
Report of ... 

Emission Sampling 

Performed for ... 

Big Rapids, Michigan 

On the ... 

RECEIVED 
DEC 1 3 20\3 

A\f\ QUALITY DIV. 

Turbine & No. 2 Boiler (Duct Burner) 

October 15-16, 2013 

. Project#: 290.02 

By ... 

Network Environmental, Inc. 
Grand Rapids, MI 



,-,. 

- (• 

·_;',. 

., 
' 

.. , 

,, .. , 

'-·-,. 

' \ ( 

-,.;, 

-., '· 

'._·,-. 

-._, 

.,... 

-.. ' 

..... ·.···. , ..... · · ....... •· 
~erf~rri1ed for .. 

f:errts state University . 
· itl,West KiH:illvielij Drive 

•. Big Rapids/ MI '!9367 .. 
. · Contact: Rogedlilla ·• ... · 
· :t:el!'!ph.one: (:231) $91·5933 · 

fi.IX: (231} 591·2770 .· 
· e·mall: buiar@ferris:edu 

Perforfi;led by · 

· .. · N~l¥/orl< E:nvir.onrnentaV Inc. 
· 2629 Rernico. street1 Suite B 

. Grand Rapids1 Ml49S19 
· .. contact: P<~Vid o. ~ngelh<'lrdt 
• Tel~phone: (616) S30·6~3o 
· Fax: (616) s3o'QOo1 · 
· e.iil!Jil: netenyiro@aol.c(Jm 



,' ,'.' 

..... ~-. 

.. TABLE OF C$)f1TENTS · 
· .. ._,,, 

",•. .. ·:. 
· · r, ·. · rntrodu&:icm · 
_-.' .,.. ·. ·\.' -' ,\ 

rt. i>resen~ticln. of Results . 

/ ·· if.~ t~bie i .~ Oxid~sof Nitrogen (NOx) Emi;~ion ResuitssqO\mary 
I . , , - ' ' 

lt.i ··fa~l.~ 2 ~ ¢iiri,Jgri Monoxicte (CO)E~ission Res,ults ·s~mrnary. 
. III. . p!s¢ussio,n o.f Results 

rv. . sow~e oe$~riptlon .· .. . .. . . . 

v, · <S:amplinga~clAnalvti~l P~ritocol ·:: ·, '·' ... - .. ,- -- -, - - '' 

i'lgtirei '"NO"'. co, 02 a. C:o2sarnpling Trairi . · 

. : .. 

·.I. 

Appen~llce$ . . ' ' . --' 

: ·' ·. •.' 

. · Da,ta AcquisiJ)cin System & A~alyzer eall.bration Data 

'• ', ·: 

·· · . , Call~r~tlon G?s & Analyzer Specfn~tlon DatCl 

Fiel~l b~ta · .. 

. ___ ; 

•, .. 
·' 

.-,. 

• ·· <:qk:ulatiolls 
·. \ R~0b'ta 

~roce$s Operathig Data · . 

·.- ·: . ' 

. . - - ' . . ·,.,_. 

·, T 

' ... 

Pa\J.E! 

1 
,-_ •' 

2·5 

2'4 
.. '.,. 5 

. ----:·_:·' ._·.­
.. : ._·,, . 

6~7. 

7 
·7:io 

10 

• . .',., .. 

A 

.~· 

c·, 

. . D 
(: ... 

·< 



··I • . INJ;Ro6uerloN 
'- ' . _._. ·: '• . {- . 

',·, 

'.' · . 
. . 

. - ,··- •' . 
·- ' • ' - _. -. - -, - -_ -- - •• ''- • ' - ' • ' ' ' - : - - • ; ' ' - ' ' -- <. >- ' ' :: 

· .···. Networl( EiJvironment;d,In~; was, retained !JY Ferri$ ?t~teUniver?!ty,ofBig Raplds1Ml~hlgM!to petfoim .. · .. 

· ~t)llsslon ~am piing o~thek Gas Fired rurbin!l ar\d D~ct B~rn~r(Boil~r.No. z), Tile plJrpos~ qf the ~amplhig · 
· ·. w~sJ?m~ef the fffsti?~iequlreni~ntSqf:Mlc.hlgan De,p~rtm~nt 9r ~rivlroni1l~nt~l9u<JUty (MDEq). "':Air·.·.· · 

.Q~allty bixi~lonPeimJt Toin~tail No. zs{Ci7. ·· · · .· .· .· .· · · • , •· ·· ·· · · ' · 
;,_' - ' ' ,-,- · .. ' ,' 

·.·.; ·-.·" 

\ . 

