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Table 6-13. Results of the NMU NO, SIL Modeling Analysis {61-03 SAW MET)

NMU Year of Impact Impact Significant NMU
Averaging | Maximuam Maximum UT™M UTM Impact Impact
Period Impact ' Tmpact | Easting | Northing Level As % Of
(ug/m’ ) P {meters) {meters) (gm’) SIL
Ammual 0.974 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 meteorofogical data (2001 through 2005).

6.6 TAC MODELING ANALYSIS RESULTS

In addition to the critcria 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 oriteria 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 modifiad 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 tesults were determined by scaling the emission rate for each TAC by model predicted
impacts based on a 1.0 gram/second model run for the averaging period associated with each
TAC’s applicable screening. Using this methodology, it is possible to determine the ambient

impacts for multiple pollutants based on one model 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 sach 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 sealing

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

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

Worst Case Acetaldehyvde Impact, 24-Hour Averacing Period

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

1.589 (ug/m’) « 2.47E-02 grams
second

Acetaldehyde Impact =
(1 gram/second)

Acetaldehyde Impact = 0.0392 ug Ar;'etrzldehyde
m

As shown in the preceding calculations, the acetaldehyde emissions from the new CFB boiler
exhaust stack results in a 24-hour 1mpact of 0. 0392 u,g/m wh:ch is apprommately 0.44% of the

acctaldehyde screening level of 9 pg/m’ on a 24—hour bas1s

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 Modeled Impact X (East) ?mpact Y(N orth)- Im})act Recep?or
Period g/m3) Ag/sec) Location Location Elevation
(u (meters) {meters) {mefers)

Annual 0.211 468,960.8 5,157,204.0 193.79

24-Hour 1.589 468,760.8 5,156,254.0 201.88

8-Hour 2712 466,860.8 5,151,904.0 283.74

i-Hour 15.779 466,860.8 5,151,904.0 283.74

! These distances are referenced from the site ordinate {UTM coordinate Easting = 468,874.0 meters, and
Noithing = 5,156,608.0 meters).
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Table C-1 of Appendix C presents the results of applying the modeled impacts 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 (HC), results in an ambient impact of 0.24 pg/m® 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 2 maximum annual ambient impact of 0.028 pg/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 V1 is predicted to be approximately 26% of its screening level, the emission
rate quantified for Cr VIis 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 resulis 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 pg/m® on
a 3-month basis. This represents a conservative approach because it over predicts the ambient

impact that would cecur on a 3-month basis.

In conclusion, 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 ISC AERMOD files that have been included in Appendix C on compact disc.

These include the complete Lakes Environmental project files for all modeling rans. The
Marquette OF East and Marquette 7.5-tinute DEM files utilized in determining elevated terrain

through AERMAP are also included electronically.
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Table 6-18. Summary of the NMU Medeling Files

ISC AERMOD View Files File Description M"te;’);“tt’g"c"‘l
NMUO1_CO through NMU05_CO CO SIL Meadels 2001-2005
NMUPM P through NMUPM_P5 PM;q SIL Models 20012005
NMUO01802 through NMUOSS02 . S0, PSD and NAAQS Models 2001-2005
NMU NOx1 through NMU_NOx35 NO, SIL Models 2001-2005

TAC modeling Gram/Second Model 2005

NMU_GPS2
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7.0 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(o}. 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 (0 evaluate the

impacts from the proposed project omn:

s  Associated growth
¢ Soils, vegetation, and wildlife
e Visibility impamrment

» Threatened and Endangered Species

The proposed project is considered a major modification and will result in emissions of particulate
matter (PM,/PM, ), nitrogen oxides (NO,), sulfur dioxide (80z) and carbon monoxide (CO)
greater than the major source significant level. Consequently, an additional impact analysis

addressing the effects of PM, NOy, 80,, and CO in these areas is required.

Additionalty, MDEQ has requested a quantitative analysis regarding the impact of the 7 MW
cooling tower on fogging and icing. Fogging ocours as a result of evaporative moisture from the
cooling tower and result in reduced visibility and increased humidity directly adjacent to the

cooling tower. lcing when the ambient temperature is below freezing the cooling tower fog

freezes on road surfaces.

7.1 ASSOCIATED GROWTH
The purpose of the growth impact analysis is to quantify the impact from growth resuliing 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,

Northern 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 Sugarioaf and Wright Avenues are

8::Proj 200741 63060504 NMUANMU TSD_Final.doc
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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 steam at the Marquette campus. The proposed project also
inchudes construction of & 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 pellutant levels resulting from a specific emission source can have an
impact on air quatity-related values (AQRVs). However, it is important to evaluate the level of
the expected increase. AQRVSs can include visibility, odor, flora, fauna, and geographic

resources; archeological, historical, and other cultural resources; and soi! and water resources.

NMU has performed a modeling demonsiration for PMo/PM: 5, NO,, SO, and CO emissions
resulting from the installation of the new CFB boiler. 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 model results with both the primary and secondary National Ambient Air
Quality Standards. Note that the primary and secondary standards for PMyg, NO,, SO», and CO

have the same NAAQS and that the impacts associated with the proposed project will be minor.
The highest predicted NOy 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 PMq impacts from the facility as a result of future potential emissions:

s  Annual concentration of 0.97 "%/, (primary NAAQS is 100 *9/5,°)

S Prof: 2007 L G603 04-NMU:NMU TSD_Final.doc

81




N1
©)

The highest predicted SO, concentration ncreascs 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 fiture potential emissions:

e 3-hour concentration of 520.24 "/,.2 (primary NAAQS is 1,300 ¥/,")
o 24-hour concentration of 217.39 ¥¥/,.} (primary NAAQS is 365 “¥/")
e Annual concentration of 30.56 “¥/,,” (primary NAAQS is 80 *¥/5")

Modeling was also performed for PM,q and CO emissions. This modeling showed that the

‘impacts from botk PM;q and CO as a result of the proposed project arc less than the federal

significant impact levels of | and 5 vgf 3 and 500 and 2,000 ug; * 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

such, a \Eisibility analysis using the CALPUFF model was performed to determine whether the
ernissions 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 ¢-maii 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, 5 and known fo contribute 1o 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 strrounding the NMU
facility was submitted to the Michigan Depariment of Natural Resources (MDNR) was sﬁbmitted
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 Ieffér 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.

75 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
resﬁlt 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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Site Drawings




CAMPUS MAP - NORTHERN SECTION

NORTHERN MICHIGAN UNIVERSITY

MARQUETTE, MICHIGAN
DATE: SEPTEMBER 4, 2003
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APPENDIX B

Emission Summary Tables




1.6 GranySec Modeled Impacis

impact
Averaging Period {ugim® / 1 gis)
Annual 0.211
24 Hour 1.589
8 Hour 2.712
1 Hour 15.779

Northern Michigan University
New CFB Boiler
Toxic Air Contaminant Modeling Resulfs

Table C-1. TAC Emission Rates and Modeling Impact Resuits

Maximum Maodeled Ambient
Compourd Emission Rates Rate ITSL IRSL Averaging impact
CAS No. {Ib/hr} {ipy} {gramfsec} {ugim3) (ug/m3} Peried (ug/m3} % of SL

Laad 7439-92-1 2.48E-03 1.09e-02 3A2E04 1.5 24 hour 4.96E-04 0.03%
HCI 75847-01-0 1.20 5.26 1.61E-01 20 24 hour 2.41E-01 1.20%
HF 7664-39-3 0.15 .66 1.89E-02 26 1 hour 2.99E-01 1.15%
.50, 7584-83-9 113 £.94 1.42E-01 10 8 hour 3.86E-01 3.86%
Total Dioxin/Furan 1746-01-6 4.23E-10 1.90E-09 5.45E-11 2 30E-07 Annu‘a_l_ 1.15E-11 0.00%
Metals
Antimony 7440-38-0 1.68£-03 7.36E-03 2.12E-04 0.2 24 hour 3.37E-04 0.168%
 Arsenic 7440-38-2 1.42E-04 6.22E-04 1.79€E-05 0.0802 Arnual 3.7TE-06 1.88%
Barium 7440-38-3 9.18E-04 4.02E-03 | . 1.1BE-04 5 8 hour 3.14E-04 0.006%
Beryllium 7440-41-7 3.70E-08 1.62E-05 4.66E-07 Q.02 24 hour T41E-07 0.004%
Berylfium 7440-41-7 3.70E-06 1.62E-05 4.86E-07 0.0004 Annual 9.83E-08 0.025%
Cadmium 7440-43-0 2.28E-04 1.00E-03 2.89E-05 0.0008 Annual G.09E-05 1.02%
Chromium, foial 7440-47-3 4.95E-03 2.17E-02 6.24E-04 4.1 Arnual 1.31E-04 0.137%
Chromium, hexavalent 18540-28-9 8.25E-04 3.61E-03 1.04E-04 0.1 24 hour 1.65E-04 0.17%
Chrornium, hexavalent 18540-23-9 8.25E-04 3.61E-03 1.04E-04 8.30E-05 Annual 2.18E-05 26.40%
Chromium, trivalent 16065-83-1 1.55E-04 8.78E-02 1.95E-05 5 & hour 5.29E-05 0.001%
Cobal 7440-48-4 1.25E-03 5.48E-03 1 .58E-04 0.2 3 hour 4.28E-04 0214%
Copper 7440-50-8 1.18E-04 5.06E-04 1 48E-05 2 3 hour 3.95E-015 3.002%
lron 2.33E-03 1.02E-02 2.94E-04 0.1 Annual 6.20E-05 0.06%
Magnesium 7430-95-4 1.38E-01 5.03E-01 1.73E-02 100 8 hour 4.70E-02 0.047%
Mangansss 7438-96-5 3.77E-02 1.65E-02 4.75E-04 0.05 24 hour 7.55E-04 1.51%
Molybdanum 2.28E-04 1.00E-03 2.89E-05 9.1 Annuval G.D9E-06 1.086%
Nickel 7440-02-0 3.09E-04 1.35E-03 3 89E-05 0.0042 Annuzl 8.21E-06 020%
:Phosphorus 7723-140 6.37E-05 - 2 79E-04 8. 02E-08 1 8 hour 2.17E-05 0.002%
Potassium 9.19E-02 4.03E-01 1.16E-02 0.1 Annual 244E-03 2.44%
Selenium 7782-492 1.63E-02 7.15E-02 2.06E-03 Z & hour 5.58E-03 0.278%
Siver 7440-22-4 4.01E-03 1.76E-02 5G5E-04 0.1 3 hour 1.37E-03 1.37%
Sodium 8.49E-04 3T2E-03 1.07E-04 0.1 Annual 2,25E-05 6.02%
Strontium 2.36E-05 T.03E-04 2.97E-06 0.3 Annuat 6.26E-07 0.001%
Tin 7440-31-5 542E-05 2 37E-04 6.83E-06 20 8 hour 1.85E-05 0.000%
Titanium 4.72E-05 2.07E-04 5 G4E-06 0.1 Annual 1.25E-06 0.001%
Vanadium 4.80E-04 2.10E03 6.04E-05 0.1 Annual 1.27E-05 0.013%
Yitrium 7.07E-07 3.10E-08 8.91E-08 0.9 Annual 1.88E-08 0.000%
Zinc {as ZnQ) 1314-13-2 5.23E-52 2.29E-01 §.59E-03 50 8 hour 1.79E-02 0.036%
Grganic Toxic Air Conteminants (1 ACs)
Acefaldenyde 75-07-0 1.98E-07 8.57E-01 247E-02 g . 24 hour’ 3.92E-02 £.435%
Acetaldehvde 75-07-0 1.86E-01 8.57E-M 2.47E-02 0.5 Annual 5.20E-03 1.04%
Aceiophencne 93-86-2 1.88E-04 8.22E-G4 2.37E-05 490 8 hour 6.41E-05 04.000%
Acralein 107-02-8 2.398-02 1.05E-G1 3.01E-03 .02 Annuat 6.34E-04 3.17%
Acrolein 167-02-3 2.38E-02 1.056-01 3.01E-03 0.5 1 hour 4.75E-02 9.50%
Benzens 71-43-2 9.90E-01 4.34E+00 1.258-01 38 24 hour 1.98E-01 0.66%
Benzena 71-43-2 9.80E-01 4.34E+G0 1.25E-01 0.1 Annual 2.63E-02 26.30%
Benzy! chladde 100-44-7 8.76E-03 3 84E-02 1.10E-03 .02 Annual 2.33E-04 1.16%
Benroic acid 55850 1.11E-05 4 85E-05 1.40E-08 0.1 Annual 2.94E-47 0.000%
Binheny! 92-52-4 2.13E-05 8.32E-05 2 68E-06 15 8 hour 7.27E-06 0.800%
Bis(2-Ethylhexylipnthalate 117-81-7 9 14E-04 4 00E-03 1.15E-04 0.2 Annuaf 2.43F-05 0.012%
Bromoiorm 75-25-2 4.88E-04 2.14E-03 5.15E-05 0.9 Annual 130E-05 0.001%
Carban disulfide 75-15-0 1.63E-03 7.13E-03 2.05E-04 700 24 hour 3.26E-04 0.000%
Carbazaole 86-74-8 4 24E-04 1.86E-03 5.35E-05 8.1 Annuat 1.13E-05 0.011%
Carbon teirachioride 56-23-5 1.08E-02 4.65E-02 1.34E-03 0.07 Ananual 2.62E-94 0.40%
Chiorine 7782-50-5 1.86E-01 8.16E-01 2.35E-02 15 5 hour 6.36E-02 0.42%
2-Chloroacetophanone 532-27-4 8.76E-05 3.84E-04 1.10E-05 0.03 24 hour 1.75E-85 0.058%
Chicrobenzene 108-80-7 7 7BE-03 3.41E-02 2.80E-04 70 24 hour 1.56E-03 0.002%
Chiorcform G7-66-3 6.60E-03 2.89E-02 8.32E-04 0.4 Anrual 1.75E-04 0.044%
2-Chioranaphthalene 91-58-7 5.66E-07 2 48E-06 7 13E-08 0.4 Annual 1.50E-08 . 0.000%
2-Chlorophanoi 85-57-8 5.66E-06 2.48E-05 7.13E-07 0.1 Annual 1.50E-07 1.000%
Cumsare . 38-8238 5.63E-05 2.91E-04 B8.36E-06 400 24 hour 1.33E-05 0.800%
Cyanide 57-12-5 3.13E-02 1.237E-M 3.94E-03 50 1 hour £.22E-02 0.12%

A-Dichloroberzans 106-16-7 2.50E-04 1.10E-03 3.15E-05 800 24 hour 5.01E-05 0.000%
1.4-Dichlorobenzene 108-46-7 2.50E-04 1.10E-03 3.15E-05 0.14 Annual H.63E-06 0.005%
2,4-Dinitrophenol 51-28-5 4.24E-05 1.66E-04 5.35E-06 0.1 Annual 1.13E-6§ 0.001%
2 4-Cinitrotolusne 121-14-2 3.50E-08 1.53E-05 4.42E-07 2 8 hour 1.20E-06 0.000%
2,4-Dinliratoluene 121-14-2 3.50E-08 1.53E-85 4 A2E-07 0.009 Annuat 0.31E-08 0.001%
Dimathyi sulfate 77-78-1 5.01E-04 2.63E-03 7.57E-05 0.5 8 hour 2.05E-04 0.041%
Eihvitenzene 100-41-4 7T 31E-03 3.20E-02 8.21E-04 1300 24 hour 1.46E-03 0.000%
Ethylbenzene 100-471-4 7.31E-03 3.20E-02 9 21E-04 3 Annual 1.94E-¢4 0.806%
Ethylchioride 75-00-3 5.26E-04 2.30E-03 G.62E-05 10600 24 hour 1.05E-04 §.000%
Ethylene dichloride 107-06-2 S5.01E-D4 2.19E-03 G6.31E-05 0.04 Annuaj 1.33E-95 0.033%
Ethyiene dibromide 106-93-4 1.50E-85 5.582-05 1.89E-06 9 24 hour 3.01E-06 0.000%
Eihylene dibromide 106-93-4 1.50E-05 6.58E-05 1.885-06 0002 Anrual 3.99E-07 0.020%
Formaldehyds 50-00-0 1.04E400 4 54E+00 1.31E-01 0.08 Annual 2.73E-B2 34.44L




Nortirern Michigan University
New CFB Boil_er
Toxic Air Contaminant Modeling Results

