
TERRY E, BRANSTAD, eOV•ANOR DEPARTMENT OF NA3"URAL RESOUROE8 
LARRY J. WILSON, 

September 3, 1998 

Roy Hunfiey 
Emission Factor and Inventory Group 
Office of Air Quality Planning and Standards 
US Environmental Protection Agency 
Research Triangle Park, NC 27711 

Re: Generator stack tests. 

Dear 
Mr•untley: 

Enclosed with this letter are six stack test reports for generators. had sent you some test reports 
a while back. These reports were finally put on roll film and sent back to the Department. You 
should now have all of the same reports that had in determining the emission factor for TSP/PMlo 
that the State of Iowa uses (0.14 Ib/MMBTU). Besides the PM tests, there are also some NOx 
tests that are included. 

If you have any questions, feel free to contact me at (515) 242-6002 or send me an email. 

Sincerely, 

Christopher A. Roling, E.I. 
Environmental Engineer 
Air Quality Bureau, IDNR 

7900 HICKMAN ROAD, SUITE / URBANDALE, IOWA 50822 515-242-5100 FAX 515-242-5094 

AINGRAM
Sticky Note
These tests were not used in AP42.



EMISSION TEST REPORT 
for 

INDUSTRIAL ENERGY APPLICATIONS 
on t•e 

Marshalltown Hy-Vee S{andby Generator 
located in 

Marshalltown, Iowa 

February 7,9, 1996 

TEc 
Thompson Environmental Consulting. Inc. 

Env(ronmentcd Eng/neorlng, Perm|tt/ng and •ompllance Serv|ees 



Iowa Depa•nent of Nah•al Reso•ces 
Stack Test Observation •orm 

One 

Pre Leak C•eck 

IniHal DGM 
R.d• '-/'-//•,• 

Approx. Tm (• • 
App•x. dP &V. • 
Appmx. d• /, 

Ht•he•t Vacuum • 
Post • Check •.•/,• • 

•[ 
Pitot Le• Check ( 

F|n•tl DGM Readin• 

Stack Veloc|t• / '•0. •,-'• 
Ieokinelics /0 '• • 



Fgobe •g•sh Colur 
Probe Wash 
Deposits 

•flter Color 

•ger Color 

•p•ger Depoei• 

L=Llght M=Medium H=Hea•y 

L M H 

L M H 

DownTime: 

Down Time: 

Equipment Set Up SaEsfactotily ? •--•e• No 
Equipment Dissembled Satisfactorily ? • No 
Meter Box Operatiott Satlsfactoty ? 

Sample P•epamtion Satisfactory ? No 



Facility: lEA (Hy-Vee) 
Location: Marshalltown,lowa 
Source: Standby Generator 
Permit Number: 94.A-597 

Test Date: 2-29-96 
Reviewer: S.Dodge 

Review Date: 3-29-96 

Run t• Moisture •an Flow Fan Flow VmStd Mass CaSh c c • IKR 

{dsg F) (%| (acfm) (dsc•) • •) (grl•c• (g• (Iblhr) % 

539.2 8% 5.7E•3 2.2E+03 3•E+01 8,8E•1 0,0379 0,03• 0.70 1•.•% 

2 •5,1 7% 5.6E+03 2.1E• 3.5E•1 1.0E+02 0,0438 0.•0B 0.80 103,5% 

3 B•.I 8% 5.TE+Q3 2.2E•3 I.flE•l 1.0E+• 0.0442 0.• 0,82 1•.3% 

av• 849 7% 5.7E+03 2.tE+03 3.•+01 9.7E+01 0,042 0.039 •0.7•; 104,2% 

• 16 t% 7E•01 2E+01 8E-01 1E+0t 0.007 0,006 0.tl 1.2% 

Run 19•.4 29.47 7.37 

R• 2 •.4 •.44 7.51 

Run 3 1926.6 29.44 7• 



IEA.Marshalltown,lowa 
Standby Generator 

Data 
Run: 

Slack Diameter (in): 915 

HozzJe Diametm (In): 0.155 

perl!,•,l•A Catch (m•): 68.8 

Calculations 

Vm (decry: 35.55 

N2(%): 82.1% 

Ts (deg R) 129B.2 

•..s (•q ft): 0A• 

Q (sdm): 2340 
Q (dsr.fm): 2t58 

RUn Length (rain): 60 

ppm(avo) lg•9.6 

Zero eat inttlal •25 

8ws 0 

Q(ds¢:•m) 21fib 
MW 4(] 

Conc, Corre•,ied 
ddfl Copmdv) 

Cone. {ppmwv) 1906A 
E(Ib/hr) 29A7 

E(tons/yr) 7.369 



Sheet1 

FIELD DATA EVALUATION SHEET "RUN 1 

1 631 60 60 60 1,1 3,4 1':8439 
2 •S e• i•,•- •;•is :t.• 3.7 

3 •4'• •5 "; • 63• 1.1 3,6 •,89•4 
• • 8•".• • •.• • 3.4 •.e• 
s • •---: • •.• '• •.• 3.4 

• e• •• eT--: •.• '•;• 3.s 
8 8• 72 7 "•,'5"" ':- 1• 3.• •.9235 

'• •S 7• ; S• ': •:•". • • .3.s •.•to• 
•0 • s4e 7• • ••s • 3.• 

'• e• • 7• •• •.• •,• i.•3• 
•• s•2 • Y• Y• • 3.2 

0•2 ;" • • 3,4•83 • 

Page 3 



IEA-Marshalltown,iowa 
Standby Generator 

Data 
Run: 2 
Pte: 12 

MiNPt: §.0 
Slack Diameter ((n); 10 

Nozzle Diamete• (in): 0.155 
DP/Gas Calibrstien Fester: 0,994 

Pltht Coefficient: 0,99 
BeromeMc Pressure (in Hg): 30,30 

Static Pressure (in H20): 1.50 
CO%'. 0.0 % 

CO2%: 7,2 % 
02%: 11.0 % 

Moisture Collested {ml): 56.2 
Metered VokJme (dacf): 35,498 
Leak Con•clion (acf): 0.010 

Avg Stack Tamp (deg F): 855,1 
Avg Meter Tamp (de 9 F): 78.3 

Avg Delta H On H20); 1.092 
Avg Sqrt DeSa P (in H20) •: 1.8344 

Parllculths Catch (mg): 1.0,0;2 

Calculations 
Tstd (de 9 R); 528 
Pstd (•n Hg); 29.92 
Vm (dacl): 35.29 

Tm (deg R): 336,3 
Pm (in Hg): 30.38 

Vmstd (dscf): 35.283 
VIIquld last): 2,647 
Vtotel (s•f): 27.930 

Mststum (%): 7.0% 
N2(%}: 81,8% 

Md (Ib/•mole): 29.59 
Ms (Ib/Ib-mote): 28.7B 

TS (deg R) 1315.1 
Ps •th Hg): 30,41 

(Nsec): 190,3 
AS (sq 9: 0.49 
0 (acfm): 5620 
Q (=cfm): 2294 

Q (d$cfm}: 2133 
An (sq •): 0.00O131 

Run Length (mln): 60 
n (WS): 197.0 

IKR (%): 
c (grls•l): 0.040S 

¢ (gr,'dscJ): 0.0438 
e (Ib/hr): 0.8014 

ppm(evg) 