· Tnree, (3) samples, fbr.tne ~~mr?o~~dstest¢d;w~recoi1E\ct~d at ea.ch:ofth~ ope~at!ngGopdlti0n~. fiach . 

. S<\hlple at the so:'lOOo/6 P~ilk\o~d<;bnditions ~absl~y ((;Q)mln~t'es J~dJratlmi, !!i)Chs~~P!e at the 
. . ' .. - - . ·-- '- ' . ', '' ' ' .. , -. " ..... \ -' ·-·· .,. ''. -· - . 

. 7~%, SOo/6 and ;is% Peqk Lo~d ~qi)ditlons Wa~'thlrty (30) nilnli~\!~l.nd~ratioli, 
'-·; ._- J_.;. ·~ '• ,,- . ,·< . 

· The follo!'IJ~~ refer~n~e test metHo9.s ..yere ei:nployed to CQnC!# tfie s~mpiin~: · 
• '-: ,': '' .• -.. -_. :· _; • ' . • ..• - • .. ::'_ -· .• ':- ' ·-' •. -_ ·• :1 ;- , __ · .. -''·.- ,. .- .,-' . ·. '. > . . ',.: 

• , OXIdes ofNltrogen(NOx) ~.LJ.S. IWAMe\Hcig Jp, < .·· · . ' 
· ... • · c~rbon Monoxlde(co) "'·u.s:. EPA M~th~djo • · . 

. ~· ·.· Exhaust Gas Parameters..; v~s. EPA Meth~ds t througli4 .. · 
. ' - . -- ' >t- -·. -- - ', -, · .. ,': .· · __ ,. ' .. -.· .. '-, ' 

··,··:' ' . 

':·, ( 

· The s<;~mpilng was Perfonned qver thilperiod of O~tober ~5~16, ~013 by, R. Scott qJrglll, Richard D .. · .. 
•.:r _·.::··;·:-··: ·;·· .·_-_.··_·_· .. -:··-'_.-;._· .. _;- "·_._.-,·-.- ..... ·_-'·;--:'_:-··.·>--" :> ·.,--.-,. ,· ... , __ ·: .. '·. 

·. Eerprnans and pavld D.Eilgelhar~t .of NetWork Environnwntal1 Inc:. Assisting with the sampling were Mr, · .. 

•· Rog~t 6~1~ of .Fet;is state u\liversity and the 1Jperatlrig ~ia~ ~f.the p~wer hoqse fa~ility. · Mr. }~r~my Ho~e . . ' -- -- ' _.·. ·,· '' .. , .. ' ---. ,· ' ' ,_ ., ' 

and Mr. Steve LaChance of the ~DEQ .:.. Air Qualif'{Divisiof\ were presellt to opserV'e the sa1]1j:ilh1g 11nq 
·. source \)peratiOh .. · .. 

1. 

.. _.," __ 
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. 'T b" I I 5 l 1 j j I I I I ·_ .. · ur me, .. _ . . . . . . . . . . . . .. . . .· . .. . . . I 
DuctBurner · . . · . · . .· .· . ·· . __ · . · · ' . . · ·._ .. · . · · · 

10o% -.. · · · 6 ' tot15/n ·· · ·· · 

· · 4o.3o ... . . 10:56 .. 

~9:05 . 

. . N •. I 1-.-- --· 

· .: Turbine . '··.10/15/13 
Only 

. iOO%. 
'1----.·, 3:. I Io/15/13 

. ~---

. ··16.2. 

(1)" QSCFM. = Dry Standard-Cubic Feet Per f1itlute(StandardT~perature -~ Pr~re ~ 68.~J: $<:29.;92 in, l:fg) · 
· (2} RPM A<;fual = Pat:ts·per Million (vfv) Oil AThy £ilsis At The ACtuaL Exhaust Oxygen · · · 

• (3).%=Percent02 0nADIYBasis · . _· _ ... · ._· .•. _··•. · . _ .... _ . 
• { 4) PPM @-15% 0 2 = Pi!rts Per Million '(vfv) On a Dry ·BaSis COrrected To-15% •Oxygen ·. · · 
.(5) Lbs/Hr·,; PotinclsOfNO,il'erHoor · · · · · · · · · 

. -- - ·. --... •'' - . < __ .· 

--.· . -

,_. __ .. 
.··· 

•71.68 

72A3 

.• 5.51·. 

' 5.46 

•5.52 
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_ • ·-· .. · ... • lU TABLET(Page2of3) . ·.· . 