1.0 Grany/Sec Modeled Impacts

Imgact
Averaging Period {ugim® [ 1 gfs)
Annual 0.211
24 Hour 1.589
8 Hour 2712
1 Hour 15.779
Tahie C-1. TAC Emission Rates and Modeling Impact Resulis
Maximum Modeled Ambient
Compound Emission Rates Rate 1318 IRSL Averaging impact
CAS No. {Ibfhr) {tpy) (gramisec) [%ms[ {ug/m3} Pariod {ug/m3) % of Sk

Heptachlorobiphenyi 28655-71-2 1.568-08 §.82£-08 1.96E-09 3.1 Annual 4.13E-10 0.000%
Hexachlorobiphenyl 26601-64-9 1.30E-07 5.68E-07 1.63E-08 0.1 Annual 3.44E-09 8.000%
Haxanal 66-25-1 1.65E-03 7.23E-03 2.08E-04 2 Annual 4.38E-05 1.002%
Hexane 110-54-3 3.75E-01 1.64E+00 4.73E-Q2 700 24 hour 7.52E-02 0.011%
iscbutyraidehyde ) 78-84-2 2.83E-03 1.24E-02 3.56E-04 160 24 hour 5.66E-04 0.000%
Isaphorone 78-59-1 7.26E-03 3.18E-02 $.15E-04 280 1 hour 1.44E-02 0.005%
lsopharone 78-58-1 7.26E-03 3.18E-02 9.15E-04 37 Annual ‘1.93E-04 G.005%
2-Methyinaphthalene 91-57-6 3.77E-05 1.65E-04 4.75E-06 10 Annual 1.00E-06 0.000%
3-Methvichloranthrene 3.75E-07 1.64E-06 4 73E-08 0.1 Annal $.97E-08 0.000%
Monechlorcbiphenyl 5 19E-08 227E-07 5.53E-02 0.1 Annual 1.38E-09 0.000%
Methy! bromide 74-83-9 3.54E-03 1.595E-02 4.46E-04 5 24 hour 7.08E-04 0.014%
Methy chioride 74-87-3 6.863E-03 291E-02 §.36E-04 80 24 hour 1.33E-03 0.001%
Methyl chloride 74-87-3 6.63C-03 2.91E-02 8.36E-04 1.8 Annual 1.76E-04 0.011%
Mathyl ethyl ketona 78-93-3 4.88E-03 21402 8.15E-04 5000 24 hour 9.77E-04 0.000%
Methyl hydrazine 606-34-4 2.13£-03 9.32E-03 2 68E-04 0.1 Annual 5.65E-05 0.057%
Methyl methacrylate 80-62-6 2.50E-04 1.10E-03 3.16E-05 700 24 hour 5.01E-05 0.000%
Mathyt tert butyl ether 1634-04-4 4.38E-04 1.82E-03 5.52E-05 3000 24 hour 8.77E-65 0.000%
Mathylene chioride 75-09-2 6.84E-02 2.99E-01 8.61E-03 2 Annual 1.82E-63 0.091%
Naphthalens 91-20-3 2 29E-02 1.005-01 2.88E-03 3 24 hour 4.58E-03 0.15%
Naphthaiena 91-20-3 2.28E-02 1.60E-01 2.83E-03 34.08 Annual 6.07E-04 0.76%
2-Nitrophenol B88-75-5 5.66E-05 2.48E-04 7_13E-06 0.1 Annual 1.50E-06 (.002%
4-Nitrophenol 100-02-7 2 59E-05 1.14E-04 3.27E-08 0.1 Annual 6.89E-B7 0.001%
Pentachlorobiphenyi 2.83E-07 1.24E-06 3 56E-08 0.1 Annual 7.51E-09 0.000%
Pentachiorophenct 87-86-5 1.20E-05 5.27E-05 1.51E-08 100 24 hour 2.41E-06 0.000%
Pentachiorophenol 87-58-5 1.20E-05 5.27E-05 1.51E-06 0.03 Annual 3.19E-07 0.001%
Perylens 198-55-0 1.23E-07 5.37E-07 1.64E-08 0.1 Annual 326E-9¢ | - 0.000%
Phenol 108-95-2 1.20E-02 527E-D2 1.51E-03 800 1 hour 2.38E-02 0.004%
Propionaldahyde 123-38-6 1.44E-02 630E-02 1.815-03 4 Annual 3.82E-G4 0.010%
Propanal 123-38-8 7.54E-04 3.30E-03 $.61E-05 4 Annual 2.00E-05 0.001%
tSty?ne 10G-42-5 4 48E-01 1.965+00 5.64E-02 1000 24 hour B.97E-02 0.009%
Styreng - 100-42-5 4 48E-01 1.06E+08 5.64E-G2 1.7 Annual 1.19E-02 0.70%
Tetrachiorobipheny] 5.88E-07 2.58E-05 7.43E-08 0.1 Annual 1.57E-08 0.000%
1 elrachlorosthylena 127-18-4 8.96E-03 3.82E-02 1.13E-03 [ Aanual 2.38E-04 0.24%
Toluens 103-88-3 2.17E-Ot 8.50E-81 273802 5004 24 hour 4.34E-62 0.001%
o-Toluzidehyde 529-20-4 1.70E-03 7.43E-03 2.14£-04 440 24 hour 340E-04 0.000%
p-Tolualdehyda 104-87-0 2 58E-03 1.14E-02 3.27E-04 0.1 Annual G.89E-D5 6.069%
Trichiorobiphenyl 8.13E-07 2.68E-06 7.72E-08 0.1 Annual 1.63E-08 0.000%
Trichlorofluoromethane 75-69-4 9.67E-03 4.23E-02 1.226-03 56200 1 hour 1.92E-02 0.000%
i richiorethane 79-01-6 7 O7TE-G3 3 10E-02 §91E-04 0.5 Annual 1,88E-04 0031%
1.1,1-Trichlarosthane 71-55-6 7.31E-03 3.202-02 9.21E-04 1000 24 hour 1.486E-G3 0.000%
2,4,5-Trichleropheno! §B-06-2 5.19E-08 2.27E-05 8.53E-87 03 Annual 1.38E-07 0.000%
Vinyl acetate 108-05-4 S.51E-04 4 17E-03 1.20E-04 200 24 hour 1.9GE-04 0.000%
Vinyl Chicride 75014 4.24E-03 1.86E-02 5.35E-04 100 24 hour 8.50E-G4 0.001%
Vinyl Chicride 75-01-4 4.24E-03 1.86E-02 5.35E-04 0.11 Annual 1.13E-04 0.10%
Xylenes 1330-20-7 4 83E-04 2 03E-03 5.83E-05 100 - 24 hour 9.27E-05 0.000%
o-Xylens 95-47-8 5.80E-03 2.58E-02 7 43E-04 130 24 hour 1.1BE-03 0.001%
Polynuclear Aromatic Hydrocarbons {PAH)

Acenagntheng 83-32-9 2.15E-04 9.40E-04 2 70E-05 210 24 hour 4.30E-05 0.000%
Acenaphthylene 208-25-8 1.18E-03 5. 16E-03 1.46E-04 35 24 hour 2.38E-04 0.001%
Acctong 57-54-1 4.48E02 1.96E-01 5.84F-03 5900 8 hour 1.53E-02 0.000%
Anthracana 120-12-7 7.07E-04 3.10E-03 8.91E-05 1000 24 hour 1.42E-04 0.000%
Benzaldehyde 100-52-7 2.00E-04 8.78E-04 2.52E-05 0.4 Annual 5.32E-06 0.001%
Benzolalenthracene 56-55-3 1.53E-05 B6.71E-05 1.93E-06 0.1 Annual 4.07E-07 0.000%
Benzo(alpywrens 50-32-8 6.13E-04 2.68E-03 7 72E-08 0.0005 Annual 1.63E-05 3.26%
Senzoleloyrena 182-97-2 8.138-07 2 6BE-06 7.72E-08 .1 Annuat 1.63F-08 0.000%
Benzofb)uoranihene 205-98-2 2 38E-05 1.03E-04 2.87E-06 0.1 Annual 6.26E.07 0.001%
Benzofj kifluoranthena 377605 1 55E-04 4.75E-06 0.1 Annual 1.00E-06 0.001%
Benza{kflucranthens 205-82-3 8.49E-06 372E-05 1.07E-06 9.1 Annual 2.25E-07 .080%
Benzo(b.j.k)fluoranthene 2.36E-05 1.03E-04 2.87E-08 3.1 Annual B.2BE-07 0.001%
Benzo(g,h,iperviene 191-24-2 2.18E-05 9.80E-05 2.76E-06 12 24 hour 4.39E.06 0.000%
Chrysene 218-01-8 9.95E-08 3.82E-05 i.13E-08 0.1 Annual 2.38E-07 0.000%
Crotonaldehyde 4170-30-3 2.33E-03 1.02E-02 294E-04 9 1 hour 4.64E-03 0.052%
Decachlorobiphenyl 2051-24-3 6.37E-08 2 ISE-GT 8.02E-09 8.1 Annual 1.69E-09 0.080%
Divanzofa.hjanthracene 53-70-3 2.15E-08 9 40E-08 2.70E-07 0.1 Annual 5.70E-08 0.000%
1,2-Dibremogthens 540-45-8 1.30E-02 5.68E-02 1.63E-03 0. Annual 3.44E£-04 0.34%
Sichiorobiphenyi . 1.74E-07 7.84E-07 2.20E-08 0.1 Annual 4.63E-09 0.000%
1.2-Dichioroethane 107-06-2 6.84E-83 2_99E-02 8.61£-04 004 Annual 1.82E-04 0.45%
1,2-Dichicropropane 78-87-5 7.78E-03 3.41E-02 8.80E-04 4 24 haur 1.56E-03 0.039%
7.12-Dimethylbenz{alantracens 334E-08 1.46E-08 4.20E-07 G.1 Annual 8.86E-08 0.000%
Fluoranthene 206-44-0 3.77E-04 1.65E-013 4.75E-05 140 24 hour T55E-05 0.000%
Fluorene 86-73-7 8.02E-04 3.515-03 101504 140 24 hour 1.60E-04 0.000%
indeno(1,2,3.c.dipyrene 193-39-§ 2.05E-05 8.98E-05 2.58E-06 0.1 Annual S5.43E-07 0.001%
Phenanthrene 85-01-8 1.65E-03 7.23E-03 2 08E-G4 0.1 Annuat 4.38E-05 0.044%
Fyrane 129-00-0 8.72E-04 3.82E-03 1.10E-04 100 24 hour 1.75E-04 0.600%
S-dethy! chrysens 3697-24-3 2.75E-07 1.21E-06 3.47E-08 .1 Annual 7.31E-09 0.000%

Note: An ITSL of 6.1 that s red bolded is o default screening izvel per AQD &ir toxics policy
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Northern Michigan University - Modeling Anaiysis Layout for Proposed Boiler Project

Coordinate System Layout for Northem Michigan University Located in Marguette, Ml
The Scuthwest Corner of the Existing Ripley Healing Plant Bldg Equals Site Coordinate {0.0)
Building Comer Eeor@nat@s (-fee-l} Height Coordinates {metersy Height
- 1D. XiE) Y (N} (fest) X {E) ¥ Ny {meatars}
Ripley Heating Plant Al 0.00 0,00 79.00 .00 .00 24.08
A2 0.00 02.92 79.00 060 31.37 24.08
A3 66.92 102.92 78.00 20.40 3137 24.08
Ad 66.02 0.00 73.00 20.40 .00 24.08
AS .00 000 79.00 0.00 2.00 24.08
Naw Boiler Main Building E1 -101.53 42.82 11¢.00 -30.95 13.03 33.53
B2 -101.53 153,12 110.00 -30.95 4667 33.53
B3 -3B.53 153.12 110.00 -11.14 4687 3353
B4 -36.53 4282 11080 -11.14 1305 33.53
B “10H.53 4282 110.00 -30.85 13.05 3353
New Steam Turbine Bldg [ -101.53 19 30.00 -30.95 -1.28 9.14
[ -101.53 4282 30.00 -30.95 13.05 914
ca -36.53 42.82 20.0¢ -11.14 13.05 9.14
C4 -36.53 419 20.00 -11.14 <1.28 914
- 5 -101.83 -4.189 30,00 30,85 1,28 8.14
New Control Room D1 ~36.53 0.00 30.00 -1,14 0.00 9.14
02 -36.53 38,143 30.00 .11,14 11.93 9.14
3 0.00 3913 30.00 2.00 11.93 9.14
D4 0.00 0.00 30.08 0.00 8.00 9.14
) D5 -3A.83 0.00 30.00 41,14 0.00 2.14
Coal Contaiment Struciure E1 -145.96 167,00 8,00 -44.49 50.80 2.4
E2 -146.96 169.00 B8.00 -44.49 51.51 2.44
E3 -80.29 169.00 500 -27.52 51.51 244
E4 -90.29 228.00 8.00 -27.62 £59.80 2.44
E5 -145.98 22600 2.00 -44.49 £9.80 244
EE -145.98 231.00 8.00 -44.40 70.41 .44
E7 -28.29 231.00 5.00 2651 70.41 2.44
£8 -88.29 187.00 8.0 -26.81 50.80 2.44
=] -145.98 187.00 8.00 -44.49 50.90 2.44
Wood Handling Building Fi -151.12 443 2200 -45.06 -1.35 B.71
F2 ~151.12 30.14 2200 -48.06 11.93 8.71
F3 ~127.87 35.14 -~ 2200 38.08 11.93 8.71
Fd «127.87 -4.43 22.00 -38.805 1,35 &.71
F5 -151.12 -4.43 22.00 -46.06 -1.35 8.71
New Baghouse Structure Gi -80.76 188.12 £3.00 -24.62 51.24 19.20
G2 -B0.76 204.76 63.00 -24.62 62.41 19.20
533 -53.75 204.76 63.00 -15.38 62.41 18.20
G4 -53.75 168.12 63.00 -16.38 51.24 19.20
G5 -80.76 188.12 83.00 -2482 51.24 19,20
Cooling Tower Structure HT -233.88 -46.48 28.00 71.28 ~14.17 8.53
HZ -233.88 -92.48 28.00 -71.28 -6.85 8.53
H3 191,86 -22.43 28.00 -58.438 6.85 853
Hi -191.86 -16.48 28.00 -58.48 14,17 8.53
HE 232 .86 4548 23.00 71.28 4447 8.53
Existing Nearhy Bidg #1 1 -237.56 20084 a0.00 7241 57,02 12.18
iz -237.56 323.23 40.00 72,41 95,52 12,19
i3 «191.62 323.23 40,00 -58.37 98.52 12.19
I4 -191.52 222.84 40.00 58.37 67.02 2.0
15 -237.56 222 84 40.00 -E__:tﬁ 67.92 12.19
Existing Noarby Bldg #2 J1 =230.95 62.18 40,60 -70.39 18.95 12,19
J2 -230.95 93.06 40.00 -70.39 28.37 12,19
J3 -106.64 9306 40.00 50,94 28.37 12.19
J4 -196.84 62,16 45.00 -58.94 18.95 12.19
J5 ~230.95 #2.18 A0.00 76,39 1885 12 19
Gunther C. Mayland Hall K1 242,84 -412.65 120,00 -74.02 13578 36.58
(NE Section of Quad 2} K2 =242.84 -250.26 120.00 -74.02 -78.28 36.58
K3 -183.80 -250.26 120.00 -60.59 -76.28 3553
K4 -198.80 -388.41 120.00 -50.59 -112.29 38.58
K5 -75.38 -288.41 120.00 -22.88 -112.29 35.58
[ -75.38 -260.26 120.00 -22.98 75.28 35.58
K7 -30.78 250,28 120,00 -8.38 -75.28 368.58
K3 -30.78 412,65 120.00 -9.38 -125.78 35.58
K3 242,84 41285 120.90 7402 -125.78 36.58
Circutar Strutures Cenler Cocrdinates {feef) Height Coordinates {melars) Diameter Haight
LD X {E) Y {M) {fet) X {E) Y {N} {meters) {motars)
New Ash Sile O -30.54 22191 81.00 5.51 §7.654 5.10 2469
Waod Sito P1 13844 97.43 80.00 42,19 73.70 10.65 24,38
P Coordinates Heel) Height 1 Coordinates (meters) | Diamster Azight
- 1.0, X (E} Y (M) feet} X (E} Y {meters) {meters)
New Baghouse Stack NewBHSHK | B7.25 250,08 165,00 -20.50 76.22 1.83 50.29
e e i e e ]
Exisling Boiler Stack ExisiStk 19,02 51,28 150.00 580 1563 1.52 4579
—— = e
Page 1 of 1 File: MM Modeling Selup Tab: Internal Site Coord Printed 1/25/2007 11:54 AM