Cal. Finst 
Zero sul initial 
Zero •,th ftnat 

Q(dscfm) 
MW 

Total hours 

t764 

1731.65 
2.9 
2.9 
0 

2t97 

drift (ppmdv) • 
COne. (ppmwv) 1934.4 

E(thnsfy• 7.011 



FIE•.b DATA E•ALUATION SHEET RUN 2 
P(•tNT# T• I•| MO •m •H •p 

2 862 #• #• •'•,• 1.1 3.6 1.8974 
3 •2 73 76 Y•S 1.1 3.• 
• : •0 • 78 •. 7• i.• 3:• •.• 

6 832 76 77 76.5 1.1 3,3 i.S166 
7 •3 7• 77 77 1,1 3.5 ; •i.8708 

9 869 76 78 77 "3.2 
10 86S 7Y •8 •5 1,'1 3,3 

1t 854 7• •8 77,5 1.• 3.3 1.8'• 
•.• .• •,• • • •.• •, •,.7•,. 

ess.• YS.z i•os•7 •.•Y; •.• 

Page 5 



IEA-Mamhalltown,lowa 
Standby Generator 

Run: 

StaCk, Di•meler (in): 
Nozzle Diameter 

Barometric t=mssum (in Hg): 
Slat•c Pressure (in H20): 

CO%: 
CO2%: 
02%: 

Meislure ColleCted {ml): 
Melered Volume (dad): 
Leak Co•actlo• (act): 

Avg Sta¢• Tamp (deg 
Avg Meier Tamp (rieg F): 

Avg Delta H (le H20): 
Avg 8qrl Delta p (In 1420) •: 

Padic•late Celch •mg): 

3 
t2 

t0 

0,994 
0.99 

30.30 

0,0 

62.4 
36,175 
0.002 
852.1 
78.1 

102.7 

4Ox 

1891 
Prollcol gas cone. t764 

Cal, Inl•;al 1731.05 
Cal. Final 1731.65 

Zero cal 8dtiel 2.0 
Zero cnl flna• 2.9 

8We 0 
Q(dsdm) 2133 
MW 46 

Tolal haur• 500 

rirlft (ppfndv) • 

EItons•r) 7.359 

Pstd (}n Hg): 
Vm (da•: 

Tm (dag R): 
Pm (it= 

VmStd (dscl): 
VIIquld 
Vtotel 

Moistum (%): 
N2(%): 

Md (Ib/•b-mok•): 
Ms (l•/Ib-mole): 

Ts (deg R) 
Ps (In Hg): 

(P,/•e•)', 
As (sq ft); 
Q (•dm): 
Q (•fm): 

Q (riscfm): 
An ($q fl): 

Run Lenglh (mJn): 
vn 

IKR (%): 
c (gr/scf): 

c 

• (Ib/hr): 

29.92 

538.1 
30.38 

35.829 
2.039 

38.768 
7.6% 

29,59 

30.41 
192.7 
0.49 
5690 
2327 
2151 

0,000131 



Sheet3 

IFIELD DATA EVALUATION SHEET RUN 3 
•OiNY• i •'• HI" •) •'• • •6 ••x • 

• •'"": '"• • • • • •.•7• 
• •6•--•-'•- • "• • •.• •.•" 
• • •8 • • • • • 
• • • ,•- • •.• • •.-•.. 
• .•.-.•-•.-...-.•.•... '• •-.-•....:--:.. •.•;•..•• • 
6 836 77 80 78.5 1 312 11788• 

•5 77 79 78 1.1 3 5 1,8708 
10 855 77 79 78 1.1 3.4 1.8• 

8S2.1 7S;• ;•.1•"' •0 • • 

P•e7 



RUN 1 

3,7 

3,5 

3.4 

RUN 2 

3.5 

3.4 

3,3 

3.1 

3 

poItIT # 



Facility: lEA (Hy-Vee) 
Location: Marshalltown,lowa 
Source: Standby Generator 
Permit Number: 94.A.597 

Test Date: 2-29.96 
Reviewer: S.Dodge 

Review Date: 3.29-96 

Run (s M°lsture•FanF•°wlFanFi°w Vnmtd IMsssCatch] = • KR 

1 •9.2 6% 5.7E+03 2• 13.6E+0t• S,OE*O1 0.0379 0.0350 0.70 1•9% 
2 •5.1 P• •.6E+03 2.1E+03 ]3.SE•lI 1.0E• 0.0•8 0.•408 080 103.5% 

I•I :s • •s+o• • I"•'°• •s+o• o.oo• o.•o• o.•1 1.•, 



IEA-Marshalltown,lowa 
Standby Generator 

Run: t 

Pts: 12 

MInlPt; 5.0 
Stack Diameter (in): 9.5 
No•le Diameter [in): 0.155 

DIy Gas Callbratlorl Fectoi': 0.9• 
Pit• C•ffi•i•t: 0.99 

Bamme• P•ure (in Hg): 30.30 
S•= •ure (In •0): 1,50 

•%: 10.1% 
Mols•re Coll=•d {ml): •.7 
Me•r• Volume (da•: 35,749 
L.k Coffe=10n (a•): 0,016 

A• S•¢k Temp (deg F): 839.2 
A• Meter T•p (• F): 67.3 

A• DeBa H (In H20): 1.1t 
Avg •q• Del• P (In H20) 's 1,E593 

padicul•e CaSh •): 88.8 

Calculations 
T• (deg R• 628 
Pstd (In Hg): 29,92 
Vm (dacf): 35.55 

Tm {d• R): 527,3 
Pm (in Hg): •,38 

Vm• (dscf}: 36,147 

•otal (•f): •,194 
MolCure (%): 7.8% 

•(%); 82.t% 
Md (•mole): 29,65 
Ms (Ib•mo•e): 28,75 

Ts {d• R) 1299.2 
Ps (In •}: 30,41 
• (Wsec); 191.8 
• (• if): 0.49 
Q 

Q (d•fm): 2158 
• (• •): 0.•0131 

Run Le• (min• 
• (•): 201.1 
I• (%): 105% 

o (grl.¢): 0,0•0 

• (•b•r): 0,70•4 



1 
2 

4 
8 

7 
8 
8 
10 
11 
12 

FIELD DATA EVALUATION SHEET RUN 1 
Ts MI M'• Tm •H a,P •P^,6 
831 60 80 60 1.1 3.4 1,8438 
84,5 62 81 61.5 1,2 3,7 1.9288 
847 65 62 63.5 1.1 3.8 1.8974 
844 67 63 85 1.1 3.4 1.0439 
831 69 64 88.5 1.t 3.4 1.8439 
8•-1 70 6• 67.5 1,1 3.6. 1.8t66 
835 1•8 67 67.5 1.1 3.5 .8705 
836. 72 87 69.5 1,2 3.7 1.9235 
848 78 88 70.5 1.1 3.5 1.0708 
848 74 89 71.5 t•l 3.4 1.0439 
6.44 74 70 72 1.1 3.4 1.8439 
832 74 70 72 1 3.2 1,7688 

