO D.5 0.000 0.00G 0.060 0.000 0.000 0.000 0.000
0.000 0.000
0.6 TO 0.8 0.000¢ 0.000 0.000 0.000 6.000 0.000 0.000
0.000 0.000
0.8 TO 1.0 0.000 0.000 0.000 0.000 0.000 4.000 Q.000
0.000 0.000
1.0 7o 1.2 0.000 o.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000
1.2 TO 1.4 0.00Q0 G.000 G.000 G.000 0.600 0.000 G.000
0.000 G.000
1.4 TO 1.6 0.p00 G.000 0.000 0.000 0.000 0.000 0.0060
0.000 0.000
1.6 70 1.8 0.000Q 0.000 0.0006 0.000 0.000 0.000 0.060
¢.000 0.000
1.8 T0 2.0 0.000C 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000
2.0 TO 2.2 0.000 0.000 0.000 ¢.000 0.000 0.000- 0.000C
0.000 0.000
2.2 T0 2.4 0.000 0.000 0.000 0.000 0.G000 0.000 c.000
0.000 0.000
2.4 TO 2.6 G.000 0.000 0.4q00 0.000 0.000 0,000 0.000
Q.000 0.000 ’
2.6 TO 2.8 0.000 0.000 p.ooD 0.000 0.000 0.000 0.000
0.000 0.000
2.8 TO 3.0 0.000 0.000 0.000 0.000 0.000 0.000 G.004
0.000 0.000
3.0 TO 3.3 0.000 0.0600 D.00Q0 0.000 0. 000 0.000 0.,Q00
‘ 0.000 0.000
| 3.2 TO 3.4 0.000 0.000 D.000 n.o000 0.000 0.000 0.00C
| 0.000 0.000
| 3.4 T 3.6 Q.000 0.800 0.000 Q.000 0.000 0.000 0.008
} 0.000 0.000
| 3.6 TO 3.8 ) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.600 :
3.8 TO 4.0 0.000 0.000 0.000 0.000 0.000 D.DOG 0.000
0.000 0.000
4.0 TO 4.2 0.000 g.000 0.000 0.000 2.00C0 0.001 0.000
0.000 0.000
4.2 TO 4.4 4.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000
4.4 TO 4.8 0.000 0.000 0.000 0.040 a.000 0.000 0.000
0.000 0.000
4.6 TO 4.8 a.000C 0.000 G.000 0.000 0.000 0.000 0.000
0.000 0.0800
. 4.8 TO 5.0 g.000C 0.000 g.000C 0.000 ¢.000C o.00@ 0.0080
0.000 0.000
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5.0 TO 5.2 0.000 0.000 0.000 ©.000 0.000 0.000 0.000
0.000 0.000

5.2 TO 5.4 0.000 0.000 0.000 0.000 ¢.000 0.000 0.000
0.000 0.000

5.4 TO 5.8 0.000 O.00O0 0.000 0.000 0.000 0.000 0.000
gp.o00 0.000

5.6 TD 5.8 0.000 ¢.000 0.000 0.000 0.0a0 0.000 0.000
0.000 0.000

5.8 T0 6.0 o.000 0.000 0.000 - 0.000 0.000 0.000 0.000
0.000 0.000 ;
6.0 TO 6.2 0.000 g.000 0.000 0.000 e.ao00 .00 0.000
0.000 0.0¢c0