Existing Facility, New
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Northern Michigan University - Modeling Analysis Layout for Proposed Boiler Project
Coordinate System Layout for Northerin Michigan University Located in Marquette, M)

The Southwaest Corner of the Ripley Healing Plant Bldg Equals UTM Coordinate (488,874 E; 5,156,608 N}

Building Cornar Coordinates (metars) Haight UTM Coordinatas (meters) Elevatlion

1D, X({B) Y (M) {feet) Easting Noﬂ'hin& {meters)
Ripley Heating Plant At 0.00 0.00 70,00 463874.00 | 5156608.00 195.38
AZ 0.00 31.37 79.00 488874.00 | 5158839.57 195.38
A3 20,40 31.37 79.00 46889440 § 5156639.37 195.38
Ad 20.40 0.00 79.00 468894.40 5156808.00 195.38
AB 0.00 0.00 79.00 4a8874.00 | 5158608.00 185,38
New Boiler Main Building B1 -30.95 13.08 110.06 4B8843.05 | 5166621.05 195.38
B2 -30.95 48.67 110.00 468843.05 | 5156854.67 195.38
B3 -11.14 46.67 110.00 468862.86 | 5156654.67 195.38
B4 -11.44 13.05 110.00 458862.86 | 5156621.05 195.38
B3 -30.95 13.05 110.00 468843.05 5156621.05 185.38
New Steam Turbine Bidg [ -30.85 -1.28 30.00 465843.05 51568608.72 185.38
c2 -30.85 13.05 30.00 468843.05 5156621.05 195.38
c3 -11.14 13.05 30.00 4686862.85 | 51568621.05 195.38
C4 -11.14 -1.28 30.00 4£8862.86 5158606.72 195.38
c5 -30.95 -1.28 30.00 4658843.05 5158606.72 165.38
New Control Room [ Di -11.14 0.00 30.00 450862.86 | 5156608.00 195.38
D2 -11.14 11.93 30.00 458862.86 | 5156619.83 185.38
D3 0.00 11.93 30.00 468874.00 | 5156819.93 195.38
4 0,00 0.00 30.00 468874.00 | 5158608.00 195.38
D5 -11.14 0.00 30.00 468862.86 | 5156608.00 95.38
Coal Contaiment Structure E1 -44.49 50.80 8.00 458829.57 5156658.90 105.38
E2 -44.49 51.51 8.00 458829.51 5156655.51 185.38
E3 -27.52 51.51 8.00 46884648 | 5156659.51 195,38
E4 27 .52 £9.80 8.00 468845.48 | S515B677.80 195.38
E5 -44.49 59.80 8.00 468829.51 5156677.80 195.38
£6 -44.49 70.41 B.00 468829.51 515€678.41 195.38
E7 -26.91 70.41 8.0C 488847.08_| 5156678.41 195,38
ES -26.94 50.90 8.00 . 48884709 | 5156658.90 195.38
ES -44.49 50.80 8.00 468829.51 5156658.80 185.38
Wocd Handling Building Fi 16.06 -1.35 22.00 4BC827.04 | 5156808.65 185.38
F2 -45.06 11.93 22.00 468827.94 | 5156619.93 195.38
F3 -38.98 11.93 2200 468835.02 | 515681993 195.38
F4 -38.98 -1.35 22.00 488836.02 | 5156606.65 195.38
- B F5 -46:08 -1.35 22.00 468827.94 5156608.65 195.38
Nsw Baghouse Strucfure G1 24,62 51.24 53.00 468848.38 515665924 10538
Gz 24,62 B2.41 63.60 458840.38 | 51566870.41 195.38
G3 -18.38 62.41 63.00 468857.62 | 5156670.41 195.38
G4 -16.38 51.24 63.00 468857.62 | 5156650.24 195.38

. G5 2462 51.24 83.00 4686845.38 | 5156650.24 195.38 ¢
Cooling Tower Structure H1 -71.28 1347 28.60 468802.72 5156583.83 195.38
H2 -71.28 -6.85 28.00 468802.72 | 5156801.15 195.38
H3 -58.48 -6.85 28.00 468815.52 | 5156601.15 195.38
H4 -58.48 -14.17 28.00 468815.52 | 5156593.83 195.38
H5 7128 | 4497 2800 468802.72 5156593.83 195,38
Existing Nearby Bidg #1 H -72.41 87.92 40.00 468801.568 | 5156675.92 198.90
i2 -72.4% 98.52 40.00 468801.58 | 515670652 196.50
13 -58.37 98.52 40.00 468815.63 | 5156706.52 196.90
14 -58.37 87.62 40.00 488815.63 1 5156675.02 196.80
15 -72.41 67.92 40.00 468801.59 5156675.62 196.90
Existing Nearby Bldg #2 Ji 7039|1895 40.50 468803.61 | 5156626.95 195.38
J2 -70.39 28.37 45.00 45380361 5156636.37 195.38
43 -58.94 28.37 40,06 468514.06 | 5158636.37 155.38
J4 -58.94 18.85 40.00 438814.08 5156625.95 185.38
J5 -70.39 18.95 40.80 468803.61 5156626.95 195.38
Gunther C. Meyland Hall Ki -74.02 -125.78 120.00 438799098 | 5150482.22 195.38
{NE Section of Quad 2) K2 =74.02 -76.28 120.00 458795.88 5156531.72 195.38
K3 -60.59 -76.28 120.00 468813.41 51568531.72 195.38
K4 -80.59 -112.20 120.00 468813.41 5158495.71 185.38
K5 -22.98 -112.28 120.00 488851.02 | 5156495.74 105.38
Kb -22.98 -76.28 120,00 468851.02 5156531.72 195.38
K7 -9.38 -76.28 120.00 463864.62 5156531.72 195.38
K& -9.38 -125.78 120.00 468864.62 1 5156482.22 195.38
Kg -74.02 -125.78 120.00 468738.88 | 5156482.22 195.38
Page 1 of 2 Fite: NMt) 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, Mi

The Southwest Corner of the Ripley Heating Plant Bldg Equals UTM Coordinate {468,874 E; 5,136,608 N)

Building Comer Coordinates (meters) Height UTM Coordinates {meters} Elevation
LD. x§ | ym {faet) Easting | Northing {meters)
Coordinates {fest) Height UTM Coordinates {meters) Diameter Height
. Center
Circular Strutures 1D
. X(E) Y (N) {fest) UTM Easting { UTM Northing {meters) {meters)
New Ash Silo o1 -5.31 67.64 81.00 468588489 5156675.64 6.10 24.88
Waoad Silo £1 -42.19 28.7C 80.00 468831.81 5156637.70 10.65 24.38
Stacks Coordinates (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 50.28
Existing Boiler Stack ExistStk -5.80 15.63 750000 3| 4s8ses20 | 515662363 | 162 45.72
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Receptor Grid Layout Diagrams




PROJECT TITLE:
Northern Michigan University - Powerhouse Medification PTI
Receptor Grid Layout
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PROJECT TITLE:

Receptor Grid Layout - Zoomed

Northern Michigan University - Powerhouse Modification PTI
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Existing Source Emission Rates
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Summary of TAC Analysis Results




Ba ckground” Concentrations
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APPENDIX D

RACT/BACT/LAER Clearinghouse Results

5P 20074 61060504-NMINNMU TSD_Final.dos
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STATE OF MICHIGAN

JENNIFER M. GRANHOLM DEPARTMENT OF NATURAL RESOURCES REBECCA A, HUMPHRIES
SOVERNOR LANSING DIRECICR
Angust 8, 2006

Mr. Jeffrey Jaros
NTH Consultants, Ltd.
608 8. Washington
Lansing, MI 48633

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

Dear Mr. Jaros:

The location of the proposed projects were checked against known localities for rare species and unique natural features, which
are recorded in a statewide database. This continuously updated 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 gualified observer 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 the site has not been surveyed.
Records are not always up-to-date, and may require verification. In some cases, the only way to obtain a definitive statement on
the status of natural festures is to have a competent biologist perform a complete field survey.

Under Act 451 of 1994, the Nataral Resources and Environmental Protection Act, Part 365, Endangered Species Prolection, “a
person shall not take, possess, transport, ... fish, plants, and wildlife indigenous to the state and determined 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 Tist below. Other species may be present that

have rot been recorded in the database,

The presence of threatened or endangered species does not precinde activities or development, but may require alterations in the
project plan. Special concem 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 results for the project in Ottawa County, City of Holland, T5N R16W section 36 and
Marquetie County, City of Marquette, T48N R25W section 11:

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

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

Sarrenl.2(@michigan.sov.
St;?j;‘.,

Lori G, Sargent
Endangered Species Specialist
Wildlife Division

NATURAL RESCURCES COMMISSION
Keith J. Charters, Chair « Mary Brown » Damell Earlay a Bob Garner e Gerald Hall o John Madigan s Frank Wheatlake

STEVENS T, MASON BUILDING s PO, BOX 30028 o LANSING, MICHIGAN 48908-7528
www.michigan.gov/dnr « (517) 373-2329




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

Mr. Jeffrey P. Jaros

NTH Constltants, Ltd.

608 8. Washington Avenue
Lansing, MI 48933

Re:  Endangered Species List Request, Proposed Construction of Solid Fuel Fired Botler,
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 its 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 pians 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@iws.gov or 517/351-8315.

S%ely,
" JA .
Craig A. Czar
Field Supervisor

cet MDNR-Wildlife Division, Lansing, MI (Attn: Lori Sargent)

s adminferchivesinov08/se sUNTH-NMU~solidfiel.ind.doc
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prep

************?*in**i*********************************i*************i******************i********

********ii*i**************
EPRI PLUME AND DRIFT ANALYSIS SYSTEM PREPROCESSOR CODE, PRE~RELEASE VERSIOM 09-01-30
CASE $TUDY: Northern Nichigan tniversity - MARQUETTE - COOLING TOWER ANALYSES (NTH)

************************t**i****************#*i********************i*i***ii**************i****

PETT T Y Y T E T LS

INPUT INFORMATION

o A

SURFACE TAPE TYPE: CD144

TOWER TYPE: LINEAR MECHANICAL DRAFT
TOWER HEIGHT (M): 12.50

TOWER DIAMETER (M): 47.03

TOWER HEAT (¥W): 7000.60

TOWER AIR FLOW (KG/S): §79.50

SITE LATITUDE: 46.60

SITE LONGITUDE: 87.40

SITE TIME ZONE: EASTERN
ROUGHNESS HEIGHT (CH): .07
REFERENCE HEIGHT {M): 19.00
RECORD STOPPING SWITCH: 8760
RECORD SKIPPING FACTOR: 1
HOURLY RECORD PRINT LOG: NOT SELECTED
BI-DATLY MIXING HEIGHT TAFPE: SELECTED
MIXING EEIGHT TYPE: RURAL
FOGGING/TCING OPTION: SELECTED
DRIFT OPTION: _ SELECTED

MONTHLY CLEARNESS INDEX

JAN FEB MAR APR MAY JUN JUL: AUG SEF oCcT NOV DEC

.530 .550 .560 .550 .330 .300 ,420 .430

.480 .450 .520 .450

TOTAL DATLY SOLAR ENERGY DEPCSITION
(LONG-TERM AVERAGE FOR MONTH)

JAN FEB MAR APR MAY Juy JUL AlIG 58P ocY NOV DEC

5.74 8.79 13,10 16.08 20.47 22.69 22,52 19.34 1i4.78 10.05 5.82

4.60
1 FR R RRRERAERRARRARERRERERLFELEX I XA RFPIND SPEED FREQUENCY

PARLEE R RE A AR AR AR RARR TR RRETTRA BRI TR
Noxrthezrn Michigan University - MARQUETTE - COOLING TOWER ANALYSIS (NTH)

WIND kAR AR AEE R R R Ak R R R LR R AL A IR R AR R R R AT IPIND
FROM* &5 R RN FXERAFERAFELEXLAREEFLRBARDIRERURATTIL 2R

SPEED N NNE HE ENE B ESE BE =122 s ssW SW icig o
WHWw W NI

RATIGE AR ERRAEEEERRE AR IR AT RL LR LR AR N R AR R AT AR ETERPIND
HEADED******i*i***i%*ﬁ*ﬁ%t*é&&é*i*%********ii*****t

(M78) s S85W W wsw w W MW oz b NNE NE ENE B

ESE SE 8SE st

g 7o 1 §.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00C 0.080 0.000 0.800 0.000 G.000

0.000 0.000 0.000 0.000
i TO0 3 @.009 0.003 0.003 0.003 0.004 0.002 0.003 0.004 0.008 0.005 0.0G08 0.005 0.007

0.003 0.004 0.005 0.081

Page 1




prep
2 TO 3 $.017 0.009 .01l 0.007 0.009 0.004 0.007 0.010 0.022 0.017 a.012 0.015 0.022

¢.011 0.90% 0.910 0.152
3 TO 4 9.016 0.015 0.012 0.006 0.007 0.003 0.006 0.012 0.026 0,021 0.015 0.007 0.018

0.813 0.015 0.003 0.202
4 TO 5 ¢.0t4 0.019 0.015 6,005 ©.002 0.002 0.007 0.010 0.031 0.016 0.013 0.008 0.011

6,012 B.01i1 0.003 D.183 .
5 TO 6§ 0.012 0.01Z 0.G10 0.00Z 0.601 0.001 0.C05 0.008 0.038 0.016 0.007 0.007 0.006

0.005 0,087 0.008 0,139
8 TO 7 g.olz 0.006 0.004 0.001 0.G00 0.601 0.002 0.005 0,017 0.407 0.004 0.003 £.004

0.004 0.006 0.005 0,083
7 TO 8 ¢.008 0.006 0.001 D.000 0.00D0 0.000 0.001 0.003 0.013 0.006 9.002 0.002 £.002

0,003 0.085 0.002 0.056
8 TO $ ©.005 0.003 0.000 0.060 0.000 0.000 £.000 0.001 D.005 0.003 0,002 0.001 0.001

0.001 0.002 0.002 $.025
9 To 10 ©.006 0.002 0.060 0.080 0,600 0,000 ¢.000 0.001 0.003 0.003 2.001 0.001 0.001

0.000 0.002 0.001 0.0619
10 TO 11 6.005 0.062 0.000 0.000 0.000 0.000 0.000 0.C0L 0.001 0.000 ©2.000 0.001 0.00C

0.000 0.000 0.000 0.011
11 To 12 0.082 $.000 0.000 0,000 0.000 0.000 0.000 0.030C p.0GO 0.000 £.000 ©.001 4.000

0.040 9,080 D.000 0.005
12 To 13 0.0G51 £.001 0.000 0.080 0.000 0.000 CG.006 0.000 ¢.008 0.000 0.000 8.000 5.000

0.000 0.000 8.000 0.003
13 To 14 0.000 £.000 0.000 0.080 0.000 0.000 0.00G 0.00C 0.000 0.%00 0.000 0.000 9.000

0.000 0.000 0.000 0.501
14 TGO 15 0.000 ¢.000 0.000 D.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ©.000

0.00¢ 0.000 0.000 0.001
15 To 20 0.000 ©.000 0,000 0.000 0.000 0,000 0.00C 0.000 0.000 0.000 0.080 0.00C ©.00C

0.000 0.000 €.000 O.00O
20 TO 25 0.000 0.000 0.000 0.000 0.000 0.000 0.0GO 0.000 9.0060 0.000 G.000 0.000 {,.000

0.000 ©.00C C.00C G.000
25 @0 30 0.000 0.002 0.000 0.000 D.DO0 0.000 0.00C 0.000 0.000 0.000 0.000 ¢.000 G.000

0,008 0.000 0.000 0.000
30 TO OVER 0.000 0.000 $.000 0.000 0.600 0.000 D.00C 2.000 0.000 0.008 0.000 0.0600 0.000

0.500 0.000 0.0080 0.000

****************************i***t*****#********************#*********i******i***ii****i*******

*i*******i*********************i*i** )
AVERAGE A.478589 VARIANCE  4.52228 ¢TD DEV 2.12857
2TD BERR 0.02459 SKEWNEES 1.3171i8 KURTOSIS 2.01213