• •.· • OXIDSOFN:ft.ROGEN (NOi) EMISSrON:RESuL-rS . • 
. . . . . . . FJ:RRISSTATEtiNntERsJ:n< .· . . 

. . . BIG RAPID~/MICfiiGAN . 

. Turbine 
Only· 

".75% . 

Turbine 
Only· 

··so%·· 

lO/l§/13: J ;10:01-10:31 

9 .. ···I 10/1§/13 J .10:43-11:13 

.. 10 ..•.•. · 

·. 11 

·.Average 

1'\,083 

14083 (. 

.• 14,0~3 

. 13798 .. ·. 
' . f - .. 

442 . 

. . 44:0 

•. ,44:2 

32.0 .. 

. .. 32.1 

:-~ 

32.0 

/. 32o 

{1) pSCF.M = DryStafldzud cUbic F~tPer(Minirte-{Sfunctard Temperature &Pressure'- 68°F·& 2Qc92 in: HgJ 
(2) PPM-ActUal=' Parts Per Million :(v/v) On A Dty•Basis AtThe Actual Exhaust Oxygen> · · ·. · · 
(3) .o/o =PerrentOzOriADry8asis: · ...... · ... · ·.. .. · .··. · .•... · .. ·· ..... :_: .• ' · ··· 

· ·(4) PPM @.15%02·= Pari:s.Per11'lilli<irt (v/v)•OnaDry !3asis~ To 15°/<>'0xygen 
.. (5)' Lbs/Hr :" Pounds of NO~:J'er!Hour · ·· · · · · · ' · . . 
. - ·. -- ' ' - - ". . . ~-- "• --. . _:-

_,_-_ 

.-_·· 

. 17,7 

.· 17.'7 .. 

.. "'·. 

.6520. 

6'L96 ·. ·. 4A1 .. · ·. 

4:43 

. 3:14 

·. 3.15 

3.14.· 

.3.14 
.. _ _-, 

.. 

. 

. 
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' .· . . II~l. TABLE1{P39e3~3} ' ' . 
OXIDES OF NITROG.EN{NOJ:EMISSIONRESULTS.·. 

FERRlSSTATEUNIVERSITY . 
. . •BIGRAPIDS'MICHIGAN· . . , . ~ . 

·Turbine . . I . . . . .. 
·Only .. ·14 ·.··1016/1}'<.14:20~14:50_ 14,003_· -.23.7.·· . 
... 250' . . . . . . I ro .. . .. . 

. 14,003 23~7 ,· ' 18.3 ' 53.7.8 . 2.36 

.18.3 -.. •53.78' 

·.Avera~ 23;6 ·. 53.5~ . 2.:35 

..,~:::~._··. (1) OSCFM· = 01yst;imd~~d (:;ubicFeetPerMlnute{Starldard TemperatUre '&Pr~re•,;;-_68"F &29:92 in.-lfg) '· . 
(2) PPM Actual= Parts Per Million (vfv)OnADiysasisAtTheJICb.lal EXhaustOl<ygen. -: · · · 
(3) •;a"' PercentQi.OnA~DryBasis. · · · .. · · · .·. -· ·_.·. ·.,· •.. ··· .•. ·· .·_.· .. ·.·:. · ·. · · ····. 

· (4}. pP~l @ .15% 02.2 Parts Per Million (Yfv) on a Dry Basis CciriecteaJo 15% Oi<ygeti . 
(5) Lbs/Hr = Pounds ofNb~ Per Hour · · 
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- . . . .. . -. ' II:2 TABI-E'i.- - . . . . 
--::._-. cARSONMONO~DE,(CO) ~ONR$LTS . _ 

.. ·. ·FERRISSTATEUNIVERSITY · -· -
. BIGRAPii)S, MICHIGAN .. -. 

. . . . . . 

·> 

. 

Turbine! • _. _ . _ . - •:.: • -- _ - . - .- - .. 
Duct B~mer 5 - ·· · .10/15(13 . · 16:19-17:19 .12,269 I 
-~~ . .- ... - ··.· .. ·. . .. 

... 0.4 3.2· ·. 

6 . ·. · ·: -- lP/15/13 · 17:32c18:32 . •- 12,269 ·· 0.4 ·- · 

.. 
-Turbine 

Only 
·.100%' 

1 

2 

.... 3 

·. l0/15/13. 

10/15/13 

· :-Average. 

. 1:2,269 .·. o.4 

:13,448 . .. 4.3. 