6.2 TO 6.4 0.000 0.000 ¢.o00 0.000 0.000 0.000 ¢.000
0.0900 0.000

6.4 TO 6.6 0.000 0.000 0.000 0.000 0.000 0.000 0.000
4.000 0.000

6.6 TO 6.8 0.000 0.000 0.000 0.000 ¢.000 0.000 0.000
0.000 ©.000

6.8 TO 7.0 0.000 .000 0.000 0.000 0.000 0.000 0,000
0.000 0.000

7.0 TO 7.2 0.900 0.000 t.000 0.000 0.000 0.000 0.000
0.000 0.000

7.2 TO 7.4 o.000 0.000 ¢.000 0.000 0.000 G.000 0.000
0.000 0.000

7.4 TO 7.6 0.040 0.000 0.000 ¢.000 a.000 0.000 D.oon
0.000 ¢.000

7.6 YO 7.8 0.000 0.000 0.000 0.000 ¢.000 0.000 0,000
0.000 0.000

7.8 TOQ 8.0 6.000 0.000 0.0400 o0.g00 a.000 G6.000 0.000
¢.000 0.000

8.0 7O 8.2 0.000 0.000 0.000 0.000 0.000 0.049 0.000
0.000 0.000

8.2 TO 8.4 0.000 0.000 ¢.o00 0.000 0.000 0.000 0.000
0.000 0.000

8.4 TO 8.6 0.000 ¢.000 0.000 0.000 G.000 g.000 G.000
0.900 0.000

3.6 TO 3.8 0.000 0.000 0.000 &.000 0.000 0.000 0.000
a.000 ¢.000

8.8 TO 9.0 0.000 0.000 &.000 0.000 0.000 0.000 ' 0.000
0.000 0.004a

2.0 10 5.2 0.000 0.000 0.aao 0.000 0.000 0.000 0.000
0.000 0.000

2.2 TO 5.4 0.000 0,000 0.000 0.000 0.000 0.000 0.000
0.000 G.000

9.4 TO 9.6 0.000 0.006 0.000 0.000 ¢.000 0.000 0.000
G¢.000 0.000

5.6 T0 9.8 0.000 0.000 0.000 6.000 0.000 a.000 0.000
0.000 0.000

9.8 TO 106.0 0.000 0.000 0.0600 0.000 D.000 0.000 0.000
0.640 0.000

1 FREFAAXEIXXXXTRRRNARER AR R R RS LPLUME LENCTH-K-STARILITY FREQUENCY

TABLE&®* k¥ A ko xh kb kkrbrdkhhkahdbtrrkhhd
Noxthern Michigan University - MARQUETTE - COOLING TOWER ANALYSIS (NTH)

bR R LR AR A R LR R e R R S L L T T T Y T
Rk ke

STABILITY CATEGORY 1 STABILITY CATEGORY 2 STABILITY
CATEGORY 3
BLUME = = = = —ececcmmmmem—cmmmcce e
LENGTH
RANGE (M} Kl K2 K3 Kl R2 K3 Kl
K2 K3
10.0 TO 10.4 0.0G0 ¢.000 0.000 0.000 0.000 0.08¢ 0.000
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0.000
10.4
¢.000
10.8
0.000
1.2
0.000
11.6
0.000
12.0
0.000
12.4
0.000
12.8
0.9000
13.2
0.000
13.6
0.000
14.0
¢.000
14.4
0.000
14.8
0.000
15.2
¢.oc0
15.6
Q.000
16.0
0.000
i6.4
L
16.8
0.000
17.2
0.000
17.6
0.060
18.0
0.000
18.4
0.000
i8.8
£.000
19.2
0.000
19.¢6
0.000
20.0
0.060
21.0
0.000
22.0
0.000
23.0
0.000
24.0
0.000
25.0
0.000
26.0
0.000
37.0
0.000
28.0
0.000

0.000
TO 10.8
0.000
™ 11.2
0.000
™ 11.6
0.000
TO 12.0
G.000
TO 12.4
0.000
™ 12.8
0.004Q
TO 13.2
0.000
TO 13.6
0.000
TO 14.0
0.009D
TO 14.4
0.000
™ 14.3
0.000
TO 15.2
0.000
TO 15.8
0.6800
TO 16.0
0.000
TO 16.4
0.000
TO 16.8
2.000
TO 17.2
0.000
TO 17.6
0.000
TO 18.0
0.000
TO 18.4
0.000
TO l8.8
0.001
To 19.2
¢.000
TO 18.6
0.000
TO 20.0
2.001
TO 3.0
0.a00
TO 22.0
0.003
TO 23.0
0.001
TD 24.0
0.002
TO 25.0
0.001
TC 26.0
0.000
0 27.0
¢.000
™0 28.0
0.000
TO 29.0
0.000

0.000
¢.000
0.000
0.000
0.000
0.000
0.000
a.0¢0
0.000
D.000
0.000
0.000
0.000
0.000
0.000
n.000
0.000
0.000
¢.000
0.000
6.000
0.000
0.000
0.000
¢.000
0.000
0.000
0.000
0.000
0.000
0.000
¢.000