***********ii*!*****i*************************!i*****i***************************ti*******t***
************i**********i************
1 ek EERERARE R TR ER LTI I TR H AT RS LERBPLATIVE HIMIDITY FREQUENCY
PABLE*F A AR AR RER R SR LR RIS R PRI E AR
Northern Michigan University - MARQUETTE - COORING TOWER ANALYSIS (NTH)

k*i********i****************!T****************WIND

RELATIVE
FROME*E* R Rk bR X F R e R ERGRELELRIRARARAFTRLIILRSRET NG AAR

HUMIDITY o) NNE NE ENE E ESE SE SSE s s8W s wsW W
wn o) NNW

RANGE (%) J T A S T S L TR S L L E A e RN i tv)

HEADEDQ*******************i************t**f**!f***!

g Ssw SW WSW W W W W N NNE NE ENE E
ESE SE ESE sUM

¢ TO 10 0,008 0.080 0.000 0.006 $.000 D.00C 0.009 %.060 0.000 0.080 0.000 0.000 0.000

§0.006 0.0060 0.000 £.000
10 TOC 20 0.000 0.000 0.000 0.000 0.000 0.008 0.0O0L 0.000 0.001 0.000 0.000 0.G00 0.000

¢.000 0.000 C.0C0 0.003
26 TO 30 0.000 0.001 0.000 0.000 0.000 0.601 6.002 0.003 9.003 D.00G1 ©.0G0X 0.001 0.00C1

0.000 £.000 Q.000 0.015
20 wTo &40 ©.001 0.003 0.004 0.002 0.002 D.002 0.004 0.005 0.007 0.004 0.004 0.004 0.004

0,003 £.001 0,001 0.030
40 TO 50 ©0.002 0.005 0.007 0.002 0.001 0.000 0.002 2.005 0.013 ©.007 ©0.007 0.004 0.005

0.003 0.002 9.002 0.066
50 TO 60 0.008 0.008 0.008 0.004 0.001 g.001 0.001 9.005 0.020 0.011 0.008 0.006 0.008

0.005 0.005 0.004 0.103
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Drep
&0 TO 70 0.014 0.010 0.009 £.003 0.003 0.601 0.0602 0.087 0.018 0.012 0.008 0.807 0.010

0.90% 0.011 $.006 0.130
70 TO 80 ©.015 0.012 0.008 0.003 0.002 0.001 0.003 0.006 0.028 0.016 0.00% 0.010 G.024

6.014 6.013 0.012 0.162
80 TO 90 0.029 0.014 0.009 0.006 ©.006 0.003 0.005 0.005 0.026 0.020 0.015 0.020 0.022

0.D14 0.018 0.014 0.222
98 TO 100 0.027 0.016 §.005 0.00& ©.004 0.004 0.007 0.009 0.029 0.020 04.009 0.007 0.007

0.005 0.010 0.005 0,175
160 TO OVER 0,012 0.008 0.003 0.002 ©.002 0.001 0.004 0.0065 0.011 0.008 0.004 0.002 0G.003

0.001 0,003 0.003 0.074

*******i***************iti***********ii**!*******i*****i*if*******ii******ii*****************?

A EXAFRRERFR R AT X o dd kT rtd bk edroi s

AVERAGE 74.65025 VARIANCE 402.23911 STD DEV 20.055990
STD ERR 0.23196 SKEWNESS 1.08583 KURTOSIS 1.22048

**ii************************i***************ii*****i*******i******i*i*i*******&*i*****i*******
t**i********i**t******************ii
1 *********Ii****************k*‘k**nm POINT TEMPERAT‘URE FREQUENCY
MABE* Rk k kAR atkkh kR kR B RER T d R did Tk
Northern Michigan University - MARQUETTE - COOLING TOWER ANALYSIS (NTH)

P g s A s s 2 A2 E R TR R R L RS 0 2 b L b h b ok Ry 1]

DEW POINT
FROME:ER RS F SRR EXEXRRRAERE I IR T X RL T RRE T RARAT AL bR R TS

TEMP N B NE ENE B ESE SE SSE =4 =556 SW WSH W
W 10 HNW

RANGE (C) ®F**rddffaadsdksdsses e ferattrdaditttiidhsrn s SPYIND

HEADED**Ettkdtkk kR Rk d b E ¥ E R A I RRRL T L LRER R RA T hEHTF
s ssW sw wsw W e oy NNW N e HE ENE B

ESE £E 2323 st

A5 TO -40 0.000 0.000 G.000 6.000 9,000 0.000 0.000 0.000 ©0.000 0.006 9.000 0.000 0.000

0.000 D.000 5.00C 0.000
-40 TO -35 O0.660 0.000 ©.000 0.000 ©.000 0.000 0.0G0 0.000 0.00G 0.0G60 0.00C 8.000 0.000

0.000 ©0.000 ¢.000 0.000
-35 o -30 0.000 0.000 ©.000 0.000 0.000 0.500 0.GC0 £.000 0.000 0.000 0.000 28.00D 0.001

0.000 0.000 9.000 0.001
-3 WO -25 0.000 0.000 0.000 0.000 0.000 0.000 0.000 £.008 0.000 0.001 0.002 0.001 0.004

0.002 D.000 0.000 0.010
.28 TO -20 ©.000 0.800 0.000 0.00¢ 0.006 0.000 0.000 0.000 0.001 £.000 0.00C 0.002 G.003

0.001 0.001 0.0CG1 0.01D
-2 TO -15 ©0.001 0.000 0.001 0.000 0.001 0.001 0,008 0.000 0.003 D.004 0.304 0.005 G.003

0.006 0.008 0.004 0.047
-15 TO -10 ©.016 0.007 0.003 0.001 0.002 D.G62 0.004 0.003 0.005 0.011 0.00B 0.006 0.011

0.008 0.915 0.010 0.111
-18 TO -5 {.016 0,012 §.0068 0.003 0.001 ©.002 0.007 0.007 0.013 0.007 D.085 0.003 3.005

0,006 0.008 0,005 0.108
-5 TO 0 0.021 0.015 0.065 D.0D4& G.005 0.005 0.005 £.007 0.023 0.014 0.011 0.006 0.008

0.006 0.008 0.007 0.158
o TO 5 0.0618 0.014 0.008 0.004 0.003 0.001 0.004 D.007 0.019 0.012 0.004 0.003 0.0089

0.007 0.010 0.012 0.138
5 Tp 10 0.021 0.015 0.013 0.004 0.004 0.002 0.004 0.010 0.0324 0.013 0.007 0.007 0.008

0.006 0.006 0.007 0.150
10 To 15 0.014 ©.010 0.012 0.004 0.003 0.001 0.004 0.012 0,030 0.014 0.011 5.008 0.012

0.009 0.004 0.003 0.151
18 To 20 0.003 0.004 0.003 0.003 0.002 0.00% 0.002 ©.607 0.033 0,021 0.012 §.007 £.003

g.002 6.002 0.001 0,106
ap TO 25 0.000 06.000 0.0080 £.000 £.00C 0.000 0.000 9.000 0.003 0.002 0.001 0.001 £6.001

0.001 0.000 Q.000 0.010
25 mp 33 0,000 0.000 H.009 0.000 0.000 0.000 0.000 0.0800 0.000 0.000 J.000 0.0G0 D.GOD

0.000 0.000 0.000 0.000
33 TO 35 0.000 0.00C 0.000 0.000 0.000 0.090 0.000 ©.000 0.000 9.000 0.000 0.000 C.0CO

0.000 0.9090 0.000 0.00D
35 wO 40 0.000 0.008 0.G00 0,000 0.000 0.000 0.000 0,000 0.000 D.000 0.000 0.000¢ 0.000

6.CC0 ©0.000 0.000 0.000
40 TO 45 0.000 0.000 0,000 0.00¢ $.000 0.000 0.000 0.000 0.000 ¢.000 0.000 D.0GO 4.900

¢.000 0.000 0.000 0.00D
Page 3




prep
45 TO OVER 0.000 0.000 0.000 0.000 9.000 ©.000 0,000 0.00¢ 0.000 0.000 0.080 0.000 0.000

0.000 D0.000 G.000 0.000

***********************************************ﬁ****ii*********************************i***i**
AEXEEXRRREARA AT RARRE LTRSS A2

AVERAGE 1.50883 VARIANCE 120.84354 STD DEV 10.55289
£TD ERR 0.12714 SEENNESS 0.12920 RURTOSIS 2.21745

*****i*****i**********i*******t*******************************************i*****i************i

T TTIFELEITTEZ SRS 223 2222 2 22t b bl bt

1 thkkEhEARRRE AR ERAh R EIER XX 2R AEDRY BRULE TEMPERATURE FREQW
TABLE********************!**iif*t*****
Northern Michigarn University - MARQUETTE - COOLING TOWER ANALYSIS (NTH}
DRY BULB EAERAT R A AR ARTEEL R XL RA AT EEF LR AER AT RER XX SYTIND
F’RQH***********!!********ii*********!!i‘&********** .
TEMP N HNNE NE ENE E ESE SR SSE s S5W SW wEw w

WNW N NNW
HANGE (C) SRR Atesstsdsrsadid iRt afihteradbtatxtiotv+ 2oy IND

HEADEDR kA Rk kAR R I AR ERA AT R IR II T HAA NI AL RN TR T TR
g ss8W swW WswW W WEw Ny T ¥ NNB NE ENE E

ESE 23H SSE SUM

45 TO -40 D0.000 0.000 0.000 D.000 0.000 6.000 0.000 G.000 C.000 0.000 0.00C 0.000 G.000

0.000 0,000 C.000 G.0OD
-4p TO -35 0,060 0.000 0.000 £.000 ¢.000 0.000 0.000 D.00C 0.000 ©.000 0.000 0.4CO 0.000

p.000 0.000 £.000 0.000
-35 TO -30 O0.000 0.000 0.000 0.000 4.008 0.000 ©.000 0.900 0.000 G.000 0.000 0.0C00 0.000

0.000 0.000 0.0G0C 0.000
-30 TO -25 G.000 0,000 G.000 0.000 0.0C0 0.000 0.000 0.00¢ 0.G0Q 0.000 0.000 ©.000 0.000

0.000 D.0G0 0.Q00 D.000
-25 TO -20 0.000 0.000 0.000 0.000 0.900 0.000 3.000 €.000 ©.000 0.001 0.002 0.001 0,003

0.002 ©.000 0.900 0.008
-20 TO -15 0.000 0.080 0,000 0.080 0.000 0,000 0.000 0.C00 G.001 0.0O1 0.002 0.003 0.006

0.903 0.002 0.000 0.018
-i5 TO -10 0.004 0.002 0.001 G.001 0.001 0,001 0.001 0.001 0.004 0.007 0.004 0,005 0.013

0.006 0.011 0.008 0.063
-10 TO -5 0.017 £.008 0.006 0.003 0.001 0.001 0.003 0.004 9.008 g.01% 0.009 C.006 0.007

5.008 0.0317 0.0408 0.118 :
-5 To 0 6.023 0.013 0,008 0.002 ©.003 0.004 0.005 0.0085 0.012 6,009 0.007 0.003 0.906

0.006 0.006 0.006 0.119 .
¢ To 5 0.020 0.017 0.007 0.005 0,005 0.002 ¢.005 0.003 0.020 0.013 0.807 0.005 9.010

0.008 0.012 0.011 0.151
5 wWwo 10 0.012 0.010 0.006 ©.002 0.002 C0.001 0.004 ©.005 £.018 0.007 0.004 0.004 0.007

0.003 0.004 0.006 0.097
10 T 15 0.017 0.011 £.00% 0.003 0,003 4.002 0.005 0.009 ©.025 0.015 0.004 0.004 6.006

0.005% 0.006 0.007 0.131
15 To 20 9.011 ©.C08 0.00% 0.063 5.003 §.001 0.003 G.008 0.025 0.013 0.008 C.0CC 0.003

0.005 0.003 0.002 €.112
20 wo 25 9.004 G.008 0.011 0.005 ¢.003 0.00% 0.003 ©¢.012 0.02% 0.013 0.010 0.008 0.008

0.006 0.002 0.002 0.3126
25 To 30 0.000 5.001 0.001 £.001 0.001 0.000 0.001 0.002 0.009 ¢.007 0.005 0.003 0.003

0.002 0.000 0.000 0.037 .
30 TO 35 0.000 5.080 0.001 0.000 0,000 0.008 0.000 0.001 £.003 0.003 0.003 0.002 0.001

0.000 0.000C 0.000 0.014
35 TO 40 0.000 0.000 £.000 0.004 0.000 0,000 0.000 0.000 0.000 0.000 G.G00 0.000 O.000

0.060 0.000 0.009 2.000
40 TO 45 0,000 0.000 6.000 0.0600 0.000 0.000 0.600 ©.000 ©.000 0.000 0.000 ©.000 0.000

4.000 ©0.000 0.000 0.000
AE o OVER £.000 0,000 0,080 06.000 06.000 $.000 0.000 6.000 0.000 0.000 0.000 0.000 §.000

a.000 0.000 £.000 0.000

***%*iiii******i***i**iii********i*#*****i***?*************#********i******tt**************i**

P L e LS T TP e L S L T LY
AVERAGE §.44£997 VARTANCE 154.27522 STD DEV 12.42076
ST ERR G.14365 SKEWNESS 1.16754 KURTOSIS Z,32720
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prep
**i*i****i*******t**************i****r**********t*i****ﬁ************i!*******************i****
e e T T L L L L L S bt bl
i kAR EAERERAEAARERTRGANAER AR ANR AR XX GPABILITY CLASS FREQUENCY
PABLERFRAEET AR FELEL LA LS R LR RALER T LI TS
Northern Michigan University - MARQUETTE - COOLING TOWER ANALYSIS (NTH)
STABILITY R KEEREEFAARARRRFRERA LR L XX T RER AR ARG LR RN YTD
FRom****i*********i*****i****i******#**i**********
CLASE 3 NNE NE ENE E ESE SE SSE g gsW =W Wsw w
wmm N KNNW
GhkkAERRkEERERRRE XL LIARTE LB OAARNEL LA T LT L LR A RYIND

WED***!***‘K**‘E***i‘***************!**************

s =W sW wesw w WNW i) HNW N HNE NE ENE B
ESE SE SSE oM

1 0.600 G.000 0.000 0.0CD 0.000 0.000 0.00Q G.0060 0.000 9.000 0.000 0.000 0.000

¢g.000 0.00C 0.000 0.002 )
2 0.003 D.003 0.004 0,003 0.002 0.002 0.002 0.003 0.003 0.003 0,002 0.002 0.003

0,001 0.001 0.001 0,037
3 $.007 0.011 ©0.016 0.005 0.002 0.001 0.003 0.005 0.016 0.009 0.009 0.008 0.007

0.005 $.004 0.003 0.113
4 0.672 0.053 0.028 0,910 ©.010 0.006 0.017 0.025 0.085 0.045 0.029 0.024 0.032

$.030 0.041 0.030 0,543
5 0.015 0.007 0.007 0.085 $.006 0.004 0.006 0.011 ¢.035 0.01% 0.012 0.009 0.014

p.011 0,011 ©.009 0.180
& 0.009 0.002 0.002 0.001 0.002 0.001 0.002 0.004 0,014 0.015 0.00% 0.005 $.016

0.006 0.005 0.006 0.102
7 0.003 D.000 ©.000 0.000 0.000 $.0GC 0.000 0.001 0.003 C.002 0.0D3 0.002 £.003

¢.001 0.001 0.001 O.021

***i**************i***************i******i*******i************************i***i***************

i***********************************

AVERAGE 4.35201 VARIANCE 0.599227 STD DEV 0.99613
STD ERR 0.01152 SKEWNESS 1.0787% KURTOSIS 1.21938
ST EITEE LS

*i**i******ii***********i************************ﬁ*********!*******i*****************

*********************i*i*********t**
*****ﬁ**t**************t**i*it**!i*****i**K FREQBENEY

1
Tﬁng********ﬂ****!*****i*******i************i*
Northern Michlgan Univarsity - MARQUETIE - COOLING TOWER ANALYSIS (NTH)
K ***i***************i**************i***********w:nﬂ

FROM*******#********i*i***************************

{UA/VE)} N ANE NE ENE B ESE =3 SS88 s |89 i1 b= W
W oy MW

RANGE ***i**i***ﬁ**ii**************i!**************w:ﬂn

HEADED*******i**********************i!*************
5 S5W 5% wsw W Wi o W N NE NE ENE =