.. 13;448• .. -43 -.-

·. 13~448 4:3·. 

13,448 . . .4.3 

-'(1) ·nscFM=DryStandard~ubicFeet-Pe~Minufe(Sta~dardT~pe,-ature& J>r'essure = 68:0F&29:92 in:Hg). 
(2) P~M ACtual = P.arts Per Million (v/v) On A Dry Basis At The Actual Exhaust Oxygen.-__ ·-·· · · · 
{3} -% =PerCent 0 2 On-A Dry Basis _ -_ . _ -.. - ·~ · · · ,. · , · : ·· . · .. - ·- : 
(4). PPM@15%02= l'artiPerMillion(v/v):Oil a DiyBasiseorrectedT<> 15% Oxygen· 
(5) tbs/Hr·= Pounds of cO-Per. Hour .- . · · · · · · ·- · · · · 

. . - . . . ,·:-" .· .. · _-, ·---:-- .. -.· 

·-

·-< :· 
,. 

. . 
. 

3.3 -

... 3,2 

:16.2 -

.• 16.2 

·. :1.6..2-. 

.-

5.4:0 

-5.40 

'5.40.:' 

: ·.: .· - 5.40: 

._ .. , .. -

0.021 

. : 0.25 

- : 0.25 

-o.:zs 

·.,_ 
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' III; i>Xs~OsS~QN 6FRESULTS . ' - ' '·.·' . 
,.I ''-. ,, 

_ .. ;_··. . 

. ·.·.·The r~sul~ .Pf t.lie emission sanjpling are sum~arlzed inlabiesl through 2 (Se~tiOris Iti tn'tqugh H.f)• 
' . 'rller~slilts are p;~sented ~s follows: ' . •' ·. ' ' . . : . ' · .. ··•·•. ' ' . ·. ' ' 

- -, -- ' ._ - . . ''· ' ' , .. ---·-
;. ·.' .• l-. 

. ';' . '· . 
. · ·. · tii,J NOx . 

. T<H>)eJ..;.QXidesofN(tt6gen (~Ox).Emi~slon R,esu)ts SU~tn~ry. 

.·,1 

. . . ' . . . 
'· '.-. 

.. ',, 
.. '' 

. ·.··· . 

'. i. ,·, ' 
-·. <.- -. 

• '• .... 
.. •-. 

• 
-··' '· . ' 
sample .• 

- ·_ .. _, ··. ', . 
•.' .· . :; \ 

• . Time ' · · .. ·., ·. ·. . . 

• •. Air Flow R*(bSCfM)- Pry Standard C~blG Feet Pe~ Minute (STP ,; G8°F'a, 29.Q2 !n. Hg) • . .. 
· · •, . {'JO~ collcer\ttat!on(PPM p,dtual) .::.~arts Per Mlllion(v/v) on <l. Dry ~11si~ at A~t~ai E[<haqst'pxv'gen 

• • ·. Ol<}'~~nconc~ntr9tiqn (%)-Percent62,onadryBasis ·. . . . · · ' . . · · 

. • No;co~centr~tion (ppM @ 1~ 0/o o,)~ par:tsPer Million (vfv)Ona Dry Basis co;~~cte~ to 'ts% 
' '. ; ~ '. .. 

... b,. ,· ::) :,' 

· • · . NOx Mas$. ~misS,ion Rate (~bs/Hr)- Pouncls of NOx Per Hour .• 
.. , ·: 

'._, ... 
·- ;- . ;·' . 

. ··Au the NQ,rawS:ampi~data'was calibr<>tior,i cornicted~slniJ ~quati()n 7~-!;from u.s~ EPAMethod.7E. { _: __ / ... 
' ... '. ' .. 

'IU,i. c;o 
·'.,: 

. --.-·, 

·. Table2~ .carbon Monoxide (CO) Emission Results summary ·.'-. ·• . ·-\ 

. '. ·,,.. . . ' . ·' -. ·' ._ -' .. -. ' ., ··- -,. 

· ~' Source 
'. '· 

•·• · sample 
• Dilte . . 

. ~·. Time 
' .. " . 

, ..... , _ ..... 

,. .. 

• • AlrFI()WRate (QSCFM)'~ Dry St<Jndard cublcF~et PerMir1ute(STP =; 6a ~F &49,94iri.:Hg), . . . 
• •· -· ; •• :- - ' - ;I, .' : - _. _. • ', ' : .' . ': ' .· • . ..-.. '· -.. '- ·' '- ' . ': ~ _· "', ' .. ~ ' ... _- ·'·-. :-- .: '' '. ' : . 