839.2 67.3 t.t083 3o45•3 1.•893 

Pa0e I 



IEA-Mamhalltown,lowa 
Standby Generator 

Run: 2 
I=1¢ 12 

MINP• 
Stack Diameter (In): 10 

Nozzle Diameter (in): 0.155 
Gas Caltbr•Jon Factan 0.994 

P•tct Coefficient: 0.99 
Baremett'le Pressure {in Hg): 30.30 

Stat• PmsmJre (in H20): 1.50 
CO%'. 0.0 % 
CO2%: 7.2 % 
02%: 11.0 % 

Moisture Coils •'ted (m•): 56.2 
Metered Volume {dacf): 35.49• 
Leak Correction (acf): 0.0t0 

Avg Staok Ternp {deg F): 355.1 
Avg Meter Tamp (deg F): 76.3 

Av 0 Delta H {in H20): 1.092 
Av9 Sqlt Delta P (In H20)•: 1.8344 

Partlculata Catch (rag): 100.2 

Calculations 
Tstd (¢leg R): 523 
Pstd (in Pig]: 29.92 
Vm (dacf): 33.28 

Tm (deg R): 536.3 
Pm (In Hg): 30.•8 

Vmstd (d•f): 35.283 
Vliqbld (scf): 2.647 

Mo•lure (%): 7.0% 

Md (l•t•ole): 
Ms (l•(•mole): 

Ts (dad R) 13161 
• (In Hg): 30.41 
vs (W•C): 190.3 
As (• fl): 0.49 
Q (aorta): 5620 
Q (scfm): •94 

Q (dsdm): 21• 
• (• R): 0.•0131 

Run Length (rain): 60 
• (We): 197.0 
I• (%): 

• (gr/sc•: 0.0•8 

e (Iblhr): 



POINT 

2 
3 
4 
5 

7 

9 
10 
11 
12 

847 

853 
832 

882 

854 
832 

868.1 

Sheet2 

MI 

73 
74 
75 
?e 
77 
76 
76 
77 
77 
77 

FIELD DATA EVALUATION SHEET RUN 2 
Mo Tin .*,H &P 
76 76 1,2 3.6 1,8874 
76 73.5 1.1 3.8 1.8974 
7(• 74.5 1.1 3.8 1.8708 
78 75 t .1 3.4 t .8439 
77 78 t.1 3.3 1.8180 
77 76.5 t.1 3.3 t.8166 
77 77 1.1 3.8 1.8708 
78 77 1 3.2 1.7889 
78 77 3,2 1.7889 
78 77.5 1.t 3.3 1.8166 
78 77.5 1,1 3.3 .1.8166 
79 78 ,• 3.2 ,7889 

76.3 1.08t7 3.3667 1,8344 

PaGe 1 



IEA-Marshalltown,lowa 
Standby Generator 

Data 
Run: 3 

Pte: 12 

MJrl/•t! 
•ltack Diameter (in): 10 
Noz•e Diameter {in): 0.155 

D•y Gee Caflbm0on Factor. 0.994 
Pltot Coefficient: 0.99 

Barometric Pressure {Ir• Hg}: 30,30 
Stat• pressure (in H20): 1.50 

CO%: 0.0 % 
CQ2%: 7.2 % 
02%: 11,0 % 

Moisture Celia©ted (ml): 62.4 
Metered Volume (deaf): 36,175 
Leak Correction (acl): 0,002 

Avg Stack Tamp (deg F): 852,1 
Avg Meter Tamp (deg F): 78.1 

Avg Oelta H (in H201: 1,108 
AV•I Sqrl Delta P (in H20)=: 1.8571 

Perlt©L•|ete Catch (m•l•: 102.7 

CMculaUons 
Tstd (deg R): 528 
PCM (in Hg): 29.92 
Vm (d•f): 35•JS 

"i'm (dag R): 538.1 
Pm (In •,g): 

Vms•d (d•'f): 35.029 
VIIquld (ac•: 2,93lt 
Vtctat (so f): •.768 

Moisture {%): 7,6% 
N2(%): 81.8% 

Md (l•/]b-mole): 29.59 
Ma (,•l]b•nole): 2%71 

Ta (deg R) '•3t2.1 
F•s (in Hg): 30.41 
va (Naec): 192.7 
As (sq ft): 0.49 
Q (acfm): ,•690 
Q {satin): 2327 

Q (dsofm}: 2151 
•1 (•K lt): 0.000131 

Run Lai•gth (mJn): 80 
vn (ft/s); 200.9 
IKR (%): 104% 

e (gr/scl): 0.0409 
¢ (Or/ds•r): 0,O442 

e (tb/hr): 0,8155 



POINT 

2 
8, 
4 

7 
8 
g 
10 
1t 
12 

'FIELD DATA EVALUATION SHEET RUN 3 
TI MI Mo Tm &H AP 
860 79 70 79 1,t 3.5 t.0706 
863 74 79 76.5 1.2 3.5 ':• ,0974 
860 76 79 77.5 t,1 3,6 1,8974 
058 77 80 70.0 1.1 3.4 t.8438 
845 78 80 79 1.1 3.4 1.8439 
836 77 80 78.5 1 3.2 1,7669 
e45 79 79 79 ,1.1 3.5 1.8708 664 77 79 78 1.2 3.6 1,8974 
865 77 79 78 1.1 3.0 1.87(]8 
855 77 79 78 1.1 3.4 t .8439 
837 77 79 78 1 .t 3.4 1.8439 
831 77 78 77.5 1.1 8,3 1.a165 

852.1 78,1 1,1083 3.4800 1,8S7t 

Pl•e I 



RUN t 

RUN 2 

2 3 4 5 6 7 8 9 10 11 12 

RUN 3 



T 
Thompson Environmental Consulting, Inc. 

March 22, 1996 

Iowa Department of Natural Resources 
Environmental Protection Division 
Air Quality Bureau 
Wallace State Office Building 
900 East Orand Avenue 
Des Moines, IA 50319 

Attention: Doug Campbell 

Subject: Industrial Energy Applications 
Compliance Test Results, IEA, Hy Vee, Marshalltown, IA 

Dear Doug: 

Bnclosed are the results of particulate and NOx compliance tests conducted on 
the back up generator located at the Hy Vee store in Marshalltown, IA on 
February 29, 1996. The results of these tests indicate that the generator is not 
in compliance with its emission limits, This generator will be reperraitted to 
emission limits which are based on the results of these tests and also protect 
the ambient air quality• The permit applications will be submitted to IDNR by 
May 22, 1996. This constitutes our proposed compliance plan for this facility. 