-0.000

0.000

0.000

0.000

0.000

0.000

G.a60

0.400

0.000

3.000

0.000

0.000

0.000

0.000

0.000

0.600

0.000

¢.000

0.000

¢.000

6.000

0.000

0.000

¢.000

0.000

0.000

0.000

D.000

G.000

0.000

0.000

¢.000

0.000

0.000

prep

0.000

G.000

- 0.000

0.000
0.000
c.000
0.000
0.000
0.a00
0.600
¢.000
0.000
¢.000
0.000
0.000
0.000
0.000
0.000
0,000
D.o00
0.040
0.000
0.000
0.000
G.000
0.000
4.000
0.000
0.000
¢.000
0.000
0.000

0.000
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0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.060

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

D.C000

¢.000

0.000

0.600

0.000

0.000

¢.000

0,000

0.000

0.000

0.000

o.0G0

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.0049

0.000

0.000

0.000

¢.000

0.000

G.000

0.000

c.000

0.000

0.000

0.000

¢.000

0.000

¢.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.001

0.001

0.001

0.000

0.000

0.0401

0.001

0.000

0.000

0.000

0.000

0.001

0,001

0.002

0.000

0.001

0.000

0.003

0.001

0.000

0.001

D.001

0.002

9.003

0.002

0.003

0.002

0.005

0.004

0.002

0.004

0.003

0.000

¢.000

0.000

0.600

0.000

0.000

0.000

0.000

0.000

0.300

0.000

0.000

0.000

¢.000

0.000

0.000

0.000

0.000

0.000

2.000

0.000

0.000

0.000

0.000

¢.000

0.000

0.000

¢.000

0.000

0.000

4.000

0.000

0.000




Prep
"25.0 TO 30.0 0.000 0.000 ©.000 0.0b0  0.000 0.004 0.000
0.000 0.000
30.0 TO 31.0 0D.000 0.000 0.000 0.000 0.000 0.001 0.000
0.000 ©0.000
1.0 To 32.0 0.000 0.000 0.000 0.000 ©.000 0.000 0.000
0,000 0.000
32.0 TO 33.0 0.006 0.000 0.000 0.0060 0.000 0.000 0.000
0.0060 0.000 '
33.0 TO 34.0 0.000 0.060 0,000 0.000 0.00¢ 0.000 0.000
0.000 ©.000
34.0 To 38.0 0.000 0.000  0.000 0.000 0.000 0.000 0.000
0.000 0.000
35.0 TO 36.0 0.600 0,000 ©.000 0.000 ©0.000 0,000 0.000
#4.000 O0.60D
36.0 TO 37.0 0.000 0.000 0.000 0.000 ©0.000 0.000 0.000
0.000 0.000
37.0 TO 38.0 0.000 0.000 0.000 0.000 ©.000 0.000 0.000
£0.000 0.000
38.0 TO 39.0 ©.000 0.000 0.000 0.000 0,000 0.000 0.0660
0.00¢ 0.000
39.0 TO 40.0 0.000 ©.000 0.000 0.00C 0.000 ©.000 . 0.060
0.000 D.000
40.0 TO OVER 0.000 0.000 0,000 0.000 0.000 0.000 ©.000
£.000 0.000
1 CAT NUM TYPE TH WX DBRT DTDZ DPT vVE E MCHT PLGT
FREQ REFERENCE HEIGHT= 10. M
1 FOG 10.0 0.25 263.1 -0.0l0 262.6 0.3 270.1 500. €.24
0.0012
2 FOG 15.0 0.25 263.1 -0.010 262.5 0.3 270.1 500. .00
¢.0004 :
3 FOG 12.0 0.25 263.1 -0.010 261.1 0.3 269.8 500, 0.00
0.0037
4 FOG 17.0 ©0.25 263.1 -0.010 261.1 0.3 269.8 500, ¢.00
0.0004
5 FOG 15.0 0.25 263.1 -0.010 25B.6 0.3 269.4 500, a.00
0.0003
6 FOG 12.5 0.25 273.1 -0.010 272.4 0.3 278.5 500, 0.00
0.0036
7 FO@ 16.5 0.25 273.1 -0.010 26%.4 0.3 277.6 500. D.00
0.0003 ' :
8 FOG 15.0 0.25 283.1 -0.010 282.4 0.3 286.9 500, 0.00
0.0007
a FOG 16.5 0.25 283.1 -0.010 273.4 0.3 285.6 500. 0.00
0.0001
10 FOG 15.5 0,35 293.1 -0,010 291,.1 0.3 294.9 500. 0.00
0.0001 '
: 11 PLUME 3.9 0.15 289.6 -0.018 279.4 0.3 288.1 868. 0.00
0.1517
12 PLUME 4.9 0.25 278,5 -0.01¢ 273.9 0.3 2B1.5 as0. 9.48
0.56876
13 PLUME 2,2 0.30 277.0 9.030  273.7 0.3 280.8 950. 15,88
G.1118
14 PLUME 8.7 0.25 271.6 -0,010 270.9 0.3 275.9 632. 0.00
0.0001
15 PLUME 7.7 0.25 275.4 -0.010 275.3 0.3 280.6 1120. 1.17
0.0002
18 PLUME 4.6 6.25 292,1 -0.010 292.0 0.3 295.1 996. 1.73
0.0003
17 PLUME 5.7 0.28 285.4 -0.010 2858.3 0.3 289.2 730, 2.58
0.0003
ia PLUME 7.7 0.25 274.3 -0.010 274.2 0.3 279.7 S84, 3.38
0.0005 -
19 PLUME 5.7 0.25 285,1 -0.010 285.0 6.3 288,9 820. 3.20
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0.0004