. · • · · .. CO Coricentratiql] (P,PM Act~i)i)- Parts Per.Millloh (vfv)on a Pry Ba,si~ (lt Ac~yai [:)(haustp)(y(l<ln •· 

· •· • bJ<ygen Cqnc€mtr9tiori (%) ""·Percent 0 2 On <1 Dry Basis · ' ·. • · ,. ·• ~ •• .·· 

· . •. . CO Concentration (P~M @ 15. o;o' 02)-Parts Per Million (v/V) On ~ D~ Basis Corrected. to JSO/o ·o2 
: ' -' ' ' . -. .. . .·' ·.·- -.·- ·-.· .. ' '.' •' . '' . :- •' -.-. : . . '.' , :.- . '·. ., 

•. ccl.Mass.EniJssionRate(Lbs/Hr) :,'roun~s of CO PerHour 
•, ·<".-·. ' .. 

All the co r;J"! sample dat~ was C<llibration i:~rrected. using Equation 7E-s from u.s: !:~A Methoa ?(' . , .. ", .. - '·.. . . ' ... ; '· ' '. . . . . . '. ' ' 

.. ·_. 

6 
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.. ,, 
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':··. 
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·-.: __ ,, . 

• · J~x.i Emls$Ihn Limits 
f'1dliq .,..Air quai ltV Division Permit tdiilst~U No.· 254~o7 .has.¢stabli~hed the follo~ing f!niis$1on llinltqfor 
thi~§Q\Ir¢e·: . · · . ·. . . · . . · · . · · .. · . . · ·. · . . . . . . ··· . .· . . · ... 

. · -·: ., 

. · .... · iV. sbU.RCE\:>E~CRlPTlON .· . 
.., ·.. ..... .. ' '·· : .. , ·,. ' -. ·.:.·" 

'.":· ,., •,", .-:.<:<: ·-> 
'th~ ~ource iampl~d i~ accH)~n~ration syste~ consisting of. a .l.do.i<W ~cis turbine, <~rid a b011¢r (dUct · 

·' ', 

· ·bqr!)~r) rat~d<ltS9,poo po~nd~ of steC1m per (lour c\~q a ~e~t Inf'~t: of 4s MBTi.J per h~u~. The ~nit 0as . · 
',_ ' ./. ': - -! '; •• :., ' ·. <- .·_ ·_· ,' _, ,_ ,.' ' .".' ._, ,._. '. :·._ -._·- ·"' .•.-_._:· --' '. -' 

ii?tural. gas firecj dwing t~e sampling; · · · · · ·· 
. ' ·_-'\ 

'· •,; . 
'_._,--

. . . ' . . ' 

---: ~ ' 

. ' ;;_- ..... 

·-.·. ' 
._, . 

'.-, ·_ . 

. :< 

;•,. 

· v. SAMPI.lNC3 Al'n) A.N~L Yl"icAt PR:6rotdb ,', ., . 

. ,· ', .. •' .·" .,_. ·.'' ··. ' . . . •; _ ......... ' '., _._· . -. ;. ' .. 
. ' -- ~ 

~-- ·, ' 

.•. ·. Jh¢ sampling Was conduct~d ~n the 36 ihch LD. eJ;h1uist Stilckat a loc:a\ioh approxim~tely 7 dq~c · .. 
' , - : .. ·. - _: ·' . ·_- , , ·. , ; - , ., : · , · • · , : ·.. .' .. .- , , • , ' · _ ' , : ; _: ' , I , I - ', • -- - -' , _'' -' .· ' , _·, ~ , , . , · .. ·: , _ ' , :.::-' 

. · .•... dlam~t~rsdownstream and gr¢ater than 7 duCt diameters. upstre(lm{rom the l)e~nilst disturballc~s. • ..•. 
' '. , ' ._. ·,., • ' ... _- :. : - , :. . . , . ,' : . , ·; _.- I : ~ ", , . . , . .. . -.- . :· .' . . ,' • . - ._ . . . ', . - _'. '._ . , . " : ·, :- , 

There ?re z sample ports on the stack; · . ' ' -. -- - " ' -. - '' -- - . ' ' ,_.' .. -. -.. ,. '. --· . 
'•, .. :_· ' '·. ·,, ,. 