If you have any comments or require additional information, please call me or 
David Charles (319/378-6536]. Thank you. 

Sincerely, 

•H..QI•PSON ENVIRONMENTAL CONSULTING 

"M61•dy F•lerl j 
Project Engineer 

cc Chris Moore 
David Charles 

4950 Pleasant Street West Des Molue•, Iowa 50266 Tet: 518-226-4303 Fax: 815-228-4183 
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PREFACE 

This report summarizes the results of the data collected on a compliance demonstration 
test at the •ldustda| Energy Applications, Hy-Vee facility in Marshalltown, Iowa. To the best of our knowledge, the data in th/s report is accurate and complete. Any questions concerning this report sho,dd be directed to Mr. Mike Ankerstjem¢ 

or Mr. Mark Titus. Mr, Ankerstjerne and Mr. Titus may be reached by phone at (515) 225-7372. 

Mark Tiros 
Test Lesder 

March I, 1996 



INTRODUCTION 

An emission test was conducted by Comprehensive Emission Services on the Industrial Energy Applica•.ions, Hy-Ven standby generato• in Marshalltown, Iowa. Three particulate and three Nitrogen Oxide sampling runs were performed. The testing f•lfills the requirements for testing establisb• in the IDNR Permit •'•94-A-597. The testing was performed on February 29 1996. 

Coordinating the field tests: 

Tim Titus. Comprehensive Emission Services 
Chris Esstbum Industrial Energy Applications 
David Charles Industrial Energy Applications 
Melody Faler Thompson Environmental Consulting 

Conducting the field tests: 

,Mike Ankerstjerae Comprehensive Emission Services 
Mark Titus Comprehensive Emission Services 
Jay Titus Comprehensive Emission Serviens 

Witnessing the field tests for the IDNIL: 

Shane Dodge University of lows Hygienic Laborato•, 

The appendices to this report eomaln the following information and data: 

Appendix A: Example Calculations 
Appendix B: Laboratory Data Forms 
Appendix C: Field Data Forms 
Appendix D: Pretest Calibrations 
Appendix E: Posttest Calibrations 
AppendL• F: Process Data 
Appendix G: CEM Data 



SUMM.ARY OF RESULTS 

Table summarizes the test results •or testing performed on the Industrial Energy Applications, Marshalltown, Hy-V'ee standby generator. The final leak check for particulates on run 2 failed and was not used. 

The allowable limit fur particulates is 0.76 Ibs/hr. 

The allowable limit ['or NO• is 6.40 to•/yr.. 

Testing and analysis was performed according to EPA Method 5,202 Method 7E, 

No blank corrections were pe•ormed. 

Table 
Sllmmal'•/ Of Test Results 

February 2.9• 1996 units Run I Run 2 Run • Particulate Net Weight 
Particulate Emissions 

Partioulate En•,ssion Rate 
NO, Concentration 
NO• Emission Rate 

Isokinetics 
Flow Kate 

•r/decf 
Ib/hr 
ppm 
lb/hr 
% 

dscfm 

,,0.0888 * 0.1002 
0.0379 0.0438 
0.70 0.80 
1906.3 1934.3 1926.6 
29.48 30.44 29.45 
104.5 * 103,2 
2,]58 2,197 2.134 

Run 4 
0.1027 
0.0442 
0.82 

104.0 



SAMPLING AND ANALYTICAL PROCEDURES 

Sampling Procedures 

Particulate emissions were determined by U.S. Environmental Protection Agency (EPA) 
Methods I, 2C, 3, 4. and 5. Nitrogen Oxide emissions were determined by U.S. Environmental Protec'•ien Agency (EPA) Method 7E. These Methods are titled; 

Method "Sample and Velocity Traverse for Stationary Sources" 
Method 2C "Deten•ina•ion of Stack Gas Velocity and Volumetric Flow Rate 

(Standard Type Pitot Tube) 
Method 3 "Gas Analysis for Carbon Dioxide, Oxygen, Excess Air and Dry 

Molecular Weight" 
Method 4 "Determination for Moisture Content in Stack Gases" 
Method 5 "Determination of Particulate Emissions fi'om Stetiona•l 

Method 7E -"Determination of Nitrogan Oxides Emissions from St•onary 
Sources (Instrumental AnalyT..er Procedure)" 

These methods appear in derail in Title 40, Code of Federal Reg•lmions (CFR), Part 60, Appendix A, and in the Iowa Compliance Sampling Martnnl. 

The particulate snap]in 8 apparatus is shown in Figure on Page 6. All equipment was calibrated at Comprehensive Emission Services' office prior to shipment to the test site. 

Sampling Locations 

The stack sampling point locations can be found in Appendix C. 

Analytical Procedures 

The paniculate emission rate was determined following procedures detailed in Method 5. 
Pat•dculete samples collected on Whatmen glass fiber filters were analyzed gravimetfica•ly. 
The probe and nozzles were rinsed with acetone. The rinse was transferred to tarred beakers and evaporated to dryness. 



Nozzle 

STypa PIIol Tube leated 
Rllor 

Odllca 

Dry 
Gas 
Meier 

Leak Flee 
P•=mp 

Schematic of Method 5 Sampling Train 
Figure 1 



Particulate Emissions 

Table 2 
Particulate Emission Results 

Units Run 

Paniculate Emission Pate 
Emission Rate 

Stack Flow Rates 
Velonity 
Actual 

Standard Conditions 

Run 3 Run 4 

Actual •¢q'/dscf 0.0379 0.0438[0.0442 
Weight Collected ,• 0.0888 0.1002 0.1027 

lb/hr 0.70 0.80 0.82 

•min 11 510 
acfi'n 5,666 
dscfm 2,158 

S..,amplio• Resuhs 
Isoldnetlcs % 104,.,5., 

Samp! e Volume 'ds•f 36.134 
Ave. 5ta•k Temperature °F 839 
Ave. Square Root AP inches H20 1.8593 

Ave. AH inch• H•O 1. 1 
Ave. Meter Temperature F 67.3 

Ox,]gen % 10.10 
C•rbon Dioxide % 7.80 

Moistar.e,Coll•cted ml 64.7 
Moisture % H•O 7.8 

Run St• Time .HH:MM 
minutes 

11,418 11,560 
5.620 5,690 
2,134 2,151 

103.2 ]04.0 
35.274 35.82•" 
855 852 

1.8344 1.8571 
1.09 l.II 
76.3 78.1 
11.00 1.00 
7.20 7.20 
56.2 62.4 
7.o 

•0:13 13:21 14:4• 
60.0 60.0 60.0 Samplin• Time 



Appendix A 

Example Calculation 



dscfin 
gr/dsc•n 

P, 
SP 

Vs 
v, 
Vm 

Vs 
wo 

% I-l:O 
% CO.. 