BIE SE SSE s

0.0 TO 0.1 0.000 0,000 0.000 8.000 0.000 0.000 0.000 G.900 0.000 0.000 0.000 0.000 0.000

£.000 0.000 0.008 0.000
0.1 To 0.2 0.000 0.000 0.000 0.000 4.000 0.000 0.008 0.800 0.000 0.003 0.000 0.000 0.000

0,000 D.0C0 0.000 O0.000
0.2 TO 0.3 0.000 0.000 0.000 0,000 0.000 0.0006 0.000 0.000 0.000 0.000 0.000 0.000 0.C00

0.000 0.000 0.000 0,000
0.3 TO 0.4 $.000 9.000 0.000 0.000 £.000 0.000 0.000 0.000 £.000 0.000 0.000 0.G6D 0.060

0.000 0.000 0.000 0.000
0.4 TO 0.5 0.000 0.000 0.000 0.00D 0.000 0.000 0.000 £.000 0.000 0.000 D.COD 0.0060 0.000

g.000 0.000 0.000 D.000
0.5 TO 0.6 0.008 0.000 0.000 0,000 0.000 £.008 ©.000 0,000 0.06D 0.000 0.000 U.C00 0.000

0.000 0.000 0.000 0.000
9.6 TG 0.7 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 ©.000 0.000 ¢.008 9.000 8.000

6.000 G.0D0 O0.D00 0.000
9.7 TO 0.8 0.000 0.000 0.000 0.800 0.000 0.000 £.000 0,000 0.08C 6.000 0.000 0.000 0.000

0.000 0.00¢ 0.000 0.000
0.8 TC 6.9 0.000 £,000 0.000 ©.000 D.0OO 0.000 0.000 D.0G0 D.0DO 0.006 0.00D0 0.000 0.800
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prep

0.000 0.000 0.000 0.000
6.5 TO 1.0 0.000 2.000 0.000 0.000 0.000 0.000 0.000 0.800 0.000 0,000 0.000 D.000 0.000

0.000 0.000 §.000 0.000
i.0 To 1.2 ©.000 0.000 $.D0C 0.00C 0.000 £.000 0.000 0.000 0.000 0,000 0.00C D0.000 0.00D

0.000 0.000 0.000 0.000
1.2 To 1.4 0.000 0.000 ©.000 0.006 0.000 0.000 0.0Q0 Q.00 0.000 0,000 0.000 0.000 §.000

0.000 0.000 0.000 0.000
1.4 TO 1.6 0.000 0.000 0.000 0.000 G.D00 0.000 0.000 0.C00 0.000 0.600 0.000 0.000 D.000

§.000 £.000 D.GOD 0.000
1.6 T 1.8 0.000 0.000 0.000 0.009 0.000 ©.000 0.000 0.900 0.000 0.000 0.000 ©0.000 0.000

0.000 0.000 0,000 D.00O
1.8 To 2.0 0.000 0.000 0.000 0.000 0.000 0.000 5.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.G00
2.0 TO 2.5 0.000 0.000 D.000 0.000 G.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 &.000

0.000 0.000 D.000 0.000
2.5 TO 3.0 0,000 0.000 0.000 0.000 D.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
3.0 TO OVER 0.110 0.078 0.058 0.024 0.022 0.014 0.903% §.054 0.155 0.098 0,064 £.050 0.075

$.054 0.062 0,051 1.000

**********************i***************************i***********************i*i*********i*******

**********************************i*

AVERAGE 3.50000 VARTANCE 0.00000 3TD DEV 0.00000
87D ERR 0.00000 SKEWNESS 1.000900 RURTOSIS 1.00000

**i***************#****i*********iii*******i***k*****************************i*i*********k****

e T T T TS AL LR EE L L2 L 31
1 EkEER kR A E AR ERER AR AR R AR TR LR R TR R R NYOTAR FREQUENCY
PARLEM AR AR R Ak R R AR RREFTHLTATRE LT LRI IHAA TR IY
Northern Michigan Upiversity - MARQUETTE - COOLING TFOWER ANALYSIS {NTH)
ERAARNERRRAAE R ARE R R AR R kR k R ek Rk bRk R Rk Yk E R ITIND
FROM********************i********f*********i******

VSTAR N NNE NE ENE E ESE SE SSE s 88W s wsw w
WKW MW bu it

RANGE Ak Rk AR EAR R R E R R E R R AT AR RN RR BN I AR RF R AL TR TRFYIND
HERDED® T #ERRA%E LA XRTRAFFRFAFERRNIRILLER A A SRR AL XL TLL

= SswW su WswW v WIw W uuc N WNE NE ENE =
ESE SE S88 SUM

0 TO 1 0.G00 0.8900 0.040 G.500 $.00C 0.000 0,000 2.000 2.000 0.000 0.G00 0.000 5.000

c.000 D,.000 0.000 0.000
1l TO 2 0.093 0.067 0.054 0,023 0.020 0.011 0.026 0.04B 0,141 0.087 0.058 0.047 0.070

0.052 0.055 0.045 £.885 )
2 TO 3 £.003 0.092 0.001 0.000 0.000 0.001 0.001 0.000 0.002 0.002 £.001 0.002 C.002

0.081 0.001 0.002 0.020
2 w0 4 0.001 0,000 0.000 0.000 §.000 0.000 0.000 0.000 0.501 0.000 0.061 0.008 0.00C

0.000 ©0.000 0.000 0.004
4 TO 5 0.001 5.000 0.000 0.000 0.000 0.000 0.000 0.0GO0 0.001 0.0006 0.000 0,000 0.001

6.000 0.001 0.001 C.007
5 ToO § 0.000 §0.000 0.000 0.006 0.000 C.0GG0 D.DCO 0.000 0.000 ©¢.000 ©.000 0.000 D.000

0.000 £.000 0.000 0.002
£ TO 7 0.000 0.000 0.000 ¢.000 0.000 0.000 0.000 B.000 §.000 G.000 0.000 0.000 5.0060

o.ct0 0.000 0.000 0.00C
7 w0 8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.300 0.000 0.000 0,000 0.000 0.000

0.000 0.000 D.000 0.000
B8 TO & 0.000 0.000 0.000 0.000 0.000 9,000 9.000 0.000 0.000 0.000 £.000 G.000 0.000

0.000 0,000 ©.000 0.000
g To 10 0.000 0.000 ©.000 0.000 0.000 0.000 0.000 ©0.000 0.000 0.000 0.060 0.000 0.000

o.000 2.500 0.900 0.000
10 To 11 0.000 0.000 0.000 0.000 0.000 0.000 0.000 D.co0 9.000 0.000 0.000 0.0500 G.000

0.000 ¢.000 0.000 0,000
i1 To 12 0.000 0.000 0.000 ©.000 0.Q0C ©.000 0.080 0.000 0.000 ¢.000 0.000 0.000 0.000

g.000 0.000 0.000 0.000
12 To 13 0.000 0.000 0.000 0.000 ©.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00D0 0.000

0.008 0.000 0,000 0.000
13 PO 14 0.00C 0.0060 0.000 0.000 CG.000 0.000 0.000 0.000 0.009 0.000 0.000 9.000 £.000

Pags 6




Drep

£.000 0.G00 0.000 0.000
14 TO 15 0.000 0.000 0.000 0.000 0.000 0.000 ¢.00C 0,000 £.000 ©.000 0,000 0.000 0.000

£.000 0.000 0.000 0.000
15 To =20 ©0.000 ©.000 0.000 G.000 ©.000 0.000 0.D0C £.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000
29 TC 25 0.000 D.0O00 0.000 0.000 0.000 0.000 0.0G0 D.0OD ¢.000 0.000 0.000 0.000 0.000

p.0o00 o.000 0.000 0.000
25 PO 30 0.000 0.006 0.000 0.000 §.000 §.000 0.008 0,000 0.000 0.0D0 0.000 0.080 0.000

0.000 0.000 ©.000 0.000
39 TO OVER 0.012 9.0D0% 0.003 0.002 §.002 0,001 0.004 0.005 0.011 ¢.008 0.004 0.002 0,003

0.001 0.003 0.003 0.074

*i***i***************!****i****?**********i*****************!*****i*********f*i*******i***i*i*

R T T T P T T T I I LS L LRk
AVERAGE 4.03170 VARIANCE 76.75311 5TD DEV B.76089
STD ERR 0.10132 SKEWNESS 3.54087 KURTOSIS 13.83027

**********f***********i****************i*****i******i****i********i**********i******ﬁ*ift#****

**#******i**********i***************
1 ewEdEEEAEAFARERREARHRFALRRERSSHPLUME LENGTH PARANETER FREQUENCY

MARLE*ERFAEE R AAEFERARRER LR RER T LR AL
Northern Michigan University - MARQUETTE - COOLING TOWER ANALYSIS {NTH)
PLUME Rk EARERA TR AN EERARETEERAAEE SR A RERE RSN KR L LB IYTIND

FROM*******i***************i***********i*****&****
LENGTH N NNE NE ENE E ESE SE BSE 8 gsw =124

W ONW W
RANGE {M) Rk kAR EERERRARER R R ERRE TR RN L AR I EF R ERRE TN EYIND

HEADED******************iit***************i********
= SsW sw wsw w W N NN N NNE NE ENE E

ESE SB 85SE suM

wsw W

0.0 TO 0.2 0.059 §.071 0.054 0.023 0.020 6.012 0.027 0.0495 0.245 0.081 0.060 0.048 0.072

0.053 0.059 0.047 0.931
0.2 TO 0.4 0.000 D.000 £.00C 0.006 C.000 ¢.004 0.000 0.000 0.000 0.060D 0.000 0.000 9.000

0.600 0.000 0,000 0.000
0.4 TO 0.6 ©.000 0.000 0.C00 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
0.6 TO 0.8 G.000 8.000 0.000 0.000 0.000 0.0G00 ©.000 &.000 6.000 0.040 0,000 0.000 0.000

0.000 ©.000 0.000 0.000
0.8 To 1.8 0.000 0.000 ¢.00D0 0.005 0.000 £.000 ©$.000 D.000 0.000 0.00G ©.000 0.00C ©.000

0.000 0.000 0.000 0.000
1.8 =®o 1.2 0.000 0.000 0.000 0.080 0.000 G.000 0.000 0.000 ¢.000 4.000 0.000 0.000 0,000

0.000 0.000 0.000 0.000
1.2 To 1.4 0.000 0.000 0.000 0.000 D.0CG 0.000 D.000 0.000 0.000 6.000 $.000 0.000 0.008

0.000 0.000 0.000 0.000
1.4 TC 1.6 0.800 0.000 0.000 0.000 6.000 0.000 ©.000 0,000 0.000 ¢.000 D.000 0.000 0.000

0.000 D.008 0.G00 £.000
1.6 To 1.8 0.000 0.000 0.000 ¢.000 6.000 0.000 0.000 0.000 §.000 0.000 0.000 0.000 0.000

p.000 0.00G 0.000 0.000
1.8 TO 2.0 0.000 0.000 2.000 ©.000 0,000 0.000 0.006 8.000 0.000 0.00C 0.000 9.000 £.000

0.000 0.000 0.000 0.000
2.0 TO 2.2 0.000 0.000 0.000 0.000 0,000 ©.000 0.000 0.000 0.000 0.000 6.000 0,000 0.000

0.000 0.000 0.000 0.000
2.2 To 2.4 0,000 0.000 0.000 4.000 ©.0DO0 0.DO0 0.0800 0.000 0.000 0,000 0.000 0,000 0.000

6.000 0.008 0.000 0.000
2.4 TC 2.6 G.000 0.000 0.000 §.000 0.000 0.00C 0.000 0.000 0.000 ¢.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000
2.6 TD 2.8 0.000 0.000 0.040 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.00G 0.000

g.000 G.0GG 0.000C T.000
2.8 TO 3.0 0.000 0.000 0.00D 0.000 0,000 0.080 0.060 0.000 0.000 0.000 6.000 0.000 0.000

0.008 0.000 ©.080 0.800
3.0 TO 3.2 0.000 0.0200 0,000 0.000 £.000 0.000 D.003 0.000 G.900 ©9.000 0.000 0.000 0.000

0.000 ©.000 0.000 0.0060
3.2 PO 3.4 0.000 0,008 0,000 0.000 0.000 G.000 0.000 0.080 0.000 0.0060 0.000 0.000 0.0GC

0.000 ©0.006 0.00C 0.000 .
3.4 T0 3.6 0.000 0.000 0.000 0.080 0.000 0.000 D.0D0G 0.0CC 0.000 0.000 D.000 0.005 0.000
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0.000
3.6
0.600
3.8
0.000
4.0
8.000
4.2
0.000
4.4
9.000
4.6
0.000
4.8
0.000
5.0
¢.000
5.2
0.000
5.4
5.000
5.6
0.000
5.8
0,006
5.0
5.000
6.2
0.000
6.4
0.000
5.6
0.000
5.8
0,000
7.0
0.000
7.2
0.000
7.4
¢.000
7.6
0.000
7.8
£.000
8.0
8.000
8.2
0.008
8.4
0.000
B.6
0.000
8.8
5.000
9.0
0.000
8.2
0.000
5.4
8.000
9.6
8.000
9.8
0.060

i

0.000 0.000 0.000
TO 3.8 0.000 0.000
0.000 0.000 0.000
To 4.0 0.000 0.000
0.000 0.000 0.000
7o 4,2 0.000 0.000
0.000 0.008 0.001
TO 4.4 0.000 0.090
0.000 0.000 0.000
TO 4.6 0.000 8.006
p.000 0.000 0.000
TO 4.8 0.000 0.000
0.060 0.000 0.000
TO 5.0 ©.000 0.000
0.000 0.000 0.000
TO 5.2 ©.000 0.000
0.000 0.000 0.000
70 5.4 0.000 0.000
0.000 0.000 0.000
70 §.6 0.000 0.000
9.000 0.000 0.000
TO 5.8 0.000 0.080
0.000 0.000 0.000
T0 6.0 0.000 £.000
0.000 ©.000 0.000
T0 6.2 0.000 0,000
0.005 0.000 0.001
TO 6.4 0.000 0.008
0.006 0.000 0.000
TO 6.6 0.080 0.000
0.000 0.000 0.000
TO 6.8 0.000 0.00D
.000 0,000 0.000
o 7.0 0.000 0.000
0.000 0.0C0 0.000
TO 7.2 ©0.000 0.000
£.000 0.000 0.000
7o 7.4 0.000 0,000
0.000 0,000 0.000
T0 7.6 0.000 0.000
8.900 0.000 0.008
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
To §.2 0.000 0.000
0.000 0,000 0.000
TO 8.4 0.000 0.000
0.008 0.000 0.000
TO 8.6 0.000 0.00C
0.000 0.000 0.000
TO 8.8 0.000 0.000
0.000 0.000 0.000
TO 9.0 0.000 0.000
0.000 0:000 0.000
Te 9.2 0.000 0.000
0.00G 0.G00 0.000
0 5.4 0.000 0.000
0.008 0.000 0.000
0 9.6 0.000 0.000
£.000 0.000 0.000
TO 9.8 0.000 0.000
£.000 0.000 0.000

0.800

c.000

¢.000

0.000

0.000

0.000

0.000

G.o00

0.00G

8.000

2.002

0.000

0.000

0.000

0.800

0.000

0.000

¢.000

0.000

0.000

0.000

0.009

0.000

0.0600

¢.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

¢.000

0.000

G.000

0.000

0.000

0.000

0.080

0.000

0.000

¢.000

0.000

3.000

¢.000

0.000

&.000

0.000

2.000

0.000

0.000

G.G00

0.000

0.000

&.000

0.000

0.000

0.000

6.000

0.000

0.000

0.000

0.000

0.000

0.GO0

0.g00

0.0080

a.9040

0.000

2.000

0.000

6.000

0.000

0.000

0.000

¢.000

G.000

0.0G0

0.000

0.000

o.000

0.000

0.000

0.000

0.000

0.000

0.000

4.000

0.000

0.000

7o 10.0 0.000 0.000 0.000 0.000 0.000

0.000 D.0C0C 0.000

*******************i**i********PLUME LENGTHE PARAMETER

TABLE*******!******i***i*t***********

prep
0.000
0.000
6.000
0,000
9.000
0.G0D
0.000
0.000
0.000
0.060
¢.000
0.000
0.000
0,000
0.000
0.000
6.000
G.000
0.000
4. 000
0.003
0.000
0.000
g.0p0
0.000
0.000
0.000
0.053
0.000
0.000
0.000