· · . .A prellm(naiY' gas st\atific<)tibn test»'a~ condu~t\'!d for the. sour~e in acc~Jrdanl;'e »'ith u,$, EPA Methocj 7E .. 
,_ .. '' '' ,', . ·- . - ' .. · . ' '. -' ·: - - ' ' ' - - ,, "- ', '- -, .--- ' ·. ' " -

The r~~UJ\$ ofthis te,st showed that no stratification existed, so one (1) sampling p9ipt was used for ~he . 
· g$$ (NO" & <:O)sampllng. tne stratification test results c~n befo~ncj inApp~ndix A: · · .. · · . ·. . 

, . --:-:- ·.-,. 
. ·: .\ -, 

~ \ . 

7 

,·. ·, 
··-·. '' 

..-.'' 
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.AIR.QUALIWDIV; 

·. . .. . v,;. Qxlcl~s of ('litrog~n ,-The NOx s~mpling' was ccmducted in ac~ord<mce with u.s. EPA Reference 
.... · ... Method l.E .. A Thermo E;nvi;;n~ental Modei42.~'~. gl)s qtialy;:er w~~ .used to' rrio.nitor the exhaust:' A hei'lted 

• ' - -.- . -- .. , -'- --· •'' ' . '. • ·i ,, - - - ·• -.-, ••• 

tEJftonsam~le li~e was used to trarisport the exh;uist gases ~o a ga$ t611ditionerto rempve moistur~ and 
'·, /_ >.,_-, ·, .. •···,_._,'. _· ~ ',_ ·:· -,: '_· ',,. '.- .-. •' ,', •'.: •; , '_ :_ :· • .·' '_-·:: ·: -' _' ': -.·.',' -~-· • :, , , , ·, \ ·_",' :- .,",I,·· . . ·.',',:· ,' -- .... ~., ', • 

· \acjU(;tl the temperiihlre ... Ft01)1 ):her \)aS conditioner ~tackgase$ were passed to the anCllyzer .. The an"!Y<ar 
P,fddu~es lrist~ntan~ousreCJdouts.o" the Nox.conce~tratlo~s{PPM). · .. · · · ' . • ·. . · · · ·· · ·. · · · .· ·. ' ·· ·· 

• ',. • ' • ' . - !·· ' 

. .- :. ·,· :.-: ~ 

·. Tile cin<Jiyzerwas ~librated bV direct InjeCtion prior tothetesting .• A spa!\ \)as ofi7o:3PPM wa~ .us~(:( to···. 
· •,• esta,blj$h the·lniti<llinstrument calibration.• OlJibratiOJ1 g~sesof99.46 PPM and !)4.84PPM 0e~e u~ed tp . • 

. : ctet~rm16~ tn~.~Ubr~tlon error oftpE!a~aryzer.A direct lnjectfOnof45.64·rpH t\itro~~n dlqxi<le.(N04)~~s · .. 
· · ·.· ·. peiforr)l~d t~ showtti!l conversioneffldency of th~ ~onltdr. The COnversion efficiency was~3.foo;q' a~d •. 

·. Ciln b~ found I~ Appendix A. Th!lSCJ(npling system (from the. back of the stack probe to th~ ailaly~er) WClS · ·· 
· .. '· ,lpje~ec{usin~ thd4.84PPM QaHo determine the sVst~m bias. Af\er e~ch sample, a sy~tem zer~ and •... 

. .•.. system injl;iction of54~8'! PPM were perf~rmed to e.St<lbilsh sy~ten1drift and sys~er1-J bigs d'uring ttie t<Jst .· 
.. ·. p~rloo. All call~(atlongas¢s wereJPA P;ot(,coll Certified. . . .. . . 

' ... ' .. ' . -"-·-' :'.: .-, . 

\ .•· ... · The p"nalyzer~a.s .callbrii~llcf to the,pUtflUt qf th(3 datC! <!Cqulsltlon ~ysteJ11(DAS) Used to cqlle!i the da,til from ' 
·,. . -' . - . '• "-' . _- •. .· _.. . .. . ' ,_ - -. ._ .. _ _- ' -.. •, . . ' ---' - ': 

t)'le extJpU$k Th~.ap91yzer ~ve'r<;lges w¢re corr(!.ct:ecl for calibti'jtionerror and drift using forrn~la EQ:7rHi .. 
. . . •.. frprn40 CFR Part G9iAPpendix A, M~thod 7E. A diagram of the sanipling. trqin. is. shown. iri l'lgure 1. •· .· 

' .. - .,- .•. · ', •' ' . . '1,. . ' -. . .. _' - ,_, • -•. ' ., • • - .' . 