%! 

NOMENC LATURE 

Act•. cubic fe•t •r minute 
.,krea of s•uk 
Percent wa•er 
Phot tube •h•ion c•cien• 
C•ncen• of p•ic•ate •I •, • conditlo• 
Dieter of n•le 

•ide •eter of 
Mole• wci@[, 
Moleo• wei•t, ga•k 
Sm• flow •, 
•me•¢ pm•e 
St•ck 
Sm•c pros 
Average meter temperate 
Temple of •ck 
•dM meter •g 
F• meter 
Vo[• •er, acm• 
Voime m•er, 
Average •a•k g• vel•ity 
Total moi• c0Bected 
Total pm•iculate •tter c•llccted 
Meter co•ectlon thctor 
S•p•g t•e 
Percent mois•e by vol•e 
P•cent c•b• dio•de by vol•, 
Pemcnt oxygen by vol•e, 
Percent •o•tic 
•es•re •p •mss o•ce •r 
Gas velocity •ess•e 



PARTICULATE CALCULATION EQUATIONS 
Run I 

I. Volume meter 

v,• (v v•) Y 

(477.100 4g1.351) 0.994 

35.535 f• 

2. Volume meter, standard conditioas 70 °, 29.92 in. Hg) 

v 
Vm•u• 

T 460 

17.7 (35.535) 
(30.30.•) 

839 460 

36.134 ft 

Percent moisture by volume 

B• I00 0.04707 C•Vc) 
0.04707 (We) Vmm=, 

I00 0.04707 (64.7) 
0.04707 (64.7) 36.134 

=7.8% 

4. Molecular weight, dry stack gas 

M 
a 

0.16 (%CO2) 0.04 (%Oz) 28.0 

0.16 (7.80) 0.04 (10.10) 28.0 

29.65 



5. Molecular wclght, stack gas 

M, NI 
a 

I- tO0) 18 
•.100] 

=29.65 
(l "/.81+ 

28.75 

6. Stack Pressure 

I•.6 

30.30 1.50' 
13.6 

30.41 inch. Hg 

7. Velocity of stack gas 

v, 60 85.49 C• 

60 85.49 (0.99) 839+ 460 
• 3o.• "G •s.Ts 

(1.8593) 

8. Percent isokb•et•c 

%I-- 
100 (•, 460) 

I00 (839 460) 36.134 

17.7 (60) (11,510) 30.41 
(1 7.8"] 

'n" 

(0"155• 2 

104.5 % 



0.49 

10. Stack volumme•c flow ra•e actual comiitions 

Q• V 
s 

As 

(lt,•lo) 

5,666 acfm 

11. Stack volumme•'ic flow rote, standard conditions ( 70 °, 29.92 in. Hg) 

•7.7 V•A sps 
Q•: T• 460 

17,7 (11,510) (0.49) (30.41) 
l1 I• ) 

839 4. 460 

2,158 dscfm 

12. Grains pctdry•and•rd cubic 

15.43 (0.0888) 
36.134 

0.0379 gr/ds•" 



1•. E•ssi• r•tc 

Ib,•ht 60 Wt•. (Q•) 
453.5924 

•0 (0.0888) (2,158) 
453.5924 (36.134) 



Appendix B 

Laboratory Data Forms 



t 









O 







Appendix C 

Field Data Forms 



Run No. 
Location: 
Date: 
Project # 

% Isokinetic• 

Hy Vee Marshall•own 

Initial Meter Volume (Cubic Feet)= 
Final Meter Volume (Cubic Feet)== 
Meter Factor= 
Final Leak Rate (cu Ft/min)= 
Net meter Volume (Cubic Feet)= 
Gas Volume (D•J Std Cubic Feet 53 Deg)= 

Bamreati'lc Pressure (in Hg) 
Static Pressure (Inches H20)= 
Stack Pressure (in Hg)= 

Feb 29 1996 
8895 

104.5 

441.351 
477,100 

0.994 
0.016 

35.535 
36.134 

30,30 
1,50 

30.41 

Percent Oxygen 
Percent Carbon Dioxide= 
Moisture Collected(rel)= 
Percent Water= 

Average Meter Temperature (F)= 
Average Delta H in H20)= 
Average Delta P (inches H20)= 
Average Stack Tamp (F)= 
Dry Molecular Weight O Wet Molecular Weight= 

Sampling Tiree (Minutes)= 
Nozzle Diameter(Inches)= 
Stack Diameter (Inches)= 
Stack Area (Square Feet) 
Pitet Coefficient= 
Average Square Root of Delta P (Inches 1"120)= 

Stack Valoclt,/(Actuat, fl/min)= 
Flow Rate (A•tual, Cubic fl/min)= 
Flow Rata (Std, D W. Cubic Wmin 58 Deg)= 

Particulate Loading Front Half 

Particulate Weight Net (g)= 
Paticulate Loading, Dry Std. 68 Oeg (gr/sot•= 
Emission Rate (Ih/'nr)= 

Particulate Loading -Tots| Catch Including Impingers 

Particulate Weight Net (g)= 
Particulate Loading, Dry Std. 68 Deg (grlscf)= 

i Emission Rate (Ib/hr)= 
Percent [mpinger Catch= 

NOx pgm 
NOx Ib/hr 

10.10 
7.80 
64.7 
7.6 

1.11•/•, 
3.4583 •-• 

839 
/ 29,65 

28.75 

60.0 
0,155 
9.50 
0.49 

1.8593•" 

11,510 •, 
5,606 •// 
2,168 

0.0312 
0.0133 

0.25 

0,0379 

64.66 

1906.3 
29.48 



Run No. 
Locution: Hy Vee Memhall•--,vn 
Dam: 

O Pre|ect # 

% Isokinetia= 

Initial Meter Volume (Cubic Feet)= 
Finet Meter Veiume (Cubic Feet)= 
Meter Factor= 
Final Leak Rate (su Ft/min) 
Net meter Volume (Cubic Feet) 
Gas Volume (Dry Std Cubic Feet 58 Deg)= 

Barometric Pressure (in Hg) 
Static Pressure (Inches H20)= 
Stack Pressu.re (In Hg) 

Percent Oxygen 
Percent Curbon Dioxide= 
Moisture Col•actad(ml)= 
percent Wata• 

Average Meter Temperature 
Average Delta H in H20)= 
Averuge Delta P (inches H20)= 
Average Stack Tamp (F)= 
Dry Molecular Weight= O 
Wet Molecular Weight= 

Sampling Time (Minutes)= 
Nozzle Diameter(Inches)= 
Stack Diameter (inches')= 
Stack Area (Square Feet) 
Pitet CoeffidenP- 
Average Square Root of Delta P (inches H20)= 