0.000

£.800

0.000

£.000

0.0600

0.000

0.000

6.000

£.0b00

G.000

0.000

0.000

0.000

c.000

0.000

0.000

G.000

0.000

0.000

0.000

0.000D

0.000

0.000

0.000

0.000

0.000

0.000

0.000

¢.000

0.000

0.660

0.000

0.000

Fage 8

8.00¢0

0.0900

0.000

¢.000

0.0C0

G.000

G.000

0.00%

0.040

0.000

0.000

0.4600

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

4.000

0.000

0.000

0.000

g.000

0.000

0.000

0.000

0.060

0.000
0.000
6.000
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
D.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
£.000
0.000
5.080
D.008

0.000

0.000
G.000
0.060
4.000
0.000
0.000
0.000
0.CG0D
0,008
0.000
0.000
0.000
o.000
0.050
G.00D0
0.000
0.000
©.000
0.ooo
6.000
92.000
0.000
0.000
0.C00
0.000
0.000
0.000
8.000
g.o0d
0.0C0
0.000

0.0460

a.000

0.000

0.000

0.000

D.000

0.000

0.000

a.000

0.000

0.000

0.000

0.000

0.%00

0.a0d

0.400

0.000

0.000

0.000

¢.000

0.000

D.000

0.000

0.000

¢.000

0.000

¢.000

4.000

0.500

0.000

0,000

c.000

0.000

FREQUENCY

0.000

0.000

¢.000C

o.000

g.000

0.000

0.¢00

¢.000

0.0060

0.000

£.000

§.000

0.000

0.400

¢.000

0.000

0.0G0

0.0a0

0.000

0.000

4.000

g.000

0.000

0.5600

0.000

0.000

D.000C

0.006

¢.000

¢.000

0.000

¢.000

0.000

¢.000

0.000

£.000

0.000

0.000

0.006

0.000

$.000

0.009

2.000

0.000

0.000

0.0400

0.000

4.000

0.000

0.60090

0.000

0.000

0.000

0.000

0.000

0.600

0.000

0.000

0.000

0.000

0.000

0.000

¢.000

0.008




Northern Michigan University -

PLUME kR ERRE A SRR REEEC R AL AT TR AT
FROM*****i************i*********i**k**i

LENGTH N NNE NE ENE E
W MW NNW

RANGE (M) e PET T T L A L R A L b

HEADED**********************************i*i****ii**

ESE

i0.0
0.0600
10.4
¢.000
10.8
0.4a00
1i.2
0.000
11.86
0.000
12.0
0,000
1z.4
0.000
12.8
0.9200
13.2
0.000
13.6
4.000
14.0
0.000
14.4
0.000
14.8
0.000
1s.2
0.000
15.6
¢.0090
18.0
0.000
16.4
$.000
ig.8
0.000
17.2
0.000
17.86
¢.000
1s8.0
0.000
18.4
0.000
i8.8
0.000
15.2
£.000
19.%
£.000
26.0
0.000C
21.0
0.000
22.0
0.000
23.0

g SSW sW WsW W
SB ‘88E suM

TG 10.4 0.00D 0.000 ©.0G0 0.000 0.000
G.000 0.000 0.000

o 10.8 0,000 0.000 0.000 0.900 0.080
0.000 0.000 ¢.000

70 11.2 0.000 0.000 0.000 ©.00C 0.000
0.000 0.000 0.001

T 11.6 0.000 0.000 0.00C 0.000 0.000
G.p00 0,000 0.001 '

po 12.0 0.000 0.000 ©0.000 ¢.008 0.000
0.000 0.000 G.001

o 12.4 0.000 0.080 0.000 0.000 0.000
0.0660 0.000 0.000

wo 12.8 0.000 0.000 0.000 0.000 0.0880
0.000 [.000 0.000

P 13.2 0.000 0.000 0.000 0.00D ©.0DOC
£.000 0.000 0.00L

70 13.6 0.D00 0.000 0.00C 0.000 0.000
p.000 0.000 0.001

o 14.0 0.000 0.000 ©.000 0.000 0.000
0.000 0.000 0.000

ro 14.4 0.000 0.000 €.000 0.000 0.000
0.000 0.000 0.000

T0 14.8 0.000 0.000 D.000 §.000 0.000
0.000 0.000 £.000

70 15.2 0.000 0.000 0.000 0.000 §.000
§.000 0.000 0.0C0

To 15.§ ©.000 0.000 0.000 0.000 0.000
0.000 0.000 C.001

$0 16.0 0.000 0.000 0.000 0,000 0.000
p.000 06.0090 0.001

9o 16.4 $.000 0.800 ©,000 0.000 0.000
£0.000 9.000 0.002

ro 16.8 0.000 0.000 0.000 0.000 0.000
0.000 0.0G0 ©.001

o 17.2 0.000 0.000 ©0.000 0.000 0.000
0.000 0.000 0,001

0 17.6 0.000 0.000 0,000 0.000 0.002
D.000 0.000 £.000

70 18.0 0.000 0.000 £.000 0.000 0.000
0.00%L G.000 0.003

o 18.4 £.000 6.000 0.000 0.000 0.000
0.000 0,006 0.001

To 18.8 0.000 0,000 0.0C0 0.000 0.000
0.000 0.000 0.001

=0 15.2 0.000 0.080 ©£.000 0.000 0.000
0.000 0.000 0,001

70 19.6 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.001

7o 20.0 0.001 0.000 0.000 0.000 0.000
0,000 0.000 0.004

70 21.0 0.000 0.001 0.000 0.000 0.000
0.000 0.000 0.003

70 22.0 0.000 0.001 0.000 0.000 0.00C
0.000 G.D00 D.004

o 23.0 0.001 0.000 D.000 0.000 0.000
0.000 0.000 0.004

w6 24.0 0.00% 0.000 0.000 ©.000 0.009

prep

MAROUETTE - COQOLING T

ek kw bR TRk ELh T INTIND

PETELTEL L LA

EgSE

S8

SSE

s

KRk kT RkRAEXERYIND

WHW

0.000

0.000

0.0060

0.000

0.000

0.000

2.000

¢.000

0.000

2.000

c.000

0.000

§.0600

0.00G0

0.000

4,000

0.000

0.000

0.000

¢.000

p.ooe

0.000

6.0090

0.000

0.000

6.000

0.000

0.000

¢.000

NW

¢.000

0.000

¢.000

0.000

0.000

0,000

6.000

0.9000

¢.000

0.000

0.060

p.ood

£.000

0.000

0.000

¢.000

0.000

6.000

g.000

¢.000

0.000

o.000

0.000

0.000

¢.000

0.001

0.000

0.000

0.000
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£.000
0.000
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
0.600
0.00G
0.000
0.000
0.000
D.000
0.000
0.060
0.000
0.000
0.000
0.001

0.000

)

0.000

0.0069

¢.000

0.000

¢.000

0.000

0.000

¢.000

0.000

¢.000

0.000

0.000

¢.008

0.000

a.060

0.000

0.000

0.000

o.090

0.0G0

g.000

o0.800

0.000

¢.000

0.00L

$.040

0.00¢

0.001

4,000

S5W

NNE

0.000

0.000

¢.000

0.000

4.000

0.000

0.009

¢.9300

0.000G

¢.000

0.000

0,000

¢.000

0.000

G.000

D.040

0.¢00

0.009

0.000

0.0400

0.000

0.000

06.000

0.000

g.001

c.0o0

0.001

0.001

0.001

OWER ANALYEIZ (NTH)

W WEW W

NE ENE E

0.000 0.000 0.000
0.000 0.00C 0.03D
0.000 0.000 0.0C0
0.000¢ 0.000 0.000
p.000 0.000 0,000
0.000 0,000 0.000
0.G00 ©.000 0.000
0.000 0.000C 0.000
4.000 0.000 0.0C0C
0.000 0.000 0.000
¢.000 0.000 0.000
0.000 5.000 0.000
0.000 0.000 C.00D
0.000 0.000 0,000
0.000 0.000 0.000
0.000 0,000 0.000
0.000 0.004 0.000
0.000 0.000 0.060
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.008 0.000
0.000 0,000 0.000
0.000 $.000 0.000
0.000 0.000 C.C00D
0,008 0.000 0.000
0.080 0.600 0.000
4.000 0.001 0.000
0.000 0.000 0.000

0.000 D.600 0.000




prep

0.000 0,000 0.008 4.003
24.0 TG 25.08 0.002 0.001 0.000 0.000 0.000 0.000 0.001 9.000 0.001 O.000 0.000 0.000 0.000

0.000 ©.000 0.001 0.006
25,0 TO 26.0 0.001 0.000 0.000 0.000 0.000 0.200 0.001 0.009 0.001 0.001 0.000 0.000 0.009

g.000 0.000 0.000 0.8C5
25.0 7O 27.0 0.000 0.000 g.000 0.000 0.000 D.00R0 ©.000 ©0.060 0.001 0.000 0.000 9.060 0.000

0.000 0.G01 0.000 0.004
27.0 TO 28.0 0,000 0.00% £.001 ©.000 5.000 0.000 G.00C 0¢.000 0.001 ©.00%1 0,000 0.000 0.000

£.000 £.000 0.000 0,004
28.0 TO 29.0 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.300 0.001 0.001 0.000 0.C00 0.000

§.000 0.000 0.000 0.003
29,0 TO 30.0 0.001 0.000 0.000 0.000 0.G00 0.000 0.0060 0,000 0.061 0.0060 2.001 0.000 0.00C

0.000 0.500 0.000 0.004
38.0 TO 31,0 0.000 ©.00D G.000 0.000 ©.000 0.000 0.000 0.000 0.000 0.00D 0.000 ©.000 0.090

0.000 0.000 0,000 0.001
31,0 TO 32.0 9.000 0.000 0.000 0.0900 0.000 0.000 p.000 D.CO0 ©.000 0.0CG0 ¢.000 0,600 0.000

6.006 0.000 D.000 £.000
32.0 TO 33.0 ©.000 0.000 0.000 0.000 0.000 0.000 g.000 0.000 0.000 ©.000 0,000 0.000 0.0C0

0.000 §.000 0.000 0.001
33.0 TO 34.0 0.000 0.0900 0.000 0.000 0.00C ©0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000

£.000 ©.000 ©.080 0.000
34.0 TO 35.0 0.000 D.000 0.000 0.000 0.000 ©.000 6.000 0.0G00 0.000 0.000 ¢.000 0.000 0.C00

§.000 0,000 0.000 0.000
35.0 TO 36.0 0.000 0.000 0.000 0.000 0.000 0.00C ©.000 p.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 9.000 0.000
16.0 TO 37.0 0.000 0.000 ¢.000 0,000 ©.000 D.GOO 0.000 0.000 D.000 0.000 0.000 9.000 0.00C

0.000 5.000 D.000 G.0O0
37.0 TO 38.0 0.000 0.00D 0.00¢ 0.800 0.000 0.000 6.000 0.000 0.000 0.000 0,000 0.080 0.D0C

0.000 0.000 0.000 0,000
38.0 TO 39.0 0.000 0.000 0.000 0.000 0.000 0,000 0.0060 0.000 0.000 0.006 0.000 0.000 0.000

0.c0D 0.000 0.00@ 0.000
35.0 TO 40.0 0.000 ©.000 0.000 0.000 0.000 0.002 0.000 9.000 G.000 0.000 0.000 0.000 90.000

0.000 0.006 0.000 C.00C
40.0 TO OVER 0.000 2.000 0.000 0,000 0.000 0.000 0.G0D 0.000 0.000 0.000 p.000 0.000 0.000

0.000 ©¢.000 0.060 0.008

i***i****!****i***t********i***t*****i**********************!****i**********!***

xR R EEREEIIER

PP Y i R L L bbbt

AVERAGE 1.55888 YARTANCE 31.635%a3 87D DEV 5.62493
STD ERR G.26506 SREWNESS 4,17234 KURTOSIS 18.08287

***************t*****t**ti***t***************#**i*************i****i*************i******t*****

********#************************i**
1 e samEEEREEERREAFINRAZHES LA SDLUME HETGHT PARAMETER FREQUENCY

TABLE********************************
Northern Michigan University - MARQUETTE - COOLING TOWER ANALYSIS {WTH)

PLUME t*t*****i********i*i***i******#*******i******iwxnﬁ
FROM****f*********************#***i*****i*********
HEIGHT N NNE NE ENE B ESE 8B S8E B S5W 1) wsw W

ey NW NV
RANGE (M)} *¥

HEADEDt******ﬂi****i***t*************#*****i*******

] SsW W wawW W N ooy W N NNE NE ENE E
ESE gE SSE SUM

******************i******************i***i!WINB

g.0 To 6.1 0.100 0.071 &.055 0,023 0.020 0.0312 0.027 0.049 0.147 9.092 0.061 0.043 §.072

5.053 0.060 0.048 0.937
.1 To 0.2 0.001 0.001 0.000 0.000 0.001 0.000 8.000 0.00% 0.001 0.000 0.000 0.000 0.001

5.001 0.000 0.000 0.007
0.2 TO 0.3 0.001 0.001 0.000 0.000 0.000 0.000 §.001 5.001 £.001 8,001 0.000 0.000 0.001

0.000 0.001 £.000 0.008
9.3 TO 0.4 0.001 0.002 9.001 0,000 0.000 0.000 0.600 0.000 0.002 0.001 0.000 0.600 0,000

0.000 0.000 0.000 0,007
6.4 TO 6.5 ©.001 0.001 0.000 ¢.001 0.000 0.000 0.001 0.001 G.00Z 0.CO01 0.008 0.000 0.000

0.000 0.008 0,000 0.003
6.5 Tp 0.6 0.001 0.001 0.000 0.000 ©.000 0.00C 0.001 0.000 0.001 D.00L 0.900L 0.000 4.000
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0.000
8.6
¢.000
0.7
c.000
0.8
0.000
0.9
0.000
1.0
0.0400
1.1
0.g00
1.2
0.000
1.3
0.000
1.4
0.000
1.5
4.000
1.8
0.000
1.7
0.000
1.8
0.000
1.9
9.000
z.0
0.000
2.1
a.o00
2.2
9.000
2.3
¢.000
2.4
©.000
2.5

o
RS

2.6
0.000
2.7
0.000
2.8
0.000
2.%
0.060D
3.0
0.000
3.1
0.000
3.2
€.000
3.3
0.000
3.4
8.000
3.5
0.000
3.6
0.000
3.7
0.000
3.8
0.000

0.009 0.8500 0.007
oo 0.7 0.001 9.001
0.D000 B8.000 0.008
TO 0.8 9.001 0,000
6.000 0.00C 0.004
70 0.9 0.001 0.000
0.000 0.00L 0.005
7o 1.0 0.001 0.000
0.000 0.000 0.003
To 1.1 0.000 0.000
0.000 0.000 8.003
0 1.2 0.000 0,000
0.000 0,060 D0.001
T 1.3 0.000 0.000
0.000 0.0600 0.002
0 1.4 0.000 0.000
o.080 0.000 0.001
o 1.5 0.000 0.000
0.000 0.000 0.000
mo 1.6 0.000 ¢.000
0.000 0.00¢ 0,000
To 1.7 0.000 0.000
o.000 0.000 0.0C0
o 1.8 9.000 0,000
0.00# 0.000 £.000
o 1.9 0.000 0.000
».000 0.000 0.000
TO 2.0 0.000 0.000
0.000 £.000 0.000
P9 2.1 0.800 0.000
0.000 0.000 0.000
Tg 2.2 0.000 0.000
0,000 0.00C 0.000
o 2,3 0.000 0.000
g.000 0.000 0.000
PO 2.4 0.000 0,000
0.000 £.000 0.000
7o 2.5 0.000 0.800
0.000 0.000 £.000
70 2.6 0.000 0.000
£,000 0,000 0.000
To 2.7 0.000 0.000
0.000 0.000 0.000
o 2.8 0.000 £.000
p.000 0.000 0.000
7o 2.9 0.000 0.000
0.000 0.000 0.00C
o 3.0 0.000 0.000
0.000 0.200 0.000
mo 3.1 0.000 0.000
0.000 0.000 0,000
To 3.2 0.000 0.500
0.000 0.000 0.000
PO 3.3 9.000 0.000
£0.000 0.000 6.000
0 3.4 0.080 0.000
0.000 ¢.000 G.000
0 3.5 0.000 0.000
p.0g0 ©,000 0.000
To 3.6 0.000 0.000
0.0o0 ©.000 0.000

mpe 3.7 0.000 0.000

0.000 0,000 0.000
mo 3.8 0.000 8.000
0.000 0.000 0.00G0
0 3.9 0.000 0.000
0.000 0.00C 0.000