. '-, : . . , ... ,': 

· · · ··· .. vJ CiJr~on t;,oni1>cl~e '-The co $<;~mpling was <:6ndlictecl in accordMce with u.s; EPA Reference Method, · 
·._ ·.'.---.--_:"·_.-.:·:'··_-->_:.-··:-_'_.,._ ._ .. ,.-_ ·,_. · .... ___ "--:· ._· -.. ::·,·_. · __ .·.· _--_. __ -.. _· _·· ':-_-' ',_'.-1:--.-,.·_; ·- '. 

· ... · .·.•10i 1\ Thermo Environmental Mqd(il48 gas a~<;~ly~er\'Ja$ w;eoto moni~or tn!l exbaust. A heated t~flon · 
. ·.sa.rilple llri<J was used to tr~nsport theexh~ust gasesto ~ ~as ~on<li\loner to rerndve moi~cure and. reduce 
• the te,;;per~tu;e, ·from the gas conditjoi)~r stack gases w~~epaised to th!;l 'anal~zer. Th~:~naiyier · 
... pr~dvce~ lnstant;lhe61js readouts of the C() concentr~tiOiis(PPM). 

···' 
/!,,_, ' 

· , . . · • ' ThfJ an~l~t)r W9SeillibriJ~~d bydirect lnje.~lo~ pr19r tothete~tin~. A span gas of 92!$7 pPM 1'/<lS ~sep to · 
. estiibli~h thEl inlti~llnstrument calibration,. A ailibratkni gas of 51.06 PPM \"ia.s u·sed to determine th.e . 

. • callptation· error orthe an<Jiy~er. ·.The ~ampiJng sy~tem (frorn ,th~ back of the s\il~k probe to the.~naly~er) · . 
i(vas injectedusin;Sl.Q~RPM gas.to &~tetmine th~ syste)n bias .. After each sample( a system ~ero a~d· 

. . . . ··. sy~t~m lrJe(;\lon of ~1.06 PPM·were performed to est~blis~ sYstern drift and SYStem biasc!yrlng the te$t . ·. 
·.'period.· AU~~ilbratiort gases WettrE;PAProtocoll Certified. · .. 

' ' ·-'.- , .. '' _:···,- •' -' · .. '.- __ . ' . -';-. '-. . ·, . 

. . .·The anillyz~r wa~ calibrated to the output of the data acquisition system (DAS) used to collect the c!ata from 
' ' . . ' - - ' . ' - ' . . ' . - . . . . . - ; ' . . 

. the ~xiJaust. 'rhe ;.malyzer ~verages Were corrected for i:aiibr!'ltibn error aild·drlft using forinula EQ.7E-5 .. 
,• _._,_:·< -: . --~- c:_;. -.·. . ._-'; . 'J.: . .. ·. - ... : , . . _--. . . , '-· . ·.- .. ,· ' .. · ' '. ·_ -·._ . - . .: . 

. ' . from '!0 CF'R Part 60;Appendix A, Method .7E. A dlagrqm ofthe sarppling train fssh6wn in Figure t . 
. ,·· ' .. ,; --. ., . ' ' 
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.. . 

. ' . 

V;~. 9XV~!ih &c~~bon t;li~xide.--ilie,O,z ~C~?.s~mplilig wascqnducted iilaccordanc~ wl~h W.$. ~PA 
.R~ference Method 3A, s.ervom~x Modei1400M p.ort11bl~ sta~kgas analyzers were u.$eci tq monitor the .. ·· 

. • ··.·. exha~st. Aheat~QJ!iflqtl sa~ple Urie 1'/~s:us~d totransp\irt thf) exhpO~t gases to a 9ilS c~ndltl~h~r to , . • • . 
t~mov~ molstwe. arid·reduce t~e temperature; • From tli·~ gas CO!lditione; sta~li ~ase~ W!ir~ pass~d tothe .. ·. 

<:-·,'.-'_''·_·.':·-·._,·.-.·:;".:.·-:-:·.--.·~,._ .. _:'_.·"-.· ·- __ :-.,::··-'.:·~--.-::_.,-·,,_·.··:-.··, -: ---.·:--·· ... :- .. :··;·:·· __ .' '-···:··';_:.-·:· ,•,, '. 
. . ~haly4er,s, Jhe ;;ltialyzers prl)dw;f) inst~nti)oeb~~ reapouts of the o, &. c;:o, ~oncE)l)trati,ons (%). · 