Stack Velocity (Actual. fl/min)= 
Flow Ruts (Actual. Cubic ft/mln)= 
Flow Rate (Std. Dry. Cubic It/rain 65 Dug)= 

Particulate Loading Front Haft 

Particulute Weight Net (g)= 
Petisutate Loading. Dry Std. 66 Dug (grist= 
Emission Rate 0h/hr)= 

Particulate Loading Total Catch Including Impingers 

Particulate Weight Net 
Particulate Loading. OP/Std. 68 Deg (gr/scf)= 
Emission Rate (Ib/hr)= O 
Percent Implnger Catch= 

NOx ppm 
NOx lb/hr 

2 

Feb 29 199 
8895 

103.2 

477.543 
513.961 

0.994 
fail 

36.199 
36.335 

30.30 
1.50 

30.41 

11.00 
7.20 
44.9 
5.5 

74.1 
1.13 

3.4583 
847 

29.59 

60.0 
0,155 
9.50 
0.49 
0.99 

t ,5594 

11,505 
5,663 
2,197 

0.0000 
0.0000 

0.00 

0.0000 
0.0000 

0.05 
ERR 1934.3,•/, 



Run No. 
Location: 
Date: 
Project e% 

Isokinatic= 

Hy Vee Marsha]Rown 

Initial Meter Volume (Cubic Feet)= 
Final Mater Volume (Cubic Fe•t)= 
Meter Factor 
Final Leak Rata (cu Ft/min)= 
Net meter Volume (Cubic Feet)= 
Gas Volume (Dry Std Cubic Feet 68 Deg)= 

Barometric Pressure (in Hg) 
Static Pressure (Inches H20)= 
Stack Pressure (in Hg)= 

Percent Oxygen 
Pement Carbon Dioxide= 
Moisture Colleetad(ml)= 
Percent Water= 

Average Meter Temperature (F)= 
Average Delta H in H20)= 
Average De(re P (inches H20)= 
Average Slack Temp (F)= 

e Dry Molecular Weight= 
Wet Molecular Weight= 

Sampling Time (Minutes}= 
Nozzle Diameter(Inches)= 
Stack Diameter (laches)= 
Stack •'ee (Square Feet) 
Pitot Coefficient= 
Average Square Root of Delta P (inches H20)= 

Stack Velocity (Actual, ft/min)= 
Row Rate (Actual, Cubic f'dmin)= 
Flow Rate (Std, Dry, Cubic ft/mln 

Padiculate Loading Front Half 

Particulate Weight Net (g)•= 
Paticulata Loading, Dry Std. 68 Deg (grlscf)= 
Emission Rate (Ib/hr)= 

Particulate Loading Total C•tch Including Impingars 

Particulate Weight Net (g)= 
Particulate Loading, D•' Std. 68 Deg (gr/acf)= 

e Emission Rate (iblhr)= 
Percent Impinger Catch= 

NOx ppm 
NOx tb/hr 

3 

Feb 29 199 
8895 

103.2 
j 

516.879 
552,177 

0.094 
0.010 

35.285 
35,274 

30.30 
1.50 

30.41 

7.20 
56,2 
7.0 

76,3• 
1.09 

860 
29.59 4" 
28,76 

60.0 
0_155 
9,50 
0.• 
0,99 

'• 

11,418. 

0.036B 
0.0161 

0.29 

0.1002 
• 

0.0438 • 
0.80 '•" 

63.27 

1926.6 
• 



Run No. 
Location: 
Dote: 

o Project # 

% Isoklnetic= 

Hy Vee M•rshoiltown 

lnitiai Meter Volume (Cubic Feet)= 
Final Meter Volume (Cubic Feet)= 
Meter Factor 
Final Leak Rate (cu Ft/min)= 
Net meter Volume (Cubic Feet)= 
Gas Volume (Dry Std Cubic Feet 66 Deg)= 

Barometric Pressure (in Hg) 
Static Pressure (Inches H2G)= 
Stock Pressure (in 

Percent Oxygen 
Percent Carbon Dioxide 
Moisture Coliected(ml)= 
Percent Wster= 

Average Meter Temperature (F)= 
Average Delta H in H20)= 
Average Delta P (inches H20)= 

Q Average Stack Tamp (F)= 
Dry Molecular Weight= 
Wet Molecular Weight 

Sampllflg Time (Minutes)= 
Nozzle Diameter(Inches)= 
Stack Diameter (inches)= 
Stack Area (Square Feet) 
Pitot Coefficient= 
Average Square Root of Delta P (Inches H20)= 

Stack Velocity (Actual. ft/min)= 
Flow Rate (Actual, Cubic ftJmin)= 
Flow Rate (Std, Dry. Cubic ft/min 68 Deg)= 

Feb 29 199 
5895 

104.0," 

552.480 
588.655 

0.994 
0,002 

35.958 
35,626 

30.30 
1.50 

30.41 

11,00 
7,20 
62.4 
7,6 

78.1•--'.. 
1.11 ." 3.4500•/•/ 
852/•, 

29.59•,. 
28.71• 

60.0 
0.155 
9.50 
0.49 
0.gg 

1.8571 

11,560 5,690•/'" 
2,151 

Particulate Loading Front Half 

Particulate Weight Net (g)= 
Paticulate Loading, Dry Std. 68 Deg (gt/scf)= 
Emission Rate (Ib/hr) 

Particulate Loading -Total Catch Including Impingers 

O Particulate Weight Net (g)= 
Particulate Loading. Dry Std. 68 Deg (gdscf)= 
Emission Rate (Iblhr)= 
Percent Impinger Catch= 

0.0378 
0.0163 

0.30 

0.1027,.//'• 
0.0442 
0.82• 

63.19 



CO•EEHENSIVE 
]•MJSSION 

SERVICES 

RECOVERY DATA 
Orsat Implngers 



Field Data Sheet 

7 
7 



RECOVERY DATA 

2 

3 

A• 

,•,CO: %C0=+•0•. ,•0: 

r• •,=b= 
•3/• 



Field Data Sheet 

Run No •," 

Project No. •'-•" 



2 



Fiel• Data Sheet 



E•sszoN 

Of•at 

•. Hg 

RECOVERY DATA 
Impi• 

Tr•J 97 



Field Data Sheet 



Preliminary Velocity 

Plant Proiect No, 

Stack I,D, • • 

Pitot Cp 
St•tio Pressure in H=• 
Barometar Pressure •n. Hg 
•t• Ti• 

•op T•m• 

8CH ------------------•TIC OF TI•AVF.RSE POINT LAYOUT 

Rnsl Pitot Leak Check at •3" H=O P F 

Point Head Temp. 
Number &P "F 

in. •P st O" Ang•e WNch in. H•O 
°F 



TRAVERSE POINT LOCATION 
t" 