0.001

¢.000

0.000

¢.000

0.000

0.000

0.000

0.000

a.000

0.000

0.000

0.000

0.900

g.co0

0.0800

0.000

G.000

0.000

0.000

0.080

0.000

0.000

9.000

0.000

p.o000

6.000

a.000

8.000

0.000

g.000

o.goo

o.000

0.000

0.000

G.000

0.000

0.000

©.000

0.000

0.000

0.400

0.000

0.000

0.000

G.000

0.000

0.000

0.000D

¢.oo0

0.000

0.000

0.000

©.000

¢.000

0.000

0.006

0.000

0.000

0.000

0.000

5.000

¢.000

5.000

0.000

0.400

0.000

£.000
0.600
0.000
0.000
0.000
0.000
0.001
0.000
0.000
©.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
0.006
0.000
0.000
0.000
$.,000
0.000
5.909

0.000

prep
6.000
4.000
0.004
0.000
0.000
0.060
0.000
0.000
4.000
0.000
0.900
0.000
0.000
0.9000
0.000
0.000
0.000
0.000
5.000
g.000
0.000
4.000
¢.000
0.000
{¢.000
0.009
0.000
2.0800
0.4600
0.000
0.000
0.200

0.000

0.001
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
6.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.0600
0.000
0.000
0.000

0.000
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0.000
0.000
0.000
0.000
.00
0.000
6,000
0.000
0.000
6.000
6.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
o.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
5.008
0.000
9.000
0.000

G.000

0.001
0.001
0.000
0.001
0.000
0.000
6.000
0.000
0.000
0.009
¢.0CC
0.000
0.000
a.000
0.000
6.000
0.000
0.000
a.000
0.000
0.000
0.000
0.000
4.000
0.000
¢.o00
4.000
0.000
g.000
D.OBQ
0.000
5.008

¢.Q00

0.e00C

0.001

0.001

0.000

0.001

0.000

¢.000

g.e00

0.000

0.000

¢.000

0.000

0.000

0.000

0.000

0.000

0.000

§.000

0.040

0.000

3. 000

0.000

0.00Q

0.000

0.000

0.000

0.000

0.000

0,000

g.ood

4.000

0.000

g.000

¢.000

0.000

€.000

0.000

0.800

4.000

0.000

0.000

0.000

0.000

a.000

0.000

0.000

0.000

0.000

€.0400

0.000

0.000

D.000

0.009

8.000

0.000

0.000

0.000

0.000

4.000

£.000

0.000.

0.0030

0.000

0.060

0.000

G.q00

4.000

0.000

g.o000

0.000

0.000

0.000

0.000

¢.000

0.000

0.000

0.000

0.600

¢.000

0.060

0.000

0.000

0.0C0

0.000

0.000

0.000

2.000

G.000

8.000

0.000

¢.000

0.000

¢.000

£.000

0.020

0.800

g.000

¢.000

04.060

¢.000
0.000
¢.000
0.0C0
0.000
0.000
¢.000
0.000
0.000
G¢.000C
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
D.DE?

0.C00

0.000
a.000
¢.000
0.008
0.00c0
0.000
0.000
0.000
0.000
0.000
0.000

0.000




prop

0.000 0.000 0.000

3.5 TO 4.0 9.000 0.000 0.000 0.000 0.080 0.000 0.000 0.000

¢.00C 0.000 0.000 0.000
4.0 TO 4.1 0.000 0.000
£4.000 0.000 0.0400 G.000
4.1 TO 4.2 0.0G00 0.000C
o.000 0.000 0.000 C.0O0D
4.2 TO 4.3 0.000 0.00C0
0.000 0.000 0.000 0.000
4.3 TO 4.4 0.000 0.000
0.000 0.000 0.000 G.000
4.4 TO A.5 0.080 0.000
0.00C 0.CGO 0.000 0.000
4.5 TO 4.6 0.000 0.009
0.000 0.000 C.000 0.000
4.6 T0 4.7 0.000 0.000
£.000 0.000 C.000 0.000
4.7 TO 4.8 0.000 0.000
0.0600 0.000 0.000 0.000
4.8 TO 4.9 0.000 0.00C
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 D0.000
i FAEXREETRAFE AR KT ERER TR LR AL IR RDPLUME HETEHT PARAMETER

TABLE*‘E***************************2**
Northern Michigan University - MARQUETTE - COOLING TOWER ANALYSIS
A EFARETREEERRRARRRAA AR AR T E LT A 2RI XL XX T AT AR R FYIND

£.000 ©0.060 9.000 0.000 0.000 0.000 C.000 0,000 6.000

0.000 0.000 0.000 0.000 0.000 0.000 €¢.000 0.000 0.000

0.G00 0.000 D.0OD ©.000 0.000 0.000 0.000 0.000 0.0CG0

0.600 0.0600 £0.000 D.000 0.000 0.009 0,000 0.000 G.000

0.000 C.000 0.000 0.000 0.000 ©.000 0.800 0.000 G.000

0.000 0.00C 0.000 0.000 0.000 0.000 0.0006 0.000 0.000

0.000 0.000 0.000 05.000 0.000 0.000 0.00CG 0.000 0.0C0

0.008 0.000 0,000 0.000 0.000 0.000 0.000 C.0CG0 D.GOO

0.000 0.900 0.000 0.900 0.000 D.OOC

0.000 0.000 0.000

0.000 £.000 ©.000 0.000 0.000 0.000 0.000 0£.000

FREQUENCY

BLUME
FROMAU AR R A ERdedERERERRIANAF TR R LR LR FIwRR IR T R T I &
HEIGHT N NNE NE ENE B ESE SE SSE 8 ssWw 8w
WNW NW Bzt
RANGE (M)  **kdswdsssssteddaaddasbrdbsradadhhlthth ot L TND
HEADEDS t & ¥ d Rk kR R At EA SRR AR R R R RN RARIRFRTIRFRF R EES
s ssw 5w wWsw 4 T W NERT o WHE N
ESE SE SSE SUM
5.0 TO 5.2 0.000 0.00G 0.000 0,000 0.0800 0.000 0.000 0.000 0.090 0.00C 0.000
¢.000 9.000 0.000 0.000
5.2 T 5.4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.0500
¢.c00 0.000 0.600 0.000
5.4 TO 5.6 0.000 0.000 0,000 0.000 £.000 B.Q00 0.000 0.000 0.000 0.000 0.000
0.000 D.000 0.000 B.00OC
5.6 TO 5.8 0.060 0.008 $.000 0,800 2.000 £.000 0.080 0,000 0.000 0.000 0.000
0.000 0,000 0.000 0.000
5.8 TO 6.0 0.000 D.000 0,000 0.0G0C 0.000 0.060 0,000 C.000 0,000 0.000 0.000
9.000 0.000 0.000 0.00C0
§.0 TO 6.2 0.00C £.000 0.000 0.090 0.000 0.000 0.000 £0.000 0.000 §.060 0.000
0.000 ©.000 0.000 0.00C0
§.2 TO 6.4 0.000 0.000 0.008 0.000 0.000 0.000 0.000C 0.000 0.000 0.000 0.000
0.600 G,000 C.00C 0.00CC
§.4 TO 6.6 0.000 $.000 0.000 0.000 0.000 0.000 ¢.000 0.000 0,000 0.00C 0.000
0.000 0.000 0,000 0.000
6.6 TO 6.8 0,000 0.000 0.000 0,000 £.000 0.00¢ 0.000 0.0CC 0,000 0.000 0.000
0.000 0.000 0.000 0.000
6.8 To 7.0 0.000 0.000 ©.G0D 0.000 §.000 0.000 0.000 0.000 C.000 €.000 0.000
0.000 0.0G0 0.000 0.000
2.0 ©0 7.2 0.000 0.00C 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.060 0.000 0.00C
7.2 mo 7.4 0.000 D.000 0,000 0.000 0.008 0.000 0.000 0.000 0.0020 0.000 G.000
0.000 0.000 9.000 0.000
7.4 TO 7.6 0.000 0.000 0.000 0.000 0.0G00 0.000 0.000 0.000 0.000 0.000 0.00D
0.000 0.000 £.000 0.00D
7.6 To 7.8 0.000 0.000 0,000 0.000 0.500 0.000 0.600 0.000 0,000 0.000 0.000
0.000 D.000 0.000 0.00D .
7.8 TO B.0 0.000 0.000 0.000 ¢.000 0.000 0.000 0.0006 0.000 £.000 0.000 0.000
0.000 D.OGO 0.000 0.00D
8.0 TO 8.2 ©.600 0.000 0.00C 0.000 0.000 0.080 0.000 0.000 0.000 0.000 0.000
0.000 0.008 0.000 0.000
g.2 TO 8.4 0.000 D.000 0.000 0.000 0.000 0.000 5.000 8.00C 0.000 0.000 0.000

Page 12

0.000 C.000
G.000 E.bGO
0.000 0.000
0.000 0.000
0.000 0.004
0.000 0.000
0.000 5.000
0.000 0.030C0
0.000 0.000
0.000 0.000
0.0C0 0.000

{NTH}

WsW

0.000 C.000

0.000 0.¢00
0.000 0.000
6.000 0.000
4.000 0.000
0.000 D.00D
0.000 0.000
0.000 0.000
0.000 0.000
$.000 0.000
0.000 ©.000
£.000 0.00D
0.000 0.000
0.000 0.000
0.000 0.000
£.000 ¢.000

0.000 0.000




DIrep

0.000 0.000 0.000 0.000
8.4 TO 8.6 ©0.000 0.000 0.€00 0.G00 0.000 0.000 0.000 OG.000 D.00C 0.000 0.000 0.000 0.8500

0.000 0.000 0.000 0.000
2.6 TC §.8 0.00¢ 0.000 0,000 0.000 0.000 C.0C0 0.000 0.000 0.000 0.000 £.000 0.000 G.000

0.000 0.000 0.000 O0.000
8.8 TO .0 G.000 0.000 0.000 0.00C 0.000 0,000 0.000 ¢.000 0.000 0.000 0.000 G.GO00 0.000

C.000 0.000 D.00U 0.000 .
9.0 TO .2 0.000 £.000 0.000 0.000 0.008 0.000 0.000 0.000 D.000 0.002 0.000 0.000 0.000

0.000 0.000 0.000 0.800
9.2 TO 9.4 0.000 0.000 0.000 £4.000 0.000 0.000 0.0C8 0.000 0.000 0.000 C.B0Q 0.000 G.DOC

0.000 0.000 0.000 ©.000
3.4 TO 9.6 0.008 0.000 D.000 0.000 0.000 0.000 $.000 C.009 C¢.000 0.000 0.000 0.000 0.000

0.000 0.0C0 0.000 0.000 _
9.6 TO 9.8 0.000 0.060 £.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 9.000 0.000 0.00D

0.000 D.0Q0 0.0G0 0.000
4.8 TO 10.0 0.000 0.000 0.500 0.000 0.000 0.000 0.000 0.000 0.00C 0.000 0.000 0.000 0.000

0.000 0.000 G.000C G.000
10.0 TO 10.5 0.000 0.000 £.000 0.000 £.000 0.000 0.000 0.000 0,000 O.CG00 0.000 0.000 0.CO00C

0.00c 0.000 0.000 £.000
10.5 TO 11.0 €.000 0.000 0.000 0.080 0,000 0.080 0.000 0.000 0.000 £.000 £.000 0.000 0.00C

0.000 0.000 0.000 0.000
11.8 TO 11.5 £.000 0.000 0.000 0.000 6.000 ©.000 8.080 ©.000 0.000 £.000 0.000 B.000 0.000

0.00C 0.000 0.0C0 0.000
11.5 To 12.0 0,000 D.0GO ©.000 ©.000 G.000 G.000 0.000 0.0GC 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000
12.0 TO 12.5 0.000 0.000 0.0G60 0.000 0.000 0,000 0.000 0.000 0.000 G.000 0.000 0.000 D.000

0.950 0.000 0.020 0.000
12.5 10 13.0 0.000 0.000 0.000 0.0060 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00G0

0.3900 0.000 0.000 C.000
13.0 TO 13.5 0.000 0.000 0.000 0.000 D.000 0.000 0.CCD ©.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.900
13.5 TO 14.0 0.000 5.000 0.00C 0.00C 0.000 0.00C ©.000 &.0G0 0.000 0.000 9.000 §.000 0.000

0.000 0.000 0.000 D.00C
14.0 TC 14.5 ©.000 0.00C ©.000 0.000 0.000 0.000 0.000 0.960 0Q.000 0.000 0.000 0.000 D.000

0.000 ¢.000 D.0O0O 0.000
14.5 0 15.0 0.000 0.000 0.600 0.000 ©.000 0.000 0.000 0.00C O.000 0.000 0.0C0 0.000 0.000

0.000 0.000 0.000 0.000
15.0 TO 15.5 0.000 0.000 0.0860 0.000 0.000 ©.000 0,000 CG.000 0.000 0.400 0.000 0.000 0.000

0.000 0.000 ©.000 D.00D
15.5 70 16.0 D.600 £.008 0.000 $.000C 0.000 0.000 0.0080 0.0400 0.000 0.000 0.000 0.000 0.000

$.0006 U.000 ¢.000 $.00C
16.0 TO 16.8 0.000 0.000 0.D00 0.000 0.000 0.000 0.000 0.000 6.000 0.00C 0.000 £.000 £.000

0.000 D.000 0.000 0.000
1.5 T0 17.0 ©.000 0.000 0.0G00 0.006 £.000 0.000 0.000 0.000 0.0CC 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000
17.0 7O 17.5 ©.000 0.000 0.000 0,200 0.000 0.00C 0,000 0.000 0,000 0.900 0.000 0.000 0.000

¢.000 0.000 0.000 0.000 )
7.5 TC 18.0 0.000 0.000 0.000 ©£.000 0.0608 0.000 0.000 0.000 5.000 £.000 §.000 6.000 0.000

0.000 0.000 0.0D0 0.000
1g.0 TO 18.5 G.000 £.000 0.000 0.000 D.000 0.000 6.600 0.000 ©.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000
18.5 70 15.0 §.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 ©.000
19.0 TO 1%.5 G.000 0.000 0.000 G.000 0,000 0.00C 0,000 0.000 0.0G0 C.00¢ 0.000 0.00C 0.000

§.0G0 0.000 0.G08 £.000
15.5 0 20.0 0.060 0.000 0.000 G.000 5.08C $.000 ©.000 £.008 £.000 0.008 C.0DC 0.000 0.000

g.oon 0.000 0.000 0.000 .
20.0 TO OVER 0.080 0,000 0.00G0 0.000 0.000 0.000 0.000 $.000 0.000 0.000 0.0600 0.000 0.000

0.000 0.000 0.000 0.000

********ii*****i**************************i*i*****i****i******i**ik**i************************

AEERUEREETRALL IR RE IR R A AT TR IR

AVERAGE 0.08216 VARIANCE 0.062140C STD DEV 0.14628
£TD ERR 0.00LES SKEWNESS 4.76015 KURTOSISZ 27.33819

*********i*******i****************i*************ii****it*i*****i********************i*i**it***
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*********i**i***********!i**********

1

PATTES * ek h kAR IR A TAFFREF LR ITR T LR LD

EEEREARARARAXRFELTERNTE R H X2 XPLUME LENGTH-K-STABILITY FREQUENCY

Northern Michigan University - MARQUETITE - COOLING TOWER ANALYSIS {NTH)