20
0. 0001

21
0.0004

s
0.0001

23
6.0001

24
0.0005

25
0.0001

26
0.0003

27
0.0003

28
¢.0001

29
0.00D1

30
o.0004

31
0.0001

32
0.0003

33
0.0002

34
0.0001

35
0.0007

3s
0.0007

37
0.0005

38
0.0003

35
0.0004

40
0.0005

41
0.0005

42
0.0003

43
0.0127

i4
0.0298

45
0.0174

PLUME

PLUME

PLUME

PLUME

PLOMEE

PLUME

PLUME

PLUME

PLIIME

PLUME

PLUMR

PLUME

PLUME

PLUME

PLUME

PLUME

PLUME

PLUME

PLUME

PLUME

PLUME

PLIUME

PLUME

PLUME

PLIVIE

PLUME

MET RECORDS READ :
RECORDS DISCARDED:

CALM RECORDS:

TOTAL TO NEW FILE:

290.4

263.4

275.0

285.4

281.0

292.1

287.6

2B5.4

272,11

291.0

282.1

279.3

285.7

286.0

281.0

281.2

280.8

287.6

289.5

284.3

282.1

278.1

292.1

283.9

a77.5

271.6

prep

-0.010
-0.010
-0.010
-0.010
-0.4010
~0.010
-0.010
-0.010
-0.010
-0.010
-0.010
-0.010
-0.010
-0.010
-0.010
-0.010
-0.010
=0.010
-0.010
~0.010
=0.010
-0.010

-0.0140

-0.010

-0.010

~-0.010

Page 1B

290.3

2B3.3

275.9

285.3

284.9

292.0

287.5

285.3

373.0

290.9

282.40

279.2

285.6

285.9

280.9

is1.1

280.7

287.5

289.5

284.2

ag2.0

278.0

292.0

283.3

277.4

271.6

293.6
2B7.4
281.1
289.2
285.4
295.1
291,.1
289.2
277.8
294.1
286.3
283.9
289.4
éSB.?

285.4

285.5

285.2

291.1

292.8

288.2

286.3

282.9

2585.1

287.59

282.4

277.4

428.

671,

683,

200.

783.

923,

836,

904,

766.

496.

1646.

771.

784.

11.

1028.

726.

631.

830,

902,

767.

6§76,

5l0.

603.

701.

604.

605,

12.08

10.33

11.1z2

12.95

12.85

12.29

12.64

13.13

18.87

24.83

29.10
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