DRAV•N• OF STACK 

COMPREHENSIVE 

•.-• ERVICF• 



Appenfftx D 

Pretest Calibrations 



METER CALIBRATION 

Operator M.A. K F•tor 
Date Feb, 14, 1996 Meter Number 
"revtuue Y F•Ctor 0.97• Orifice Number 

RUN RUN 2 
Meter Volume 

Final Cubic Feet 103.978 109.829 
Irtital Cubic Feet 98.300 104.100 
Net Cubic Feet 5.678 5.729 

Meter Temperature 
inlet 

Initial Deg. F 59.0 55.0 
Final Deg. F 53,0 60.0 

Outlet 67 
Initial Oeg. F 52.0 48.0 
Final Deg. F 48.0 53.0 

Avg. Meta• Tamp Oeg. F 53.0 54.0 

Time esc 420.0 420.0 
Meter Delta H Inches H20 2.20 2.?.0 
Bemmetrl¢ Pressure inches Hg 29.60 29,60 

Room Tempemtura 
Inititu Deg, F 73.0 67.0 
Rnal Deg, F 66.0 65,0 e .,•vg.Room Temperatur• Oeg. F 69,5 60.0 

Pump Vacuum inches Hg 18 18 

V•r (etd) Oscf 5.786 5,805 
Vm (std) dscf 5,611 5,852 
Y Factor 0.998 0,902 
Delta, H@ 1.957 1,893 

Average Y 0.9•4 
Average Delta H• 1.925 

+/- 2% Cdtarie 
Pea'cent of Avg Y 

+1- 5% C•terta 

0,18 
PASS 

2.31 
PASS 

0.•426 

2 

IPPGPQ 

0.6278 

0.6266 0.6289 



CONSOLE WORK SH EtET 

F•n• 

Meter 

Bammell•o Pres•;uz• 

"•oom Temperslute 

Ini•aJ 

Pump V•cuum 

°F 

"F 

in, 

in. Hg 



ORFICE BRACKETING 

Operator M.A. 
Date Feb, 14, 1996 

Meter Y Factor 

Meter Volume 
Final Cubic Feet 
Inital Cubic Feet 
Net Cubic Feet 

Meter Temperature 
Inlet 

Initial Dog. F 
Final De 0. F 

Outlet 
Initial Dog. F 
Final Dog. F 

Avg. Meter Temp Dog. F 

Time sec 
Meter Delta H inches H20 
Barome•ic Pressure inches Hg 

Room Temperature 
Initial Dog. F 
Final Dog. F 

Avg.Rocm Temperature Dog. F 

Pump Vacuum Inches Hg 

Vcr (std) dscf 
Vm (ettl) deer 
Y Factor (brackets) 

+/- 2% Crtle•a 
Percent of Y 

0.994 

SRACI<ET ORRCES: 
Odfice No. 2 

K Fa u'tor 0.6426 
Orifice No. 2 3 

K Factor 0.3271 

ORFICE #1 ORFICE #2 

116.803 121,513 
110.000 115.900 

5,803 6.613 

62,0 66.0 
57.0 68.0 

66.0 61.0 
60.0 65.0 
61.8 64.6 

420.0 780.0 
2.20 0,55 

29,60 29.60 

68.0 67.0 
68.0 70.0 
68,0 68.6 

18 22 

6,794, 6.475 
5.839 5.593 
0.992 0.979 

0.17 1,51 
PASS PASS 

/PPGPQ 



BRACKETING WORK SHEET 

Operator: 

Oate:_ 
•//•!• 

previous Y Fac:cr 0 '• 

Meter I.D. 

K Factor No. O, C,c! C(• =P,= 

METER VCLUME 

F'..nsl 

Init[•J 

M$tar Tompstature 

INLET 

OUTLE'¢ 

Init•=d 

Rnol 

Meter AH 

Baromo•e PressUre 

Room Temperstu•e 

Rnal 

Pump V=¢uum 

°F 

°F 

in. H=O 

in. Hg 

°F 

°F 

in. Hg 

Yz,'2 "7•0 



Appendix E 

Posttest Calibrations 



METER CALIBRATION 

Operator 
Data 
Previous Y Factor 

J.T. K Fa=tor 
March, 1, 1996 Mecer Number 

O,994 Orifice Number 

0.6426 
2 
2 

Meter Volume 

Final Cubic Feet 
Inital Cubic Feet 
Net Cubic Feet 

Inlet 
Initial Deg. F 
Final Dag. F 

Outlet 
Inidal Oeg. F 
Final Dag. F 

Avg. Meter Temp Deg. F 

RUN 

594,933 
589.O00 

5.933 

59.0 
62.0 

60,O 
62.O 

60,8 

RUN 2 

600,962 
595.000 

5.962 

62.0 
65.0 

67 
62.0 
64,0 
63.3 

Time 
sac 420.0 420.0 

Mater Delta H Inchea H20 2,20 2.20 
Barometric Pressure inches Hg 29,85 29,85 

64.0 
70.0 
67.O 

Room Temperature 
Initial Deg, F 
Final Deg. F 

Avg.Room Temperature Dag. F 

Pump Vaouum inches Hg 19 

Vcr (atdl dscf 5,849 
Vm (atd] dscf 6.032 
Y Factor 0.970 
Delta H@ 1.735 

0.968 
1,732 

0.15 
PASS 

2.65 
PASS 

Average Y 
Average Delta H@ 

+/- 2% Criteria 
Percent of Avg Y 

+/- 5% Criteria 

70,0 
70.0 
70.0 

19 

5,832 
6.032 
0.967 
1,729 



CONSOLE WORK SHEEr 

Pre•icus Y F•.c:.cr. • Od•ce Number:. 

M EI"• VCLUME Unlf3 

IN•T 

F•n= 

Time '• %?_0 

• troma•o Pratauta In. Hg 

Room Tompemlure 

Rag "F 

Pump Vacuum in, Hg 

U-/ 

I• i? 



ORFICE BRACKETING 

Operator 
Date 

Meter ¥ Factor 

March, 1, 1996 

0.968 

Meter Volume 
Final Cubic Feet 
Inital Cubic Feet 
Net Cubic Feet 

Mater Temperature 
Inlet 

Initial Deg. F 
Final Deg. F 

Outlet 
initial Deg. F 
Final Deg. F 

Avg. Meter Tamp Deg. F 

Time sac  
Meter Delta H inches H20 
Barometric Pressure inches Hg 

Room Temperature 
Initial Dag, F 
Final Deg. F 

Avg.Room Temperature Deg. F 

Pump Vacuum inches Hg 

Vcr (std) d$c'f 
Vm (std) dscf 
Y Factor (brackets) 

+1- 2% Criteria 
Percent of Y 

BRACKET 0RFICES: 
Orifice No. 1 2 

K Factor 0.6426 
Orifice No. 2 3 

K Factor 0,3271 

ORFtCE #1 ORF!CE #2 

607.048 613,018 
601,100 EG7.30O 

5,948 5,718 

65,0 67.0 
67.0 69,0 

65.0 66.0 
66.0 68.0 
65.8 67.5 

420.0 780.0 
2.20 0.56 

29.85 29.85 

70.0 70.0 
7O.0 70.0 
70.0 70.0 

19 23 

5.832 5,514 
5.969 5,716 
0,974 0.965 

0.60 0.35 
PASS PASS 



BRACKETING WORK SHEET 

Meter I.D, 

K FaPtor No. 