.. :_.· ·. . ·; ... ·.. . .·.. '• ,:, ,• 

_: .·.-' ,-,-- •' '·~,; . ,-.. ,. \- .. ,,, 

Jhe anal~ersW~re qliibrat~d .by direct irijectiWprlor to the te$fing.. Sp~n gases of ~p.~o/o (<ln\blent <!lr) ·. . 
~lld ~o.:3:wo co, w~~e u~edt~e~iaq[ishth~1rtitfC11• .instwnient calibrations; .. Cal.ibr~tldn g&ses~fJ?,ll% : 
• QJ6.oi~%CO/and 6.b3~Plo'Oi!i:?.2io/oCO,wer~ u~ed to det~rmine,the cali!Jration errol'ofthe analyiers, •... · 

' ' '- ' - - : ' . . . ' ' ' ' - .·' ' ·-. :-. ' ' ' _- .. '· .· ' ~ :_ ' ' :_ ·,_ :, . ' '. - - - - ': \ -, ' '- -' . ·.': ' - -' ' •, : ' - ' ' ._- - ' ~ ' . ' ' -·_ . ' . ' ' '' ' ·. ' . 

: rh<il sil;;,Jlling systeiri (rrorri thi back ofthfil st~cK probe t~ the analyzers) was injected using thE) 1z.tt% .. · 
·,,··\'~·--,·:,·_. __ ·:_ -·:;., .-.·---,_··,.·_-.:-,'':.'•._:_:'.:. ··:,._:: . .-.-.·. <.--_,-._·:,·:."_._. ".- .:· .. _:; ' .. -'.-:.:'.-. · .. - ---~··:1-, -... 

· 0z/Q,Q,1.91Yo c;o, gas to determine \he system qias. After each siunple, <1.· systel]l zero a~d system Injection, ·.· •· . 
. orn.Jt6/, ozt6.oig'o/o c:6, w~re perrorl1ledto~iab!lsh ~y~temdrirt and sy~tem bias du~lng .ttie test period .. 

:·.-:· .. -- __ -:_.·-:,·.:-. "·_,·::·.·._'·\'.• .. ,·:.· .. .-.··, .·.··, J;:-- ··.· ·--· ,"' , ___ ._ .. _·_._ ,.-: _', -:· ,-,._-\ 
· · · i\ll.callbrati()r\ giiseswE\re. EPAProtqcoiJ Certified. · · · · 

. - ... . - . . .: \- .. ' . -·. ·- ,: 

. ' ... 
. ;'' .·' -,,., 

' ! •. ·.···.ThE;! analyzex~lwer~ ~liqratepJothe·~utpUtof tlie d~t~ acqulsltibnsystern (Df\S) used't<) collect the d<lta .·· 
. -.': · .. -· _ _. ' _. _· . • .. ·i' : '::. - . . . . ' . , -. _· -. :· ':' _· ;_ . : . -. - . _. ' , . . . . :. , - . - . _;· . '-.- :-. - .. ' -'. - :'' . ·. r ' .• .· . - .. 

from the ElXh<ll.!st. The' analy~Elr aVE'!rilg(l$ were C()trected fot calipratio~ error rnd drift using (on:nula' . 
· .lq.7{s trdtri 4b CFR Part 60, 1\pp~nc!ilA) fv1etho~ n:. Adiagr~rh of tnesamjJiing.train Is shoiVn in figure · · · ·. · 

.·1.'.' <., ., ... · " . . . . ·.... . ·.•'. :·--. 
. . -.-,· . .. 

' .... -. 
•· •· Y·4 ExhaustG~ii·Parameters -cThe extiaqst g~s parltmeters (airflowrate/terll[l~rature, moisture 1:1nd 

•'' • >' ,-. ; • • • - ._ '•,- ' '· .• • I.· •' , - , '•' -, , " • <' - '- - • - • 

density) were determined lh conjunction with the o~her saf11pling by employing U.S. EPA M(lthods t th~ough 
·"-A;·-·.· .-,~ . _·-;/·_-__ .·,:· 

, .... 

. ore (i)ve!Cidty tr~vers~ <>np ,one (11 rnoisturesarnpl<:l were collecte.d during each operating condition. 

•. theqJau~ asswa~~ phqq~alitY COJ)trol procedure~ llste<j In t~~met~odsw.eni incorpqrated illt~e 

:·-_,' 

. . ,, 

. . : ,_. 

· ·.· thisre'¢()rt \'Vas pr!Jp~red by: · . 
. ··~·~~··.·.·· .... · ... ···· 
.· ·--~~:_ ... , .... ·,..,·~~ ...... """.;.}(! 

·o~vid D .. Engelhardt •·· 
. Vice Presiqent ' · 
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