*iii*****i***************i*****************ii*

&Rk kR E Rk
STABILITY CATEGORY 1
CATEGORY 3
PLUME . mm==me———mm—eeee -
LENGTH
RANGE (M) K1 K2 K3
K2 R3
0.0 TO 0.2 $.000 0.000 D.152
0.000 0.112 :
0.2 O 0.4 £.000 0.60C 0.000
0.000  ©.000
0.4 TO 0.8 £.000 0.00¢ 0,000
0.000  0.000
0.6 TO 0.8 0.000 0.000 ©.000
0.000  0.000
0.8 TO 1.0 6.000 ©0.000 ©0.000
0.006  0.000
1.0 TO 1.2 0.000 ©0.000 0.000
0.006 0,000
1.2 TO 1.4 0.000 ©0.000 0.000
0.000  ©0.000
1.4 TO 1.6 0.000 0.000 0.00C
0.000  0.000
1.6 TO 1.8 0.00C 0.000 0.000
6.000 ©£.000
‘1,8 TO 2.0 0.000 0.000 0.000
8.000 ©0.000
2.0 TO 2.2 0.000 0.0080 0.000
0,000 0.000
2.2 TO 2.4 8.000 0.000 ©0.000
£.000  £.000
2.4 TO 2.6 0.000 0.000 0.00C
0.000 0.000 :
2.6 TO 2.8 9.000 0.000 0.90C
0.000  0.000
2.8 TO 3.0 0.000 0.000 D.0CO
0.000  0.00D
3.0 TO 3.2 0.000 0.000 D.G0O
0.000  0.000
3.2 TO 3.4 0.000  0.000 0,000
0.000  ©0.000 -
3.4 TO 3.6 0.000 0.000 0.000
0.006 0.000
3.6 TO 3.8 0.000 0.000 0.008
0.000  0.000
3.8 TO 4.0 £.000 0.000  0.0090
0.000 0.000
4.0 TO 4.2 £.000 ©.000 0.000
0.000 0.000
4.2 TO 4.4 5.000 £.900 0.000
0.000 0.000
4.4 TO 4.6 0.008 0.000  0.000
0.000 0.000
4.6 TO 4.8 0.006 0.000 ©.000
0.000 0.000
4.8 TO 5.0 g.00¢ ©0.000 ©0.000
0.000 ~ 0.000

****i*i****************i************************

STABILITY CATEGORY 2 STABILITY
Ki K2 X2 Kl
0.000 0.008 0.658 0.000
0.509 0.0030 0.000 0.600
0.000 0.000 0.000 0.000
0.00Q 0.002 6.000 0.000
0.900 0.000 0.000 D.000
¢.000 0.060 0.000 0.000
¢.000 0.000 0.000 0.000
¢.co0 0.000 0.000 0.000
c.000 0.000 0.000 0.000
g.00G 0.000 Q.00 0.040
~ D.Doo 0.000 ¢.000- 0.000D
0.000 0.000 0.000 ©¢.000
0.000 0.000 0.090 0.000
0.000 0.000 0.000 0.000
0.c0G 0.000 0.000 0.000
0.000 0.000 0.000 0.000
¢.000 g.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 c.000 0.000
0.000 0.000 0.001 0.000
0,000 .9.009 0.6060 0.000
0.000 2.000 0.600 0.000
0.000 G.000 0.000 G.000
0.000 0.000 0.000 0.000
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PR

5.0 TO 5.2 0.000 0.000 0.000 0.000 ©0.0600 0.000 0.000
0.000 0.000

5.2 TO 5.4 0.000 0.000 0.000 p.6o0 0.000 0.000 0.000
0.000 0.000

5.4 TO 5.6 0.000 D.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  0.000 0.000 0.000
0.000 0.000

5.8 TO 6.0 §.000 0.000 0.000 0.000 0.000 0,000 0.000
0.000 0.000

6.0 TO 6.2 0.000 ©0.000 0.000 p.600  0.006 0.00% 0.000
0.000 ©.000

6.2 TO 6.4 0.000 0.000 ©0.000 0.000 0.000 0.000 a.000
£.000 0.000

6.4 TO 6.6 0.000 0.000  ©0.000 0.000 0.000 0.000 0.000
0.000 0.000

§.6 TO 6.8 0.000 0.000 0.000 0.000 ©0.000 0.000 0.000
0.000 0.000 '

§.8 TO 7.0 0.000 0.000 ©0.000 0.000 0.000 0.000 0.000
0.000 0.000

7.0 TO 7.2 0.000 0.000 ©0.000 9.000 0.000 0.000 0.080
0.000  0.000

7.2 T 7.4 5.000 0.080 ©0.000 0.000 £.000 £.000 0.000
0.000 0.000

7.4 TO 7.8 0.000 0.D00 0.000 0.000 0.000 0.000 0.000
0.000  0.00D

7.6 TO 7.8 0.000 0.000 0.00C 0.000 0.000 0.00D 0.000
0.000  0.000

7.8 TO 8.0 0.000 0.000 0.000 0.006 ©.00C 08.000 ©.000
0.000 0.000 ,

5.0 TO 8.2 0.000 0.000 0.000 0.000 0,000 0.000 0.000
0.000 0.000

a.2 TO B.4 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000

8.4 TO 8.6 0.000 ©0.000 0.000 0.000  0.000 0.000C 0.000
0.000 ©0.000

§.6 TO 8.8 0.000 ©0.000 0.000 ¢.000 0.000 0.000 ©.000
5.000 0.000

8.8 TO 9.0 0.000 0.000 0.000 0.000 ©0.800 0.000 0.000
0.000 ©.000

2.0 TO 9.2 0.000 0.000 0.000 0.00¢ 0.000 0.000 0.0080
0.0060 0.00O

9.2 TO 5.4 0.000 0.000 0.000 $.000 0.000 0.000 0.000
©.000 0.000

5.4 TO 9.6 0.000 0.000 0.000 D.000 ©£.060  0.000 0.000
$.000 0.000

9.6 TO 9.8 0.000 0.000 ©0.008 0.000 0.000 0.000 . 0.000
0.000  0.000

9.8 TO 10.0 0.000 0.000 ©.000 0.000 0.0D0  0.000 0.000
0.600  0.000

1 EEEFRAAAHBELXEXSRARARHRRERNRNTIDLUME LENGTH-K-STABILITY FREQUENCY

MARLERF e F kkw e R EFRRLRTRTRAFRT AL RIS
Northern Michigan University - MARQUETTE - COOLING TOWER ANALYSIS {WTH}

******************************i***i*****ﬁ************i**************i**********************i**

EEE S - 543

STABTLITY CATEGORY 1 STABILITY CATEGORY 2 STARILITY
CATEGORY 3
PLUME = wm=meooesssss—sssess Soss—s—eoosesoosess
LENGTH
RANGE (M) KL ®2 K3 X1 2 X3 X1
%32 R3
ig.0 TO 10.4 0.000 0.000 2.000 0.000 0.000 0.000 0.000
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0.000
10.4
0.000
10.8
9.000
11.2
0.000
11.6
0.008
12.0
0.000
12.4
8.000
12.8
5.000
13.2
0,000
13.5
0.000
14.0
0.009
14.4
0.000
14.8
0.000
15.2
0.000
15.6
0.000
16.0
0.000
16.4
2.000
16.8
0.600
17.2
0.000
17.6
9.000
18.0
c. 008
18.4
6.000
18.8
0.000
19.2
0.000
18.6
0.000
20.0
0.000
21.0
6.000
22.0
0.000
23.6
8.000
24.0
8.000
25.0
0.000
26.0
0.000
27.0
0.000
28.0
0.600

0.000
TO 10.8
0.000
0 11.2
0.000
™0 11.%6
0.G00
TO 12.0
0,000
TG 12.4
0.000
™0 12.8
2.000
T0 13.2
&.000
TO 13.6
0.000
TD 14.0
0.000
TO 14.4
0.000
To 14.8
0.000
™ 1%5.2
c.000
TO 15.6
¢.000
TO 16.0
0.000
TO 16.4
0.000
TO 16.8
0.000
™ 17.2
4.000
TO 17.8
0.000
TQ I8.0
0.600
TO 18.4
2.000
T0 18.8
0.001
TO 18.2
0.000
TO 19.6
0.000
TO 20.8
4.001
™ 21.0
0.000
TO 22.0
0.003
TO 23.0
¢.001
TO 24.0
c.002
™ 25.0
0.001
o 268.90
0.000
™ 27.0
0.000
TO 28.0
0.000
TO 28.0
0.000

G.080

g.000

0.000

0.000

0.00G

0.000

0.000

¢.000

0.000

0.000

0.000

0.000

0.900

0.000

2.060

o.oco

0.000

0.000

6.000

0.0c0

0.000

0.0090

0.0060

¢.000

g.000

0.900

£.0400

0.008

0.000

¢.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

G.000

0.900

0.000

4.000

0.000

0.0090

g.000

g.000

0.000

G.000

0.000

0.000

J.000

0.000

0.000

0.000

0.000

¢.000

4,000

0.000

0.000

0.000

8.000

0.000

0.000

¢.000

0.000

0.000

prep
0.0900
0.000
0.000
0.000
¢.000
Q0.000
0.000
g.000
0.000
D.0030
0.000
0.4940
¢.000
¢.000
0.000
0.000
0.0c00
0.000
0.000
0.009
¢.000
0.000
0.000
0.000
B.OO&
0.009
0.000

G.560

0.000

G.000
0.000
0.000

6.000
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.000

0.000

0.000

g.000

0.0c0

0.000

8.000

0.000

0.000

0.000

0.000

0.000

&.080

0.000

0.008

0.0900

0.000

0.000

£.000

0.000

0.040

8.000

0.000

0.890

0.000

G.000

¢.000

0.900

0.0C0

¢.0400

0.0400

0.080

0.000

0,000

2.000

4.000

0.000

0.000

4.000

0.900¢

.00

0.0090

0.000

0.000

0.000

0.000

¢.000

2.080

&.000

0.000

0.000

¢.000

0.000

0.080

0.000

0.000

3.000

0.000

0.000

9.000

0.000

c.o0c

0.5800

¢.000

6.600

a.000

0.000
0.001
0.001
0.001
0.000
0.000
0.001
0.001
0,000
a.o000
0.000
0.000
G.001
0.001
0.0G2
0.000
0,001
0.000
o.003
0.00L
0.000
0.001
0.004
0.002
0.003
c.002
0.693
0. 002
0.005
0.004
0.003
0.004

0.003

0.200

¢.000

g.000

0.000

0.000

0.000

0.000

0.000

c.oo0C

0.000

4.008

8.000

0.000

0.000

0.000

0.000

0.000

a.000

G.000

0.000

0.005

0.000

0.0090

0.060

¢.900

0.000

0.000

0.0020

0.000

5.000

0.000

0.000

0.000




prep

28.0 70 36.0 ¢.000 0.000 0.000 0.000 ¢.000 0.004 0.000
0.000 G.000
30.0 TO 31.0 0.000 0.000 G.o00 0.000 0.000 0.00% 8.000
0.000 0.000
31.0 TO 32.0 0.000 b.0o8 0.600 0.000 0.000 G.000 0.000
0.000 0.000
32.0 7O 33.0 0.009 §.000 0.000 0.000 5.000 0.600 0.06D
0.000 D.000
33.0 TO 34.0 G.000 0.000 0.000 a.000 G.00%3 0.000 3.009
0.000 0.000
34.8 TO 35.0C o.o0o0C 0.000 0.000 0.000 ¢.000 0.000 ¢.o000
0.090 06.000
35.0 TO 36.0 0.090 8.000 0.000 0.000 0.000 0.090 0.200
¢.000 0.060 :
36.0 TO 37.0 0.000 ¢.000 G.000 0.000 0.0040 0.008 0.000
0.008 ¢.000
37.0 TO 38.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000
38.0 TC 339.0 0.000 0.000 £.o00 0.000 0.000 2.000 06.000
0.900 0.000
39.0 TO 40.0 a.600 0.00G g.000 0.000 G.000 0.000 0.000
4.000 0.900
40.0 TO OVER 0.800 g.000 0.0900 J.000 9.000 3.e00 0.Go0
0.000 0.000
1 AT NTM TYPE UH WX DBT DTDZ DPT VE TH MXHT PLGT
FREQ REFERENCE HEIGHT= lo. M
1 FOG i0.0 0.25 263.1 -0.010 262.5 0.3 270.1 500. 8.24
0.0012
2 bopale) 15.0 9.25 263.1 -0.0L0 262.6 0.3 270.1 500. G.00
2.0004 :
3 Fog  12.0 0.25 263.1 -G.010 261.1 .3 269.8- 560, ¢.00
0.0037
4 FO& 17.0 G.25 a63.1 -0.019 261.1 0.3 263.8 500. 8.00
0.0004
5 FOoG 15.0 G.25 283.1 -0.010 258B.6 8.3 252.4 500. 0.00
0.0403
g FOC 12.% .25 273.1 -0.010 272.4 0.3 278.5 500. ¢.00
G.0036
7 FOG 15.5 0.25 273.1 -0.010 269.4 0.3 277.8 500. 0.00
0.0009
8 FOE  15.0 0.25 283.1 -0.010 282.4 0.3 286.9 500. 0.00
0.0007
g FOG 16.5 .25 283.1 -0.010 278.4 0.3 285.68 500, 0.00
g.0001
10 FOG 15.5 0.25 293.1 =0.010 291.1 0.2 2%4.9 500. 0.00
0.06001
: 11 PLUME 3.5 0.15 289.6 -0.018 273.4 0.3 288.1 868. 0.00
0.,1517
12 PLIME 4.9 0.25 278.5 -0.0x0 273.% 0.3 281.5 850, 9,48
0.667¢6
13 PLIME 2.2 G.30 277.9 0.030 273.7 .3 280.8 950. 1g.88
0.1118
14 PLUME B.7 0.25 271.0 -0.010 270.9 6.3 276.9 632. 9.00
6.0001
15 PLUME 7.7 0.25 275.4 -&,010 275.3 0.3 280.5 13120, 1.17
¢.0001
16 PLIME 4.6 0.28 282.1 =0.010 282.90 0.3 285.1 985. 1.73
¢.5003
7 PLUME 5.7 0.25 285.4 -0,010 285.3 0.3 283.23 730, 2.58
G.0003
kR BLUME 7.7 0.25 274.3 -0.018 274.2 0.3 272.7 984, 3.38
0.0005
13 PLUME 5.7 0.25 285.1 -0.010 285.0 0.3 288.9 620. 3.20

Page 17




0.0004

0.0001

0.0004

0.0001

¢.0001

0.0005

0.000%

8.00603

0.0003

0.090L

0.0001

0.0004

0.0001

0.00603

¢.0001

0.0001

0.0007

0.0007

0.0005

0.0003

0.0004

¢.0005

0.0005

0.0063

0.0127

3.0298

0.0174

20

21
22
23
24
25
a5
27
28
28
3c
ch
32
33
34
35
36
37
38
38
46
41
42
a3
44

a5

PLUME
PLUME
PLUNE
PLUME
PLUME
PLUNE
PLUME
PLUME
PLUME
PLUME
BLIIME
PLUME
PLUME
PLUME
PLUME
PLUME
PLUME
PLUME
PLUME
PLUME
PLUME
ELIME
PLUME
PLUME
PLIME

PLUME

MET RECORDS RERD :
RECORDS DISCARDED:

CALYM RECORDS:

TOTAL. TO NEW FILE:

.25

280.4
283.4
276.0
285.4
281.0
282.1
287.6
285.4
272.1
291.0
282.1
279.3
285.7
286.0
281.0
281.2
280.8
287.6
285.6
284.3
282.1
278.1
292.1
283.9
277.5

271.6

prep

-0.010
-0.010
~0.010
-0.010
=-0.010
~0.010
-0.0L0
-0.010
-0.019
-6.%10
-0.010
-0.01¢2
-¢.010
-0.010
-0.010
-0.010
-0.010
-0.010
~-0.010
~0.0%0
=0, 010
-0.0108
-0.014
~-3.010
-0.01D

-.010

Page 18

290.3
283.3
275.9
285.3
Z80.8
292.0
287.5
285.3
272.0
220.5
282.0
279.2
285.6
285.3
280.9
281.1
288.7
287 .5
283.5
284.2
282.0
278.0
292.0
283.8
277.4

271.6

283.6

287.4

281.1

289.2

285.4

295.1

291.131

289.2

277.8

294.1

286.3

283.9

285.4

289.7

285.4

285.5

285.2

281.1

292.8

288.2

286.3

282.9

295.1

287.%

282.4

277.4

426.

67k,

1:1-18

800.

782.

923.

&36.

804.

766.

496,

1046,

771.

784.

11.

1028,

726.

631.

830.

902.

767.

676.

£1g.

803,

701,

G804,

605,

5.18

ii1.31

5.47

19.12

6.03

7.21

12.08

10.33

11.12

12.95

12.85

12.29

12.84

13.13

-18.87

24.83

29.10
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