K Fector No, 2 

°F 

"F 

In, H•O 

In, Pig 

. ,• 70 7# 
'• 70 70 

C OM•R.EI-•=N$IVE EMISSION 
SERVICES 



Appendix F 

Process Data 



R.ecycling Capablli(y: Yes No 

ss u 

Proce•;s Welgh¢ 
Percent Mo|=ttur•,_ 
Process Weight (Wet) 
How Procee= Weight Dete•ned 

Recycling in Progress Yes No 

PerSon Responslbl• for DoI•;_ • 

Ibs./hr. 

•% 
|bs41=r. 



Appendix G 

CEM DATA 







% ppm 
:00 9,87 7.92 1900,6 





11:02:00 10.06 7.87 1904.8 
11:03:00 •0.06 7.86 1899.0 





12:26:00 9.93 
9.90 

7.93 1887.2 
1893.8 



13;14:00 9.83 7.93 1899,9 

13:15:00 9.82 7.95 1895.9 

93:16:00 9.83 7.94 1898.6 

13:17:00 9.84 7.93 1892.5 

13:18=00 9.84 7.93 1891.8 

13:19:00 9.85 7.92 1894.8 
13:20=00 9.85 7.92 1890.1 

13:2!:00 9.85 7.93 1890.9 

13:24:00 9.84 7.92 1879.6 

13:25:00 9.82 7.94 1885.2 

13;27:00 9.83 7.94 1885.5 

13:29:00 9.83 7.91 1882.1 

13:31:00 9.83 7,93 1877.8 

13:32:00 9.83 7.93 1882.4 

13:33:00 9,83 7.92 1878.0 

13:34:00 9.84 7.92 1877,7 
13:35:00 9.85 7.91 1881.7 

:36=00 9.84 7.90 1875.4 
:37:00 9.80 7.93 1872.0 
=38:00 9.78 7.95 1876.¢ 

13:39:00 9.79 7.93 1867.5 
13:40:00 9.76 7.94 1858.6 
13:41:00 9.7• 7.9¢ 1870.4 

13:42:00 9.72 7.95 1863.1 

13:44:00 9.71 7,96 1866.7 
13:45:00 9.73 7.93 1871.8 
13:46:00 9.73 7.94 1869.1 

13:48;00 9.71 7.95 1869.2 

13:49:00 9.73 7.93 1878.0 
13:50:00 9.73 7.93 1899.5 
13:81:00 9.69 7.96 1907.2 
13:52:00 9.70 7.96 1917.9 

13:55:00 9.72 7,95 1918.7 

13:57•00 9.70 7.98 1919.1 

14:00:00 9.75 7.94 1917.4 



9 °77 
• °76 

7.90 1894.1 



"Comprehensive Emi•s£on 

"Marshalltown- lo•a" 

09:56:38 0.01 • 1766.0 

09:57:08 1763.8 

09:57:48 0.01 -0.02 1766.2 



0.01 
0.16 
0 
0.50 
0.03 
0 

0 .¢1 
0.02 
0 
0.01 
0,01 

'-0.02 

0.05 

O .43 

-0.02 

-0.04 
-0.03 
-0.03 
-0,02 

1766.1 
1738.2 

1023.7 



"ComprehensiVe 

iI:08•00 8.53 0.01 

11:08:10 8.54 -0.02 

1•:08:20 8.55 -0.03 

II:08:30 • -0.02 

11:08:40 -0.02 

11:08:50 -0,02 

11:09:00 -0.03 

11:09:20 -0.03 

11:09:30 8.47 -0,02 

11:09:40 2.44 0.09 

11:09:50 0.14 5.40 

11:10•00 0.08 9.95 

1:10:10 0.06 i0.27 
I:i0:20 0.05 10.29 

11:10:40 0.04 
11:10:50 0.43 

-O.O0 -0.02 

9.2 

:355.7 
105.7 

5.7 

3.0 

3.0 

:3.0 
44.6 



DATE 02-29--1996 

-0.00 •:3•:49 -0,00 
•2:3%:59 -0.00 -O.Ot 
%2:32:09 -0.00 -0.02 

12=33:39 /0.00 •-0.03 



"Comprehensive Emlss•on Se•vice•" 

HR:MM:5$ 02 C02 NOx 

4:14;i0 8.54 -0.02 14.0 
14:14:20 8.53 -0.01 12.8 
14:14:30 •4-•, -0.01 11.5 
14:14:40 /'8-$3 •I -0.02 11.6 
14:14:50 • 8.54 ] -0.01 11,7 

14:15:10 "•q-. • -0.02 11.6 

14:16:10 0.09 10.10 8.5 
14;16:20 0.08 10.11 8.4 
14:16:30 0.08 10.13 8.4 

14:16:50 0.07 10.15 6.0 
14:17:00 0.07 10.15 6.3 
14:17:10 0.07 10.16 
14:17:20 0.07 •__ 6.2 
14:17:30 0.07 f10.17 • 6.2 
•4:17:40 0.06 10.18 )10.18 5.2 

3.9 
14:18:00 0.06 • 4.8 

4:18:10 -0,00 9.37 7.1 
4:18:20 0.00 3.67 7.4 

14:18:40 0.01 0.10 3.7 
14:18:50 0.01 0.05 3.0 
14:19:00 0.01 0.04 2.0 
14:19:10 0.01 0.02 2.0 

14:19:20 0.01 0.01 1.9 
14:19:30 0.01 0.01 2.0 
14:19:40 0.01 0,00 1.9 
14:19:50 0.01 -0.00 
14:20:00 0.01 -0.00 
14:20:10 0.01 -0.00 

14:20:30 0.78 -0.00 

14:20:50 0.01 0.39 985.8 

14:21:10 0.01 -0.01 1626.4 
14:21:20 0.01 /•0 .•(•l•-h1719.2 
14:21:30 0.01 -•-_•.0i;1719.3 
14:21:40 0.01 .0 1720.2 
14:21:50 0.01 '.-.•. •.1. 1721.3 
14:22:00 0.01 -0.• 1721.3 
14:22:10 O.'•i -0.02 172• 

14:22:40 • 0.01 )-0.02 
14:22:50 .0.01 / -0.02•. 1721.3./ 
14:23:00 iO .•1-" -0.01 

14:23:30 0.01 -0.03 1721.3 

A3 




